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THE L. V. KINO HYDROGKLORIC ACID
LEACKING PROCRSS POR NICKELIFEROUS MANGANESE ORES

Prelinivary Beport

On Monday Augest 1, 195% P, M. Ambrose and John E. Conley of the Division
of Minerel-Technolegy of Region V, of the Rastern Experiment Statiem, College
Rrk, Maryland, baving previcusly arremged to meet Mr. B. N, Acss, chemieal
engineer of the Materials Advisary Board of the Mticusl Acadeny of Soiemccse
and Mational Research Couneil, at the Bureau of Mines Station at Pitisburgh,
Jennsylvania, proceeded to Salem, Chio by offieial automodile. The party ar-
rived at the pilot plant at 10th Street and Ellesworth Ave., at 1115 p.m,
were & descustration of t&» King hydroechloric asid leaching process for treat-
ing the low-grade nickelifercus manganese ore from the White Ok Mountain ares
of Tennesses, had been prearranged by General Services Administration. The
purpose of such demonstration was to illustrate the feasidbility of the process
and %0 supply teehnical data for evaluation of the cperations.

During the demonstration, discussions and conversations were carried on
between the following imdividuals: ,

Persaon Title and Affiliaticn
L. ¥. King, M.D. Contrector and process sponsor, Salem, Chio
Roland King 8on of Dr. King, opsretions swpervisor,
Salem, Ohio
¥illard L. Yengling Plant foreman-mechanic, Salea, Chio
E. H. Rose Chemical Engineer, Natioml Acadeny of Sciences

and Matiomal Research Council, Washiagtaonm,
D' c.

P. M. Amdrose Superintendent, Rastern kxperiseat Station,

' Division of Mineral-Technolagy, Region V,

College Park, Maryland

John k. Conley Supervisory Chenical Engineer, Division of
Mineral-Teshnology, Region V, Collsge Perk,
Maryland

Two laborers assisted Roland King and ¥, L. Yemgling im making the pilot-
plant demonstration test,

Immedistely on our arrival at the plant, previously crushed unsoreensd
are of approximately minus S/O-meuuolmuumm
Mmmmtmhmdmmtmmmuummm
direcily %0 the leaching tank w M flattened vibtrating ehute






ocarried out vith the washings, All
"the same tank with the strong leash liquor.

:
:
!

It was planned o treat this extract liguor and combined washings to
presipitate the irom as hydroxide and precipitate the combined niekel and
balt as sulfides. HNowever, these latter phases of the procees were
several times on the afternoon of the first day, while the leaching of the

2,118 pound charge of ore was in progress.

‘ Therefore, only the roasting, leashing end washing steps of

process were demonstrated on the pilot ssale. The prosedures and equipsent de-
vised and used for the iron, eobalt and niskel preoipitation s as
previously stated, demonstrated on occmbined extract and wash ligquors en hand
from previous operaticms,

Outline of leaching and Recovery Process

As desorided by Dr. L. ¥, King, the major steps of the prosess are as
follows:

1. Mine and crush ore to minus 1/4 oz 3/8-inah,

i
!

2, Admix are with approximately 100 1b. occke breese per ton of cre,
and fire with fusl-oil in small (84 in. by 12 ft.) rotary kiln
at 1200° - 1450° F to reduce manganese to MnO.

e
3. Treat with 1 to 1 20° Be muriatic a0id with mechanical agitation
%0 a final solution pH of 2.0 -« 2,5,

4. Decant extract ligquor and wash residus approximstely four‘tim
by stirring and decanting the resulting wash solutiocns,

5. Asrate to agitate the liquor and oxidise the irem to sssure pre-
eipitation by means of added to & pli of 3.9. The irem-

hydroxide is allowed 1o set approximately £ days and swper-
satant aolution is removed by decantation.






6. The irom-free soluticm is them treated vwith a soluticn ¢f sodium
hydrosulfide (MES) to & minimm pR, (usuwally 2.2 - 2,8) and @
subsequent slight inerveass 10 3.0+, vhereupon the miakel and
oocbalt precipitats as their respective sulfides. To ascelsrate
ecagulation and settling of the sulfide presipitate, a smll
quantity of Dow Chamical Company's floeculating oompound, §2310
Separan, is added as s dilute solutiom, All liquid-solid
separations and resovery of presipitates are sccomplished by
decantation washing procedures. Aa altermate procedure to
assure complete nickel-ocbalt presipitation is %o add exeess
NalS solution them add a small quantity of dilute muriatic asid
which @dissclves co-precipitated sulfides other than ccbelt and
nigkel,

7. Exoess sulfide is removed by raising the piito 5.2 and addizg
e small quantity of irom echloride, under which conditions
manganeso slso should begin 4o precipitate, Resulting precip-
itate is removed after decanting the supermatant liquer.

8. The nickel and ocobalt-free solution is thep treated with additional
sodium-carbomate solution to & pH of 9.2 t0 presipitate the
mnganese as carbonate which is resovered by decantation procedures,

9. 7The precipitate of combined Ni-end Co-sulfides is t0 be rossted
and separated by converting to carbonyls umder controlled cen~
ditions sccording to the Mond process, .

During the inspection visit on August 1, and 2, 1955, requests were made
to Dr. L. W, King for quantitative data on tests made in the pilot plant as
batels runs, Alse a balanced quantitative flowsheet of the process was re-
Questad. Dr. King has agreod to supply the flowsheet, but the genersl im-
preesion of the writer and which is believed t0 be the sentiment of the ether
inspectors, was the quantitative date an individual test rums are nct avail-
able, Presumbly, much emphasis in the control work was gualitative ia
mture, Consideradble attention however, has been given to the control of the
pH ecnditions best suited for precipitation of the iron, cobalt and niokel,

and of the manganese in their respeciive precipitating sieps.

Vhea and if, the quantitative flowsheet dats are received, svaluating of
the recoveries of the eodalt-nickel, and manganese values will be possibdle.
Likewise, the salculation of the consuspiion of chemical reagents comprising
sulfurie and hydrochlorie acids, soda ash, and sodium hydregen sulfide will de
mde, Until more reliadble figures san de cdtained for the coke and fusl-edl
requiremsnts, those given by Dr. King, as 100 pounds of coke amd approximately
5 gallons of fusl-oil per tcn of ore reasted, must be accepted.

BDecause of the lack of chemical anslyses of tde ores used and of the
predusts made, an svalmation of the proeess will be difficult if mot impossiile.






Bowsver, if Dr. King sulmits a dalansed materials flowsheet, thea the con~
sapiion of asids and other reagents can de determined amd their eosts esti-
mted,

lant tions

In spite of & proposal by Me, G, B. larscn of the Emsrgeacy Proourement
Servies of Generel Serviess Administraticon, after sa inspeetion trip, that s
aystemiic sampling proeedure be followed, the absenss of amalyses and quanti-
tative data indicates that the sampling procedures as ouwtlined were not
followed to any apprecisble exteat, The use of the warious special qualits-.
tive tests has merely served to comtrol the gperetions but does not prosure the
quentitative data that are essential for process evalwatiom,

The plant is replete with numerous novel and ingenucus instruments and
pleces of equipment. However, the absense of any efficient filters has been
& serious defisciency. The filters oonstrusted to colleot the various solids
and precipitates were merely eontimucus delts of Saran filter cloth oconstrusted
as endless belts about 52 inches wide and approximately 12 feet long, meunted
in a frems and supported by rollers at each end and provided with a ahain and
sprooket drive to convey the solids to one end for diseharging, Liquid sepa-
ration was effected merély' by draining through the eloth, Vith the gelatinous
irou-hydrczide and nickel-cobalt sulfide and xanganese carbonate precipitates,
sush dreimage would be extremely slow and unsstisfactory, The lack of effeo-
tive filtration equipment has ne doudbt, sericusly handicapped and retarded

ths development of the process.

Conslusions and Recommendatiions

With the present set-up and operating procedures, there is mo sound
basis for evaluating the process as to grede of are treated, recoveries posei-
bls, costs of chexical reagents and estimated total produstion costs. Cost
estimates are further vomplicated by the proposed plan te mamufsoture the
hydrochleric acid by the salt-coke process using salt and sulfuric seid.

mWououunmquw.mculpmmm
daveloped by a Mr. Kershikov and refined by Dr. Osrachd, head of the chemistry
dspartment of Genca University in Italy, and who was retained by Kershikov's
vidow to exploit the process. Allegedly the process was used hy Kershikov in
¢ shexieal plant in the Balearic Islands sdout 19%9. Presumably, the process
uses gypsum and coke to genecrate the 50p needed for mamufaoturing the sulfwrie
ecid.

No scid plants are currently using this process in the United States, but
there are seversl installations in REurope in which hy-product portland sement
iz made by admixing coke and the required proportions of alumios and silica.
licwever, cost data available in the litersture, indicate that after taking
szadit for the cement, the acid cost is still higher than tha¢ produced by the






sonventionnl cantash o lead-chemder [meseEI8. Fevowe, full dotallo ond oegd
data for Rershilw'c procecs ove not presestly ot hand, Oa Avgeot 2 Br. Kng
stated thaot he would ckandon o prepossd uso ef Eepohilov's opd vewdd
Poduse sulfuris 80id by tawning sulfur,

_ Anaiysis of the gred samples of the head seaplo, loccheod rociue apd Fe-
sulting leseh ligquors and washings, talmn en this inspeotien Wwip, wsuld give

s rough idea of the efficiency of the leaching stop of the proecas 8s precticed
by Dr. L. ¥, Eing. & better and mush mure catisfactery pletwre ef the feesibility
of the process would neeessitate the monitoring of all of the essantial steps
by a gualified chemical or metallurgical engineer. A minirum of two bateh tesd
would be necessary. Possibly, ths presence of a sonitcr for tea days to possi-
bly two weeks would be nseded to procure the essential sarples %o detormine the
results obtaineble in the various stsps of the prescess. Capeful chaxdeal ansle
yses of thess samples would them provide a basis for prepering & balanecd ma-
terial Tlowshest a8 & basis for cvalusting the precess.

Samples of the srumhed ore, lesch tells, leach eolution, and leach seolutiea
plus washings were brought to College Park. Dr, Kiag agrecd %o scnd sexples
of the iron precipitate, cctalt-nickel precipitete, mnganess precipitate and
all liquors other tham those samplsd cm August 2, Those samples are to be
provided from the bateh test started om August 1. Whether they will de amal-
7:«! at Collage Park will depend on the desires of Gensral Services Adminisize~
tion.

Respestfully Submitied

P. M. Amhicey

o8 Cravi(r e

o Gonley
thofend ImFgimecw

Rastcra Uspericond 8tatien
Puwroan af
Geliego Rark, wpylasd

Deqend M0, 1959
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SUMMARY

At the request of the General Services Administration - Interior
Joint Operating Committee, a chemical engineer from the Bureau of
Mines station at College Park, Maryland, was present at the Salem,
Ohio facilities of Dr. L. W. King from August 30 to September 9,

1955, to monitor and observe the pilot-plant operations. These tests
were made as part of the general project being conducted in the
development of the hydrochloric-acid leaching process for recovering
manganese, nickel, and cobalt compounds from the White Oak Mountain,
Tennessee ore; the operations are covered by G.S.A. Contract DMP-103.

During the monitored period, three complete and two abbreviated
tests were made according to the process as then proposed by Dr. King.
To avoid unnecessary expense, only two of the complete and one of
the abbreviated testé were studied and evaluated in detail.

In the reduction and leaching operation, the three tests yielded
manganese percentage extractions of 22, ik, and 10, respectively;
nickel and cobalt extractions were in the same range. To improve the
operation, the ore should be ground finer, much more efficient mechan-
ical agitation should be provided during the leach and more acid
should be used, more nearly approaching the theoretical amount needed
to dissolve the acid-soluble components of the ore.

To use efficiently the acid added to the leach, all of it should
be expended on the ore rather than neutralizing a portion with soda
ash. Over half of the acid entering these tests was used to dissolve
aluminum which pr. Kihg states comes mainly from overburden included

in his ore stock pile by error.
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Eliminating the preeipitation of the Fe(OH)s as a separate step,
a procedure which was demonstrated in tests 4 and 5, is a great im-
provement on the length of the tim? required for the process.

The settling-and-decantation step used for all solids-liquid
separations is very inefficient and should be replaced where at all
possible with filter presses or countercurrent decantation thickeners.

Over half of the dissolved nickel and cobalt "reported in the
final MnCOs product rather than in the (Ni,Co)S precipitate which is
supposedly where a selective precipitation occurs. If this step can-
not be controlled,, the merit of the entire process is questionsable,
regardless of acid-consumption efficiency, a minor constituent of
the ore, zinc, concentrates in the (Ni,Co)S giving rise to an
additional operation problem.

General Considerations

During the two-week period betwéen August 30 and September 9,
1955, five pilot-plant tests were monitored at the King facilities
in Saleﬁ, Ohio. In addition to observing the operations, all sampling
at the various stages of the process was done by the Bureau of Mines
engineer.

.Since the nature of the process as it was carried out in the
pilot plant required considerable time for settling and subsequent
decantation of solutions, the tests were run concurrently. The
original number of monitored tests had been set at two or three, de-
pending on operating conditions. When Dr. King realized the extreme |

length of time that was being taken to econduct each of the first






three tests, he decided to run two more tests in a revised and

abbreviated manner in order to show the best possible time-wise
results for the monitored period. By this modified procedure, tests
L4 and 5 were completed on the same day as test 3. No extra time
was required at Salem to observe these two tests.

Thevessential flowsheet for tests 1, 2, and 3 is shown in
figure 1, and that for testis 4 and 5 in figure 2.

The flowsheet in figure 1 shows the following main steps of
the process as demonstrated in tests 1, 2 and 3:

1. Mine and crush the ore to minus 3/8-inch.

5. Feed the crushed ore at the rate of approximately 1/2-ton
per héur with a simultaneous feed of approximately 33 pounds of coke
per hour to reduce the manganese to MnO in a small, rotary kiln fired
with No. 2 fuel oil to a temperature of approximately 1,250°F.

3. Leach the hot ore as digcharged from the rotary kiln in a
solution containing approximately 8.5 percent by weight of HCl to a
final solution pH of 1.5 to 1.75. A smell amount of mechanical agita-
tion is provided by air forced upward from a coiled, perforated "Saran"
hose fastened to the bottom of the tank.

4. Afier cooling overnmight, decant extraction liquor and wash
residue approximately four times by passing water upward through
leached ore by means of the perforated hose coil on the tank bottom;
decant resulting wash solutions and combine them with extraction liquor.

5. To the combined extraction liquor and washes add Na>COs solu-

tion to a pH of 3.9 and aeratle the solution to precipitate the iron
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as Fe(CH)s. The slimy iron hydroxide-tailings precipitate takes
roughly four days to settle as demonstrated; the supernatant solq-
tion was then decanted off. The iron sludge is washed at least
once, resettled, and the wash is siphoned off and added to the
first decantate. .

6. Add a slight quantity of HC1l to lower the pH of the iron-
free solution to 2.8. Add NaHS solution to precipitate both nickel
and cobalt as their respective sulfides; the NaHS is added to pH
of 5.2. It is stated that since this is measured with their con-
ductance -measuring contfollers, there is very little excess sﬁlfide
solution added. Dow Chemical company's flocculating agent, Separan
2610, is used to accelerate the gsettling of the extfemely finely
divided sulfide precipitate. After settling approximately one day,
the supernatant liquid is decanted.

T. 1In test 2, the solution from the nickel-cobalt precipitation
-was decanted back onto the iron sludge to which had been added one-.
half gallon of 20° Be HC1 to produce FeClz. In test 3, one-half gallon
of FeClz solution was added to the decantate from step 6. Both pro-
cedures are essentially the same; tank utilization in the pilot plant
being the governing factor. After adjusting the pH to 3.9 with NaxCOg
solution, the solution is aerated. Any excess sulfide from steﬁ 6 is
precipitated as FeS and the solution is again made iron-free by pre-
cipitating dissolved iron as Fe(OH)s. After settling overnight, the
supernatant solution is decanted.

8. The decantate is then treated with NasCOs solution to a pH
of 9.2 to precipitate the manganese. After settling, the supernatant
1iquid is decanted to waste and the product is washed, drained and

stored.






The flowsheet in figure 2 shows the following modifications
used in tests 4 and 5:

1. After cooling overnight, NayCOs solution was added directly
to the leach tank containing the extraction liquor and leached ore
residue to give the solution a pHvof 3.9. The slurry was then
aerated to precipitate the iron as Fe(OH)s. After settling overnight,
the iron-free extraction liquor was decanted, and the leached ore
containing Fe(OH)s was washed five times.with relatively small quanti-
‘ties of water. Settling and decantation was used to remove each wash
from the residue. The combined solution comprising the extraction
liquor and washes was allowed to stand overnight in order to give
leached ore slimes that had been carried over with the decantates
a chance to settle.

2. This clear, iron-free solution was then treated with NasCOs
solution to a pH of 9.2 to precipitate not only the manganese but
also the nickel and cobalt in a combined product.

In a step instituted after the monitored period, the MnCOs
product is calcined to produce an oxide which is presumed to be a
Mnz04 product physically satisfactory for blast-furnace feed.

Because of the large amount of work necessary to perform the
desired analyses of the various samples taken dﬁring each test, only
three of the five tests, 2, 3, and 5, were studied completely. Test
1 was essentially the same as test 2, and test 4 was similar to

test 5.
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While it was understood that the monitored tests were to be

made in_a manner similar to previous tests, it was evident that

some operational changes were made in the first three tests. In-
stead of adding a set quantity of ore, approximately 2,100 1lbs. to
the system to provide an excess to "kill" the unused acid, the
addition of ore to the leaching tanks was stopped as soon as the
conductance of the leaching solution reached a point said to be
equivalent to a pH of 1.5. While acid values were being thrown away
by this procedure, Dr. King felt that this would give the best possi-
ble extraction of manganese for demonstration purposes. The acid that
would otherwise have been leaching some manganese from the excess ore
had to be neutralized with soda ash before the dissolved iron could
be precipitated as Fe(OH)s.

To facilitate the precipitation and settling of Fe(OH)s, much
larger quantities of water were added to the decanted combined extrac-
tion solution and washes from the leached ore. This had not been tried
before since the step required at least four days in each test. No
systematic study had been made to find the'optimum conditions for the
precipitation and/or settling of Fe{OH)s.

The rotary kiln used in *he reduction step was made from a ten-
foot section of standard 20-inch pipe with a 3/8-inch wall. Excessive
scaling was not noted on the exterior of the kiln, and the interior
was said to be clean metal showing no signs of scaling. The hot re-
duced ore was introduced into the leach tank by means of a vibrating

closed chute attached to the sealed exit of the kiln. While some






cooling of the hot reduced ore was effected during transit from
kiln to leaching tank, the solids entering were hot enough to heat
the leaching solution to near boiling. Some acid is necessarily
lost in its gaseous form even though the leach tank is covered with
a single sheet of plywood.

There are two leaching tanks mounted side by side at the end
of the kiln so that two successive runs can be made in the pilot
plant on any ome day. These are nominal 4- x b-foot redwood tanks .
mounted on trunions to facilitate the removal of the leached ore
residue. All other steps of the process are performed in redwood
tanks, elther 6- x 6-feet or 4- x L-feet in size. All plant activi-
ties are governed by the efficient utilization of these tanks since
they naturally are limited in number.

Filters have been fabricated, but the poor design proscribed
their general use in the plant. Each of these consisted of an end-
less belt of Saran cloth that acted merely to drain by gravity some
of the liquid from precipitates that would not blind the cloth. 1In
actual practice only an extremely wet slurry of the manganese carbon-
ate could be worked on this equipment, and then merely to drain of £
some of the water to produce a thickened product. No other precipi-
tate from the process could be worked on this equipment, necessitating
the settling and decantation procedure used. Some form of filter or
filter press would have been a great help to the plant.

Control of the various steps was carried out by qualitative

tests for iron, nickel, or manganese, by measurement of the pH, or





by measurement of the conductance as it approached a predetermined

control point for the solutions involved.

The conductance was measured on surplus equipment fabricated
by Dr. King into controllers that operated at a predetermined value.
These predetermined values were equivalent to pH's that had been
obtained by measuring known solutions of acid and water.

Data in the 1iteraturel/ show that for the precipitation of
iron from solution as ferric hydroxide less than 20 percent comes
down at a pH of 3.9. Over 95 percent is precipitated at 5.0 with-
out bringing down more than 2 percent of the manganese in solution.
This indicates that a more complete consideration of the quantitative

aspects of each step of the process would have been well advised.

Test Results

The results of tests 2, 3, and 5 are discussed in the following
section. The complete data of the results, including the analyses
of the various samples, are given in the table £ollcﬁing the discus-
sion. The items of thié-log-type table are numbered and will be re-
ferred to by number when necessary in the discussion. Each test will
be covered as a complete unit rather than as parts of the succeeding
steps of the process.

The volumes of the contents of the various tanks were obtained
by measuring the outage (vertical distance bétween top of tank and
top of liquid) to find the difference between the known capacity of

the tank and the volume not occupied with solution.

3/ Ketzlach, Norman. Production of Manganese Oxides and Ammonium
Sulfate. AIME Transactions, vol. 187, March 1950, pp.392.





In order to cut down the cost of the chemical analysis, aluminum
was not determined diréctly. Since the titanium content is negligible,
the samples were analyzed for Fe and Rp0s (R contains Fe, Ti, and A1),
and the aluminum content calculated by difference.

Because of the extremely poor results of the tests, no attempt
was made to carry out a material balance on the acid.

Test 2

The ore fed to test 2, as for all tests, was sampled with g "thief®
taking at least three random samples from each wheelbarrow load of
approximately 250 pounds. As the pH of the leaching solution approached
the desired point, the kiln was allowed to run clear and increments of
50 pounds of ore were added. These increments were also sampled with
the "thief", taking from each increment only one sample about half
the size of the samples taken from the wheelbarrow loads.

The weight of coke fed was obtained only approximately. The coke
feed bin had been filled with one wheelbarrow load before the monitored
period. At the end of test 3, the coke remaining in the bin was removed
and weighed; one wheelbarrow of coke was weighed, and the difference in
weights was divided by the total weight of ore fed during the three
tests to obtain the average ore-to-coke ratio (item 9).

The fuel oil used was measured in much the same way. Assuming
the feed tanks of the oil burner was full at the start, its contents
were measured (approximately) at the end of the first three tests, the
difference being the oil consumed during the total operating period
of those tests. From this, the fuel oil consumption in gallons per

hour (item 10) was obtained.
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The estimated reduction temperature (item 11) was given by
Dr. King from past measuréments. |

The ore stockpile for the plant was exposed to the weather. The
ore for this and the other tests had been washed before the monitored
period and stored under cover in an opensided shed.

Two carboys of 126 pounds net weight each of 20° Baumé HC1 were
added directly to the leaching tank. More water than had been used
in tests before the monitored period was added in order to cover
carbon electrodes that had been introduced in opposite sides of the
tank to measure the conductance of the liquid contents.

Items 16 through 19 show the theoretical amount of acid to .
dissolve the constituents in the ore fed into the process. The acid
uséd was considerably below the theoretical figure, even neglecting
the aluminum. Dr. King had stated that the manganese content of the ore
was only 4% percent, if that high. Actually, the manganese content was
closer to 8 percent (item 2). This high figure coupled with the aluminum
that he had thought absent probably caused the use of too little acid
in the leach.

| Very little cooling of the reduced ore is accomplished before it
falls into the leach tank as is indicated by the charred condition of
tHe upper walls of the leaching tanks and the extremely high temperature
of the slurry at the end of the reduction.

After the extraction liquor and subsequent washes had been decanted
from the leached ore residue, the remaining thick sludge was sampled

with the "thief". 1In order to have as uniform a residue as possible,
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the leaching tank was rocked back and forth on its trunions for
several minutes before sampling. Grab samples were taken through
the surface's center and the center of each quadrant of the surface
of the sludge to obtain a representative sample. Given the volume

of the sludge and the sample's total volume, wet weight, and dry

weight (washed on filter first), an attempt was made to calculate
the weight of the leached ore residue (item 37). Assuming no silica
is dissolved, the weight of the leached ore'residue was calculated
knowing the weight and silica content of the ore fed and the silica
content of the leached ore (item 36). The comparison of these two
items for the other tests, as well as this one, shows that while it
obtains a representative sample.of solids in a slurry, the thief is
a poor sampling tool for the determination of the liquid content of
solids.

The percent extractions of the major constituents of the ore are
given in item 38. Because the weight of the tailings could not be
obtained accurately, the extractions are based on the silica contents
as shown in the item in the table. No reason is immediately apparent
for the fact that the ore residue seems to contain more iron than the
ore feed.

Item 39 gives the weights of the materials leached from the ore
that was fed. Item 30 gives the weights of the materials recovered
in solution. The difference is due to extremely poor washing of the
leached ore residue; the coiled hose on the tank bottom came loose

during the leach and was found in a vertical position when the residue

was thrown out.
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It was stated by Dr. King that by adding more water than they
had done in the past, the Fe(OH)s precipitation and settling steps
would be accelerated. Just the opposite was the case.

To sample the iron sludge and (Ni,Co)S precipitate slurries,

the total volume of the slurry was measured first. Then a sample

of known volume was taken and weighed. After weighing, it was
filtered and the filter cake washed. The filter cake was then dried
on a hot plate and weighed. Knowing the weight of precipitate in

a given volume, the total weight of precipitate in the slurry was
calculated.

To precipitate (Ni,Co)S in the iron sludge decantate a solution
of NaHS was metered in, using a pump controlled by a device measuring
the conductance. The pH was also measured with a portable pH meter.
Knowing the starting volume and concentration of NaHS, the amount
added was found from the unused volume.

At least 800 gallons of concentrated soda and solution was al-
ready made up in the plant for use in the process. One sample was taken
of this to find its NaoCOs concentration. When used, the volume was
measured and later converted to weight of NayCOz added for the iron
and manganese precipitation steps.

The nickel and cobalt were precipitated in - x 4 -foot tanks,
requiring the solution to be split three ways. Due to washes of the
iron sludge, these three fractions were not of the same concentration.
In order to take only one sample rather than three, the sample of

(Ni,Co)S decantate was taken after these three fractions had been
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recombined. Again, to cut down on samples, the solution was sampled
only once between (Ni,Co)S and_MnCOs precipitations. As a result,

it was sampled after the removal of the excess sulfide. This is the
only source of explanation for the lack of balance between the weights
of nickel and cobalt in their precipitate (item 56) and the weights

of these removed from solution (difference of items 50 and 60). One
plausible explanation is that nickel and cobalt are precipitated
during the excess sulfide removal.

It should be noted that the ore contains a small amount of zinc.
This =zinc is concentrated in the (Ni,Co)S precipitate, where it is
reported spectrographically as greater than 5 percent (item 55).

The spectroscopist has reported orally that it is probably close to
10 percent. This would mean more zinc than nickel in a by-product
that already dontains more manganese than nickel (item 5k).

From item 54 it is also seen that slightly over 40 percent of
the (Ni,Co)S precipitate weight is lost on ignition at 1000°C. for
one hour. Since oxygen would replaée the sulfur in the compounds,
it can be assumed that this figure is equal to approximately the
weight of Separan 2610 that wés used to flocculate the precipitate.
This is exceedingly high if it were to be expected on the plant scale.
A closer study of the proper use of the flocculating ageht should be
made. The writer feels that the Separan 2610 is added in entirely
too concentrated a solution for efficient results; this opinion is
based on reading the directions for recommended usage issued by

Dow Chemical for their product.
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The manganese precipitation step was effected in more than one
L- x 4-foot redwood tank, but since the solution entering the step
was all of one concentration, it was congidered sufficient to take

only one sample of the manganese-free decantate. The precipitate

of MnCOs was free-settling, allowing the decantation of the super-
natant liquid to take place in less than an hour. The product was
then bucketed onto one of the drainer-type filters to be washed and
further de-watered. The uliginous product is then stored in card-
board boxes for complete draining to a moist but compact, shape-
retaining mass.

Item 65 shows that the supposedly nickel- and cobalt-free
manganese carbonate contains exceedingly high percentages of these
elements. Half of the nickel and cobalt recovered in solution is
found here (items 30 and 67). Items T2, 73, and T4 show the manganese,
nickel, and cobalt balances respectively for the test. Only 21.8 per-
cent of the manganese was extracted from the ore. Of this, only 33.2
percent was precipitated as MnCOs; 7.2 percent of the available
manganese was all that was recovered.

The reduction and leaching steps for test > were run in the same
mann%r as test 2. For some reason, 38 percent more ore than test 2
Was/gdded to the system before the conductance of the leaching solu-
t;d; reached the gsame desired point. Even so, the actual amount of

manganese extracted from the ore (item 39) was less than for test 2.

:
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In this test the two calculated tailings weights (items 36
and 37) are in satisfactory agreement.

A much more satisfactory washing of the tailings was obtained
since the perforated hose coil remained in place on the tank bottom
during the run.

To precipitate and settle the Fe(OH)s from the extraction liquor
and washes took five days, one day longer than for test 2 (item 42).
The final volume of liquid from which the Fe(OH)s was precipitated
was the same for both tests (item 28). No log or other written
record was kept by the operators so that there is no way of knowing
the amount of air used during the aeration of the solutions. The
Fe(OH)3 was completely settled in this test only after resorting to
the use of a small amount of Separan 2610.

All the statements made under test 2 on the precipitation and
settling of (Ni,Co)S are equally applicable for test 3. fhe analysis
of the precipitate does vary though, as can be seen under item 5k.
The slight vafiance in the procedure for removing the excess sulfide
in solution has already been discussed under the general considerations.

The procedure followed for the precipitation of the final MnCOgz
product was the same for test 3 as for test 2. Again almost half of
the nickel and cobalt recovered in solution from the ore is found in
this product (items 30 and 67). From the manganese balance of item
72, it is seen that only 14 percent of the manganese was extracted
from the ore, and 45 percent of this was recovered in the MnCOs.
This gives an overall recovery of the available manganese of 6.3

percent.
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Test 5

As has been mentioned in the section on general considerations,
an abbreviated version of the process was inaugurated during the
monitore@ period. The innovation was the precipitation and settling
of- Fe(OH)3 from the extraction solution upon the leached ore residue.
This worked quite well, shortening the time for the iron removal
step from 6 days to 2 days. As an expedient, in order to finish the
test during the monitored period, the selective nickel-cobalt precipi-
tation step was omitted, and these elements were precipitated with
the manganese.

The reduction and leaching steps were the same as for the other
tests. After letting the extraction liquor-tailings slurry cool over-
night in the leaching tanks, soda ash solution waa added to bring
the pH up to 3.9. The tank was then aerated all day. After settling
overnight, the iron-free mother liquor was decanted off. After a
number of washes using a small volume of water had been made and added
to the extraction liquor, the tailings containing Fe(OH)s were dis-
carded. 'In this test, as in test 2, the two calculated tailings
weights were not in agreement (items 36 and 37).

An unexpectedly large amount of soda ash solution was required
to complete the precipitation of manganese at a pH of 9.2. The pre-
cipitate itself did not settle readily. As a consequence, a large
volume of this slurry had to be worked on the drainer-type filters.
Even then the de-watering did not approach that of tests 2 and 3.

Item 65 indicates thai the manganese was probably not present in the

form of MnCOs;.
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From the manganese balance (item 72) it can be seen that only
12.69 pounds out of 130.8, or 9.7 percent of the available manganese
was extracted from the ore. Virtually all of this was recovered in
the final product.

An effort should be made to find the nature of the manganese
compound precipitated as the product in this test and to find what
caused it. The MnCOs recovery portion of the project is predicated
on the free-settling quality of the product. Such a product as was
obtained in this test would only aggravate already difficult operations

on a plant scale.
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Test No. . 2 5 5
1. Date 8/30-9/8 8/31-9/9 9/6-9/9/55
Ore Analyses:
2. Chemical, percentages
Mn 7.19 7.59 8.05
Fe 2.48 2.83 2.06
Ni 0.45 0.46 0.4k
Co 0.18 0.21 0.23%
R203 1k.6 k.7 12.4
Al 1/ 5.85 5.64 5.00
Si0s 65.4 6l .4 67.4
Insoluble 66.3 65.6 68.6
3. Spectrographic, percentages
Mn 5 >5 5
Fe :f8-8 .8-8 :T8-8
Ni .08-.8 .05-.5 .05-.5
Co .05-.5 .05-.5 .05-.5
Al .5-5 .8-8 .5-5
Mg .08-.8 .08-.8 .08-.8
Ca .008-.08 .008-.08  008-.08
Na . .01-.1 .05-.5 01-.1
K .1-1 L1-1 1-1
Si >10 =10 +10
Ti .01-.1 .01-.1 .01-.1
Zn .08-.8 .08-.8 .08-.8
L Sieve, Tyler series, percentages
-3/8" + h-mesh 3.7 k.5 5.5
- + 8-mesh 27.6 30.1 3.5
-8 + 1k -mesh 20.7 22.3 20.2
-14 + 28-mesh 16.4 16.1 14.3
-28 + 48-mesh 12.8 11.3 10.6
-48 + 100-mesh 9.0 7.5 7.7
-100 + 200-mesh L.y 3.8 4.1
-200-mesh 5.4 4.4 5.1
Reduction:
5. Ore fed, dry basis, 1bs. 1,195 1,512 1,625
6. Wt. of various constituents fed, 1bs.
Mn 85.9 114.8 130.8
Fe 29.6 k2 8 33,48
Ni 5.38 6.96 7.15
Co 2.15 3.18 3.7h
Al 69.9 85.3 81.25
5105 81. 973. 1,095.

1/ Al calculated “from Rp0s and Fe, neglecting Ti.
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Test No. 2 3 5
Date . 8/30-9/8___8/31-9/9 9/69/9/55
7. Moisture content of ore, percent 10.9 9.9 h.h
8. Approx. ore feed rate, .
(moist basis), 1lbs./hr. 1,000 1,000 1,000
9. Approx. ore-to-coke ratio 30:1 30:1 30:1
10. Approx. fuel oil consumption,
gal./hr. 6 6 6
11. Estimated reduction temp., °F. 1,250 1,250 1,250
Leaching solution:
12. 20° Be HC1, 1bs. 250 252 252
13. 20° Be HC1, gal. a6 26 26
1%. HC1l, 100 percent, 1lbs. 79.25 79.25 79.25
15. Total vol. of leaching solution, gal. 112 107 141
Theoretical»acid:
16. HC1 needed to dissolve all major
acid soluble constituentis, '
(¥n,Fe,Ni,Co,Al), 100%, 1bs. 45,6 566.9 560.5
17. Percent of theoretical acid to dis~
solve all major acid soluble
constituents used. 17.8 14.0 1.1
18. HC1 needed to dissolve only Mn, Fe,
Ni, and Co, 100%, 1lbs. 162.1 220.9 230.9
19. Percent of theoretical acid to dissolve
Mn, Fe, Ni, and Co used 48.9 23.9 34.3
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TABLE OF TEST RESULTS (Cont'd.)

Test No. 2 3 9
Date 8/30-9/8  8/31-9/9 9/6-9/9-55

Leach:

20, Vol. after addition of hot ore to
leaching solution, gal. 184 - -

21. Vol. following addition of water .
to hot slurry, gal. 247 255 --

22. NaoCOs (100%) added to bring pH to
3.9 to ppt.Fe(OH)s during aeration,
1bs. -- - 22.7

23. After cooling overnight, slurry
volume, gal. 230 24k --

2k, Vol. of extraction liquor decanted
from leached solids, gal. 99 TO 70

25. Analysis of extraction liquor,
constituents in gpl.

Mn 7.92 11.4 16.4
Fe 2.50 2.92 0.12
Ni 0.54 0.7% 1.10
Co 0.17 0.2k 0.41
R20s - 9.83 13.4 1k .2
Al 1/ 3.31 }.88 7.42
Cl1 38.2 39.8 53.1
Specific gravity 1.045 1.050 1.070
26. Wt. of various constituents decanted
in extraction liquor, 1bs.
Mn 6.83 6.99 10.25
Fe 2.16 1.79 0.08
Ni 0.47 0.45 0.69
Co 0.15 0.15 0.26
Al 2.86 2.99 4 .64
C1 32.98 2L .4 33.19
27. Number of washes of leached solids 4 6 5

28. Vol. of extraction liquor plus washes
decanted from leached solids, gal. 627 630 340

1/ Al calculated from Rz0s and Fe, neglecting Ti.
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TABLE OF TEST RESULTS (Cont'd.)

Test No. 2 3 p)
Date 6/30-9/8 8/31-9/9 9/6-9/9-55

29. Analysis of extraction liquor
plus washes, constituents in gpl.

Mn 2.22 2.93 4.65
Fe 0.68 0.57 0.046
Ni 0.14 0.17 0.32
Co 0.046 0.066 0.13
R203 2.65 3.13 3.31
A1/ 0.89 1.23 1.71
c1 9.50 10.1 16.7
Specific gravity 1.020 1.015 1.025

30. Wt. of various constituents decanted

in extraction liquor + washes, lbs.
’ Mn 11.85 15.63 13.52

Fe 3.63 3.04 0.13h4
Ni 0.74 0.907 0.931
Co 0.24 0.352 0.378
Al .75 6.56 k.97
cl1 50.69 53.89 48.56

31. Cl entering leach as HC1l, 1bs. 77.0 T7.0 77.0

32. C1 unaccounted for, 1lbs. 27.3 23.1 28.4

Leached Ore Analyses:

33. Chemical, percentages
Mn 5.79 6.61 7.27
Fe 2.94 2.40 2.24
Ni 0.37 0.40 0.42
Co 0.16 0.20 0.21
Ro03 12.0 11.4 11.3
Al 1/ h.13 L. 22 4. 29
Si05 67.1 65.1 67.6
Insoluble 68.4 66.4 69.0

3k, Spectrographic, percentages
Mn 1-10 >5 >
Fe ‘ .8-8 .8-8 .8-8
Ni .08-.8 .05-.5 .05-.5
Co .05-.5 .05-.5 .05-.5
Al :2-5 -2=> -2-5
Mg .05-.5 .05-.5 505-.5
Ca .008-.08 .008-.08 .008-.08

1/ Al calculated from R0z and Fe, neglecting Ti.
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Test No. 2 p) 2
Date 8/30-9/8 8/31-9/9 9/6-9/55
34 (Cont'd.) :
Na .008-.08 .01l-.1 .01-.1
K .08-.8 .08-.8 .08-.8
Si >10 >10 >10
Ti .008-.08 .008-.08  .008-.08
Zn .08-.8 .08-.8 .08-.8
Leached Ore Analyses (Cont'd.)
35. Sieve, Tyler series, percentages
-3/8" + L4-mesh - 3.8 1.5
-4+ 8-mesh -- 35.7 33.4
-8~ +14-mesh -- 22.3 30.5
-1k +28-mesh -- 1L.5 14.8
28  +48-mesh -- 9.9 9.9
-48"  +100-mesh -- 6.5 5.0
-10C" +200-mesh - 3.9 2.2
-200-pesh 3.4 2.7
36. Wt. of leached ore based on wet and
dry wits. of known vol. of tailings
slurry, 1lbs. 975 1,530 1,825
37. Wt. of leached ore based on Si0Op in
ore and in leached ore, 1bs. 1,165 1,496 1,620

38. Percent extractions, calculated by formula:

) M:S5i0, ratio of tailings\
Percentage M extracted = (l - WTSI0, Tatlo of heads /X 100,

where M represents:

Mn 21.8 14.0 9.7
Fe 2/-16.0 6.6 3/ -0.1
Ni 16.7 14.0 4.6
Co ' 11.1 5.8 8.8
Al 30.3 26.0 4.6
39. Wis. of constituents extracted

from solids, 1lbs.

(basis = M:8i0, ratios and wt. of feed)
Mn 18.73 16.07 12.69
Fe -~ 2.82 --
Ni 0.90 0.97 0.329
Co 0.24 0.184 0.33
Al 21.18 22.18 11.86

2/ Probably due to poor sample.
3/ Fe(OH)s pptd. in leach tank before decantation of extraction liquor.
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TABLE OF TEST RESULTS (Cont'd.)
Test No. 2 3 5
40. Wt. of NaoCOs added to extraction
soln. + washes to raise pH to 3.9
during aeration to ppt. Fe(OH)s, 1bs. 45,4 36.7 3/22.7
b1, Wt. of HC1 equivalent to NasCO3 used
in Fe(OH)s pptn., 1bs. 31.2 25.3 15.62
42, Time required to ppt. and settle
Fe(OH)3, days 4 5 1
43. Time required to wash ang re-settle
Fe(OH)a, days 1 1 1
Lh. Wt. of Fe(OH)s sludge (inc. slimes
from leached ore), 1bs. Y7.7 50.6 Inc. in
leached

s50lids residue
Fe(OH)s sludge analyses:

L5, Chemical, percentages B . .
1.02 3.15 3/
Fe 7.06 6.24
Ni 0.22 0.32
Co 0.06 0.12
46, Spectrographic, percentages
Mn .5-5 .8-8
Fe >5 >5
Ni .05-.5 .65-.5
Co .008-.08 .01-.1
Ti .05-.5 01-.1
Zn .08-.8 .03-.3
Al .8-8 .8-8
L7. Wt. of constituents pptd. in Fe(OH)5
sludge, 1bs.
Mn 0.51 1.59
Fe V 3.37 3.16
Ni 0.105 - 0.162
Co 0.029 0.061
48. Vol. of Fe(OH)s sludge decanted +
wash, gallons 692 665

3/ Fe(CH)a pptd. in leach tank before decantation of extraction liquor.
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TABLE OF TEST RESULTS (Cont'd.)

Test No. 2 3 )

49. Analysis of Fe(OH)s sludge decantate +
wash, constituents in gpl.

Mn 1.93 2.68
Fe : 2. 0.001 «<0.001
Ni 0.11 0.15
Co 0.039 0.053
Specific gravity 1.015 1.013

50. Wt. of various constiuents decanted
from Fe(OH)a sludge, lbs. L B
Mn 11.32 15.06

Fe <0.006 <0.006
Ni 0.645 0.843
Co 0.228 0.298
51. Wt. of NaHS added to Fe(OH)s sludge
decantate + washes to ppt.(Ni,Co)S,1lbs. 1.25 1.0 L/
52. Time required to ppt. & settle
(Ni,Co)s, days 1 1
535. Wt. of (Ni,Co)S, 1bs. 0.73 0.80

54. (Ni,Co)S ppt. analyses:
Chemical, percentages

Mn 5.87 3.86
Fe 0.86 1.52
Ni 5.31 2.91
Co 1.70 1.96
Loss on ignition 5/ h1.1 35.9

55. Spectrographic, percentages
Mn =5 1-10
Fe .3-3 3-3
Ni >5 1-10
Co 1-10 1-10
Al .3=3 5-5
Si 1-10 1-10
Ti 008-.08 .008-.08
Zn >5 >0

56. Wt. of constituent pptd. in (Ni,Co)S,1bs.
Mn 0.043 0.031
Fe - 0.006 0.012
Ni 0.039 0.023
Co 0.012 0.016

Ni and Co pptd. with Mn.
Represents approx. the floc. agent, Dow Separan 2610, used to settle the
(Ni, Co)S ppt. prior to decantation.

57
5/
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58.

59.

60.

61.

63

65.
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Test No. 2 3 5
Vol. of (Ni,Co)S ppt. decantate +
Fe(OH)s3 sludge slurry, gals 810
Vol. of (Ni,Co)S ppt. decantate
(inc.1/% gal. FeCla soln. for
excess S removal IYe7)
Analysis of (Ni,Co)S ppt. decantate,
constituents in gpl.
Mn 1.37 2.13
Fe 0.002 0.01
Ni 0.072 0.12
Co 0.023 0.0k43
Specific gravity 1.015 1.015
Wt. of various constituents decantated
from (Ni,Co)S ppt., 1bs.
Mn 9.40 8.88
Fe 0.014 0.0k2
Ni 0.494 0.500
Co 0.157 0.179
Wt. of NagCOs added to (Ni,Co)S ppt.
decantate to ppt. MnCOs,1lbs. 34.9 36.7
Wt. of NayCOs added to Fe-free extrac-
tion soln. to ppt. Ni,Co, and Mn, 1lbs. 122.2
Wt. of HC1l equivalent to NasCOs used in ~
Mn ppt. 1lbs. 24k.0 25.2 8.1
Wt. of MnCOs3, 1lbs. 20.0 21.2 56.6
MnCO» analyses:
Chemical, percentages
Mn 31.1 34.3 22.8
Fe 0.41 0.17 0.3
Ni: 1.81 1.92 1.h
Co 0.66 0.76 0.6

o+
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TABLE OF TEST RESULTS (Cont'd.)

Test No. 2 o 5

66. MnCOs analyses: (Cont'd.)
Spectrographic, percentages

Mn >10 =10 10
Fe .1-1 e1.1 .03-.3
Ni -1 .3-3 .06-.8
Co -5 -5 55
Ti «.01 £.01 « 01
Zn .03-.3 .01-.1 .08-.8
M .3-3 -1 .8-8
67. Wt. of constituents pptd. in
MnCOs3, lbs. - R e .
Mn 6.22 7.27 12.90
Fe 0.082 0.036 0.175
Ni 0.362 0.40T7 0.804
Co 0.132 0.161 0.340
68. Vol. of MnCOsz decantate, gals. 679 527 450
69. Analysis of MnCOg decantate,
constituents in gpl.
Mn <. 001 £0.001 «<..001
Fe <.001 << ,001 <.001
Ni <01 < .01 <.01
Co 0.001 0.002 0.001
Specific gravity 1.015 1.015 1.035
70. Wt. of various constituents decanted
to waste from MnCO3z, 1bs.
Mn <. 006 0.00k4 <. 00k
Fe <.006 £.004 <. 00k
Ni .06 <.0h6 <0k
Co 0.006 0.009 0.00k
71. Analysis of calcined MnCQOg3,
percents
Mo 53.8 56.0 7/61.0

§7>Samples nhot taken under supervision of Bureau of Mines personnel.

Z/ Sample referred to by Dr. King as calcination product of carbonate
mixture. It has been assumed that this is a mixture of the manganese
carbonate products from tests 4 and 5.
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TABLE OF TEST RESULTS (Cont'd.)

Test No. 2 3 5

72. Manganese balance:

Mn content of various solids and
liquids given in 1bs.

Ore in 85.9 114 .8 13%0.8
Ore residue out 67.17 98.73 118.11
Extracted from ore 18.73 16.07 12.69
Recovered in extraction

solution and washes 11.85 15.63 13.52
Recovered in Fe(OH)s sludge

decantate and washes 11.32 15.06 -
Recovered in (Ni,Co)S ppt.

decantate 9.40 8.88
Recovered in MnCOa ppt. 6.22 7.27 12.90

T3. Nickel balance:
Ni content of various solids
and liquids given in lbs.

Ore in 5.38 6.96 7.15
Ore residue out 4 48 5.99 6.82
Extracted from ore 0.90 0.97 0.329
Recovered in extraction soln.

and washes 0.74 0.907 0.931
Recovered in Fe(OH)s sludge

decantate and washes 0.645 0.843 .-
Recovered in (Ni,Co)S ppt.

decantate. 0.494 0.500
Recovered in MnCOs ppt. 0.362 0.407 0.804

T4.  Cobalt balance:

Co content of various solids

and liquids given in 1lbs.

Ore in 2.15 3.18 3.74

Ore residue out 1.91 3.00 3.41

Extracted from ore 0.24 0.184 0.33

Recovered in extraction,
soln. and washes 0.24 0.352 0.38
Recovered in Fe(OH)s sludge

decantate and washes 0.228 0.298 --
Recovered in (Ni,Co)S ppt. 0.157 0.179 -
Recovered in MpCOs ppt. 0.132 0.161 0.340
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COMMENTS
Poor results are not neccssarily inherent in this process.
"Some of the reasons for them, together with suggestions for their
improvement, are listed below:

1. The ore has not been ground to a sufficiently fine size.

It should be ground to at least minus 10-mesh and probably finer
rather than crished to only minus 3/8-inch for efficient feducing
and leaching.

For an operation on the scale of the one in Salem, the writer
would recommend that the operators hafe one large batch of ore
(enough to last for the projected pilot-plant demonstration period)
custom ground and mixed. The advantage of this would be a known
feed that would not vary; the purchase of crushing and grinding
equipment for the pilot plant would be unnecessary, and time would
not be spent on this kmown unit operation that could better be spent
studying the process as a whole.

2. The retention time of the charge in the reducing kiln is
too short, especially if the minus 3/8-inch ore is used as feed.
The slope of the kiln should be decreased to lengthen the retention
time. When the reducing kiln was constructed, provision should have
been made to vary the slope of the kiln.

3. The hot ore from the reducing kiln should be cooled more
before entering the leaching tank; this would suppress the loss of

HC1 that is now lost when the hot ore heats the leaching solution

to the boiling point.
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L. Efficient mechanical agitation of the leaching ore should
be provided by mixing equipment. The coiled perforated hose
fastened to the tank bottom provides some agitation and is excel-
lent for washing the leached ore residues as the step is now run,
but the air providing the agitation must also re-oxidize some of
the hot ore. Item 3% of the table shows that the best manganese
extraction was had in test 2 during which the hose coil came
loose and got into a vertical position oncone side of the tank.

5. A closer check should be kept on the analysis of the ore
entering the process. This applies not only to the manganese, but
also to all the acid soluble constituents. In no test during the
monitored period was more than 18 percent of the theoretical acid
used. This no doubt contributed more to the poor leaching than
any other single factor.

6. The use of countercurrent thickeners should be investigated
for efficient solids-liquid separation and washing of the tailings
following the leaching step. In the pilot plant a large filter
Press would have sufficed.

7. The innovation started in tests 4 and 5 for the precipita-
tion of Fe(OH); showed what could be done to shorten the operating
time of the process. This is certainly the recommended procedure
rather than that demonstrated during tests 1, 2, and 3.

8. The results of tests 2 and 3 showed that nickel and cobalt
could not be selectively precipitated as had been claimed. 1In
addition, a minor constituent of the ore, zinc, was concentrated

in the supposed (Ni,Co)S precipitate. It is suggested that further
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work on this step be done in the laboratory. This is especially
true because Dr. King states that the profit of the operation will
come from the nickel and cobalt obtained. As the process stands
now, a speciallized market must be found for the nickel- and cobalt-
contaminated manganese product. Since it appears that most of the
nickel and cobalt is removed from solution during the excess sulfide
removal step (pH=3.9) rather than the addition of NaHS (pH=3.2),
the desirability of carrying out the sulfide precipitation at a
higher pH should be investigated.

9. Filter presses should be used for the various solids-liquid
separations in the pilot plant rather than the inefficient settling-

decantation procedure now used.

Submitted by: CE;Z%;DéZ Cj‘ ~}:ZJZ7
Chemical Engineer L///

Supé}vising Chemical Engineer (}
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SUMMARY

As instructed by Mr. C. B. Larson cf the Ceneral Services Adminis-
tration, supplementary itests have been wmade to determine if inpreoved
results could be obtained with the L. W. King hydrochloric-aéid leaching
process by slight modificaticns. These changes involved: (15 precipita-
tion of the nickel-cobalt sulfides.at higher pH to effect higher reccvery
cf an improved product and, (2) preliminery leaching tests on the ex-
tracted ore residues with additlicnal acid proportioned to supply theo-
retical qﬁantities equivalent tc the solﬁble'constituents.

The products resulting from the tests proposed by Dr., L. W. King
have not been.received yet at College Park. '[herefore it is assumed
that .some complicaticns have been encountered to delay the samples from
the King pilot-plant. The proposad leaching te;ts have been completed
by the Bureau and the resulis are given in this report. \

This supplementary laboratory work on matverials from the_monitored
tests showed that: (1) the pilot-plant reduction did not coﬁpletely
feduce the manganese from its tetravalent form: (2) the coarse ore residue
when groﬁnd finer and leached with agitation and the theoretical acid
equivalent to the unrcecacted manganese, iron, nickel, cobalti and aluminuﬁ,
gave increased extraciions which raised the indicated recoveries on moni -
tored tests 2, 3 and 5 to the following range of percentages: Mn, 61 - 80;
Fe, 70 - 80; Ni, 50 - 65; and Co, 43 - 59. With hydrochloric acid equiva-
lent to the Mn, Fe, Ni and Co only, the tdtal combined pilot-plant and
laboratory recoveries as percentages were: 47.1, 57.5, 44,0, and 35.9,

respectively. A sample of the raw ore when reduced with carbon and





extracted with T4 percent of the stoichiometric quantity of hydro-

chloric acid for the Mn, Fe, Ni, Co and Al, yielded percentage re-
coveries of: 59.2, 29.%, 79.1, 32.4 and 36.9, respectively. The nickel
recovery of T79.1 percent is the best obtained in any of the tests. How-

ever, additional tests will be needed to fix the optimum conditions.
GENERAL CONSIDERATIONS:

Supplementary 1aﬁoratory investigations were undertaken at the
Eastern Experiment Station to determine the reason or reasons for the
extremely poor extractions that were obtained by Dr. King during the
monitored tests. 1In Report No.oz, previously submitted, some possible
explanations for the poor test results were given in the section on
comments (pp. 28-30). The ones that dealt with the extraction of the
various constituents from the ore were: -

1. Insufficient size reduction of the ore entering the process.

2. DProbable incomplete reduction of the ore due to its coarse

size and the short retention time in the reducing kiln,

3. Almost complete lack of mechanical agitation during the

leaching period.

L, Insufficient acid to meet the theroretical requirements

of the‘major acid-soluble components -of the ore.

Five experiments were made to determine the effect of these variables

on the extraction-of the acid-soluble constituents of the ore. All of the

solids used were ground fine enough to =ess fhrough a 100-mesh screen.
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These were leached in each instance with 8-percent hydrochloric acid

solutions at a consﬁant temperatufe of 80°C. (176°F.) for two hours.
Vacuum filtration was used to separate the re-waked solids from the
extraction solution to which was addéd the subsequént-washings of the
filter cake. Only the combined extraction solution and washes were ana-
lyzed for the major acid-soluble constituents. Knowing the chemical ana-
lysis of the starting solids, this was sufficient to obtain the percentage
recoveries of the various constituents frdm the ore.

In experiments 1, 2 and 3, sampleé qf the taiiings from each of the

monitored tests evaluatéd in Report No. 2, were leached with the stoich-

- iometric amount of HC1l required for dissolution of the Mn, Fe, Ni, Co and

Al remaining in the solids. In experimeht L, another‘sample of the tail-
ings from monitored test No..3 was leached with the stoichiometric quantity
of HC1 required for the dissolution of thg Mn, Fe, Ni and Co, neglecting
the aluminum present. - In experiment 5, a'sample of the heads for monitored
test 3 was mixed with 5-percent charcoal and reduced in a closed graphite
crucible for two hours at 700°C. (1,292°F.). The wefight loss of the ore
on reduction was 7.5 percent. A sample of the'reduéed ore was then leached
with approximately 75 percent of the stoichiometric acid needédfto dissolve

all the Mn, Fe, Ni, Co and Al present.

EXPERIMENTAL RESULIS

The results of these experiments and comparisons with the’ correspond=

ing monitored tests are'given in table 1.

; >





TABLE 1l.-Experimen®al results

Expeniment Nc. ; 1 ., 2 vé 4 5
-Supplewenting King monitored test No., 2 b} 2 3 3
1. Solids re-worked with stoichiometyic
KHC1 for Mn, Fe, Ni, Cc and Al Tailings Tailings “Tailings }/Tailings g/ﬁeads
2. Percentage compesition of e=clids ' ’
leached: .
Mn 5.79 6.61 7-27 - 6.61 7.59
Fe 2.0l 2.%0 2.2% 2.ko 2.83
Ni 0.37 0.0 0.h2 0.40 0.46
Co 0.16 0.20 0.21 0.20 . 0.21
Ro03 12.0 11.Lh 11.3 11.4 14,7
Al 3/ 4,13 4. 22 L .26 L. 22 5.6k
Leaching Conditions
3. Veight of colids, gms. 4/ 25 25 25 25 25
4. Nominal size of sclids, mesh =100 -100 -100 -100 =100
5. Weight of 8% HCl leaching acid, gms. - 9k ok oL 40.6 ol
6. Theoreticél H0l:so0lids ratio‘é/ 0.291 0.301 0.308 l/ 0.130 0.375
- (1bs. 100& HCl:1bs. solids)
7. Actual HCl:solids ratio used 0.30 0.30 0.30 0.13 0.278

17 Stoichiometric HCI for Mm, re, Ni, Co, oniy.
’ g/ Head sample reduzed for 2 hours at approx. 700°C. in graphite crucible using ore:C rat
Weight loss of heads ¢n reduction = 7.5%.

3/ Al calculated frcm R0z end Fe, neglecting Ti.
L/ Leached for 2 heurs at 80°C. with rapid mechanical agitation.
5/ Stoichiometric rativ for scluble constituents.

io of 20:1






TABLE 1.-Experimental results (cont'd.)

Experiment No. 1 2 3 N 5
Recoveries
8. Weights of various constituents removed

during leach of 25 g. of starting solids, gms.
Mn B _ 1.08 1.21 .1.035 0.635 1.22
Fe 0.45 0.46 0.415 0.365 0.225
Ni 0.055 0.06" ©0.03 0.0%5 0.095
Co ’ 0.022 0.02 0.022 0.016 0.0185
Ro03 1.735 1.715 1.765 1.185 "1.30
AY 3/ 0.575 0.56 0.62 0.35 0.52

¢. Percentage of various starting constituents

recovered in combined extraction liquor

and washes
Nn ™.5 7.3 56.9 35.5 59.2
Fe 61.2 76.0 .1 60.8 29 .t
Ni 59.7 60.0 47.6 35.0 79.1
Co 55.0 Lo.0 o3 32.0 2.k
Ro203 57.8 60.1 62.5 k1.5 3.7
AL 3/ 55.6 5%.0 57.8 33.1 36.9

10. Weight of constituents remaining after

leaching 25 g. of starting solids, gms. -
Mn - , 0.37 0.4k 0.785 1.015 -0.84
Fe 0.285 0.1k 0.145 0.235 - 0.54
Ni 0.037 0.0%0 - 0.055 . 0.065  0.025
Co 0.018 0.030 0.030 0.03h 0,038
A 3/ 0.457 0.498 0.452 0.708 1.00

3/ A1 calculated from R20s and Fe, neglecting Ti.
5 .
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TABLE 1.-Experimental results (cont'd.)

Experiment No. . - 1 -2 E 3 ' L 5
Recoveries (cont'd.) ' . .
11. Calculated percentage composition of re-worked tailings
(assuming only listed constituents are removed by leach) ,
© Mn A .62 1.9% 3.43 4.31 3.76
Fe ‘ 1.20 0.64 0.63 0.99 2.35
Ni A 0.16 0.18 0.24 0.28 0.11
Co 0.08 0.13 T 0.13 0.1k 0.17
Al T 2.00 - 2.1h 1.93 2.99 .36
12. Weight of leached ore from monitored test,
1bs. (See Item 37, Table of Test Results, Report No.2)
1,165 1,496 1,620 1,406 3/1,32
6/1,1400
13. Additional recoverable wt. in 1bs. of various constituents from .
leached ore on the basis of small-scale re-working tests. :
Mn 50.2 2.5 66.9 38.00 -
Fe 21,k 27.2 26.9 21.8 --
Ni 2.58 3.59 3.2h 2.09 -
Co : 1.03 1.20 1.k 0.96 --
Al _ , 26.8 34,1 Lo.2 42.1 --1/

14, Total recoverable weights in 1bs. of various cohstituents from leached ore; based on weights

recovered in monitored test. (See Item 39, Table of Test Results, Report No.2) and additional

recoverable weights found in re-working tests

Mn : 68.9 88.6° 79.6 54.1 68.3
Fe A . 21.4 30.0 - 26.9 2k.6 12,6
Ni 5.48 k.56 3.57 3.06 5.31
Co 1.27 1.38 1.77 1.1% 104
Al 57.1 - 56.3 52.1 64.3 3L.5

5/ Weight of ore fed to monitored test No.3
6/ Reduced weight of ore fed to monitored test No. 3 on basis of small-scale reduction.

T/ Recoverable weights in pounds of various constituents based on extrapolation of data of small-scale
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TABLE 1. Experimental results {cont'd.)

Experiment No. 1 ) 3 n 5

15. Total parcentage of constituents
recoverable from ore

Mn 80.2 T17.2 60.9 h7.1 59.2
Fe 72.3 79.1 80.4 57.5 29.4
Ni 64.7 65.5 50.0 4.0 79.1
Co 59.0 43,4 47.3 35.9 32.4
Al 81.7 67.6 64%.1 75.4 36.9
16. Percentage extractions of monitored tests :
(same as Item 38, Table of Test Results, Report No.2)
Mn ' ' - 21.8 1%.0 9.7 14.0 14.6
Fe - : -- 6.6 - 6.6 6.6
Ni _ 16.7 14.0 4.6 1h.0° 10
Co A 11.1 5.8 8.8 5.8 5.8 «
Al ' 30.3 . 26.0 1.6 26.0 26.0






The assumption that the ore had been only partially reduced during

the monitored tests was substantiated during the first four experiments.
In these, the tailings from the monitored tests after having been ground
to minus 100-mesh, were leached with hydrochloric acid. Unreduced
manganese wéuld be present in the tetravalent.state as MaOz which would
react with HC1l to form chlorine. This is the now commercially abandoned
Weldon process for chlorine production by the oxidation of HC1,
following the equation:
MnOp + LHCL = MnClp + 2Ha0 + Clp

Such a reaction during the 1eachihg“step of the proposed Kiﬁg
process would be unprofitable because of the complete waste of acid in
produéing virtﬁally unrecoverable chlorihe. This reaction took place
during the first four experiments, being evidenced by the evaluation
of obnoxious amounts. of chlorine from the 25-gram samoles of solids
- being leached. |

There islnd way to evaluate the ihdividual effect of the size
reduction and mechanical agitation of the variables tested by these
experiments. The collective effects of reduction to small particle size,
ample mechanical agitation, and use of the theoretically fequired acid
are demonstrated by items 9, 15, and 16 in the table. The use of enough
acid is the most important single factor. The difference between
experiments 2 and 4 was the quantity of acid used for the leach; in

experiment 3 enough acid.was used for all the'acid-soluble constituents,





while in experiment 4, acid for the dissclution of the aluminum present

was not provided. The use of the full quantity of theoretical acid in

experiment 2 yielded a manganesé recovery twice that of experiment k4.

O Had 100 percent of the theoretizal acid been used for the leach of
experiment 5 instead of 75 percent, the recoveries would nc doube have
increased corre;pondingly.

In experiment 5, a sampl¢ of the ﬁeads from monitcred test 3 was
reduced after having been ground to minue 100-mesh. The results of the
leach as given in items 9 and 15 show that while the manganese recovery
is down as ccmpared to experiment 2, the iron recovery has b2en definite-
ly suppressed and the nickel recovery is higher tkan would have been
expected. The cobalt rééovery is lower in experiment 5 following the

trend indicated by the manganese récovery.

COMMVENTS AND RECOMMENDATIONS

The results of these tests substan*iate the cpinions expressed in
Repcrt»Nng 2. Most of the acid-scluble components can be leached from
the oré. Their selective recoveries will depend on modification of the
King process as demonstrated during the monitored periond.

‘&he ore was not reduced enough to obtain only MnO. Finer grinding

and efficient agitation during the leaszh would help increase the recoveries.





Careful attention must be given to the analysis of the ore-fecd to
the process in order to use enough acid to dissolve most of the Mn,
° Ni, and Co. If the main ore body does nect contain Aluminum-bearing
; _ minerals, then caition must be ﬁsed during the mining to kesp clay

overburden out of the ore.- ' '

Respectfully submitted: WC m
Chemlﬂl Englnear J

s

@pervisory Cheinical Engine
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Tne critical shortage of metailurgical grade manganeze ores for
stockpiling and consumption, during the recent Korean campaign, focused
attentinon more sharply than ever on the large reserves of low grade
manganese ores and manganiferous slags in this country. As a result the
Government commenced several programs for the purchase of low grade ores,
and simultaneously began various research projects looking to the development
and testing of processes for upgrading these ores to usable products.

R At the time these programs were start it y@gegkgg thed &hes
urgency of the manganese situation was such that, ow recoverles and hlgﬁ costs

could he tolerated, if necessary. However, in the intervening period the
urgency of converting these ores to usable products at any cost-has decreased.
Hence experimental work is now being continued not only with the objective of
merely finding processes for treating the various: types of ores, but also of
finding the most practical and economic processes for doing this.

In the course of these investigations EPS has given careful con-
sideration to nearly a score of different new or unproven processes for
extracting manganese from slags and various tyvpes of submetallurgical ores and
slags. As a result, a half dozen of these processes have been deemed promising
enough to justify financial assistance by the Government for further research,
development and test work,

In each of these cases, before deciding finallyv as to whether, or
to what degree, financial assistance of the Government should be given, EPS
has requested the Materials Advisory Beard of the National Academy of Sciences
to investigate, study and report upon the technical merits of the process.
Also, in the general consideration of these matters and in certain specific
cases, EPS has sought technical information and counsel in other offices of
Government, including principallv the Burean of Mines,

Actual research and testing worlt was begun over a year ago on two
new metallurgical processes for winning manganese from low grade sources.
Sirce then test work on other new rrocesses has been commenced., Others are
about to be cormenced.

Yere follows a brief descrirtion of the work done to date on the
various projects:

FLOTATION

Studies Regarding Upgfading of Government
- Stockpiled Sub-Metallurgical Ores

The Bureau of Mines has for a number of vears been experi-
menting with the so-called "oil-emulsion!" process which,
in the case of low grade ores, would need to be followed by

~
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nodulizing or other means of agglomerating the product and
eliminating base-metal impurities. The Bureau has at times
and on selected specific types of low grade ores, secured
in the laboratory fair to good recoveries of manganese, but
has indicated that a full scale mill test on wixed ores as
stockpiled would as yet be ill-advised and premature;

(a) In early 1954 an idle lead and zinc flotation mill at
Deming (peru Mining Company) was offered for use in
upgrading low grade stockpiled ores, Burean of Mines
metallurgists exanined the plant as a possible site for
malzing mill-scale testc and reported not only that the
mill was not suited to the purpose but that it would
be "premature" and "utter folly" to undertake mill-
scale tests without further extensive laboratory and
pilot plant testing of the process,

(b) In 1949-1950 the Domestic Menganese and Development
Company of Putte onerated a Government—-owned flotation
mill and a nodulizing plant on low grade Butte district
ores. Fortr-one thousand (41,000) tons of ore (22,11%
Mn) were treated, producing 7301.5 tons of nodules
(46.19% Mn). The overall recovery of manganese, however,
was orly 37.22% and the base metal (zinc and lead)
content of the nodules was so high that they were un-
usable. by industry and rejected for stockpiling,

Recently tne former plant operator proposed that a
mill test of the oil-emulsion flotation process be
made in that pilant. In reply to this proposal the
Bureau stated, "It is the consensus of interested
Bureau personnel that large-scale mill runs would be
premature at this time. Although the method is
considered to be technically feasible, it is believed
that small pilot plant testing and probably addition-
al laboratory and other work will be necessary before
an undertaklng of the magnitude npronosed by Mr. Cole
- can be justified."

Tf the need for conversion were immediate and urgent,

- the "oil-emulsion” flotation and nodulizing as new
developed could be emrloyved to obtzin from these ores
some manganese suitable for metallurgical use. Under
present circumstances, however, the rresent costs and
losses to the Government in that procedure cannot be
justified, and large-scale mill testing should he de-~

- ferred until the Bureanu is readv to recommend it, In
the neantime soue more feasible and economlcal process
may be developed,






Scuthwestern Enginesring Cempany (Swece)

In 1952 Sweco, under contract te DMPA, ebtained large work-
ing samples of wad and other lew grade manganese eres from

Virginia, Tennessee, Arkansas, Maine, Arijona and New Mexico.

They performed extensive analyses and ore tests upon each /
ere, Fletation possibilities were principally studied, but
tests were also made by empleying gravity and sink-float
metheds., Alse, a few tests, employing leaching, were per-
f@mede .

Sweco reperted that none.of the sample cres were amenable
to upgrading te metallurgical grade, by physical methods

alene. More research, using chemical (leaching) methods,
was indicated., It was feund in seme instances that pre-

concentration by physical methods would be practical for

preparing the material fer leaching,

PYROMETALLURGY

Mangaslag Inc.

A contract was signed-bétween DYPA and Mangaslag en
December 31, 1952, whereby the latter was to test out in
a large pilet plant a new process devised by Bureau of
Mines metallurgists fer recovering manganese from epen
hearth slags, and possibly Aruesteok ores,

The centract, as amended, previded that the pilet plant
construction was te be cempleted by April 195L; and that
prior te December 31, 1955, the process weuld be proven
feasible or net. The project, situated at Pittsten,
Pennsylvania, was largely financed by Government funds.

The process is pyremetallurgical, entailing the reduction
of ore in a vertical blast furnace, psssibly using anthra-
cite coal instead ef coke, to produce a spiegeleisen; then
selective oxidation of the molten spiegeleisen in a special
ceanverter %o produce a cinder containing the manganese,

and a melten metal containing the iron and phesphorous;
then reductien of the cinder in the blast furnace te pro-
duce ferromanganese; and blowing of the molten metal in

a second converter te produce de-phosphorized steel melt-
ing scrap.

The censtructien of the pilet plant was completed in May
1954. Since then furnace ¢perations have been commenced
a number of times and each time have seon been stopped






because of defects of one kind or another in the furnace
and accessory equipment,

Mangaslag Inc., assisted by Bureau of Mines and other
Government engineers, has continued to work on the project,
making improvements as indicated after each new testing
operation, To date the furnace has never functioned
satisfactorily, and operations have never progresced to
the point of selective exidation of molten spiegeleisen

in the converters, which is the ¢rux ef the process,

Evidently much additional development and testing will
~be required to prove or disprove the feasibility of the
process, .

At the time of this writing there is some possibility that
flangaslag Inc. may drop out of the project, In such case,
EPS, believing that the process should be tested out to a
final conclusion, expects to find some satisfactory arrange-
ment for continuing with the pilot plant testing.

Blast Furnace Reduction

The Bureau of Mines has informally suggested that the most
feasible way to upgrade the lew grade manganese ores in
the Government steckpiles in the seuthwest might be direct
reduction in the blast furnace to obtain a product inter-
mediate in manganese content between standard spiegeleisen
and ferromanganese, . A product of that nature has little
utilization at present in the steel industry but this
procedure would have the virtue of recovering a fairly
high percentage of the manganese in ore as a product that
ceuld be consumed by the steel industry in an emergency
when higher grade materials were in short supply.,

(a) The Colorado "uel and Iron Co. with blast furnaces
at Pueblo, ‘Colorado, was a vossible candidate for
this type of conversion, since the plant is so lo-
cated that ores from El Paso and Deming could be
freighted to Pueblo for a cost of about "7.00 per
ton. (Separate arrangements would have to be made
for the kenden ores, probably at furnaces in the
Los Angeles area),

C.7. and I. suggested a test run of avout 20,000
tons of El Paso and Deming ore in one of their
750~ten furnaces which is now making a run of ferro-
manganese, the object being to determine costs of
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the operation, and quality and potential utility of
the product. Upon closer exanination, however, the
company has lost interest at the present time be-
cause, (a) the furnace that they planned to use has
developed a hot spot and must be relined immediately,
after which it will be returned to production of pig-
iron, and (b) the operating peonle are afraid of the
lead-zinc content of the ores, wnich might destroy

a good furnace lining, plus (c) a lack of knowledge
as to whether sintering the ore ahead of furnacing
would reduce the base metal content go proportinns
harmless to the blast furnace lining.

(b} Tt has recentlv been learned that the Sheffield Steel
Company (subsidiarv of Armco) a few vears ago purchased
a small (75-ton) blast furnace at Rusk, Texas, with a
small sintering plant, blowing ergines and other ac-
cessories. Inquiries are now under way to determine
whether that plant is still in existence and operable.
If so, a study will be made of the possibility of
utilizing these facilities for a test run on a compara-
tively small amount of El Paso and Deming ore, to
determine feasibility of costs. The Rusk plant is
south of Dallas, within a reasonable freighting distance
of El Paso and Deming. Lone Star and Sheffield also
have other furnaces in Texas which conceivably could
be made available for this purpose under certain
conditions,

The problem of finding a suitable process, whereby the
sub-metallurgical grade ores in the Government stockpiles

can be upgraded to some readily usable form, continues

to receive active consideration in EPS. As soon as more
conclusive data is available concerning some of the processes,
which are now being tested, it may be that one of these
processes, or a combination of them, can be selected for
upgrading these ores,

COMBINED ROASTING — LEACHING

ngggggse Chenical Corp, (M.C.C.)

(Carbamate Process'
A contract was signed August 7, 1952, hetween DMPA and
MCC, which provided trat the company build a pilot plant
and test the new Carbanate (Dean-Leute) Process for ex-
tracting manganese from the manganiferous iron ores of
the Cuyuna Range, Minnesota. The pilot plant, having
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capacity to treat 200 tons per day of ore, is situated
at Riverton, Minnesota, The project has been financed
largely by Government funds. The contract, as amended,
provides that pilot plant production is to commence by
January 1, 1955. '

The new process combines roasting and leaching of ‘the ore,
using an ammonia solution, with the aid of 20, gas; and
the recycling of ammonia. The final basic product is
manganese carbonate which can be readily converted to
manganese oxide in nodules for use in the steel-making
industrv; also the manganese carbonate, wrich is in a very
‘pure state, can be used to good advantage in the chemical
industrv. It can be also used as basic material for
producing electrolytic manganese dioxide.

The construction and tuning-up of the pilot plant has re-
quired over a year more than was originally anticipated.
However, MCC now reports that the plant finally is in
good working condition and will be in production on a
regular basis by January 1, 1955,

When the plant has heen in regular production for a few
months, data may then be available concerning the, economic
feasibility.

It now seems reasonable to suppose that the pilot plant
operation will prove the new process to be technically
sound for the treatinent of the Cuyuna low grade mangani-
ferous iron ores, of which there are extensive reserves.
Indications are that the operation will show the process
to be economically feasible, as well, However, final
conclusions concerning these points must, of course,
‘await definite vroof which can be obtained only after
the plant has been in regular oreration for at least a
few months.

Nossen Laboratories, Inc, (N.L.I.)

DMPA and N.L.I. entered into a contract June 30, 1953,
whereby the latter was to construct and onerate a pilot
plant for the purpose of testing their new process for
extracting manganese from low grade manganese ores,

The contract, as anended, expired on November 15, 1954.
The rroject was financed entirely by Government funds.

The new process begins with a reducing roast (omitted in

the case of some ores.) A nitric acid solution is emploved
to dissolve the manganese in the raw or roasted material.
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The pregnant solution is decomposed by heat in a specially
designed equipment, thereby rroducing a solid product
containing the manganese, and a vapor containing the nitrous-
fumes.' The solid product is then treated by grinding and
washing to give a high grade manganese dioxide concentrate,
The nitrous fumes are recovered in the form of nitric acid
for recvcling in the nrocess.

Construction of the plant, at Paterson, New Jersey, re-
quired over half a year and the plant was then onerated

for several months. It was shut down last October upon
expiration of the contract period and exhaustion of al-
lotted funds. As a result of pilot plant operations, the
general opinion in Government offices is that the metallurgy
of the new process was proven to be technically sound,

However, certain difficulties were encountered in connection
with the mechanical overations of some of the equipment which
had been selected or developed for use in the pilot plant.

At the conclusion of the contract period when the plant was
shut down these difficulties had not been completely overcome,

The feeling among Government engineers who have been close
to tre pilot plant work is that, owing to unexrected delays
because of late delivery of equipment, and of necessit for
solving unforeseen problems, not enough time remained within
the contract meriod for fully developing optimum techniques
and for determining which kinds of equipment,, in some in-
stances, would give the prover results. The feeling is that
with a reasonable azaount of further pilot plant experimenta-
tion and final testing these operating problems can very
probablv be solved, '

With reference to economics of the nrocess, the data thus
far obtained gives sorie indication that the process can

be anplied within practical limits of cost; but that defi-
nite conclusive orinions uron this aspect must await more
conplete data obtainable once the ecuipment problens, just
referred to, are solved,

It shonld be mentioned that, in the nilot plant work, ores
from Aroostook County, Maine, were used exclusively. These
ores are of low manganese content and furthermore are of a
refractory character, The Government insisted that Aroostook
ores be used in the pilot plent because the Aroostook de-
posits are very extensive and, if the Nossen process were
proved feasible, these deposits would represent a great
source of manganese in a.national energencv if i-ports of

- foreign eres were cut off.
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indoubtedly some of the country's less refractorv ores
having a higher manganese content, such as some of the
sub-metallurgical grade ores from less extensive de-
posits in the southwest, could be treated much easier
and cheaper, per unit of manganese recovered, than the
Aroostook ores,

Since being shut down, the pilot plant, which is property

of the Government, has been kept intact, with the thought

that possibly pilot plant operations may be soon renewed.

It is the expectation of EPS that arrancements to this

end may be made with some private company which may become
interested in the matter.

Bruce Williams Laboratories (B.W.L.)

EPS has concluded negotiations with B.W.L., and a contract
is now being prepared whereby the latter will build and
operaté a small metallurgical pilot plant, at Joplin,
Missouri. The project is to be wholly financed by Govern-
ment funds. "

The purpose of the pilot nlant is that of testing a new
process, developed by B.W.L., for extracting manganese
frem practically any type of low grade, manganiferous ore
or slag, to produce a high grade MnO, concentrate,

" In general, the process, upon which B.W.L, has applied for

a patent, involves a roasting procedure followed by leaching
and precipitation, with recyclirig of the principal reagents,
and from this point of view is, of course, not new. It does
involve, however, certain distinctive procedures and the
novel use of certain reagents which sets it apart from being
merely a duplication of some other already known process.

Various Government engineers have examined and studied the
the theorv of the process, and some have visited the premises
of B.W.L. for a firsthand laboratorv demonstration of it.

A1l are of the opinion that tre process holds much promise.

The contract schedule of pilot plant construction and eopera-
tion covers a period of 15 months, thus if there are no
delays in signing the contract, and in carrying out the
construction and operations, the n»rocess should be proved

or disproved by April 1956,





L. W. King

On September 3, 1954, EPS signed a centract with

Dr. L. W, King. The contract provides that he is te
erect and eperate a small-scale pilot plant for the
purpose of testing a precess devised by him for re-
covering manganese, cobalt, and nickel, separately,
from lew grade, natural deposits which exist in widely
scattered places in the United States.

The raw ore to be used in the pilet plaht is being
shipped from a mineral property in Tennessee, con-
trolled by Dr. King.

Dr. King has been conducting his own laboratery ex-
periments fer several years for the purpose of develop-~
ing a precess for treating satisfactorily that type

of ore. The process is not patented.

The King precess employes roasting and leaching, using

hydrochloric acid as the leaching agent. The manganese,

cebalt and nickel are recovered separately, as oxides,

by a series of chemical operatiens involving the chang- ' Ty
ing of the degree of acidity of the solution by the >
addition of reagents, and by changes in solution tempera-

tures, '

Fer the economic success of the precess Dr, King relies

te some extent upen recycling a portion of the hydro-
chloric acid, but principally he relies upon manufacturing
the acid very cheaply from low cost raw materials by means
of a special FZuropean process upon which he holds certain
rights,

The present contract provides only for testing the process
to recover the manganese, cebalt and nickel from the ores.
If the pilet plant demonstrates success in this, the in-
tention of EPS would be to assist Dr. King with funds to
erect additional facilities to test his precess for manu-
facturing cheap hydrochloric acid,

The pilet »lant is now being erected in Salem, Ohio where
Dr. King already owns premises and some ecuipment which he
is loaninz to the project. The cost of additional equip-
ment, and of erecting and operating the pilet plant, is to
be paid by the Government.






The present contract is to expire in May 1955 by which
time it is contemplated that the feasibility of the
extraction process will have been proved or disnroved.

If the extraction process is proved feasible, another
period running possibly into 1956, would be recuired

for setting up and testing the acid manufacturing facili-
ties,

At present, the installation of equipment at the pilot
plant is progressing according to contract schedule,
and the expectation is that t%e construction will be
complete and that operations on a tune-up basis will
be commenced early in February, )

COYBINED ROASTING — MACNETIC SKEPARATION

Diaond Alkali Co. (D.A.C.)
(Svlvester Process)

Negotiations are now in progress between EPS and D.A.C,
with a view to making a contract whereby the latter will
test, at its plant at Painesville, Ohio, the Sylvester
Process for recovering manganese from slags and low grade
ores of Aroostook Countwv, laine.

This testing pro‘ect is to be financed by Government funds,
but with D.A.C. doing the work on a cost basis, that is, a-
non-profit basis, with expectations of possible gain later
on if the process is —roved successful and is used com=-
mercially.

The Sylvester Process, developed within recent years in
the laborator: of Svlvester & Co., Cleveland, Ohio, is a
roasting process whereby manganiferous slags and ores of
the types ahove named are converted pvro-chenically from
a refractorv state to a state amenable to concentration
bv magnetic separation., It is expected that the concen-
trate thus produced will permit of .successful further
treatment eitrer by leaching or by smelting to produce
manganese products for use in the steel industry.

The contemplated program, including the work of designing
the necessary facilities, of installing ecuipment addi-
tional to that alreadv available in the D.A.C. plant, and
of performing shakedown operations and final demonstrations,
will cover a veriod of 15 months, .

This means that if a contract is soon signed, and if no
great delays are experienced in getting the facilities
ready, or in eperating them, the whole project should be
completed, and the process proved or disproved by May 1956.
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TABLE NO, ]

DISTRIBUTION OF MAN@ANESE RESEARCH AND DEVELOPMENT UNDEZR EMERGENCY PROCUREMENT SERVICE
~_(By Regions and Tvpes of Projects)

Southwestern Mangenese Nossen Bruce
Engineering = Bureau Chemical Laboratories Mangoslag Williams Diamond
CONTRACTOR Company. of Mines Corp. Inc. : Inc. L. W, King. Laboratories Alkald
TYPE OF PR CESS: Gravity Flotetion Ammonia Nitric Acid Special Blast Hydro— Special Lime Roast
and Cé2 Leach Leach » Furnace chloric Roasting followved by
Flotation (Dean~Leute (Nossen (Royster), and Acid and Magnetic.
"Carbamate" Process) Selective Leach - Leaching. Sepsration
o process ) separation of- :
SO MATERIAL: Mn in converter
. (Buehl)
Slags, Open Hearth ' ' X X X
Cuyuna Iron Range, Minn, : ‘ X
Aroostook County, Maine X ' X X X X £f
. : j
Artillery Peak, Ariz, ‘
Batesville, Ark, X
Va~Tenn-Ala " : ' ~
(S.Appalachian Region) X ‘ ' X
Low-Grade Mn-Ni-Co @res ‘ | ;
Tennessee and elsewhere 4 ) X
Govt. Stockpiles, sub-
metallurgical ores, at
El Paso-Deming~Wenden—
Butte X - X : X ' X X






SUMMARY : @

The following tabulations and remarks are presented as a summary of the
scope and status of manganese research and development, under EPS:

TABLE NO. A -

Status of Research and Development work

: ESTIMATED DATES
- FOR CONCLUSINNM

PROJECTS OF TWST WORK -REMARKS
A. Finished
SWEC™ Concluded SWECO found that some ores, |
Flotation; including the important ‘ |
various ores Aroostook County ores, could
~in different he preconcentrated to ad-
states _ vantage for possible sub-
sequent treatment by other |
processes such as maybe
Nossen, Mangaslag and
Sylvester processes.
B. In Progress
MANGANESE CHEMICAL CO. May 1955 Work to date indicates 1
Leaching process for favorable results by date
Cuyuna ores & possibly here indicated.
. Sylvester concentrates
NOSSEN LARORATORIES, INC, Necerber 1955 Work to date indicates
Leaching process for favorable results if project
Arcostook ores & Govt, is continued till date here
stockpiles of sub- indicated.
metallurgical ores.
L. W. KING June 1955 Pilot plant now under con-
Leaching process for (extraction struction.
low grade Mn, Ni, Co process)
ores Jan. 1956
(acid process)
MANGASLAG, INC. .
Pyrometallurgical At least 6 mos., Pilot plant operation has
process for slags but maybe a not yet developed any
vear from now definite data.
(Tan 1956)
C. Under Ne~otiation or Study
BRUCE WI'ITIAMS April 1956 Pilot Plant construction to
Roasting-leaching be commenced soon,
nrocess; all ores and
slags
NTAMOND ALKALI (Svlvester)  June 1956 Negotiations for testing of

Pyrochemical process
followed by magnetic
separation, or leaching,
or blast furnace
reduction.

TPCRADING GOVT, STOCKPILES

OF SUB—VFTAITURGICAL MANGANESE processes have

ORES

) for treating
stockpile ores

can be selected

by late- 1956

After all above

been tested, the
one best suited

process now in progress

Project is of importance
but the quantity of manganese

-contained in the low grade

stockpiles is of much less
strategic importance than
that contained in the ex-
tensive deposits, Aroostook,

Cuyuna and Slags.





‘s

"mergercy Procurenent Service feels that in this work a good degree of
progress has thus far been made, Naturally, as might be expected in research work
of this kind, unforeseen problems and delays have come up in each of the different
proiects. However, these problems are being met and solved as they come up, and
on the whole the prospects for bringing forth some practical means of utilizing
the nation's low-grade manganese deposits, at least as an emergency supply, are
good.

Because the characteristics of the material from the different low-grade
sources of manganese differ so greatly, it is not expected that any one process
will be satisfactorily applicable to all. In some cases a combination of
processes may prove desirable, as for example the Aroostook ores may be best pre-
treated by flotation prior to leaching, or prior to the lime clinker-magnetic
separation (Sylvester) process; or possibly the Sylvester process mayv be employed
to good advantage to pre-treat open hearth slags or Aroostook type ores, producing
a concentrate which would be amenable to further treatment by the Carbamate, Nossen,
Bruce Williams or some other process., These are possibilities to which Emergency
Procurement Service plans to give attention as soon as ore data on each of these
processes are available.

The three largest, known potential sources of donestic manganese are
the Open Hearth Slags, the sres in Aroostook County, Maine and the manganiferous
low-grade iron ores of the Cuyuna Iron Range, Minnesota., Consequently, from the
viewpoint of national expediency, Emergency Procurement Service has naturally
been more interested in testing processes which would treat material from these
large sources,

With reference to these the project of the Manganese Chemicals Co.
at Riverton, Minnesota, for testing the Carbamate process fer treating Cuyuna ores,
is furthest advanced, and at this writing the belief is that this project will
soon have demonstrated the practicability of that .process for those ores.

Uowever, Emergency Procurement Service is also giving attention to the
possibilities of treating ores from some of the lesser sources such as (1) the
Government stockpiles of sub-metallurgical ores at El Paso, Texas; Deming, Mew
Mexico; Wenden, Arizona; and Butte-~Philipsburg, ifontana; (2) Artillery Peak,
Arizona; (3) the Virginia-Tennessee-~Georgia-Alzcbama Region; (4) the Arkansas
Region. Three years ago as a Korean War expedient a large plant was partly con-
structed for treating ores of the Batesville district on a commercial basis. This
project, however, ran into difficulties resulting in litigation and a cessation of
operations.

Wit the aid of Governrment, thrcugh Emergency Procurement Service,
plants for extracting manganese from ores have already been established and are
now in operation at Henderson, Three Kids and Pioche, Nevada,

Table No, 1 shows the distribution of manganese projects under
Emergency Procurement Service by Regions and by type of projiects,
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Fron Table 2 it is seen that only one research and development
rro‘ect - Swece -Ims been comnleted; and that the other seven are in various
stages of progress ~ some soon to be finished, some still to be continued for
te better part of a year or more, and others just about to be started.

Tre present estimate is that the last of the individual projects may
be completed by mid 1956,

When all of the data from the different pilot plants have finally
been obtained, some relatively little additional time will be required for
making comparisons of the different processes with a view to selecting the
process, or conbination of processes, which will give the best over-all results
in the case of ‘each different source material,

Wit» this in view FEmergency Procurement Service recommends that, unless
some national emergency dictates otherwise, no full scale or commercial up-
grading of the government's stockpiles of sub-metallurgical eres be undertaken,
and that no full scale plant be established by the government for beneficiating
any of the extensive natural deposits of domestic low-grade ores till all of
the processes now being investigated have been fully appraised.

Thus, the thorough ard proper completicn of the manganese research
and development werk as a whole may well require scme 18 or 20 months more or,
say, till the latter part of 1956, : '

In this connection it should be borne in mind, however, that re-
search and development work is naturally fraught with many uncertainties, and
that consequently some of these proiects may require more time than is now
estimated, Also, there is the possibility that other new processes may vet be
proposed, and that one or another of them may be worthy of pilot plant testing.
This possibility, however, seems slight inasmuch as there does not appear to be
anv other werthy process in the offing, and it is doubtful that in the
immediate future any will be brought forth.

The great importance to the nation of being prepared in an emergency
to extract manganese for the steel industry from the extensive domestic deposits
of low-grade ores and slags in a practical and econonic, large scale manner, is
well known. A good start in this direction has been made by launcing and

" working upon the research and development projects here discussed. Tt new re-
mains to finish the job in a proper, thorough manner.

The matter is of such vital imnortance to the nation that support of
these projects sheuld be continued for at leasﬂ%ﬁé or 20 months above mentioned,

\
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~ UNITED STATES . .
DEPARTMENT OF THE INTERIOR W

ROUAPIY BETPN 218 BLDG.
KNOXVILLE 2, TENN.

 Operating Committce, DKEA, Fashingtom, D. C.
From: . Field Team, DMEA, Region V, Knoxville, Tennessee

Subject? -27hh (Hanbanese-nicket-—cobﬂt)
L. . ﬁ.ng Y4, D., Salem, Ohio :
J. H. Artz land, Bradley and Hanilton Conut.les, Tennessee

Reference is made to Mr. HMittendorf's letter of August 2
to the Applicdnt, denying the application. We infer from this that
the results of Ir. King's research under a GSA contract were
nngative. ‘ i

1 , ,
We hHave been unable to learn what was done in the way of
metallurgical research by Dr. King, though we understand that he -
built a small mill at Salem and shipped a few truckloads of

- manganiferous chert from White Oak Iountain to it. ' :

Is there a copy of Dr. King's report to 0SA which could
be loaned to us? Although the spplication has been denied, we
would be interestod to know just what has been accomplished.

t
[

Bobert Q. Lazrence
Executive Officer

V. J. Lynch
lember, Bureau of Mines

RAL?MG - : R S
€C # Operating Committee (2)— E L

DEFENSE MINERALS EXPLORATION ADMINISTRATION A - / :
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| UNITED STATES
- DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION

- ROGRHINGGSNGOF R)E;BLDu
KNOXWLLE 2, TENN.

August 17, 1956

 To: Operating Committes, DMEA, -ashington, D, C.
‘From:  Field Tean, DMEA, Reglon V, Knoxville, Tennassee

Subjeet: DMEA-27LL (Mengsnese-nicket-cobalt) _
’ L.w. m,mﬂ., sm, Ohiﬁ ) o ’
J. H. Arts land, Bradley and Hamilton Gounties, Tenmaaee

o Rcforenee is mede to Mr, Mitienderf's letter of August. 2
te the Applicant, denying the application. We infer from this that
the resulls of Dr. King's ressarch under a' 05A contract were

.Mzﬁin .

o dehmbemnmbletolmnmtmdamintmwcf
. mmmml research by Dr. King, though we understand that he
o, milt a smell mill at Salem and shipped a few truckloads of
. unguﬁ.termm chert from White Oak Mountain to it.

Isthareaeopyef Dr. king’cmporttoGSAwbichoonld

‘be losned to uas? Although the spplication has been denled, we
- would bc intmsted to kuow Just what has been aeoonpnshed.

‘Robert A, Laurence
wn Officer

V. J. Lymh

| Mezmber, Burean of Mines
RAL?MG , L
CC * Operating Committee (2)/ e » \ SR L
Lynch , By el
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BRERTS

Dr, L. W, nﬁg »
370 E. Stsite Street
Rat Docket No, DMBA-2TAN,

. Hanganese-Rickel-Cohglt

J. R, Artz lend ,
Bnadlex and Hamilton couaticz.r

—Temmessee

'ﬁoar Dector Kinzx
’ n‘tbranee is sada to yoar letter of Auguast 3,
' 1956, calling owr attention to items with which you dis-

- agreed im our letter of August 2 rogardin3 the subject
 -pvoJo¢t.

o - . From the ¢copy which you oﬁolosaa of your lettar
- of A . 2 to Mr. Clarence 4. Fredell, Emergency Procure-
ment Serviea, UGeneral Sarvices Administration, we note that

you plan further discussions of your proosss with that Agency. .

“s hove gonsulted the report which you called to our atten-
~tlen. TYour information is tpgreciat&u. C ‘

' : In gecorﬁanae w¥ith xo&r requt&t, the abeve- S
: mentioned aarreapondence ia beiﬂg asde & part of aoektt Ro.

ma-e'n L
o o 'Slncerwly sours,
o . o , ' G. 0. Misteydort
.. cer Docket / T o
' Code 400V - L - '
- Adm. Read. Flle o :
WQI" com.

%. Killsgaard, U3GS
H, T. Reno, USBM
PT, Reg. 5

WSMartin/ls 8/15/56





Reports on

King Hydrocholoric Acid Process for Extraction
of Manganese,.Nickel, and Cobalt

(1) Prelimina Report, The L, W, King Hydrochlorio Acid Leaching
Process r Nlckeliferous Manganese Ores, dated August 10, 1955,
by P. M, Ambrose end J., E. Conley.
(pp.4-5)

. Extract from "Conclusions and Recommendations

"With the present set-up and operating procedures, there
18 no sound basis for evaluating the process as to grade of
ore treated, recoveries possible, costs of chemical reagents
~and estimated total production costs. Cost estimates are
further complicated by the proposed plan to manufacture the
“hydrochloric acid by the salt-cake process using salt and
sulfuric acid.. ,
LA 2R 2R 2
(2) Report No. 2, King Hydrochloric Acid Process for Extraction of
- Wanganese, Nickel, and Cobalt from White Oak Mountain, Tennessee,
- Manganese Ore Contract DMP-103, Pilot-Plant Inspection and
"Monitoring of L. W. King Pacilities, Salem, Ohlo, from August
30 to September 9, 1955. Report dated November 3, 1955, written-
- by Ralph C, Kirly, and John E, Conley, Eastern. Experiment Station, :
College Park, Md. _ , ‘

.. Extract from "Comments , (pp. 28‘30)

- "Poor results are not necessarily 1nherent in this process.
Some of the reasons for them, tegether with suggestions for
their Improvement, are listed below: - ,

" (9 practical suggestions followed)o * % w0

(3) Regort No. 3, Supplementary Laboratory Investigation Following
Pilot-Plant Inspection and Monitoring of L. W. King Facilities,
Salem, Ohio, from August 30 to September 9, 1955. Report dated
November 21, 1955, written by Ralph C. Kirly and John E. Conley.

Extract from "Comments and Recommendations” (pp. 9-10)

"The results of these tests substantiate the opinions expressed
in Report No. 2, Most of the acid-soluble components can be
leached from the ore. Their selective recoveriles will depend on
modification of the King process &s demonstrated during the
monitored period.

_ "Phe ore. was not reduced enough. to obtain only MnO. PFiner
grinding and efficient agitation during the leach would help
increase the recoverles. Careful attention must be gilven to
the analysis of the ore-feed to the process in order to use
enough acid to dissolve most of the Mn, Ni, and Co, If the main
ore body does not sontain aluminum-bearing minerals, then caution
gggt be used during the mining to keep clay overburden out of the
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COPY

L. W. KING, M, D,
470 E. State Street
Salem, @hio

August 3, 1956

Mr. C. O. Mittendorf
D.M.E.A. Administration
Dept. of Interior Bldg.
Washington 25, D. C.

Dear Mr. Mittendorf:

I was surprised to receive your letter in reference to Docket
D.M.E.A.-274%4.

It contains some inaccuracies that I wish to correct by
calling them to your attention, so that this statement which
I will mail registered may come to your personal attention.

The second and third paragraphs suggest that as "indicated
that the greater portion of such material etc."--- cannot be
classed as ore by present standards" - is untrue as a perusal
of Bureau of Mines report # 3 on DMP Contract # 103 of which
all copies except the file copy were collected from them; will
corroborate. I presume this report was not made availlable

to you in reference to this application. I think you person-
ally can see it at the Bureau at College Park on request.

I will enclose my last application for pllot plant assistance
which will bring you up to date on our work.

Wiii you please make this letter a part of Docket # D.M.E.A.-
27447 ,

Sincerely yours,
/s/ L. W. King, M. D.
L. W. King, M.D.

470 E. State St.
Salem, Ohio

LWK/mg -





Ate -2 1956

Dr. L. W. King'
470 E. State Street
Salem, Ohio

Re: Docket No. DMEA-274%4,
Manganese-Nickel-Cobalt
J. H. Artz land
Bradley and Hamilton Counties, -
Tennesseae

Dear Doctor King:

: Refereuce 1s made to the subject application dated
October 22, 1652, and our subsequent discussions with you.
As you are aware, that application has been held in abeyance
in consideration of the information and ecorrespondence which
you nave had with the General Services Administration, and
other agencles of the Government, relative to the problem of
beneflciatinz the pzrticular type of mineralized material

--ocqurring on the captioned property.

- Zxploration already complated on the same property
under Contract No. Idm-EB3, our Docket No. DMA-176X, hos
indicated the pressnce of apprecilable tonnages of material
containling cobalt znd manganese, but does not show that your
property has deflnite promise of ylelding products of accept-
able grade in quantities that will significently improve the
mineral supply position for the National Defense Program.

- The subJect request was for exploration assistance in extend-
ing the expiored areas. The new work might indicate additiomal =

tonnages similar in chzracter to the deposits already explored. -

It is our understanding, however, that metallurgical -
tests have not -indicated that the greater proportion of such
material can be economically treated to yield a satisfactory
product. Consequently, unless further tests produce a satis-.
factory metallurgical process, additional exploration by the
Government would be unwarranted in any area where we could -
expect to find only similar deposits of material which cannot
be classed as ore by present standards. o o






cc

" Docket V///
Code 400V .

We have held final astion on your request for

- additional exploration assistance in abeyance for more than

two years in order to allow ample for completion of
your metallurgieal tests. The DMEA eammot indefinitely
postpone action on applications under such circumssances.
We therefore regret to advise that your appllcation for
additional exploration assistance is denled. - However, 1if
at some future time the metallurgy of cobalt-manganese
deposits of this type 1s satisfactorily solved, we shall be
glad to consider a revised application for additional ex-

-ploration assistance.

We wish to thank you for your interest in the

" DMEA prog ram and for bringing your property to our atten-

tion., VY :
' Sincerely yours,

’ 0.0 Mittendort

Administrator

Adm. Read. Flle
Oper. Committee
T. Kiilsgaard, USGS
W. McInnis, USBM
Field Team, Region V

WSMartin/FEJohnson/1s

7/26/56
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" OFFICE OF THE :
ASSISTANT SECRETARY OF TH<_INTERIOR
!

;. WASHINGTON

7. -3

\
S

July 6, 1956

To, Bill Martin
DMEA

From: Gladys McCarthy

Please hold these copies of-
letters to Dr. King and give them to
Mr. Martin upon his return from

his vacation. "

G. McC.






June 20, 1956

(Signed) F. E. Wormser

mdmm

:‘rﬂ.) x;s:.m trest 0C: BSeeretary's Besding ) g7
Sales, Okio Asst. Sesretary-iiinevel Besourc:
umu:f Resding Tile
(]
Prepared 6/15/%6 e
BGIverson: jtw/rk Pivision of
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DRAPFPT
é:'/ N‘(v&j b, M. g“’](((aa»v
Dear Dr. King: |
Your letter of January 7, 1956, éddréssed to
Mr. Liebert, has been referred to us for reply since it
mentions nr. Melcher who waufat the time you speciry,
L‘grking 1n our Washington office.
Your letter does not make clear to us what
report you desgire to examine, Posslibly you refer to a
final repert of Field Team prepared for tne Defense ﬂsnerhls
Exploration Administration in 1951 and W |
January 9, 1952, feor Exyloration Project Contreot Idm-ES3
(Decket No; DNAbl?éX); entitleds “Artz Cobalt-Kangenese
Property, Operator: L. W. King; N.D., Cecil K. 8cott, and
Lowell R. King, a Partnership; White Oak Hountain; Bﬁadley
County, Tennessee,” |
Such Pield Team reﬁorts are for Coverrment
use only, but under certain circumstances gertain factual'

parts thereof ¢an be ﬁiscuased with the land owner cr his

legal representative., Your request should, therefore, be
addressed tovnr. ¢. 0. Mittendorf, Administratob, Defense
Ninerals Explorstion Administratién, Depértment cf the
Interior, Washington 25, D; C. | |

CC\ V. M, “LAMQLW" C ‘V‘("L\ < CBP) ?D'r' ™ (/Wth )
Mv. C\dlﬁ,‘!f& A. Wl(“ u u t Y ’)
EPS- GSA Requna{ OFFice Buildiis ) Qoo So08, 7 0 <
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UNITED STATES

INTERIOR o
DEPARTMENT OF THE IN REC&IVED
DEFENSE MINERALS EXPLORATION ADMINISTRATION
WASHINGTON 25, D. C. JUN 2 4 1955
ROOM 13 POST OFFICE BLDG.
- KNOXVILLE 2, TENN.

June 22, 1955

Mr. Sigmund J. Sadow '

. fmergency Procuremsnt Service

General Services Administration

¢/o Cramet, F. U, Box B157. '

Chattancoga, Tennes:iee : S

S Het Docket Lo. Drik-27hl

~~ (Hanganese-nickel-ccbalt) -
L. W. king, applicact )

_ Jo H. Arts land, Bradley and

\ ‘ tisnil ton Countiss, Tenuessee
: Dasgy h!‘. S&dﬂ!

: Soms time ago, Dr. L. W. King of Salem, s $4led an
application for aid in Purther exploration of cobalt
manganese deposits on white {ak Mountain in Bradley and hamlilton
* Counties, Tennessee. wWe did not recommend approval, becauge it
‘could not be demonstrated that tie known deposits were of commercial
grade. .owever, the application was kept open while Ir. sing con-
- tinued Lis research. ‘ . .

It is my understanding that nis pilot plact, financed
under a reszarch contract with Ceneral Services Admintistration ig
awout to go into operation. iecause the results of that project
wiil to a very large extent influence any decigion as to further
action on Dr. King's exploration application, I would greatly
‘appreciate it if you could keep this office advised as to the
progress of the research project. Also, if any considerable amount
of material is being mined for this project, it is probablp thet
we will wait to inspect the mine workings. Any information you
ca: provide will be helpnful to us. :

Very truly yours,

zlobert A. Laureuce
ixeculive U{ficer
A D4 Field Tearm, deglon V
RAL/mg | |
cc - Operating Cogmittee (2) —
Lynch
Allsman
Clemmons
Pavlides
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~ JUN17 1955 o
Mr. Robert A. Laurence, Executive Officer -
TMEA Pield Tesm. Region V - »

Roow 13, Post Office Building

Knoxville 2, Tennessee

Nickel-Cobalt
Lo E‘:o mng . ' )
Bradley & Hamilton Counties,

Tennessee .

Dear Mr. Laurence: -

. Raference is made to your letter of June 10, 1955,
inguiring ahout the status of the subjeoct application.

FProm cdnvbrsntiona with the staff of the Materials

Division, Emergency Frocurement Service, General Services
Administration, we have learned that the plant bull¢ for

‘the roszarch project on Mr, King's process 1s about to go

into ozeration. In another three months, the prelindnary
sworkz in that plant should be completed and we should be
able to Araw some conclusions apout the merits of the pro-

| It is sugrested that you arrange to be kept
advised of the progrees of this same research project by

the locai GSA representative: Mr, Sigmund J. Sadow, Zmer-. -
gency crocursment Service, leneral Ssrvices Aduinistration,

c/o Cramet, P. O. Box 8157, Chattanooga, Tennessce. :

'.;Plesse let ua know}ir our,guggestion is reasiblc;"F

. Singerely yours,

George C, Selfrides
Chairpan, Cperating Committee

Approvédi 3 SR
: . ~eces Docket .
o Jo H, Hedmes — . Adm. Read. Pile
~ Fember, Bureau of Mines Oper. Committee
o o - YCode 400
Thor H. Kiilsgaard - ./ Thor Kiilsgaard, USGS

Member, Geological survey ~ g'i' D.ﬁi‘;f r\’f USBM
_ : o . : Hdy . .

WSMartin:(--)
6/17/55 .

_ Rc# Docket No. DMEA azk& (Fanganese-





~~ UNITED STATES - /7
DEPARTMENT OF THE INTERIOR

DEFENSE MINERALS EXPLORATION ADMINISTRATION

ROONASHPISFPHFA R BLDQ.
KNOXVILLE 2, TENN.  wmTTD
June 10, 1955 “‘~ D Yo Lot
‘Tos  Operating Committee, DMEA = Washington
Fromt = Executive Officer, DiLiA Field Tean, Region ¥

Subjects DA=27hY (CabolteManganesesNickel) L. W. King, et el.
. , Salem, Ohio. J. i. Artz Lemd, Bradleyhi.m.»tcn
| COmtms, Tennessee. _
We are still carrying the subject apphceﬁon in our
active files, although tiere has been no correspondence, or other
act&vity, since Octover 23, 1953.

Is this apphcatlcn still active, or has it ’oeen uithdram?

Robert A, Lalmenc_e

&5&@/ )
2> 85
o J§Q§f<‘






Doctor L. 1. King
470 East State Street
3alem, Ohio

Res Docket HNo. 2744 - Mangenese, cohzlt,
ond Nickel
L, Ui, King, G, K. Scoiluy & L. De Hing,
partners
The J. H. £rtz land
Bradley and Hemilton Courties, Tenn,

Deer Dr. King:

Your application for additional exploratior assistence on the
above-referenced property and other data available to us in Washington
have been carefully reviewed.

Projects approved by the Defense Mirerals Exploration
Administration must, in its judgment, shoir definite promise of yielding
materials of gccepteble grede in quantities that will significently
improve the minerel supply position for the Nuational Defense Prorram. .

Exploration elready completed on the subject propetty under
Contract No. Idm-E83, our Docket No. DMA 176X, has indica£ed the
presence of spprecicble tonneges of cobalt-bearing manronese minerali-
zation. The subject request was for exploretion assistence in extending
thé explored ¢rees; the new vork might indicete additionzl reserves
similar in character to those contained in the deposits already exnlored.

Sve '

. QX1
=R a 1lurgice 1 test;.":.‘:n:m ==t have been

oo Haet any )
brought to our attentiongedeswe not indiceted) He=tvtim greaidae proporgtion

of such meterial cen he economicelly treated to ield a satisfectory
product. Therefore until e receive evidence that further testing

has demonstrated a sztisfectory metallur icel process for the treatment
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(Reined ebroary 1909 o UNITED STATES '
DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION

SUBORDINATION AGREEMENT

KNow ALL MEN By THESE PRESENTS:

WHEREAS, the undersigned is the holder of a mortgage, claim, lien, or encumbrance iden-
tified and described as follows*:

upon that certain parcel of ground described in a proposed Exploration Project Contract

between

and the United States of America;

Now, THEREFORE, the undersigned, in consideration of said contract and as an induce-
ment to the Government to enter into same, does by these presents subordinate all of his
right, title, and interest in said mortgage, claim, lien, or encumbrance to the right, title,
and interest of the United States of America under the provisions of said Exploration Project
Contract, and any amendments thereof, and agrees that the lien and claim of the United
States of America under the provisions of said Exploration Project Contract, and any amend-
ments thereof, shall be prior to the undersigned’s rights under the provisions of said mortgage,
claim, lien, or encumbrance ; and

The undersigned agrees to commit no act nor assert any right, title, or interest under
said mortgage, claim, lien, or encumbrance that might contravene or conflict with the prior
‘lien and claim of the United States of America under the provisions of said Exploration
Project Contract, and any amendments thereof.

This undertaking and covenant shall be binding upon the heirs, successors, and assigns
of the undersigned. '

Dated this .- day of ____. , 195
[SEAL]
[SEAL]
1, ' ‘ , certify that I am the
(Secretary, etc.) of the corporation named herein; that
who signed this agreement was then (President or Vice-President,

etc.) of said corporation; that said agreement was duly signed for and in behalf of said corpo-
ration by authority of its governing body, and was within the scope of its corporate powers.

[CORPORATE
SEAL] -

*Include date of the instrument, and if recorded, book, page, and county of record. 16—68181-1  U. S. GOVERNMENT PRINTING OFFICE






“ UNITED STAT) n
DEPARTMENT OF THE: SWPRIOR
DEFENSE MINERALS ADMINISTRATION

REFERENCE SLIP

DATE _..5,1;“55.-_-_---_--

REFERRED TO:

FOR:

____________ Action

............ Approval meeceeeee—-- Record

____________ Comment 5}
____________ Conference —eennen-n-- Referring
2—-X____ Consideration L7 T,
............ Filing wemeeeee---r Reply for signa-
____________ Instructions ture of ...
............ Investigation " eemeeee----- Rewriting
____________ Initials ecemeeeeeo Signature
____________ Mailing emmmmnmeeann Suggestions
____________ Previous correspondence .......____. Your information

REMARKS: .__If you concur,. we will prepare..
final dreft.. Neo. vwvah e« Tuis_ bet

Me.Bdawms. wovld ke alee Yo geq Tt
case T lkam QEE:__Q_\_:E actwe \nt
Q.Gr” ___________ Qll_wse oIV et

Check (X) before the items needing attention.

&L‘”‘:’E); FAR.

GPO  16—63815-1 Initials of sender.






of the Cobalt-bearing mancenese materiel, additional exploration by

the Government would he unwerrented in eny eres here ve could expect

to find only similer denosits of material which cennot be clessed es .

. y ' L “‘ P Wwe W\ d,‘o wi :‘::h"“‘\ﬂ*‘\l"
ore by present standards. om 3 3‘-0‘0(0“6‘*"““‘“" R":
we Ceel uet Youv awh’-" CuTie asons Aupy e s0b)

' Under these circumstances, srat-tooluica ~thot ad—iir]

dovlat (s riie Yousfaed ou duwactive Hile

wo—are unable {o sporove g predeci.fop-cdiditiensi-esmsioretion—ef—rour

propexty. However when the results of the pilot plent tests now in
progress under your contract with the Méte?ials Division, Emergency
Procurement Service, General Services Administration are aveileble,
we shall be glad to consider a revised application for assistence to
explore for additional reserves of this tyve of meterial providing the
metallurgidals results sre fevorable. If such a request is made,
plet.se refer to the subject docket.

Ve wish to thank you for your interest in the Defense
Minerals Exnlora*tion Program and for bringing this property to our
attention,

Sincerely yours,

Administrator





MF-201
(Revized Tebruary 1959 @ uniTED STATES ()
DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION

SUBORDINATION AGREEMENT

KNow ALL MEN BY THESE PRESENTS:

WHEREAS, the undersigned is the holder of a mortgage, claim, lien, or encumbrance iden-
tified and described as follows*:

upon that certain parcel of ground described in a proposed Exploration Project Contract

between ... . : . e

and the Umted States of Amerlca

Now, THEREFORE, the undersigned, in consideration of said contract and as an induce-
ment to the Government to enter into same, does by these presents subordinate all of his
right, title, and interest in said mortgage, claim, lien, or encumbrance to the right, title,
and interest of the United States of America under the provisions of said Exploration Project
Contract, and any amendments thereof, and agrees that the lien and claim of the United
States of America under the provisions of said Exploration Project Contract, and any amend-
ments thereof, shall be prior to the undersighed’s rights under the provisions of said mortgage,
claim, lien, or encumbrance ; and

The undersigned agrees to commit no act nor assert any right, title, or interest under
said mortgage, claim, lien, or encumbrance that might contravene or conflict with the prior
lien and claim of the United States of America under the provisions of said Exploration
Project Contract, and any amendments thereof.

This undertakinig and covenant shall be binding upon the heirs, successors, and assigns
of the undersigned.

Dated this . day of - , 195
[SEAL]
[SEAL]
o, , certify that I am the
(Secretary, etc.) of the corporation named herein; that
who signed this agreement was then (President or Vice-President,

etc.) of said corporation; that said agreement was duly signed for and in behalf of said corpo-
ration by authority of its governing body, and was within the scope of its corporate powers.

[CORPORATE
SEAL]

*Include date of the instrument, and if recorded, book, page, and county of record. 16—68181-1  U. S. GOVERNMENT PRINTING OFFICE
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Sinmnly yours,

 Matnistrater

. FARUTIEDGE:foe .
6=23=5l L
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Cods 400 :
Admr, Reading F:Lle
. 'Operating Cemm,
"« louis Pavlides, USes T
", Gilbert DeMuff, USEM K
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Sfragtures, mmwmm chert, andinmaidmlntom

mmzmw charty beds.

Buadnpmmmmswtbeexplanuonmmmly:uby

the Operater; the Opsyator caleulated that the trenching indisated

9,600,000 tons of material averaging 0.20 percent cobalt, o :
35 ,1400,000 pounds of contadned cobalt, The DMEA Fisld '.l'em calcmhd

) jSS?,GOG tons averaging 0.36 pcmﬁ cobalt, or 1;790,000 pmmdﬁ of -
contained cobalt,

Asﬂmnmmdaub%ezmamaeycrm@oum's
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samples, the material would contain (0,15 x 0.h2) 0.067 percent. oobau.
On this basis, the reserves contain 71,5,330 pounds of cobalb. R
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GENERAL SERVICES ADMINISTRATION

EMERGENCY PROCURE BENT SERVICE

MATFRIALS DIVISION

STATIS OF RFSEARCH PROJECTS
FOR

UPGRADING SUB-METALLURGICAL MAMGAI'ESE ORFS AND SLAGS

January 3, .1955

GSA-WASH DC 55-6021





The critical shortage of metailurgical grade manganese ores for
stockpiling and consumption, during the recent Korean campaign, focused
attention more sharply than ever on the large reserves of low grade
manganese ores and manganiferous slags in this country. As a result the
Government commenced several programs for the purchase of low grade ores,
and ‘sirultaneously began various research projects looking to the development
and testing of processes for upgrading these ores to usable products.

At the time these programs were starte%%}t p@gegbgﬁ thet thes

urgency of the manganese situation was such that, low recoverles end hlgﬁ costs
could »e tolerated, if necessary. However, in the intervening period the
urgency of convertlng these ores to usable products at any cost has decreased.
Hence experimental work is now being continued not only with the objective of
merely finding processes for treating the various types of ores, but also of
flndlng the most practical and economic processes for doing this.

In the course of these investigations EPS has given careful con-
siieraticn to nearly a score of different new or unproven processes for
extracting manganese from slags and various types of submetallurgical ores and

slags. As a result, a half dozen of these nrocesses have been deemed promising

enough to justify f¢nanc1al assistance by the Government for further research,
development and test work.

In each of these cases, before deciding finally as to whether, or
to what degree, financial assistance of the Government should be given, EPS
has requested the Materials Advisory Beard of the National Academy of Sciences
to investigate, study and report upon the techrniical merits of the process.
‘Also, in the general consideration of these matters and in certain specific
cases, EPS has sought technical information and counsel in other offices of
Government, including prircivally the Burea: of Mines,

Actual research and testing work was begun over a year ago on two
new metallurgical processes for winning manganese from low grade sources.
Since then test work on otler new rrocesses has been commenced., Others are
about to be cormenced.

Yere follows a brief descrirtion of the work done to date on the
various projects:

FLOTATION

Studies Regarding TJpgrading of Government
Stockpiled Sub~Metallurgical Ores

The Bureau of Mines has for a number of vears been exveri-
menting with the so-called "oil-emulsion" process which,
in the case of low grade ores, would need to be followed by





nodulizing or other means of agglomerating the product and
eliminating base-metal impurities. The Bureau has at times
and on sekected specific types of low grade ores, secured
in the laboratorv fair to good recoveries of manganese, but
has indicated that a full scale mill test on wmixed ores as
stockpiled would as yet be ill-advised and premature;

(a) 1In early 1954 an idle lead and zinc flotation mill at
* Deming (PRru ¥ining Company) was offered for use in

upgrading low grade stockpiled ores, Bureau of Mines
metallurgists examined the plant as a possible site for
maling mill-scale testc and rerorted not only that the
mill was not suited to the purpose but that it would
be "premature" and "utter folly" to undertake mill-
scale tests without further extensive laboratorv and
‘pilot plant testing of the process,

() Tn 1949-1950 the Domestic Manganese and Development
Company of Rutte onerated a Government-owned flotation
mill and a nodulizing plant on low grade Butte district
ores. Forty-one thousand (41,000) tons of ore (22.11%
¥n) were treated, producing 7301l.5 tons of nodules
(46.19% Mn). TLe overall recoverv of manganese, however,

. was orly 37.22% and the base metal (zinc and lead)
content of the nodules was so high that they were un-
usable by industry and rejected for stockpiling.

Recently t“e former plant operator proposed that a
mill test of the oil-emulsion flotation process be
made in that plant. In reply to this proposal the
Bureau stated, "It is the consensus of interested
Bureau personnel that large-scale mill runs would be
prenature at this time. Although the method is
congidered to be technically feasible, it is believed
that small pilot plant testing and probably addition-
al laboratory and other work will be necessary before
an undertaking of the magnitude nronosed by Mr. Cole
can be justified."

Tf the need for conversion were immediate and urgent,
the "oil-erulsion" flotation and nodulizing as new
developed could be employed to obtain from these ores
some manganese suitable for metallurgical use, Under
nresent circumstances, however, the prresent costs and
losses to the Government in that procedure cannot be
Justified, and large-scale mill testing should be de-
ferred untll the Bureau is readv to recommend it. In
the meantime some more feasible and economical process
may be developed,

s,






Southwestern Enginesring Cempany (Swece )

In 1952 Sweco, under contract te DMPA, ebtained large work-
ing samples of wad and ether leow grade manganese sres from
Virginia, Tennessee, Arkansas, Maine, Arizena and New Mexico.,
They perfermed extensive analyses and ore tests upon each
ere, Fletation possibilities were principally studied, but
tests were also made by empleying gravity and sink-float
methods, Alse, a few tests, employing leaching, were per-
fermed. »

Sweco reported that nene of the sample cres were amenable
to upgrading te metallurgical grade, by physical methods

alsne, More research, using chemical (leaching) methods,
was indicated, It was feund in seme instances that pre-~

concentration by physical methods would be practical for

preparing the material fer leaching, '

PYROMETALLURGY

Mangaslag Inc.

A contract was signed between DMPA and Mangaslag en
December 31, 1952, whereby the latter was to test eut in
a .large pilet plant a new process devised by Bureau ef
Mines metallurgists fer recovering manganese from epen
hearth slags, and possibly Aruesteok ores,

The centract, as amended, previded that the pilot plant
construction was te be cempleted by April 195L; and that
prior te Decemter 31, 1955, the process wculd be proven
feasible or net, The project, situated at Pittstoen,

Pennsylvania, was largely financed by Government funds.

The process is pyremetallurgical, entailing the reduction
of ore in a vertical blast furnace, possibly using anthra-
cite coal instead ef coke, to produce a spiegeleisen; then
selective oxidation of the molten spiegeleisen in a special
converter to produce a cinder containing the manganese,

and a melten metal containing the iron and phesphoreus;
then reductien of the cinder in the blast furnace te pro-
duce ferromanganese; and blowing of the molten metal in

a second converter te produce de~-phosphorized steel melt-
ing scrap. .

The censtructien of the pilet plant was completed in May
1954, Since then furnace eperations have been commenced
a number of times and each time have soon been stopped

\





because of defects of one kind or another in the furnace
and accessory equipment.

Mangaslag Inc., assisted by Bureau of Mines and other
Government engineers, has continued to work on the project,
making improvements as indicated after each new testing
operation., To date the furnace has never functioned
satisfactorily, and operations have never progressed to
the point of selective exidation of molten spiegeleisen

in the converters, which is the crux ef the process,

Evidently much additional development and testing will
be required to prove or disprove the feasibility of the
process.

At the time of this writing there is some possibility that
Mangaslag Inc. may drop out of the project, In such case,
EPS, believing that the process should be tested out to a
final conclusion, expects to find some satisfactory arrange-
ment for continuing with the pilot plant testing.

Elast Furnace Reduction

The Bureau of Mines has informally suggested that the most
feasible way to upgrade the lew grade manganese ores in. ,
the Government steckpiles in the seuthwest might be direct
reduction in the blast furnace to obtain a product inter-
mediate in manganese content between standard spiegeleisen
and ferromanganese. A product of that nature has little
utilization at present in the steel industry but this
procedure would have the virtue of recovering a fairly
high percentage of the manganese in ore as a product that
ceuld be consumed by the steel industry in an emergency
when higher grade materials were in short supply.

{a) The Colorado ™uel and Iron Co. with blast furnaces
at Pueblo, Colorado, was a possible candidate for .
this type of conversion, since the plant is so lo- %uﬁy |
cated that ores from E1 Paso and Deming could be @¢-5@4 I )
freighted to Pueblo for a cost of about "7.00 per Qlfifwb
ton. (Separate arrangements would have to be. made %%“?‘
for the Wenden ores, probably at furnaces in the
Los Angeles area).

C.7, and I. sugzested a test run of about 20,000
tons of El Paso and Deming ore in one of their
750-ten furnaces which is now making a run of ferro-
manganese, the object being to determine costs of





the operation, and quality and potential utility of
the product. Upon closer exanination, however, the
company has lost interest at the present time be-
cause, (a) the furnace that they planned to use has
developed a hot spot and must be relined immediately,
after which it will be returned to production of pig-
iron, and (b) the operating peovle are afraid of the
lead~zinc content of the ores, wnhich might destroy

a good furnace lining, plus (c) a lack of knowledge
as to whether sintering the ore ahead of furnacing
would reduce the base metal content to proporti~ons
harmless to the blast furnace lining.

(b) Tt has recentlv been learned that the Sreffield Steel
Company (subsidiarv of Armco) a few vears ago purchased
a small (75-ton) blast furnace at Rusk, Texas, with a
small sintering plant, blowing engines and other ac-
cessories. JInquiries are now under way to determine
whether that plant is still in existence and operable.
If so, a study will be made of the possibility of

utilizing these facilities for a test run on a compara-

tively small amount of El Paso and Deming ore, to
determine feasibility of costs. The Rusk plant is

south of Dallas, within a reasonable freighting distance

of El Paso and Deming, Lone Star and Sheffield also
have other furnaces in Texas which conceivably could
be made available for this purpose under certain
conditions,

The problem of finding a suitable process, whereby the
sub-metallurgical grade ores in the Government stockpiles
can be upgraded to some readily usable form, continues
to receive active consideration in EPS. As soon as more

conclusive data is available concerning some of the processes,

* which are now being tested, it may be that one of these
processes, or a combination of them, can be selected for
upgrading these ores,

COMBINMED ROASTING -~ LEACHING

© Manganese Chemical Corp. (M.C.C.)

" (Carbamate Process!

A contract was signed August 7, 1952, between N"MPA and
MCC, which provided that the company build a pilot plant
and test the new Carbanate (Dean-Leute) Process for ex-
tracting manganese from the manganiferous iron ores of
the Cuyuna Range, Minnesota. The pilot plant, having
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capacity to treat 200 tons per day of ore, is situated
at Riverton, Minnesota, The project has been financed
largely by Government funds. The contract, as amended,
provides that pilot.plant production is to commence by
January 1, 1955.

The new process combines roasting and leaching of the ore,
using an ammonia solution, with the aid of 202 gas; and
the recycling of ammonia. The final basic product is
manganese carbonate which can be readily converted to
manganese oxide in nodules for use in the steel-making
industryv; also t:e manganese carbonate, which is in a very
pure state, can be used to good advantage in the chemical
industrv. It can be also used as basic material for
producing electrolytic menganese dioxide.

The construction and tuning-up of the pilot plant has re-
quired over a vear more than was originally anticipated.
However, MCC now reports that the plant finally is in
good working condition and will be in production on a
regular basis by January 1, 1955,

When the plant has béen in regular production for a few
months, data may then be available concerning the economic
feasibility.

It now seems reasonable to suppose that the pilot plant
operation will prove the new process to be technically
sound for the treatient of the Cuyuna low grade mangani-
ferous iron ores, of which t“ere are extensive reserves.
Indications are that the operation will show the process
to be economically feasible, as well. However, final
conclusions concerning these points must, of course,
await definite oroof which can be obtained only after
the plant has been in regular oreration for at least a
few months.

Nossen Laboratories, Inc, (N.L,I,)

DMPA and N.L.I. entered into a contract June 30, 1953,

whereby the latter was to construct and orerate a pilot
plent for the purpose of testing their new process for

extracting manganese from low grade manganese ores,

The contract,-as amended, expired on November 15, 1954.
The rrcject was financed entirely by Government funds.

The new process begins with a reducing roast (omitted in

the case of some ores,) A nitric acid solution is employed
to dissolve the manganese in the raw or roasted material,
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The pregnant solution is decomposed by heat in a specially

designed equipment, thereby rroducing a solid product
containing the manganese, and a vapor containing the nitrous
fumes. The s0lid product is then treated bv grinding and
washing to give a high grade manganese dioxide concentrate.
The nitrous fumes are recovered in the form of nitric acid
for recvcling in the nrocess.

Construction of the plant, at Paterson, New Jersey, re-
quired over half a year and the plant was then orerated

for several months., It was shut down last October upon
expiration of the contract period and exhaustion of al-
lotted funds. As a result of pilot plant operations, the
general ovinion in Government offices is that the metallurgy
of the new process was proven to be technically sound.

However, certain difficulties were encountered in connection

with the mechanical o—-erations of some of the equipment which

had been selected or developed for use in the pilot plant.
At the conclusion of the contract period when the plant was
shut down these difficulties had not been completely overcome.

The feeling among Government engineers who have been close
to tre pilot plant work is that, owing to unexrected delays
because of late deliverv of equipment, and of necessit— for
solving unforeseen problems, net enough time remained within
the contract meriod for fully developing optimum techniques
and for determining which kinds of equipment, in some in-
stances, would give the pro—er results. The feeling is that
with a reasonable amount of further pilot plant experimenta-
tion and final testing these operating problems can very
probably be solved,

With reference to econouics of the process, the data thus
far obtained gives sorie indication that te process can

be anplied within practical limits of cost; but that defi-
nite conclusive opin‘ons upon this aspect must await more
conplete data obtainahle once the .equipment problens, just
referred to, are solved,

It should he mentinned that, in the pilot plant work, ores
from Aroostook County, Maine, were used exclusively. These
ores are of low manganese content and furthermore are of a
refractory character, The Government insisted that Aroostook
ores be used in the pilot plant because the Aroostook de-—
posits are very extensive and, if the Nossen process were
proved feasible, these deposits would represent a great
source of manganese in a national emergency if iports of
foreign eres were cut off, :
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‘mdoubtedly some of the country's less refractory ores
having a higher manganese content, such as some of the
sub-metallurgical grade ores from less extensive de-
rosits in the southwest, could be treated much easier
and cheaper, per unit of manganese recovered, than the
Aroostook ores,

Since being shut down, the pilot plant, which is property

of the Government, has been kept intact, with the thought

that possibly pilot plant operations may be soon renewed.

It is the expectation of EPS that arrangements to this

end may be made with some private company which may become
interested in the matter,

Bruce Williams Laboratories (B.W.L.)

—————— -

EPS has concluded negotiations with "B.W. L., and a contract
is now being prepared whereby the latter will build and
operate a small metallurgical pilot plant, at Joplin,
Missouri. The projiect is to be wholly financed by Govern-
ment funds.

The purpose ¢f the pilot plant is that of testing a new
process, developed by B.W.L., for extracting manganese
from practically any type of low grade, manganifercus ere
or slag, to produce a high grade MnO, concentrate,.

In general, the process, upon which B.W.L, has applied for

a patent, involves a roasting procedure followed by leaching
and precipitation, with recycling of the principal reagents,
and from this point of view is, of course, not new. It does
involve, however, certain distinctive procedures and the
novel use of certain reagents which sets it apart from being
merely a duplication of some other already known process,

Various Government engineers have examined and studied the
the theory of the process, and some have visited the premises
of B.W.L. for a firsthand laboratoryv demonstration of it.

A1l are of the opinion that the process holds much promise.

The contract schedule of pilot plant construction and epera-
tion covers a period of 15 months, thus if there are no
delays in signing the contract, and in carrying out the
construction and operations, the nrocess should be proved

or disproved by April 1956,
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L. W. King

On September 3, 1954, EPS signed a centract with

Dr. L. W, King. The contract provides that he is te
erect and eperate a small-scale pilot plant for the
purpose of testing a precess devised by him for re-
covering manganese, cobalt, and nickel, separately,
from low grade, natural deposits which exist in widely
scattered places in the United States.

The raw ore to be used in the pilet plant is being
shipped from a mineral property in Tennessee, con-
trolled by Dr. King,

Dr., King has been conducting his own laboratery ex-
periments fer several years for the purpose of develop-
ing a process for treating satisfactorily that type

of ore., The process is not patented,

The King precess employes roasting and leaching, using

hydrochloric acid as the leaching agent. The manganese,

cebalt and nickel are recovered separately, as oxides,

by a series of chemical operatiens involving the chang-

ing of the degree of acidity of the solution by the

addition of reagents, and by changes in solution tempera- - . -
tures.

Fer the economic success of the precess Dr, King relies

te some extent upen recycling a portion of the hydro-
chloric acid, but principally he relies upon manufacturing
the acid very cheaply from low cost raw materials by means
of a special Furopean process upon which he holds certain
rights, '

The present contract provides only for testing the process

to recover the manganese, cebalt and nickel from the ores.

If the pilot plant demonstrates success in this, the in-

tention of EPS would be to assist Dr. King with funds to

erect additional facilities to test his precess for manu-

facturing cheap hydrochloric acid. _ .

The pilet »lant is now being erected in Salem, Ohio where
Dr. King already owns premises and some ecuipment which he
is loaninz to the project, The cost of additional equip~
ment, and of erecting and operating the pilet plant, is to
be paid by the Gevernment,






The present contract is to expire in May 1955 by which
time it is contemplated that the feasibility of the
extraction process will have been proved or disnroved.

If the extraction process-is proved feasible, another
period running possiblv into 1956, would be recuired

for setting up and testing the acid manufacturing facili-
ties, '

At present, the installation of equipment at the pilot
plant is progressing according to contract schedule,
and the expectation is that the construction will be
complete and that operations on a tune-up basis will
be commenced early in February.

- COMBINED ROASTING — MACNWTIC SEPARATION

‘Diaiond Alkali Co. (D.A.C.)
(Sylvester Process)

Negotiations are now in progress between EPS and D.A.C.
with a view to making a contract whereby the, latter will
test, at its plant at Painesville, Ohio, the Sylvester
Process for recovering manganese from slags and lecw grade
ores of Aroostook Countwv, Haine.

This testing pro-“ect is to be financed by Government funds,
but with D.A,C. doing the work on a cost basis, that is, a
non-profit basis, with expectations of possible gain later
‘on if the process is roved successful and is used com-
mercially. : :

‘The Sylvester Process, developed within recent vears in
the laboratory of Svlvester # Co., Cleveland, nNhio, 'is a
roasting process whereby manganiferous slags and ores of
the types above named are converted pvro-cheaically from
a refractorr state to a state amenable tn concentration
bv magnetic separation., It is expected that the concen-
trate thus produced will permit of successful further
treatment eitrer by leaching or by smelting to produce
manganese products for use in the steel industry.

The contemplated program, including the work of designing
the necessary facilities, of installing ecuipment addi-
tional to that alreadv available in the D.A.C., plant, and
of performing shakedown operations and final demonstrations,
will cover a period of 15 months, '

This means that if a contract is soon signed, and if no
great delays are experienced in getting the facilities
ready, or in eperating them, the whole project should be
completed, and the process proved or disproved by May 1956,
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TABLE NO, 1
DISTRIBUTION OF MANGANESE RESEARCH AND DEVZLOPMENT UiDER EMERGENCY PROCUREMENT SERVICE

(By._Regions_and Tvnes of Projects)

!

Southwestern Mangenese . Nossen Bruce
Engineering Burean Chemical Laboratories Mang=slag Williams Diamond
CONTRACTOR Company of Mines Corp. Inc. Inc. L, W, King Laboratories _ Alkali
TYPE OF PROCESS: Gravity Flotation  Ammonia Nitric Acid Special Blast Hydro— . Special Lime Roast
and ' G Leach Leach Furnace chloric Roasting folloved by
Flotation (Dean-Leute (Nossen (Royster), and Acid and Magnetic
_ "Carbamate" Process) Selective Leach Leaching Separation
process ) ' separation of
S0 MATE Mn in converter
: (Buehl)
Slags, Cpen Hearth X X. X
Cuyuna Iron Range, Minn. X
~ Aroostook County, Maine "X X X X X
Artillery Peak, Ariz, X .
Batesville, irk, X
Va~Tenn—-Ala
(S.Appalachian Region) X X
Low-Grade Mn—-Ni-Co éres |
Tennessee and elsewhere X
wovt., Stockpiles, sub-
metallurgical ores, at
El1 Paso-Deming-Wenden—
Butte X _ X X X
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SUMMARY :

The following tabulations and remarks are presented as a summary of the
scope and status of manganese research and development under EPS:

TABLE NO.Jég - Status of Research and Develbpment work

ESTIMATED DATES
FOR CONCLUSI™N

PROJSECTS OF TTST WORK REMARKS
A. Finished
SWEC™ Concluded SWECO found that some ores,
Flotation; including the important
various ores Aroostook County ores, could
in different be preconcentrated to ad-
states vantage for possible sub-
sequent treatment by other
processes such as maybe
Nossen, Mangaslag and
) Sylvester processes. -
B. In Progress
MANGANESE CHEMICAL CO. May 1955 Work to date indicates
Leaching process for favorable results by date
Cuyuna ores & possibly here indicated.
Sylvester concentrates
NOSSEN LARORATORIES, INC. Necerber 1955 Work to date indicates
Leaching process for favorable results if project
Arcostook ores & Covt. is continued till date here
stockpiles of sub- indiocated.
metallurgical ores.
L. W, KING June 1955 Pilot plant now under con-
Leaching process for (extraction struction.
low grade Mn, Ni, Co process)
ores Jan. 1956
{acid process)
MANGASLAG, INC.
Pyrometallurgical At least 6 mos., Pilot plant operation has
process for slags but maybe a not yet developed any
vear from now definite data.
(Jan. 1956)
C. Under Nerotiation or Study

BRUCE WITITIAMS
Roasting-leaching
process; all ores and
slags

NIAMND AIKALT (Svlvester)
Pvrochemical process-
followed by magnetic
separation, or leaching,
or blast furnace
reduction.

MPCRADING GOVT, STOCKPILES

OF SUB-METALT URGICAL MANGANESE

April 1956

June l956>

After all above
processes have

ORES

for treating

stockpile ores
can be selected

by late 1956

been tested, the
one best ‘suited

Pilot Plant construction to
be commenced soon,

Negotiations for testing of
process now in progress

Project is of importance

but the quantity of manganese
contained in the low grade
stockpiles is of much less
strategic importance than
that contained in the ex-
tensive deposits, Aroostook,

-Cuyuna and Slags.





Pmergencr Trocurenent Service feels that in this work a good degree of
progress has thus far been made., Naturally, as might be expected in research work
of this kind, unforeseen problems and delays have come up in each of the different
proiects. However, these problems are being met and solved as they come up, and

on the whole the prospects for bringing forth some practical means of utilizing
the nation's low-grade manganese deposits, at least as an emergency supply, are
good.

Because the characteristics of the material from the different low-grade
sources of manganese differ so greatly, it is not expected that any one process
will be satisfactorily applicable to all, In some cases a combination of
processes may prove desirable, as for example the Aroostook ores may be best pre-
treated by flotation prior to leaching, or prior to the lime clinker-magnetic
separation (Sylvester) process; or possibly the Sylvester process may bhe employed

to good advantage to pre-treat open hearth slags or Aroostook type ores, producing
a concentrate which would be amenable to further treatment by the Carbamate, Nossen,

Bruce Williams or some other process. These are possibilities to which Emergency

Procurement Service plans to give attention as soon as 1ore data on each of these
processes are availeple. -

The three largest, known potential sources of doaestic manganese are
. the Open Hearth Slags, the sres in Arocostook County, Maine and the manganiferous
low-grade iron ores of the Cuyuna Iron Range, Minnesota, Consequently, from the
viewpoint of national expediency, Emergency Procurement Service has naturally
been more interested in testing processes which would treat material from these
large sources,

With reference to these the proiect of the Manganese Chemicals Co.
at Riverton, Minnesota, for testing the Carbamate process for treating Cuyuna ores,
is furthest advanced, and at this writing the belief is that this project will
soon have demonstrated the practicability of that process for those ores.

Yowever, BEmergency Procurement Service is also giving attention to the
possibilities of treating ores from some of the lesser sources such as (1) the
Governuent stockpiles of sub-metallurgical ores at El Paso, Texas; Deming, Few
Mexico; Wenden, Arizona; and Butte-Philipsburg, ifontana; (2) Artillery Peak,
Arlzona, (3) tqe Virginia~Tennessee~Georgia—Alcbama Regton, (4) the Ar'ansas
Region. Three years ago as a Korean War expedient a large plant was partly con-
structed for treating ores of the Batesville district on a commercial basis. This
proiect, however, ran into difficulties resulting in litigation and a cessation of
operations.

"it™ the aid of Government, through Emergency.Procurement Service,
plants for extracting manganese from ores have already been established and are
now in operation at Henderson, Three Kids and Pioche, Mevada,

Table No., 1 shows the distribution of manganese projects under
Emergency Procurement Service by Regions and by type of projects.
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Fron Table 2 it is seen that only one research and development
project - Swece -Ims been completed:; and that the other.seven are in various
stages of progress — some soon to be finished, some still to be continued for
t-e better part of a year or more, and others just about to be started.

Tre present estimate is that the last of the individual projects may
be completed by mid 1956,

When all of the data from the different pilot plants have finally
been obtained, some relatively little additional time will be required for
making comparisons of the different processes with a view to selecting the
process, or conbination of processes, which will give the best over-all results
in the case of each different source material,

Wit> this in view Zmergency Procurement Service recommends that, unless
some national emergency dictates otherwise, no full scale or commercial up-
grading of the government's stockpiles of sub-metallurgical eres be undertaken,
and that no full scale plant be established by tre government for beneflﬂlatlng
any of the extensive natural deposits of dovwestic low—grade ores till all of
the processes now being investigated have been fully appraised.

Thué, the thorough and proper completicn of the mangahese research
and development werk as a whole may well require scme 18 or 20 months more or,
say, till the latter part of 1956,

In this connection it should be borne in mind, however, that re-
search and developmént work is naturally fraught with manv uncertainties, and
that consequently some of these projects may require more time than is .now
estimated. Also, there is the possibility that ‘other new processes may vet be
proposed, and that one or another of them may be worthy of pilot plant testing.
This possibility, however, seems slight inasmuch as there does not appear to be
any other werthy process in the offing, and it is doubtful that in the
immediate future any will be brought forth.

The great importance to the nation of being prepared in an emergency
to extract manganese for the steel industry from the extensive domestic deposits
of low-grade ores and slags in a practical and economic, large scale manner, is
well known., A good start in this direction has been made by launc-ing and
working upon the research and development projects here discussed. It new re-
mains to finish the job in a proper, thorough manner.

The matter is of such vital imnortance to the nation that support of
these projects sheuld be continued for at least 55 or 20 months above mentioned.

GSA-WASH DC 55 556640
-
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' Dear Mr. Schnee:

C O PY of letter transmitted by Mr. D. H. Schnee, Executive
Director, Minerals and Metals Advisory Board, to :
Mr. Irving Gumbel, Acting Director, Materials Pivision,

.‘E?S,‘GSA. (Transcribed-frcm telephone dictation.)
S Januafy 19, 1954

Mr. D. H. Schnee, Executive Director
Minerals and Metals Advisory Board
National ‘Research Council o
2101 Congtitution Avenue :
Washington 25, D. C. )

, The proposal of Dr. L. W. King for the recovery of
cobalt, nickel, and manganese from White Oak Mountain ores .
in Tennessee has been circulated emongst the Manganese Panel.
Additional information concerning the proposal made available -
by Dr. King through Mr. Long's visit to the King laboratory
and the various visits of Dr. King to the M.M.A.B. offices .
was also circulated along with the proposal. R S

'~ Comments from the members of the Panel were not favor-
able to the proposal and Mr. Critchett, Chairman of the - ‘

' Cobalt Panel, likewlse commented unfavorably.

The Manganese Panel is of the opinion that the White

. Qak Mountain ore deposits have not been adequately explored ST
- to determine the quantity of ore avallable, nor has the grade. ..
" of the deposit been sufficlently established to predict the - " -

success of this exploration. The Banel is also of the opinion

' that the chemical operations imvolved in Dr. King's proposal, .

although cleverly conceived and fitted together, are neverthe- ..
less very complex and quite involved. On the limited scale of .

operations proposed for this plan, it is believed that it = .

would be cheaper and certainly much simpler to purchase the

necessary chemicals rather than to build up chemical plants, .
the operation and coordination of which would needlesaly com-
plicate the main purpose of recovering the nickel, cobalt,

_and manganese from the ores: In addition, it is believed that

the chemical separations proposed would be less sharp, and B
hence less perfect, than Dr. King performed, and that to attain

" the recoveries anticipated would involve multiple precipitation :
in handling at great expense. The Panel also expressed doubt .
" that the potential production of these metals available from

the ores was of sufficient size to be of national importance. v  :





In view of these comments, it is suggested that
Mr. Gumbel be informed that the Manganese Panel does not
recommend that the King proposal be given Government support.

Very truly | yours,

Signed: M, J. DAY

Chairman, ﬁ_anganese Panel
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GENERAL ss,;nvxcns'.énu;n_;sm‘namxox
TMERGTNCY PROCUREMENT SFRVIu.

.v washington 25, D..C.

~ In Reply Refer to: EDE

© Mr. Frank E, Johnson
Acting Adnministrator :
Defense lMinerals Exnloration
. Adninistration v
Department of the Interior
' ’Iashinston 25, D, Co .. -

" Re: .Docket No. EEAZ?MI- -
. King, Scott & King .

‘.Dear Mr. Johnson. :

Reference is made to your letter of October 23, 1953.

: a.ddresséd to Mr. Irving Gumbel, Director, Materials mvision. reques'c-—

‘ing a copy of the field report on this application.

L. - In connection with the determination of the economic treat-

' ment of the mineral, the field investigation is being conducted by..

- the Mine_raﬂ.s and Metals Advisory Board of the National Academy of .
Sciences. Yhen their reccrmendations of this entity are made to this
Agency, we ehall be gled to pass them on to you for your conszderatlon.

Ver:y tru.ly yo‘ars.

.

B Siggédﬁ Claxence . Fredell S e e

"»,,-Actmg Chief -
Expansion: Branch

October 28, 1953 -
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UNITED STATES 100
DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION ///,/‘:/

WASHINGTON 25, D. C.

s

&,
Mre Robo\rté. Laurence, Executive Officer /
DMEA Field Team, Region VII
Room 13

Post Office

Knoxville 2, Tennessee

adley and Hemilton Counties, Tenn.
Dear Mr. Laurence:

Reference is made the subject application covering
the same property upon whi Mr\ King previously completed an
exploration project under ntrast\No. Idm-E83,

We have been Jholding the\referenced exploration applie
cation in abeyance un it could be determined whether the "ore®
might be economi treated, Mr, had a related production
application on file/with the Defense terials Procurement Admine
istration, now the” Materials Division, rgency Procurement Service,
General Service Administration, We have been informed that GSA
has recently r¢quested a field examination of the same prgperty.

It would be gppreciated if you would also ‘furnish us with copies
of your report for our consideration,

Sincerely; yours ’

Chairman, Operating Committee
OVED:

Member, Bureau of Mines e O s s

Member, Geological Survey





Mr. C. 0. Nittendorf, ‘dministrator, DMMA ~ - . October 21, 1952
‘ Irdn snd Terro-Alloy Division, DMEA

Natannrpy
Dockets Yes. 176 and 27% (cohalt-lickolpnmguou)
CoPr. Y. ¥, King, et al, ,
) ) !h. J ?{o A!'t!: lm
g -ludloy aaﬁ Fsmilton cmtiu. !onnoun B

.o The wruar nat with Hr. . €. R-.loton. Ohht uctanurgist
- of the Buresu of Mines, and Mesars. Mann and Brussolo of Ii7a, on
~-the morning of October 30 to discuss the metallurgical problems
set forth in our letter of October 15 to Mr. Balston, cooies of S
whzch vore sent ta Mr. nward Young on tho» same date, : :

: Aftor Maenteion of the antiro matter for same t.itao n
- wag lesrned that she Signe) Corp was buying part of the Nanzaness

_production of & subsidized 1-ton chemical plant st 20 cents a = - -
 pound for batieries. This compares to 5 cents a pound for African -

- ore, Industry is slso buying part of the product. The plsnt is

hiu enlarged to 10 toms and uses from 10 to 30 percent crude ore.
' Othet pr’ojoetu. manganess chnial phnt: vere alao mentioned.

v ﬁith regerd %o Kinc's procns. it apmar- fonsible.
. "Thers iec & merket for & mixed nickel-cobalt nroduct. The iron

- . end mongenese can ho separsted, the iron pree!pitatilg at & Fh of 4.

e magnesium content is not movn and should be & minimum ne 1’6
l('fmes dmm wuh the unco., The anount of acid 1s 0 K.

Mr. Ralatﬂm upoko of athor tmnsr \mt richer eohalt-

.'_".fxm.n#aneae denosits thet might srip to such & plant. The U. 8. -
' Geological Survey hazs. e list. DMPA made tentctive a.rangements’
. tc have 2 saall representitive lot beméficisted by the Buresu of

. Mines at Tusoaloos: %o learn: 3f a:richer feed could bc obtainul
for tha ohemical nlan$, . . . « _

L Oar p.roblcu rogardhg furthcr axploratlon wvas *xolaind. -
- xr, Mann's office is studying the matter of the proposed chemieal

" plant. If the grade of the Pors" promises poszidle eeonomic feasi-
- dility (powsibly with subsidies), the DMPA willi so sdvise us. If

" its report is favorable, 1t will then be up to DMEA to provids for

“farther expleration to incresss the now indicated tonnagc to a ﬁg\zn
nnrfieicnny large %0 warrant tho pro;posta plant. _

- - eC Se\’f"‘dg’a
BN N G &ogrtdgo. Chief

L Iron and Yerro-Alley mvuion_‘
S GCSelfri@ge:l's ‘ ; '

i ce: 'D'ocket ce: G C Selfridge





: \ ‘ IN REPLY REFER TO:
’ ? C-HD-CF
UNITED STATES
DEPARTMENT OF THE INTERIOR L%ég(@
GEOLOGICAL SURVEY u

WASHINGTON 25, D.C.

October 28, 1952

Hemorandum
Tot George C. Selfridge
Promt T. P, Thayer

Subjest: DMEA 2744 - Cobalt-msnganose
Le we King
470 K, State St.
&2-, 0.
Arts Howmtain deposits, Tamesees

Pr. King proposes to spend $25,000 more exploring the
cobaltiferouws mangmese deposite which were partly sxplored by
DMA Project 176. The Field Tesm estimsted reserves of 557,000 short

50 perosnt ant 250 perewnt %eo high. If the original assays are
discounted by half, the "reserve” of comtained metsl drops to about
900,000 lbs. or 08 peromdt. . :

The Buresu of Hines assays show a definite carrelation
betvemn Ma oad Co in samples. Tha ratio of FaiCo in the 20 check
ssmples ranges from 71l to 115:1, rrobatily averaging about 40tl. if
1t were possible te produse a concemtrate aversging 20 percent Ma,
whiich ssems doubtful by ordinary methods, it would aversge only about
0.5% Co or one pownd per ten, Af all the cobalt is in the mangmnsse

) { one high-grade pocket® ghewed no ore above
25 percent Mn, and a smple ron a smell wed depoeit assayed 3.1
percent Mn sai 0.5) peromt Co. Une powd of cobalt metal per tem,

- st §2.50 would allow enly $2.50 for recovery by cheaical
. 50 per pownd, . eac . ,

Twe of the criteria for DMEA explormtion projests are the
svadlability of o fessible methed of treatmemt, and probdability of &
significant contritmiion te the patiomal supply. In this case the
gmwmozmmmuuxmm'mmm,
and the cobalt content is very low. The Geological Survey sees no
poimt in seeking more material until a method of recovery has besn
6“@1@?&0 .





»aetim Wd;

Dy the applieation e the growsls xm wtanmd

Am&mummwmmmusmnm

TPﬂ\a,yorzgtr

" “Coples tos Dir's ruding m-l.az

. Branch reading file
N.B.Melcher - Int. 3513
Hugh Davis - Int. 3519
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¥r. €, 0. f_::uteado.rt, Admintstrator, DMEA  Cetober 31, 1952
R I’ron'vqnd rbr:c-.-mlby iiivtubn.' DREA

: Net*llurgy

Dockets Vo=, 176 and 77!;3 (caMl’c-liotd«mgmu)
Dr, 1. ¥, Fing, ot i, -

The J, ™. Artr land '

Bredley and Eﬁnntm C(mnﬁu. l'cnnnno

o The writer met with Mr, G. C. mnon. Chief ﬂctaunrﬁut
- of the Burean of Mines, and Hessrs. Munn snd Irussole of ¥<A, om
the moraing of Cotober 30 ¢o discuss tha metallurgiosl problems
- uet. forth in our letter of Ostoder 15 1o Nr. xalston, .Gﬂpill of S
.-vhxeh vere nnt $0- ur. Roward Ymg on the sass dafse. i L

S . After discussion of th«s ontive mtwr i‘or some tino u

, was lerrned that the Siznal Corp was duyiag pars of the mgmeu
‘production of & subsidized l-ton chemical plant at 20 cents a

pound for desteries. Thie comnerec to 5 cents g pounc for f;frica.n

org. Industry is also buying part of the product. . The »isnt is . .

beinsr enlarged. to 10 tons and uses from 10 $0 30 percent .oruie oie. .

Cther proJectaﬁ manganase om.tcal *\lsnts were aalaa ncntioned.

S ¥ith rognr& to mws praens, n a;maar- fauible. :
ﬁanre ir & market for s mixed nickel-codalt nroduct. The irom

and manganese oan be sepsrated, the iron precipitating st s Fh of b,

The magnesium content is not novn and should brn a minimum ss it

Mnet émm with tho nnc%. The amaune of reld 1: ¢.x.

Mr. fislaton apokt of athor ualhr tmt richer cobalt-

: mngaman Gsronits thit rizht sXip to such & plant. The V. 8.

fieologicsl Survey. hes & lisd., DMPA nade tentstive s:rangements
o have & saell zepresent” tive lot teneficisted by the Bureau of
Mines. st Tumcaloos~ $o leam it e rielur feod ceum be obtaind
"for iha chemieal nlsnd. .

_ Our pro’blm rwﬁrdinp fnrﬂur cxplonuoa was axphiud. ‘
S Mr. x-nn s office is studying the satter of the proposed ohemical

~ plant, If the zrade of the "ore® promises possible econosic feasi-
bility (poesidly with subsidies), the DMPx will so advize us. If
. 1ts report is favorsdle, it will then be up to DMEA tu provide fer
further exploratioin to incresse the now incicated tonnagc 10 3 figure

o ufﬂcimny lur&a to vnrrant the ptcpoud plam.

. @, C. Zelfridge, Chief ~
, Ircn and Iorgo;Azloy Livision
" GCSelfridge:ls ' | |

ec: Tocket . . ooy g, C.Selfridge ..
Admn, Read. File L. :
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UNITED gRATES DEPARTMENT OF THE INTOR ~ IormAporoves o
DEFENS INERALS EXPLORATION ADMINISTRATON :

-MF-103
(Revised April 1952)

4
P

5
,.‘of

Not to be filled in by applicant

APPLICATION FOR AID IN AN R
EXPLORATION PROJECT, PURSUANT TO Doctcs No. Aogrsdl 2 TS ..

Metal or Mineral ... ...

"DMEA ORDER 1, UNDER THE DEFENSE Date Received 42 =23 ~e5 et ..............
PRODUCTION ACT OF 1950, AS AMENDED Estimated Cost ..o

Participation (Government %) __.___._.____.______.

INSTRUCTIONS

- 1. Name of applz‘cant.—(a)nState here B}ur full legal name, in the form in which you will wish to contract, and- your
. ) .

- A . I
mailing address: ---;-.-.{%’ }-é.;’:ésﬁﬁoz*étraa e emmenie

Sﬁlm. 50aLl0e N o
""—_'-_""»M“:ﬁ__f){ ‘ ' wtnopeiip. Parinadros «50‘611"K:"Sﬁﬁﬁ;“@ﬁﬁn'?a"ﬁiﬂi&"-’-"'ﬁ@ SCpTaU R UV0s

(b) If other than an individual, add to your name above whether a corporation, partnership, ete., and the name of the State
in which incorporated or otherwise organized. . . .

(¢) If a corporation, add to above statement, titles, names and addresses of officers.

(d) If a partnership, add to the above statement the names and addresses of all partners.

2. General—Read DMEA Order 1, “Government Aid in Defense Exploration Projects,” before completing this applicatioh..
Submit this application and all accompanying papers in quadruplicate (four copies), with your name and address on each
sheet of the application and on all accompanying papers. Where sufficient space is not provided on the form for all required
information, state it on°an accompanying paper, with a reference.in each case to the instruction to which it refers by number.
Comply with all applicable instructions; or, if not applicable, so state. File the application with Defense Minerals Exploration
Administration, Department of the Interior, Washington 25, D. C., or with the nearest field executive officer thereof. S %

3. Applicant’s property rights.—(a) State the legal description of the land upon which you wish to explore, including all

land which you possess or control that may be beneﬁteg lg_y MWO&L@%%W Mrdigtersﬁén land whi,(.th ‘lts

not to be included in the exploration project contract
Poclot B 170

. . . Hene T
(b) State any mine name by which the property is known. 1085C0 -

(c) State your interest in the land, whether owner, lessee, purchaser under contract, or otherwise .- ....________________

(d) If you are not thegwegm ﬁ‘tﬁl& 4tai?@£plication a copy of the lease, contract, or other document under which
you control the property. . Lot Q;D;?lﬂﬁﬂblc '

(e) If you own the land, describe any liens or encumbrances on it

(f) If the landﬁp%sts of unpatented claims, add to the description above, the book and page numbers for each recorded
location notice. : C ij

4. Physical description.—(a) Describe in detail any mining or exploration operations which have been or now are being
conducted upon the land, including existing mine workings and production facilities@e§t:§§g}[§zo@g&g@sﬁ% any, in such
operations. Also describe accessibility of mine workings for examination purposes. NBGVOe

(b) State past and current production, and ore reserves, if any, giving quantities and grades.

(c) Describe the geologic features of the property, including mineralization, type of deposit (vein, bedded, etc.), and your
reasons for wishing to explore. Illustrate with maps or sketches. Send with your application (but not necessarily as a part -
of it) any geologic or engineering report, assay maps, or other, technologic information you may have, indicating on each
whether you require its return to you. ) i

(d) State the facts with respect to the accessibility of the project: Access roads, distances to shipping, supply and residence

Td 2t isabiwl

points. . C pERTLENT ¢F e ALOVO.
(e) State the availability of manpower, materials, supplies, eq}ﬁm@r{ﬁﬂﬁﬁﬁeﬁ;ﬁw&"b%%er. 16665511
A TECEWED

Q0T 2 31952






. . _ . . obalt
5. The explorﬁimgm‘e%ﬁ.%gg.the mlneral or minerals for which ym'h to ‘explore __c y S

(b) Describe fully the proposed work, including a map or sketch of the property showing a plan (and cross sections 1ﬁeeeded)
of any present mine workmgsEand he logatlgn %f ibieéproposed explozatlon work as related to such features as contacts,
veins, ore-bearing beds, etc.

(¢) The work will start within 30 days and be completed within _EQEE__ months from the date of an exploration

project contract.
_ (d) State the operating experience and background of the applicant with relation M@bﬂlt&mwg% 9}10%%
ration prOJect and also that of the person or persons who will sybsrpiisetbt operp‘tll)% o ropssnncl une eﬂ’l

6. Estimate of costs—Furnish a detailed estimate of the costs of the proposed work (you will have to use a separate sheet),
.under the following headings. Add the totals under all headings to give the estimated total cost of the project:

(a) Independent contracts. — (Note.—If the applicant does not intend to let any of the work to contractors, write “none”
after this item. To the extent that the work is to be contracted, do not repeat the cost of the contract-work in subsequent
items.) State the cost of any proposed independent contracts for the performance of all or any part of the work, expressed in
terms of units of work (such as per foot of drilling, per foot of drifting, per hour of bulldozer operations, per cubic yard
of material moved, etc.).

- (b) Labor, supemnswn, consultants —Include an itemized schedule of numbers, classes and rates of wages, salarles or fees
for necessary labor, supervision and éngineering and geological consultants. .

(¢) Operating materials and supplzes —Furnish an 1tem1zed list, including items of equlpment costmg less than $50 each,
and power, water and fuel.

(d) Operating equipment.—Furnish an itemized list of any operating equipment to be rented, purchased, or which is owned
and will be furnished by the. Operator, with the estimated rental, purchase price, or suggested use-allowance based on present
value, as the case may be.

(e) Rehabilitation and repairs. —Furmsh a detalled list showmg the cost of .any necessary initial rehablhtatlon or repairs
of existing ‘buildings, installations, fixtures, and movable operating equipment, now owned by the Operator and which will be
devoted to the exploration project.

(f) New buildings, improvements, installations.—Furnish a detailed list showing the cost of any necessary buildings, fixed
improvements, or installations to be purchased, installed or constructed for the benefit of the exploration project.

(9) Miscellaneous.—Furnish a detailed list showing the cost of repairs to and maintenance of operating equipment (not
including initial rehabilitation or repairs of the Operator’s equipment), analytical work, accounting, workmen’s compensatlon
and employers’ liability insurance, and payroll taxes.

- (kY Contingd2g3i@.—Give an estimate of any necessary allowances for contingencies not included in the costs stated above.

NotE.—No .items of general overhead, corporate management, interest, taxes (other than payroll and sales taxes), or any:

other indirect costs, or work performed or costs incurred before the da.te of the contract should be included in the .
- estimate of costs. - . _

7. (a) Are you prepared to furnish your share f’ogxe cost of the proposed project in accordance with the regulations on
Government participation (Sec. 7, DMEA No. 1)?

(b) How do you propose tc furnish your share of the costs?

I—X_—l Money . Use of equipment owned by you Other

Explain in detail on acompanylng paper.

_CERTIFICATION

The unde1s1gnec§ whether as an individual, corporate officer, partner, or otherw15e both in his own behalf and acting for
the applicant, certifies that the information set forth in this form and accompanying papers is correct and complete, to the best
of his knowledge and belief.

& Octolcr 22' : : 2.
Dated - , 195"

{Applicant)

Title 18, U. S. Code (Crimes), Section 1001, makes it a criminal offense to make a WI"fully false statement or represenluhon to any depart-
" ment or agency of the United States as to any matter within its jurisdiction. .

U. S. GOVERNMENT PRINTING OFFICE 16—66551-1






| B B @ - ?

P 4 1. H.i hﬁé; HDe (To accompany WP-103)
'»r‘" . h?O Le Stau ut. . . - . 1
Salen, Ohio. ‘ .

5(b) Proposed work: Purpose of this project is {0 extend the previous
work doseribed in DMA Docke$ 176 whioh indicated that ore of cosmercial
grads wmight exist on the property. this projsct is to establish definitely
that ore doss exist on the property, that the ore ccourd in merye than one
m&,andnln,bytrmdﬁngmthodnmmmué,wummmw
a tonnage meawmnroment of over 1,0&;0000«1:“&1-1& ,

m, ticobehon of the preperty, location of the pro;joe& are showm m
Dogked DMA 176 :

o , !hhmjoetmldmiab of umchingtommrogaudcpmo:um
. and 3 fest wide, %o & total lineal length of 5000 feet. Individuask :
[ trenches be avarage 300 fest in length o be placed at any locstian on
o mmmmwammmmumwmmnamnu
S ' "North* and Mijddle” on upn in Docket NEA 176,

l
- 6. Istimats of Costss } | |
~ {a) ¥eo. vorlc is o ba lot udir contract. : . : o d

(b) Labor is included im ranul of squipment., This includes workmen's
- , copensation, liabili inmrmeo. One laborer to drill shot holes,
ho "~ losd, snd shoot dynamd. neintain aiyr compresscr; inoludes ngn,
N  ‘trawportation to projest and worlmen's cozpensatiofts Ly5 A
o - B 4WIMS one gensral mﬂlm.....u-.nu....-..u..e.SBO0.00 ' ' ¢
.

(c) Opout.inx utcrialu Dril steel, rock bit:, dynsmite caps, o
’ load '1!‘0, b&tm box, M for air m“‘ma.‘OO0.00000000 msm

R (d) Ogaratiae Ewimﬂ ) PRI ‘
ummumxmwuwwmmmm.wg L
sperator, oiler, fuel, lubricstion, maintenance e '
mud tar tomotu2.00perhout ,

2, Goe 1/2 yard' Insley Deisel powered shovel with Ve

- yerd back hos attachznent; .eperator, oiler, fusl
lubricetion, nnd maintenance to \n mud :t 212.00
per hour, .

3. One Ingersol-Rand ms AMr mpm, as Jatk Rsumer , f
© $125,00 per month, - -

. h. One four-wheel drive Unimul nny- an 3100 per
\ : month, Ownsd by cperator. Includu foel, ¢il, "W.

(o Rohabilitnuon of existing 10* x 1L¢ building for the ttmgu
_ \of dymsmits and caps, drill steel and rock bits, air hose,
t . M’ 011, r.pm Pm" "p'; .MOOOOQOOOOO"OQ.Q"OOOOOOOCOOﬁo.m ‘

‘| v ﬂi:habiliutico of existing access roads within the propmy,..IZ0.00 : ‘

CONCLUSION;  The total 5000 1inesl foet of trenching can Le aceomplished at a
, cost of $5.00 per 1ineal foot whick includes all equipment, personnel,

ma, oto. Thus the cntm project is astimated not to coet over ,
$00.00. . /






My, Yomar Mamm, Uhief

Kiner and Light NeSals Branch -
Defense Materials “roowrssent m
umhtuun. ade cd

'Ouht Yo, ™A 1762 - ﬂaacnnnu
codali-Nilekel

The J« Ko Arts Iand °

Brsdley and M:ion Counties,
muo = _ :

M*o Vanne

ASSached hevelto for ;ym taformation is a cm of & letter
dated Ostober 17, 1052, ty O. O. 3alston, Chiaf Nesallurgle$, Burean
of Nines, whisk enbodies his commenta 6x » metallurgical prosess foy

$ho resovery of oobals whnich vas reesntly swbmitted by ir. L. Y. king. T
" Coptes of our letter %o Wr. Baleton asd King's ;am were .

» sm' e, Howard Young under date of Ostober 15, 2052,
a mmmxy ycmn
C 0 'Wittendorf

. augtmmmf: o

mzmé

acsezmago'm "

- 0/22[52

- 'ées Mun. Beading Fﬂe‘ -
' - Docket - L
P go s Silfridgc
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COPY

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

WASHINGION 25, D. C.

Octcber 17, 1952

Mr, C. O. Mittendorf
Administrator, D.M.E.A.
General Services Building
Washington 25, D. C.
Re: Docket No. DMA-176X o~
Manganese-Cobalt-Nickel
The J. H. Artz land
Bradley and Hamilton Counties,
Tennessee. Contract Idm~E~83
Dear Mr. Mittendorf:

Responding to your letter of October 15, 1952, on the extrac-
tive process proposed by Dr. L. W. King for treatment in a pilot plant
of 10 tons daily of ore from the J. H. Arts land in Tenneesee. I have
read the material and comment as follows: '

1. The chemistry of his proposed process appears sound, and,
although I do not expect his separation between nickel and cobalt to be
clean, there is a market for a considerable amount of mixed nickel and
cobalt in the permanent magnet industry. King has used as reducing
furnace for converting mangeanese to acid-soluble MnO, a design he found
at work in a Baltimore plant making manganese chloride as a commercial
product. He is also copying the dissolution in hydrochloric acid,
which he proposed to make from salt and sulphuric acid by welleknown
methods. His precipitation of cobalt and nickel as sulphide by
hydrogen sulphides is also something that is well known. Precipitation
of manganese carbonate and calcination of Mn0, is also well known and
has produced MnO, of battery grade by the steps he describes.

2. As to whether Dr. King can be rated as a competent
operator, I have some doubt. I know of no competent operators 1in
his employ. His presentation has been that of an amateur.

3, Construction costs give details of first cost of equip-
ment, but appear not to provide for erection and housing. 1 have
tried to extend his operating costs to a larger plant, but find few
economies thet would result with larger tonnage. Also, he has not
calculated operating capital needed. I therefore am at a loss to
check his figures on amortization and interest.





4. Dr. King's early operation will be based on loading
of selected material without concentration. Whether he knows how
to concentrate his lean ore I do not know. From his description
of the undeveloped area it would appear that more trenches might
well turn up much more ore, but he stated to me that you had called
a halt on exploration until you knew more sbout what he could do
with the ore he has already uncovered.

5. This deposit appears to have more cobaltiferous mans
ganese than in the usual scuthern deposits, and I would like to see
it in more competent hands and given a better examination. It
could provide a plant to which the small lots of ore from elsewhere
could be shipped. The nickel content is small in terms of national
needs, but acceptable for what it is worth. The market for battery
grade mangesnese ore is mmall, but not too small to take the output
from this operation if Dr. King can show thet he can make an accept-

able product.

Sincerely yours,
[s]/ 0. C. Ralston

0. C. Balston
Chief Metallurgist

cc: Mr. Paul Zinner
Mr. N. B. Melcher
Extre copy to Mr. Mittendoxf






coryYy

"UNITED STA®ES
DEPAWTMENT OF TH® INTERICR
R BUKEAU OF MINES
;o " WASHING"ON 25, D, C.

Octcber 17, 1952

Mr. C. O. Mittendorf
© Administrator, D.M.E.A.
General Services Building
Washington 25, D. C. e - o
: Re: Docket No. DMA-176X - ,
) Manganese~Cobalt~Nickel
The J. H. Artz land
"Bradley and Hamilton Counties,
Tennessee. Contract Idm-E-83
Dear ur. )uttondorf- : o : '

, o - Hesponding to your letter of Octobar 15, 1952, on the extrac-
: tive process proposed by Dr. L. ¥W. King for treatwent in a pilot plant
of 10 tons daily of ore from the J. E. Artz land in Pennessee. 1 have
‘read the material and comment es follows:

, 1. The chemistry of his Droposed process appears sound, a.nd, :
) although I do not expect his separation between nickel and cobalt to be
clean, there is a market for a considerable amount of mixed nickel and

- . cobalt in the permanent magnet indnstry. Xing has used as reducing :

' furnsce for converting manganese to aeid-oolublo MnQ, & design he found
_.at work in a Baltimore nlant making manganese chloride z8 a comercial ,

': - .product. He ig also copying the dismelution in hydrochloric acigd,
-7 which he propoaed to make from salt and sulphuric acid by vell=known
" ‘methods. His precipitation of codalt and nickel as sulphide by

.hydrogen sulphides is also something that is well known. Precipita.tion
. of menganess carbonate and calcina.tion of Mn0, is also well known and -
Ahas produced MnO, of battcry grade by the lteps ‘he describes. -

: 2. As to whather br. King can be reted as & conpotent _
~"oporator. 1 have some doubt. I ¥now of no ¢ccmpetent operators in
his en“oloy His prenentation has been that of an amateur. -

_ 3. COnstruction costs give ﬂ.eta.ils of first co-t of equip-
ment, bnt anpear not to provide for erdction and housing. 1 have
tried to extend his operating costs to a larger plant, but find few
~ ecunomies thet would result with 1arger tonnage. Also, he has not

. calculated operating capital needed. I therefore am at a loss to
'chock his figures on anortization and 1nterent. :





&. Dr. xing's eurly oporu.tion ¥ill Ve based on loading
of “lectod anterial without concent:ation. Whether he knows how
to concentrats his lean ore I do not know. From his description
- of the undeveloped area it ‘'would appear thet more trenches might
vell turn up much more ore, but he stated to me that you had called
‘a halt om’ exploration until you knew mou about what hé eould do
with the ore he has already untovered.

: 5. This deposit appears to have more codaltiferous man-
ganese than in the usual southern deposits, and I would like to see .
it in more competent hands and given a better examination. ‘- It )
could provide a plant to which the small lots of ore from elsevhere
could be shipped. The nickel content is small in terms of national
- needs, but acceptadle for what it is worth. The market for battery
grade manganese ore is saall, but not too small to take the output
from this operation if Dr. King can show thet ho can mako an accept-
able product.

Sincerely yours,
Js] 6.-C. Ealston’

0. 6. Balston
Chtef setanurgist _'

cc: Mr. Paul Zimner
» Mr. §. B. Melcher - '
Extra cony to Mr. Mittendorr
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CcPrY

URITND SPAYTS -

JRPAKTMENT OF TEE INTERIOR
- . BUKBAU OF MINES

$ASRINGYON 25, D. C.

Qetober 17, 1952

- Mr. C. O. Mittendort
“lﬂ.nistr‘tor, D.H.E.L,
Ceneral Services Building
Washington 25, D. C. - ' .

: net Docket No. DMA-176X -

: Kanpaneso-cobalt-lichl
- The J. B, Arts land =
Bradley .and Hamilton Cmmtiu,- '
Tennoueo.. contrac.t Idn-E-Ba
: Dear Hr. Hittondorb : : -

, | Responding to your lotter of Octo‘bor 15. 1952. on the axtnc—
T tive process proposed by Dr. 1. W. King for treatwent in a pilot plent
of 10 tons daily of ore from the J. H. Arts lend in Tennesses. I han
. read the. material and comment &s follows:. S :

. . . The chqnintry of his proposed procus apnuru ammd. und.
although I do not expect his separation between nickel snd cobalt to Dde
clean, there is 2 mirket for a consideradle smount of mixed nickel and

" cobalt in ‘the persanent magnet industry. Xing huzs used as reducing
furnace for converting manganese to acid-soluble MnO, a desizn he found
-2t work 4in & Baltimore plant making manganese chloride as & commercial
product. THe is also cooying the diseelution in hydrochloric acid, .

- which he. proponed to make from salt and sulphuric acid by vell-kmown
methods. His pretipitation nf cobzlt and nickel as sulphide by .
hydrogen sulphides is also scmething that is well known. Pmoipit.anon .
of -manganess csrbonate and cslcination of un02 1s also well. known aml
has nrocuccd )lnoz of baﬁtory grade by the utaps e doscribn. :

3 2. As to whather Dr Ring can bo rated as a conpotont
"oporator. 1 have some doudbt, 1 ¥now of no c mpstent operators in -
“bis employ. Ris yreuntation has been that of sn amateur. :

- 3. Construction costs give deteils of first cost of equip-
nont but ancear not to provide for ersction and h:mling 1 have
‘tried to extend his operating costs to a larger plant, but find few
‘economies thet woul! result with larger tonnage. Also, he has not
calculated operating capital needed. I therefore am at a ios- to :
check his ﬁmren on anertiution and interest. : o






: #. Ir. Xing's oarly oporation will be based on londing

of selected material without concent:etion. Whether he knows how

to concentrate his lean ore I do not know. ¥rom his deseription

- of the undevseloped area it would aprear thet mors trenches might

" well turn up much more ore, dut he stated to me that you had called
s halt on exploration until you knew mors ebout what he conld do

with the. oro he has already uncoured. ; v

. l‘hit dopoait appears to have more cobaltifercus man-
-ganese than in the usual scuthern deposits, and I would like to see
"1t in more competent hands and given a detter examinmation. It :
could provide a plant to which the small lots of ore from elsevhere
could bde shipped. The nickel content is smal: in terms of national
‘needs, dut acceptable for what it is worth. The market for battery
egrade manganese ore is smsll, bdut not too small to tske the output .
from this operation if Dr. King can show thrt ‘he can make an n.ccept—

" able prodnct.

S'incérel'y" your:; '
/s/ o. C. Imlnton

.; 0 G. Rﬂll“ﬂ R
- chiet !etallurgist

cc: ‘Mr. Paul Zimmer . _
‘Mr. K. B. Melcher . - .
Extra copy to Mr. Mittendorf

------






UKITXD STAT-S 4

TEPARRMENT OF THR INTEEICR
BUZEAU OF MINES
YACHING' ON 25, D, C,

Octover 17, 1952

Mr. C. 0. Kittendorf
Administrator, D.K.E.A.
General Services Building
Washington 25, D. C. o - |
' . ne: Docket No. DMA-176X = |
Mangspese-Cobalt-Fickel = . |
The J. H. Artz land , -
Bradley and Hamilton Counties,
"~ Tennessee. Contract lim-:-83
Dear Mr. thtondorb e -

,  Hesponding to ymu- letter of October 15, 1952, on the extrac-
tive procees proposed by Dr. I.. \. King for treatment in a pilot plant
of 10 tons daily of ore from the J. H. Artz land in Tenne-seo. I heve

" read the material and comment rs lelows' )

1. The 'chenistry"of his proposed process appears sound, . and,

" althoush I do not expect his separation batween nickel end cobalt to de

clean, trere is a market for a conlidora’ble amount of mixed nickel and

s cobalt in the permanent magnet incnetry. King hss used as reducing

B furnece for converting manganese to acid-soluble MnO, a design he -found

.8t work in & Baltimore nlant making manganese chloride as a cOxmercial

“product.  He is also conying the dissolution in hydrochloric acid,

7" which he proposed to make from talt and sulphuric seid by vell-known -
' methods. HEis vrecipitation af codbalt und nickel as sulphide by.

" ‘hydrogen sulphides is also scmething that 1s well known.' Precipitation

... of manganece carbonate and calcination of linoz is also wéll known’ ana oo
Co has nroduccd Hnoz of battery prada by the steps he ducribes. '. EREE R

2. As to whether Dr. Eing can be u.ted & & corpotent
vopera.tcr. I have some doudbt. I Xnow of . no .c: mpotent operators in
hit amnloy ﬂis presonﬁation bhes hoen that of an mtenr. »

S 3. 2 Cmutruction costs give dataﬂs of ﬁrat cont ‘of oquip-
: mnt but -anoear not to provide ‘for ersction end housing. I have

© tried to extend his operating costs to a larger plant, but f£ind fow -
: ‘economies  thot would result with larger tonnage. Also, he has not

_calculated operating canital needed. I therefore an at a loss . to

' .check his f&enres on amortiaa.tion an& interelt. S






&. Dr. King's nrly oporation will be based on loading
of selected material without concent:ation. Yhether he knows how
to concentrate hiz lean ore I 4o not know. PFrom his deseription
of the undeveloped area it would aprear thet more trenches misht
vell turn up much more ore, but he stated to me that you hsd called
a8 halt on exploration until you knew more about vhat he aould de
with the ore he hn: already uncovered. .

5. This deposit appears to have more cobaltitorm nan-
Zanese than in the usual socuthern deposits, and I would like to see
it in mors competent hands and given a detter examination. It
could provide a plant to which the small lots of ors from elsevherse
could be shipped. The nickel content is smal: in terms of national
needs, dut acceptzble for what it is worth. The msrket for battery
-#rade manganese ore is small, but not too small to take the output
. from this operation if Dr. Ki.ne; can show thst he can meke an sccept-
able prodnct. o

Sincerely .Y“""' |
“Isf 0. 0. radeton

0. C. Ralston - - .
~ Chief Metallurgist -

‘ ‘-'jc'c-:.‘ﬁr. Paul Zimner = e
.. Mr.®. B, Melcher = R
- Fxtra eopy to Mr. Hittendor! R L
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COPY of letter transmitted by Mr. D. H, Schnee, Executive
Director, Minerals and Metals Advisory Board, to
Mr. Irving Gumbel, Acting Director, Materials Divisien,
EPS, GSA. (Transcribed from telephone dictation.) ‘

- Jaduapy 19, 1954

. Mr., D. H. Schnee, Executive Director

" Minerals and Metals Advisory Board
National Research Council S
2101 Constitution Avenue
Washington 25, D. C. '

Dear Mr. Schnee:

The proposal of Dr. L. W. Xing for the recovery of
cobalt, nickel, and manganese from White Oak Mountain ores
- in Tennessee has been circulated amongst the Manganese Panel.
B Additional information conceyning the proposal made available
' by Dr. King through Mr. Long's visit to the King laboratory
-and the varioeus visits of Dr. King to the M M.A.B. offices - .
.was also circulated along with the propesal. 4 -

, Comménté'from the membérs»éf the Panel were not favor-
able to the proposal and Mr. €ritchett, Chalirman of the
-Cobalt Panel, likewlse commented unfavorably,j,

i The Manganese Panel is of the opinion that the White
- Oak Mountain ore deposits have not been adequately explored - .
to determine the quantity of ore avallable, nor has the grade .
of the deposit been sufficliently established to predict the '
success of this exploration. The Panel is also of the opinion .
that the ehemical c¢perations invelved in Dr. King's proposal, = .
although cleverly conceived and fitted together, are neverthe- . -
less very complex and quite involved.  On-the limited scale of
operations proposed for this plan, it is believed that it ~ ~
would be cheaper and certainly much simpler teé purchase the
necessary chemicals rather than to bulld up chemical plants,
the operation and coordination of which would needlessly com-
plicate the main purpose of recovering the nickel, cobalt, .
and manganese from the ores. In &ddition, 1t is believed that
the chemical separations proposed would be less sharp, and ,
‘hence less perfect, than Dr. King performed, and that to attain
the rescveries anticipated would involve multiple precipitation
in handling at great expense. The Panel a2lso expressed doubt
‘that the potential production of these metals available from
the ores was of sufficient size to be of national importance.

—





In view of these commente, 1t is suggested that
Mr. Gumbel be informed that the Nangapese Panel does not
 recommend that the ¥King proposal be given Government support.

‘Very truly 'yéﬂr‘&‘,_ |
Signed: M. J. DAY

Chairman, Manganese Panel





of letter y %, D. K. , Exeeutive
cory rltu Mtudbkblm . §
Dirum. Minerals and Metals Advisery Doard, ta
Irv.‘mg Gumbel, Agting Director, Materixis thuon,
m. _ (Transcribed from telephone dictation.)

Jamiary 19, 1954

. ey B. . Schnee, mw:ht Diucm
- Minerals and loula ‘Advisery Beard
Mationsl Resesareh Coumeil

2101 Coumtitution Avenus
Washington 25,’ -D.-c._

‘Dear Mr. Se!mee:

o The proposal of Dr. L. W. King ror the racavery of

: eobalt, niskel, and manganese from White Oak Mountain ores
in Tennessee hiis been circulated xmongs$ the MangaAnese Panel.
Additicnal information coneernmg the proposal made availsble
by Dr. Xing through ¥r. long's visit to the Xing laboratory :
and the various visits of Dr. King to the MN.%.K.B. ofricea _
was. also eirculsted aloug with the proposal.’

- _Commente rron the wembers of the Panel were not. favor-
, .ablc to the proposal and Mr. Critchett; Chairman of the
- Cobalt Panel, lmuue compented unfavorably. o ,

 The Manganese Panel 1: of the opinion that. the Hhs.te
Oak Mountsin ore deposits have not been adequately explored:

to determine the quantity of ore available, nor has the grade = '

of the deposit been suffieiently esbabllmd to predict. the

sucoess of this expleration., The Fancl is also of the opinion . o

that the chemieal operetioms involved in Dr. King's proposal,

although clevayly coriewived and fitsed together, are neverthe-

less very complex and quite involved. On the limited scale of

. aperations proposed for this plan, it is believed that it =
would be cheaper and certainly much simpler to purchase  the .

- necessary chemicals rather than to build uvwp chemical plants,

the operation and coordinastion of which would needlessly com- - S

plicate the main purpose of recovering the nickel, cobalt,

and manganese from the ores. In addition, it is beliecved that

the ohemical Separdtions proposed would be less sharp, and

hence less perfect, than Dr. King performed, and that to attain .

the recoveries anticipated weuld 1nm1n smiltiple precipitation
in handling st great expense. The Panel 2180 expreased doubt -

~ that the potential production of these metals available from
_the ores was of sufficlient size to be of mational :anortance. :





In view of these comments, it is suggested that
Mr. Gumbel be informed that the Manganese FPanel does not
recommend that the King proposal be given Government support.

Yery truly yours,
Signed: M. J. DAY

chairuin, Mangﬁnese Panel -





COPFY of letter transmitted by Mr. L. H. Schnee, Executive
Director, Minerals and letals Advisory Board, to

Mr. Irving bel, Acting Director, Materials Division,
LPS, GSA. ranscribed from telephone dictation.)

January 15, 1454

ir. I, H. Schnee, Executive Uirector
Minerals and Metals Advisory board
National Research Council

£101 Conetitution Avenue

sashinzton 25, L. C.

Jear ¥Mr. Schnee:

The proposai of uvr. L. w. King for the rucovery of
covalt, nickel, and manganese {rom white Oak Mountsin ores
in i:nnessee has been circulated amongst the Manganese ranel.
Acditional information concerning the proposal made avallavic
by Or. Kinz through Mr. Long's visit to the King; laworatory
and the various visits of Dr. King to the M.M.A.3. offices
was also eirculated along with the proposal.

Comments from the members of the Panel Were not favor-
abic to the proposzal and Mr. Critchett, Chairman of tae
Cobalt Pancl, likewlse commentad unfavorably..

The Manganese Panel is of the opinlon that the white
Oak NMountain ore deposits have not been adequately explored
to determine the quantity of ore avallable, nor has the grade
of the deposit been sufficiently established to predict the
success of this exploration. The Panel is also of the opinion
that the chemical operations involved in Dr. King's proposal,
although claverly conceived and fitted together, arc nevarihe- - -
iess very complex and quite involved. On the limited scale of
operations proposed for this plan, it 1s belleved that it
would be cheaper and certainly much simpler to purciase the
necessary chemicals rather than to bulld up chemical plants,
the operation and coordination of which would needleaciy wom-
plicate the main purpose of recovering the nickel, coovall,
and manzanese from the ores. In addlition, 1t is velieved that

. the chemical separations proposed would be less sharp, and '

hence less perfect, than Dr. King performed, and that to attain
the rescaoveries anticipated would involve multiple precipitation
in handling at great expense. The Panel also expressed doudt
that the potential production of these metals available from
the ores was of sufficient size to be of national importance.





, ' In view of these comments, it is suggested that
Mr. Jumbel be informed that the Manganese FPanel does not
recommend thag the King proposal be given Government support.

. Very truly yours,
- 3igned: K. J. DA‘!

Chairman, MNanganese Panel





COPY of letter transmitted by Rr. D. K. Schnee, Executive

Direstor, Minsrals and Metals Advisory Bosrd, to
- ¥, Irving Guabel, Asting Director, Materials Divisien,
EPS, GSA. (pranscribed from telephone dictation.)

Jlmm-y 139, 1554

_Rr. D. R. Sohnes, Executive Direetor i

' Xinerals and Netals Advisory Doard

Kational Research Council
2101 Constitution Avemms
Washington 25, D. C. -

Dear Mr, Schnees

: The proposal of Dr. L. W. King for the recovery of
cobalt, nickel, and manganese from White Oak Mountain ores
in Tennessee has been circulated smongst the Manganese Penel.
Additicnal imformetion come the yproposal made availsbie
by Dr. King through Mr. Long's t to the Xing laboratory
and the various visits of Dr. King to the M.MA.B. offices

was 8lso cireulated along with the propossl,

: Cm:ith from the m-bcra‘ of the Panel were mt favor- |

able to the proposal and Hr. Critchett, Chairmen of the

Cobalt Panel, likewise commented unfavorably.
- The Mangsnese Panel is of the opinion that the whie,e‘ f _

‘Oak Moumtain gre depsaits have not been sdequately explored

to determine the quantity of ore available, nor has the grade
of the depoait been sufficlently established to predict the .

sucesss of this explerdtion. The Banel is also of the opinion =

that the ohemical operations imvolved in Dr. King'’s proposal,
although cleverly coneelived and fitted together, are neverthe-
less very complex and quite involved. On the limited 3scale 9: -

operetions proposed for this plan, 1t 185 believed that it

would be cheaper and certainly much simpler (o purchase the

negasssry chesdcals rether than to build wp chemical plants,
the operation and coordination of which would needlesaly com-
plicate the mein purpose of recovering the nickel, cobalt, L
and manganese from the eres. In sddition, it is beileved that

" the chemical separations proposed would be less sharp, &nd

hence less perfect, than Dr. King performed, and that to attain
the recoveries anticipated would involve multiple precipitation
in handling at great expense., The Panel also expressed doubt
that the potentisl production of these metals available from

. the ores was of sufficient slze to be of nationsl impartarnce.





In viex of uau mtl, it is mttld that o
Mr. Gumbel be informed that the Nanganese Panel does not
recoamend that m Kioz ’rnpml be given Government awport.-

‘hrx mu :ours, _
Signed: n. 2. m’:» -

- Chatrsan, Manganese Panel
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. In view ol theze comments, iv is suggestec that
¥r. Gumbel bs informed that the Manganese ranel does not
recommend that the King propossl be given Government support.

Very truiy yours,

Sizned:s M. J. DAY/

Chairmdn, kanghnese Fanel
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COPY of latter transnitted by M. D. K. Schnee, Exscutive
Direator, Mimerals aod Matals Advisory Board, o
Mr. Irving Gumbel, Asting Director, Msterials Division,
EP8, GSA. (Transcribed from telephone dictation.). .

January 13, 1954

Mr. D. H. Sclmee, Exsowtive Direetor
Ninersls and Netsls Advisory Board
Nationsl Researeh Council -

2101 Cowstitution Avenue -

dashington 25, D, C.
Dear Mr. Sohnes: . _
' The 1 of Dr. L. #. King fer the recovery of
cobalt, nickel, and manganese from White Oak Mountain ores

in Tennsasee s been sirsulated smongst the Nenganese Panel.
Additionmal informetion comeerniag the proposal mede availabdle
by Dr. King through M. leng's visit to the King laboratory
and the various visits of Dr. King to the K.M,A.8. arr;cct )

~ was alse circulated slong with the propossl.

Comments from the members of the Pansl were not favor-

able te the proposal and Mr. Critehett, Chairmen of

cmxt Panel, likewise cemsented wnlavorably. o
The Mangsnese Panel is of the opiniow that the white

Osk Mowntain ore deposits hive not bdeen adequately explored -

to determine the guantity of osw availadbls, wor hes the grade
of the deposit been sulficiently establisded %o predict the
swocess of thisz exploration. The Ranel is also of the opinion

- that the shemical operetions involved in Dr. King's proposal,
- #lthough cleverly conceived and fitted together, are neverthe-

lass very complex and quite invoived. Om the limited soale of
operations prepossd for this plan, 1t is bdelieved that 2t -
wonld be ohesper and certainly much simpler to purchass the - -
nscenssry chemiocsls rathwr ithan to build up chemiocal plants,
the opsration and coerdination of wkich woeuld nesdlessly com-
plizate the mein purpose of resovering the nickei, cobelt, -
and manganese from the osess In addition, it is believed that
the chemical seprations proposed would be less sbharp, and.
hence less perfeet, than Dr. King performed, and that to ajtain
the PTsdoveriss snticipsted would inveive multiple precipitation

in andling ot great expense. The Pansl also expressed doudbt
that the petential preduction of these metsls svailable from
the ores was of sufficient size t0 be of metional importance.






 In viex of these somments, it is suggssted that
M. Gumbel be iafermed that the Manganese Panel doas net :
recosmiend that the King proposal be given Govaramest support.

Vary truly yours,
Signed: W. J. DAY

| Chairwan, Mangsnese Panel






-

COFY of letter transmitted by Mr. U. H. Schnea, hxecutive
Virector, Hinerzls and Fetals Advisory doard, to

Mr. Irving Qumbel, Acting Director, Materisls Division,
EPS, QSA. (Transcribed from telephone dictation. ) .

Mr. O, H. 8hnee, £xecutive Uiregtor
Kinerals and Metsls Advisory Board -
National Aesearch Counmcil: :

- €101l Counstitution Avenue

. Washington 25, L, C. -

Uear Mr. Schoee:

. Ths preoposal of Dr, L. w. King for the recovery of
cobalt, niekel, and manyganeve from khite Osk Mountain ures

in Tennessec hAs been circulated smongst the Nsngancse rFanel.
Adclitiomal informetion concerning the propossli made available
by Ir. Xing through Mr. Long's visit to the Kinz lavoratory
and the various visiss of Dr. King to the M. M.A.B, offices

wos 8180 circulated slong with the proposal.

© Comments from the members of the Panel were not favor-
- able to the proposai and Mr. Critchett, Chairmsn of the
Cobalt Panel, likewls: sommented uanfavorably.

The Mangancese Panel is of the opinion that the #hite
Oak Mountsin ore Jdeposits have not been adequately explorec
to detormine the quantity of ore avallsble, nor hss the grsde
of the deposlit beeu sulficlently eesabliahed to predict fthe -
sugcess of this exploration. The Panel 18 also of the opinion
that the chemica&l operetions involved in Ir. King'e proposal,
although aleverly cenceived and {itted together, are neverthe
less very complex and quite involved. On the Iimited scale ol -
operations proposed for thie plan, It is bellieved Lioet 1t :
would be cheapcr and certainly much siapler %o purchases the
necessary chemioals rather tian to build up chemlcal plenta,
the operation and coordination of which would needlessiy com-
plicate the main purpose of recovering the nickel, cobalt, .
and mengencse from the eres. In addltion, it ir pslieved that
the chemicalscparatiomns proposed would ke less sharpy, and ‘
hence less perrect, thao Or. King performed, and that to attain
the recoveries anticipated would involve multipie precipitation
in handling at great exponse. The Panel 8180 expressec doubt
that the potential production of these metals svailabvie from
the ores was of auffizient size (o be of natlonal Lmg.oriance.






.

" In view of these scoments, it is suggested that
. Guabel de informed that the Nangauese Fansl does mot
recommnd that the King propossl be given Govermment support.

- Very truly yowrs,
w* KO Jp‘ m! :

Chairesn, Menganese Fanel -





LA

"C OPY of letter transmitied by Mr. U. M. Schnee, EZxecutive
Direoctor, Kinersls and Metals Advisory board, to
M. Irving Cumbel, Asting Director, Nsterials Division,
EP3, G8A. i(Transcri—bed from telephone dictation.)

Japusry 135, 1954

¥Mr. D, B, '..elmu, hmutiu Bmctor
Finerdls and Metals Advisory Board
Natioual Research Counsil

2101 Constitution Avenuve

Kashington 25, D, C.

Lear '&'g sm:

The propesal of Dr. L. ¥. King f‘or the rezovery of
cobalt, nickel, and manganese from White Osk Mountain ores
in Tenneasee hiis been eirculated amongst the Manganese Fanel.
Additional iaformition concerning the proposil made aveiladle
by ir. King through Mr. Long's visit to the King laboratory
and the various visits of Dr. King to the K.M.A.3, o:ticn
wag 3lso ciroulated along uit.b ths proposal.

Comments from the members of the Panel were not favor-
able to the proposal and Mr. Critchett, Chairmmn of the .
- Cobelt Panel, likewlise commented unfavorsdly.

- The m;amu Panel is of ths opinion that the white
Cak Mountain ore deporits have not been adequately sxpliored
to determine the Quantity of ore aveiladle, nor has the 2rsde
of the deposii been sufficisently established to predict the
. suesess of this exploretion. The Panel is also of the opiniss
that the chemicsl operstions invelved in Ir. King's proposal,
although cleverly comseived snd fitted together, are neverthe-
less very complex snd guite involved. On the limited scale of
_ operations proposed for this plan, it iz bellicved thet St -
would be chesper and certainly such simpler to purchase the -
necessary chamioals rather than to build up chemical plants,
the ration and zoordination of which would needlessiy com-
plicate the main purpose of recovering the nickel, cobailt, ,
and sengzaness from the cwes. Ia addiltion, it is believed that.
the chemieal cparations propesed would be less sharp, and
hence less perfece, than Or, King performed; and toat to sttain |
the recoveriss anticipated woald invoive multipls precipitation
in handling st great expense. The Panel 3lso sxpressad doubt |
that the potentisl production of thess metals available Irom -
the ores was of sufficient size to be of nationel wortaaec.





' kﬂﬂﬁfﬁm‘ mm. it i sted that
Nr. Gambel e informed that the Memgasess Panel does wot
-vnm mtmnummuuﬁmwsws.

vmkm:m

o s:amd: x. ’J.'m! '

Chairmen, Mangsneso Panel
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Dr. L. Y. King
470 E., State Street
Salem, Ohio
Re: Docket No. DMEA-27L44
Manganese-Nickel-Cobalt
J. H. Artz land
Bradley & Hamilton Counties, Tenn.

Dear Doctor King:

Reference is made to the subject application dated October
22, 1952, and our subsequent discussions with you. As you are aware;
that application has been held in abeyance in considerétion of the in-.
formation and correspondence which you have had with the Generél Services
Administration, and other agencies of the Goverrment relative to the
problem of beneficiating the particular type of mineralization occurring
on the captioned;property.

Although exploration already completed on the subject property
under Contraét No. Idm-E83, our Docket No. DMA-176X, has indicated the
presence of appreciable tonnages of cobalt~bearing manganese mineraliza-
tion, it does not show that your property has definite promise of yielding
materials of acceptable grade in quantities that will significantly improve
the mineral supply position for the National Defense Program. The subject
request was for exploration assistance in extending the explored areas.
The new work might indicate additional reserves similar in character to
those contained in the deposits already explored.

It is our understanding that metallurgical tests to date have
not indicated that the greater proporﬁion of such material can be economi-

cally treated to yield a satisfactory product. If that is the case, unless
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further tests produce a satisfactory metallurgical process, additional

exploration by the Government would be unwarranted in any area where
we could expect to find only similar deposits of material which cannot
be classed as ore by present standardss

We have held final action on your request for additional ex-
ploration assistance in abeyance for more than two years pending satisfactory
completion of the metallurgical testings. The DMEA cannot indefinitely
postpone action on applications, and we feel sufficient time has been'allowed
to complete the tests. Under the circumstances, therefore, we regret to
advise that your application for additional exploration assistance is denied.
However; if at some future time the metallurgy: ef cobalt-manganese deposits
of this type is satisfactorily solved, we shall be glad to consider a re-
vised application for additional exploration assistance.

We wish to thank you for your interest in the DMEA progrém and
for bringing your property to our attention.

Sincerely yours,

Administrator





MK§¢1

The attached draft is intended to combine Mr. Liebert's
suggested reply (see attachment) and our unused letter of
June 23, 1954, which passed the Operating Committee at that
time but was noted as follows by the Administrator:

"(1) Should we hold in abeyance until GSA takes firm
and formal position?
(2) Or - Knock off list, awaiting such action by GSA?
"I prefer (1) unless Dr. King brings pressure on us.

"(Johnson concurs.)"
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Dr. L. W. King
470 E. State Street

Salem, Ohio Re: Docket No. DMEA 274k,
Manganese-Nickel-Cobalt
Dear Doctor King: J. H. Artz land

Bradley & Hamilton Counties, Tenn.
Reference is made to the subject application dated
October 22, 1952, and our subsequedt discussions with you.
As you are aware, that application has been held in abeyance
in consideration ofﬁfﬁzzgnformation and qorrespondence which

has—passed-be%we%&yeu the General Services Administration, and

other agencies of the Government relative to the problem of
beneficiating the particular type of mineralization occurring
on the céptioned property“
Ppeﬁee%%—epppoMed«b?l%H€*B$T€ﬁ§€fﬁiﬁera&&nﬁxp%@?ﬁﬁ
W Jdetintte.

Jyi e .
romise of yielding materials of acceptable grade in quantitie;>

that will significantly improve'the mineral supply position for

e National Defense Program
e ——

C&ﬁé%?A )ﬁkploration already completed on the subject property

under Contract No. Idm-E83, our Docket No. DMA. 176X, has J

indicated the presence of appreciable tonnages of cobalt-bearing ,’

L '3‘"‘52 -3 < ,
manganese minepalization{A3 he subject request was for expf%ra— /
tion assistance in ex%eﬁding the explored areas, The new work \. %

might indicate additional reserves similar in character to

those contained in the deposits already explored. ya






Iﬁ is our understanding‘nhat metallurgical tests

to date have not indicated that thg greater proportien of

such material can be conomicaliy treated to yield a satis-
factory product If that is the case, unless further tests.
.produce a satisfactory metallurglcal process,. additional
'exploration by the Government would be unwarranted in any area
where we could expect to find only similar deposits of material

\

v which cannot be classes as ore by present standards.
PR
//"’“""#ﬂlf no satisfactory treatment process has yet been

 developed but you believe that your future research will

| result in a satisfactory process, you may wish to withdraw

!
| the subject application with the 1dea of submitting a revised
application for assistance to explore for additional reserves

of watever proportion of this type of material you subsequently
C‘lw\evmk (e 4o
find aveitrsibd=—for treatment. In that event, please refer to

N the captioned docket.
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By phowe kom M LielesT
clr2/56

Re: L. W. King

We have in our pending file your application No.

DMEA-2T744, for manganese

It has not been acted upon in view of the information and
correspondence which has passed betw;gn yourself, the General
Serviées Administr&tion, and other.agencies of the Government
relative to the problem of beneficiating the ores. We now
would like to find out from you whether or not you desire

to keep this application in a pending status or carry through

your original ideas of exploration. Please advise us of your

.desires either to go forward with this project or to close it

out.
-—





Y Mbar, Guxom.m 5vr-y(

have not Mcatod that the grutu-
' proportisn of the mterial in question can be ocomuiunx troot.d
© to yield a mtufacwry pcrom .

: Imhutbreporhinqusﬁmmmtu&
-&tharbyortwm, itmmuhi‘crmto comagat

B smoouly yours, o
; Do . GeorgeC Selfridga
AFPFROVEDs = T Mmo”mmzu{w
FRANK D. LAMB S E‘ | SPHolt/foc /22/56
m, ﬁurm -inn’. ! . c_c tos (;h;;?hm o
T T g Adur. Read. File . -
' ' g , | Oper. Comm,
N, E, mel.san Y. : FT. REG, V U
)@) T. Kiilsgeard, USGS
& | H. T, Reno, USBM






UNITED STATES
DEPARTMENT OF THE INTERIOR

DEFENSE MINERALS EXPLORATION ADMINISTRATION

WASHINGTON 25, D.C.
REOM 13 POST OFFICE BLDQ.

KNOXVILLE 2, TENR.

August 17, 1956

Memorandum
To: Operating Committee, DMEA, Washington, D. C.
From: Field Team, DMEA, Region V, Knoxville, Tennessee

Subject: DMEA-27L); (Manganese-nicket-cobalt)
L. W. King, M. D., Salem, Ohio
J. H. Artz land, Bradley and Hamilton Counties, Termessee

Reference is made to Mr. Mittendorf's letter of August 2
to the Applicant, denying the application. We infer from this that
the results of Dr. King's research under a GSA contract were
negative. '

We have been unable to learn what was done in the way of
metallurgical research by Dr. King, though we understand that he
built a small mill at Salem and shipped a few truckloads of
manganiferous chert from White Oak Mountain to it.

Is there a copy of Dr. King's report to GSA which could
be loaned to us? Although the application has been denied, we
would be interested to know just what has been accomplished.

Ele A e e

Robert A. Laurence
Executive Officer

N -

Member, Bureau of Mines

ﬂ/ﬁ@f N

S
/§*>
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Dr. L. w King
470 L. State Street
Selew, Ohilo

Re: Dooket No. DBA-27RE,
Hanganese-lNickel-Cobalt
J. H. Artz land
. radley and Hamilion Counties,
Tennessee :

Dear Doctor King, }
Refnrence ia mage to your letter of Augnet 3,

1956, éalling our atteuntlion to iteua with whieh you dia-
agreed iu our letter of August 2 pegarding the subject

Prom the copy which yb& enclosed of your letter

ot Augubt 2 to Mr. Clarence A. Predell, Emergeuncy Procure-

cec:

Docket V
- Code 400

ment Service, General Services Administration, wz note that

you plen further discussions of your process with that Ageney. _

We have consulted the report which you called to our btten~
tion. Your information 1s uppreciated.. _ o

In zccordznce with your request, the sbove- -

m;ntioncd corrcbpaszgnue 1s belrg nade a2 part of Docket ﬁo..,‘

DHEA*E?E#

Sincerely yogra, B

c.0. MﬂMmﬂmu{_A/'
‘ ]

/

Admini#trator

Adm, Read. File
Oper. Comm, :
®. Kiilsgaard, USGS
H. T. Reno, USBH

.FT, Reg _ -
'WSMartin/ls 8/15/56 : v » e
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Reports on

King Hydrocholoric Acid Process for Extraction
of Manganese, Nickel, and Cobalt

(1) Preliminary Report, The L. W. King Hydrochioric Acid Leaching
Process for Nickeliferous Manganese Ores, dated August 10, 1955,
by P. M. Ambrose and J. E. Conley.

Extract from "Conclusions and Recommendations": (pp.4-5)

"With the present set-up and operating procedures, there
is no sound basis for evaluating the process as to grade of
ore treated, recoveries possible, costs of chemical reagents
and estimated total production costs. Cost estimates are
further complicated by the proposed plan to manufacture the
hydrochloric acid by the salt-cake process using salt and
sulfuric acid. i

o x »

(2) Report No. 2, King Hydrochloric Acid Process for Extraction of
Manganese, Nickel, and Cobalt from White Oak Mountaln, Tennessee,
Manganese Ore Contract DMP-103, Pilot-Plant Inspection and
Monitoring of L. W. King Facilities, Salem, Ohio, from August
30 to September 9, 1955. Report dated November 3, 1955, written
by Ralph C. Kirly, and John E. Conley, Eastern Experiment Station,

College Park, Md.

Extract from "Comments": (pp. 28-30)

"Poor results are'not necessarily inherent in this process.
Some of the reasons for-them, together with suggestions for
their improvement, are listed below:

" (9 practical suggestions followed). * * * U

(3) Report No. 3, Supplementary Laboratory Investigation Following
Pilot-Plant Inspection and Monitoring of L. W. King Facllities,
Salem, Ohio, from August 30 to September 9, 1955. Report dated
November 21, 1955, written by Ralph C. Kirly and John E. Conley.

Extract from "Comments and Recommendations": (pp. 9-10)

"The results of these tests substantiate the opinions expressed
in Report No. 2. Most of the acid-soluble components can be
leached from the ore. Their selective recoveries will depend on
modification of the King process as demonstrated during the
monitored period.

"The ore was not reduced enough to obtain only MnO. Finer
grinding and efficlent agitation during the leach would help
increase the recoveries. Careful attention must be given to
the analysis of the ore-feed to the process in order to use
enough acid to dissolve most of the Mn, Ni, and Co. If the main
ore body does not contain aluminum-bearing minerals, then caution
must be used during the mining to keep clay overburden out of the
ore.





' L. W. KING, M. D.

470 E. State Street
Salem, Ohio

August 3, 1956

L
K
A
. go'
Mr. C. 0. Mittendorf M
D.M.E.A. Administration J

Dept. of Interior Bldg.
Washington 25, D. C.

Dear Mr., Mittendorf:

I was surprised to receive your letter in reference to Docket
D.M.E"IA.-2744.

Tt contains some inaccuries that I wish to correct by calling them
to your attention, so that this statement which I will mail reg- ~
istered may come to your personal attention.

The second and third paragraphs suggest that as "indicated that the
greater portion of such material etc."--L cannot be classed as ore
by present standards" - is untrue as a pergsal of Bureau of Mines
report # 3 on DMP Contract # 103 of which)pcdoples except the file
copy were collected from them; will corroborate, I presume this re-
port was not made available to you in reference to this application.
I think yoéu personally can see it at the Bureau at College Park on

request.

I will enclose my last application for pilot plant assistance which
will bring you up to date on our work,

Will you please make this letter a part of Docket # D.M.E,A.-2744%

—

Sincerely yours,

L\.'W.\\&«/M_;( Y
L. W. King, M. D.

470 B, State St.
Salem, Ohio.

LWK/mg






' L. W. KING, M. D. .
470 E. State Street » )
Salem, Qhio

August 2, 1956 ' . AUG- 61956

Clarence A. Predell
Acting Chief
Expansion Branch ,
Bmgrgancy Procurcment Service
Goneral Services Administration
Uashington 25, D, C. : :

i

I wish to make a formel application for the construction of a pilot
plant for the recovery of cobaltﬁ Nickel and langanese using South
Appalachian ore vhich exists in "irmense" quantity on our "Vhite Oak
Mountain” Tennessos deposit.

The size of this deposit can be verified by consulting a "Vhite Oak"
file seen by me previously to 1952 in the office of Mr. Norwood ilel-
chior and the subsequent file covering work done under DMPA trenche
ing and DMP Contract #103 (a hydrochloric acid process developed by
me end built at Salem Chic to check this process. )

During this contract we workéd under a mistaken bselief that our poor~
est ore contained an average of 3% for !Mn plus Co, and Ni, This er-
ror led to an overfeed of ore that; on our supervised run during waich
we weighed all input of ors; wasted over 50% of our contained Mn, Co
and N4 because not enough acild was used: It was later shown (see Bur-
eau of Mines roport # 3) that the method, itself was entirely workable,

This mistake was made through a faulty method of analysis that. gave us
a uiiformly 4 % low reading for Mn. This was no% caught by us, or any-
one else to our knowledge prior to our supervised run. Our original
method will work on many types of United States and Stockpile ores ==
and at a profit. This error caused us to carefully re-sxamine all our
date and all procedual methods, we proposed using.

Because our original method involved the manufacture of our own 32804
and Hel, in order to keep costs dovni we obtained a license for the use
of a patented successful H2804 process in operation in Italy and Bhgland
since 1952, ¥ork with this process suggested that our ore, itsclf, con-
tained catylitic material that should theorotically oxidize SO2 (our
starting point) to 803 -~ Hp SO4 at a temperature not over 50°C, We
decided to investigate this. p0531bility. °

8ix montha ngo we started work on this investigation and found that
with our ore ground to =50 Me. the results were oxtremely good., As

" this newly found method made our process very much less costly irx
plant construction, and operation costs;. we re-checked, six weeks ago,
with the Pittsburgh Bureau of liines, wherc wé had gotten all the 1it-
~orature availablo five years ppg¢igusly, and found that a very good






) . L. W. KING, M. D. | @ |

470 E. State Street
Salem, Ohio

2

piece of work had been done and released for publication in 1954 on SOy
leaching on some Uestern Ores, some few of theso ores did not work as
well as ours, due to their different wmalke up. This process works best
with oxide ores sgsuch as found in our, and most othor, South Appalachian
ores.

Ve believe we can develop a successful pilot plant for the recovery of
Nickel, Cobalt and llanganese with good purity of end products with this
method, and at low cost for operation and plant construction.

Ve think such a pilot plant would bo of distinct value, to the country,
as it would make available a worthuvhile contribution to the Cobalt and
Nickel stockpile of the Nation using U. S. ores.

(a) It uses a method, in part, that ve have been working with for six
yeal‘s .

(b) Our indepehdent laboratory results parallel the Bowlder City pub-
"lished reports,

(¢) It will cost ua nothing for our plant site and only for stripping
the ore in Tennessee, which is an advantage.

(d) I can get an experienced construction man on plant construction;
he has just finished the construction of two limestone mining and
processing plants wvhich, through necessity, must bs very officient
plants to operate profitably.

(e) I can get the design services of a recently retired top flight ex- -

perienced engineer who has designed among many other large projects,

over a dozen 802 burnera that have been used successfully in the
paper industry over the last twenty years.

(f) We have built, and have in operation improved controls for auto-
matically controlling all critical steps of the procoess.

(g) We have a lot of experience in this work and have come up with
some independently found methods that we have found later have
been in use in the world somewhere, as well as some nev maethods of

worth of our own. One of these is tho carbonyl separation of Nickel
used in CGermany in Vorld War II but marked "Reostricted and Confident-

ial"™ here., Pilot plant work on this Nickel separation definitely
should be done in this country. (8ee our reports for the last five
yoars in conformation of our work on this process).

(h) Such a pilot plant should be built to actually run about ten to
twonty tens per day, each day, this is the way you correct faults

.and work out bugs found in operation.






o . L. W. KING, M. D. ‘

470 E. State Street
Salem, Ohio

8

1) I think wo are familiar with pilot plant construction, as to re-
cords, nothoda of proceduro, and can roally save anney on such an
operation.

{(3) %o aro not attenpting to dovolop a patented procodure vhore anyone
would have to bo liconsed $o use it, Whis in itsolf I think, nor-

i¢s considoration of our proposal.

() Ve can complote this vork in about a yeoar and a ﬁalf if we got o
- roagonable "o ahoad” date to utilﬁge tho summor and fall seasons

for conatruetion.

will you, at your convonienge, sot up on inteorvicw vith mo on this pro-
jeet? Uany questions will probably occur to you, and your board that
I can poseibly ancwer and dvcunens, and you will have plenty of thems
in vievw of gour familiarity #ith the vork done through the departaent
eovering tho I, €O and Wi projocts to date, end our work on DifF}103.

I have a pigned 10%%@? from the Socretary "that data portinent to your
application, now hold by the Department of The Interior, will be made
freely available to the engineering stalff of General 8ervicos A&ninﬂat—
ration” o .

This to&ether with material we porsonally have aaveloped in the }ast
s8ixt years will be vorth goiné ovar

A personol roply that you have seen thie request will bo appreciated.

Yours truly,

Lo W, Hing, M« Do
470 3. State Bt.
Salen, Ohio. -

LV g
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Dr. L. W. King
470 E. State Street
Salem, Ohio v

Re: Docket No. DMEA-274h,
Manganese-Nickel-Cobalt
J. H. Arte land _
Bradley and Hamilton Counties,
Tennesgee

Dear Doctor King.

RcferenCQ is made to the subject application aated
Octover 22, 1552, and our subseguent discussions with you.
As you are aware, that application has been held 1n abeyance
in consideration of the information and correspondence which
you have had with the General Services Administration, and
other agencles of the Government, relative to the problem of
beneficlating the particular type of mlneralized mcteriai
,occurring on the captioned property. _

: hxploration already completea on the same prOperty ’
under Contract No. . 1dm-kE83, our Docket No. DMA-176X, his
indicated the presence of appreciable tonnages of material
containing cobalt and manganese, but does not show that your
property has definlte promise of ylelding products of accept- .

_able grade in quantities that will significantly improve the
mineral supply position for the National Defense Program.
The subJect request was for exploration assistance in extend-
‘ing the explored areas. The new work might indicate additional
tonnages similar in character to the deposits already explored.

It 1s our understanding, however, that metallurgical
tests have net indicated that the greater proportion of such
material can be economically treated to yleld a satisfactory
product. Consequently, unless further tests produce a satis-
factory metallurgical process, additlonal exploration by the
Government would be unwarranted in any area where we could :
expect to find only similar deposits of material which cannot
be classed as ore by present standards. '






. ee:

_We have held final astion on your request for
additional exploration assistance in abeyance for more than
two years in order to allow ample time for completion of
your metallurgical tests. The DMEA cannot indefinitely
postpone action on applications under such circumstances.
We therefore regret to advise that your application for
additional exploration assistance is denled, However, 1f -
at some future time the metallurgy of cobalt-manganese
deposits of this type 1s satisfactorily solved, we shall be
glad to consider 2 revised application for additional ex-

. ploration assistance.

We wish to thank you for your interest in the

v;DﬂEA prog ram: and for bringing your property to our atten-

tion.

Sincerely. yours, )
ﬁ' 0. Mittendm-( ( *,{: gord

s

\

S b)/////. . o Administrator
DocketY . ‘ . o I '

Code 400

" .. Adm. Read. File .

Oper. Committee
T. Kiilsgaard, USGS
W. McInnis, USBM

. Field Team, Region V

‘WSMartin/FEJohnson/ls .

7/26/56





October 22, 1352, and Yur subseyuent discussions

»

470 E. State Street
Salen, Uhlo

‘Re: Dpeket No. DMEA-ITES,
Hanganese-hickel-Cobait
J. H. Artz land
Bradley end Hamilton Countia
Tennessee ,/’ﬁ,

Dear Doctor King:

We*;rence I mide bo the subject sppilecpbion Gatec
Aith jou.

Ag you are awarec, that ep zgtion hae L3en neld in aueyanes
in conslideration of the \! z“ corredpondence which
you have hsad wlth the Ge ;ral Services Admiydsiration, ana

other agenclas of the Govfrnment to the provlen of

Ject rreperty under Contract N £EE3, our vocket No.
DN'-176X, has indicated the predengé of appreciavle tonnages
of cobali-teiring manganucsc minedgliizatlion, it does not show
thzt your property has definite pfiomise of yielding asteri.lsz
of tcoeptalle grade $n guantiti¢s that will siguifiesatly

‘ (or the Kational Pefense
Program. The subJest request/was for\ exploratlion assiatsnce
in extending the explored spé

zdditionzal reserves #imil:y in eharzetex to those contained

in the deposita airexdy ofplored.

It is sur understending thet metd
to date h ve ust indicéted that the greater 'ropartion of
euch material 23y be econowieally treated t¢ YWield & satig-
factory praduct. 1If that 1s 3he czee, uinissu Yurtuer tesgs
produce v satiesfsctory metallurglesl procesu, addition::

<. where we could expect to find only simii.v —?Oﬁlﬁs.af
materlial ~hich caunat be clsssed as ore Ry preseat \ptanduirds.
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We have held final action on your reqguest for
additional exploration assistance in asbeyance/for more than
two years pending satisfactory completion of/the wetallur-
glcal testings. The DMEA cannot indefinitely poatpone sctien
on applicetions, and we feel sufficient time heas been allowed
to complete the teats, Under the circ nees, thsrefore,
<e regret to advise that your application for sdditional
exploration assistance is deniasd) Howefer, if at some future
time the metallurgy of cobalt-manjanesg deposits of this type
is matisfactorily solved, we shsll\ be /xlad to consider a
revised application for additionzl\exploration assistance.

We wish to thenk you for jour intersst in the DMEA
program snd for bringing your propgriy to our attentlon.

Sinferely yours,

Docketv////

Code 400
Adm. Read. Flle
Oper. Committee.
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. T. Kiilsgaard, USGS

W. McInnis, USBM . = .
Field Team, Reglon Vv -
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fov el by My, Millew

Dear Dr, King:

mention¥ Mr, Melcher who was.at the/‘/
4

/l\

Interior/ Washington 25, D. C.

v. M Hen dor & (\3{4‘ d tope of 1% o

My, Clavermece A. Frede| w\"L\ o ¢o jgp I "
- Bes- eSAMMeMQ Build dag’, Reom Sovl ) 7*‘«@ Gw
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; To: Mr. Mittendorf
3 Room 4459

(For your information)

From: Mr. Liebert
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L. W. King, M. D.
470 E. State Street

e 2
a go/Salem, Ohio

January 87, 1956

2372]

* “
Mr. Arthar Sherman ' .
Oeneral Servises Administratio

7th & D 8%, Res DMPA Ceatraet-103
Washington 85, D. O,

Dear Mr, Shermant

Since our last repert fellewing the Bureau of Nines repert we have been
busy.

Singe findimg that owr ere is mush rieher in Manganess than Sests showe:,
owing to basie errers in analysis, due %o type of ere as contrasted wit-
a satisfastory steel amalysis method; we have been re-exsmining all of
our "major premises."

One - Our Whitse Oak depesits is one of the riehest in sombined Mn, Co and
Ny in reporsed literature, econsider ease of mining and resovery, and
Shat the ameunt of ore availabdle 1s "immense®.

Two - Our outlined methed of reeovery will make momey. Om a re-examinat-
fon of every step, ve have ccme wp with a real improvement ia eost of
operation and eost of imstallation, that has preved out em a ladboratory
scale - we are stepping it up Scome hundred pound rums, and so far have
run inte no Mifr ties, In the mext couple woeks, after analysis has
been checked by a eommereial laboratory, think we will have something that
will be of inSeress,

We are rebuilding all ouwr automatie ocontrols e incorperate inbuilt check

poinss on operation. Sueh things should have beea buils in originals sard

then me question of reliabilisy ef information would have arisen and there
will be me stupid refusals $o believe indicated resulss. (Ore reehness

for exsmple will be reeognised). '

Four = Our nation needs Niekel and Cobalt and canm wse Mamganese, Our
work in niekel and cebals separatiom is pregressing well., Ome eommercial
firm has approched wus on eur eombined preeipitate, se our success
\ in this work is only of finaneial interest to us - not $o the feasibility
v of our installation.

Will ecall you seen and make arrangements %0 go over this latess work with
you,

. Yours truly,

(signed) Ly Vw Kidgy, n.D.
to kr. Predell 470 R. State 3%,
r. Leibhart Salem, Ohilo,

- X /ma





R 10/12/55 ...
DMEA 2744  _L.W.KING

GSA's letter of T7/1/55 from here in DC
said- King had June, July & August to finish
his work re White Oaks Mountain, Tenn., deposit

& report expected in September. Perhaps we
should now send a follow-up to ask for same.

1s
WAl xﬂgv«Ale \&f3 d ‘DLeww_CG0i ~
YZL@W\twj o~ Fred M dbs Lt Nov. |

s ’g’sé/””;‘j? 25 Ffomal repdt FT \
/‘7&/}/’?‘/ /"6((,‘«‘.’/[,/&4/ Nov! /2, 15557, /’o% ‘





DMEA, Washingpo

ADMINISTRATION <

T
Emergency Procurement Service
\& Washington 25, D. C.
1& Hiy 1, 1955 |
Q// In reply refer %o; XK
Exscutive Officer RECEIVED

. INEA Field Toam, Degion ¥
Roenm 13 Pect Office Hldg.

- JUL - 5 1088
Xaoxvilie 2, Tennassee Re: L, W, King

Wy

Dear ¥r. Laurence:

ferwarded by him to us fer reply. '

" Om Septewber 3, 195k GSA sigeed a comtract with Br. LI We
¥ing, whersunder he waz 1o erect and operats, by mess of a grant
of Government fumds, a small-scale pilot plant.wpon his premises in
Salem, Cite, The cbjective of this pilet planmt project was to test
the practicability of a process which he had devised fer extracking
and separating Ma, Nt amd Co contained in low-grade, matural deposits
in the Umited States.

One such deposit is the one sitmated at White Osks Newn-
t2in, Tennsssee, which Br, King controls. A fow months agoe be exga-
vated froa that deposit, and transported to Salem, about 100 tems of

 material far use in the pilot plmt.

According to original eontract erms, the pilet plmt werk
was to have been completed by Jume of this year. But, becamse of un-
foresoen cireumstances s ich delayed the work, GSA granted am sxtension
of three months,

The pﬂotplanthasbminoperaﬁonsimowﬁthn&k
i3 now well advamced. It is expescted that final reperts upea the pilet
plant work will be available in September,

* ‘/-\). .
VYery traly yours,
TolAY. .
R co m
Aeting Casef, Expansicn Brameh
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January 11, 1956
Mr. Martin:

L. W. KING, DMEA 2744

GSA 1ltr of 7/1/55 said King had through August to finish
work at White Oaks Mountain, Tenn., and his report expected in
September,

On November 15 when you phoned GSA, you learned that
GSA at that time had "no report yet." :

When and is GSA expecting a report???
, |
-7 ! . 1s |
_ (o (leed M@(ooué"ﬂlb ,,//o/sé No vegsewn ‘4‘D {ausl\ ‘
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UNITED STATES ' ‘

DEPARTMENT OF THE INTERIOR e iy
DEFENSE MINERALS EXPLORATION ADMINISTRATION R fadim
'WASHINGTON 25, D. C. SUR AT,
ROOM 13 POST OFFICE BLDG. -
'KNOXVILLE 2, TENN.
June 22, 1955
| Mr. Sigmund J. Sadow N
Emergency Procurement Service Cozd oo ned & - o ‘

General Services Administration
c/o Cramet, P. 0. Box 8157 ,
Chattanooga, Tennessee - o »
e Re: Docket No. DiEA-27LL o

- (Manganese-nickel-cobalt)

L. W. King, applicent S
) J. B. Artz land, Bradley and
- _ Hamilton Counties, Tennessee .
Dear Hr. Sadow: -

Some time ago, Dr. L. W. King of Salem, Ohio, filed an

- application for aid in further exploration of cobalt-bearing _
manganege deposits on White Uak Mountain in Bradley and Hamilton - .
Counties, Tennessee. e did not recommend approval, because it -
could not be demonstrated that the known deposits were of commercial
grade. However, the application was kept open while Dr. King con-

- tinued his research.’ . ' S

e . It is my understanding that his pilot plant, financed
under a research contraet with General Services Administration is
- about to go into operation. Because the results of that project
%1l to a very large extent influence any decision as to further
action on Dr. King's exploration spplication, I would greatly
appreciate it if you could keep thiz office advised as to the
progress of the research project. Also, if any considerable amount
of material is being mined for this project, it is probabls that
.we will want to inspect the mine workings. . Any informatien you
can provide will be helpful to us. . , ST -

Yery truly yours,

v Bobért A, Laurence
" .. Executive Officer
. DiEA Field Team, Region V

RAL/mg -

cc - Operating Cogmittee (2)e—
- Lyneh = -. -
Allsman
Clemmons

Pavlides = . .- S





DOCKET

- ' B 4& | Surname :
® e
JUN 1 7 1955 | E 7 -

Mr. Robert A. Laurence, Executive Officer
DMEA Field Team, Region V

Room 13, Post Office Building

Xnoxville 2, Tennesgee

Re: Docket No. DMEA 2744 (Manganese-
- Nickel-Cobalt R
L. W. King :
J. H., Artz land
Pradley & Hamilton Counties,
Tennessee _

Dear Mr. Laurence:

, Reference 13 made to your letter of June 10, 1955,
inquiring about the status of the subject application.

From conversations with the staff of the Materials.
Division, Emergency Procurement 3ervice, General Servilces
Administration, we have learned that the plant built for
the resecarch project on Mr, King's process 18 about to go
into operation. In another three months, the preliminary
work in that plant should be completed and we should be -
able to draw some conclusions about the merits of the pro-
posed process, ' : : ' . -

' : It is suggested that you arrange to be kept

advised of the progress of this same research project by = -
the local GSA representative: Mr, Sigmund J. Sadow, Emer-.
gency Procurement Service, (General Services Administration, -

c¢/o Cramet, P. O. Box 8157, Chattanooga, Tennessée,
Please let us know if our suggestion is feasible.
- Sincerely yours, ' '

George C, Selfrides ., _ .

o . | Cheirran, Operating Committe
Approved: . cc: Dockete "

©  Je He Hedge$ ' ~ ) -~ Adm. Read. File
e ’ éééi] Oper., Committee -
Member, Bureau of Mines = . Code 400 :

Thor Kiilsgaard, USGS .

. . ) 1 . rd > .
Thor H Kn sgaa M G. DeHuff, USBM ¢)
. . ‘

Member, Geological Survey . "FT, Reg. V

. WSMartin:(--) - | |
6/1%1/‘55‘n (‘ _)' @Q‘.





UNITED STATES
DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION

RO®MSHIRGSPIOEFICEGLDA, - WA/\

KNOXVILLE 2, TENN.

: LT .
June 10, 1955 TR
Jirr, g
Memorandum
To: Operating Committee, DMEA - Washington
Froms Executive Officer, DMEA Field Team; Region V

Subject: DMEA-27hli (Cabolt-Manganese=Nickel) L. W. King, et al,
Salem, Ohio, J. H. Artz Land, Bradley-Hamilton
Counties, Tennessee, :

We are still carrying the subject application in our

active files, although there has been no correspondence; or other

activity, since October 23, 1953,

Is this application still active, or has it been withdrawm?

At B
U;Sk i Robert A, Laurence
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Called Materials Division, EPS 11-16-5/

They executed contract with L. W. King
9/3/54 for construction of pilot plant,

Cost to Government $30,000.00
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_IENNESSEE SAMPIZS, NOS. 373-T AND 37heT, WHITE OAK MOUNTAIN MINE

;.:_-, usted in our August progress reporbts determinations for cobalt and
cl:el were made on the sink products from the hesvy media and heavy liquid
sevebion of the o1 +1/L" and <1/ +35 mesh fractions of samples 373=T
: m. 274-T and also on the conceéntrates of two preliminary flotation tesis.
Ja@ the vesults seemed somewhat ervatic, those products were re-assayed and
soherminations also were made on the various obher preducihs involved in the
tso The manganese resuvlts of these tests were given in our July progress
orb bub for convenience also are mcluded below with those of cobalt and

:;cmplc 373-T « Combined Resulis of Heavy Media Separation of =17 <1/l and
Heavy Liquid Separation of =1/h" +35 mesh fractions

% 4 ¢ ¢ € Distribution
Assayed Head - ' : 1438 0,16 0,78
Calculated Head 100,00 15.1h 0,25 0,76 100.00 100,00 1.00.00

<1t +1/h" float abt 2,389 sp. gr. 27,63 551 0.0h 0,24 10,086 hky  7.69
S0 +1/4" sink ot 2,389 and 2,670 31,12 21,90 O.hY 1.0 45,00 51.80 L2.87
<1/L" +35 mesh float ab 2.60 7.06 3,91 0.03 0,15 1,73 0,86 1.0
«1/" +35 mesh sink at 2,60, 2,80,

z 2,91 16,72 30,0k 0,60 1,72 33,17 L0.73 38,09
«35 mesh fra:i*oion (untreated) _ 17.47 8.70 0,03 O.h43 10,0k 2,12 9.95
Combined =1 +35 mesh floab 34,69  Holl 0.0h 0,20 11.79 5.35 9,09
Combined =1" #35 mesh sink h7.8L 2k.75 O.L8 1.28 78.,17 92,53 80,96

Sample 37heT - Combined Results of Heavy Media Separation of -1" +1/L" and
Heavy Liquid Separation of =1/L" +35 mesh fractions

A A % e % Distribution

Assayed Head 14,99 0.13 0,21
Calcvlated Head 100,00 14,97 0.13 0,21 100,00 100,00 100,00
<1 +1/)" float at 2.30 sp. gr. 21,21 1.84 0,07 0.08 7,85 11.Lk 8,2
<1 +1/L" sink at 2,30 and 2.56 19,60 7023 0,38 0.23 B.50 57,39 21.82
<1/L" 435 mesh float at 2,60 sp., gr.18.62 1.1 0.02 0,09 5.27 3,06 8,23
~1/4" +35 mesh sink at 2,60, 2.80, ‘

2,92 5.27 24,60 0,43 0,80 26,07 17.29 20,37
«35 mesh fraction 35,30 .55 0,0L 0.2L 32,31 10,82 11.37
Combined ~1" +35 mesh float 39,83 1.6L4 0,04 0,09 13,12 1L4.50 15.Lis
Combined 1" +35 mesh sink 2587 10,91 0,39 0.35 5L.57 Th.68 L2.19





Flotebion Tests on Samples 373-T and 374<T

Deseminstions for cobalt and nickel were made on the products from the two pre-

iininary flotation tests on samples 373=T and 37h<T, the manganese results of
wiich were first given in our July progress report. The manganese, cobalt and
rickel determinations are given belows ' '

Sample 373=T - Test No, 2

% - % % % % - % % ¢ Distribution

Wi Ma P Co M - Si0p Aoy M o m

Assayed Head ' 14,38 2.0 0,16 0,78 50,38 11.84

Caleulated Head 10000 1h.75 0,13 0,72 : 1.00,00 100,00 100,00
Concentrate 30,16 29,22 0.1l 1.h9 13,50 17,10 59,76 38.33 62,69
Middling No. 1 8,29) '

Viddling Mo, 2 3.86) .

Middling Mo, 3 2,36) 6.35 0,10 0,22 , 6,25 13.17 Loh5
Middling No. h 7035 22088 . 0012 1,10 1-101!»0 8&01 il, 28
Middling Wo. 5 hoT1l 23,32 0,12 1.17 ToLS  5.13
T:’}ijilﬂg ’.&3027 5016 0009 0023 150114 35036
Cembined Concto + -

¥Midd, No. ).l & Wo, 5 h2522 279% . 0013 103? 78061 39097 81:66

Sample 37h=T = Tegb No. 1

% % % % 4 % % 4 Distribution

Wee Mo - Fo  Co ML §i0p A203 Mo TCo o HL
issayed Head . ‘ 1,99 2,98 0,13 0,21 77.h9 L.26
Calevlated Head 100,00 L.55 0,12 0,18 . 100,00 300,00 100,00
Concentrate 16,99 22,23 0,35 0,97 22,23 6,35 82,6 19,08 89.1h
Middling Moo 1 19.75) :
Middling No, 2 T 3.2h) ,
Middling Yo, 3 0.58) 1.51 0,06 0,06 7.82 11.67 765
Tailing : 59kl 0,73 0,08 0,01 9,54 39.25 3.2
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for ithe purpose of obtaiming an additional check on the cobalt and nickel con-
nent of samples 373-T and 374=T, a flqtation test was made on each lot producing
¢y a rougher concentrate and tailing. The products wers assayed with the following

o aybR Ao 34

Sample 373-T, Test No, @2

% % % % g . % 9 Distribution

i Ha Go Ni 3102 A1203 Hn Lo Ni
Assayed Head 14,38 0.16 0,78 50.38  11.8L
Caleulated Head 100,00 1403 0.24 0.61 100,00 100,00 100,00
Rougher Concemtrate50,00 22,211 0,34 1.0h  * * 78,82 70,83 85525
Roughsr Tailing 50,00 5.9 0.1l 0,18 21,18 29,17 1h.75

Semple 37TL=T, Test No, 27

% 4 % ¢ 7 A % Distribution

Wt Ma  Co ML 3102  A030n Lo M
Assayed Head el 4,99 0,13 0,21 77.h9  L.2
Calculated Head 100,00 5,07 00,15 0.2L 100,00 100,00 100,00
Roughe? concen. 230 23 18076 0055 0061 w® % 85092 81.!.073 67022
Rougher Tailing  76.77 ~ 0,93 0.03 0,09 14,08 15,27 32,78

# Deberminations for silica and alumina were not made on the rougher concentrates
from above tests No, 22 and No., 27 bubt would be high in both cases.

The foregoing results of determinations for nickel and cobalt, particulariy the
latter, still seem somewhat erratic. The analyst reporis that the low cobali con~
tent adds to the difficulty of the determination. It is noted, however; that less
difficulty seems to be experienced with sample 37heT than with 373-T although the
cobalt content of the latter is somewhat higher. In general, it appears that the

~ eobalt conbent of sample 373-T mayle on the order of 0,2L% rather then 0.16% as in-
dicated by direct assay of the original head sample. In preliminary flotation test
Wo. 2 on sample 373-T, the calculated head is only 0,11%¢ cobalt and re-assay of the
concentrate did nob albter this rasult appreciably. As the 0,117 cobalt compares
with & calculated head of 0,2L% in test Wo. 22, further investigation will be wmede
of the cobalt analytical results ontest No. 2 products. ' '

Additional Flotation Testing on Samples 373-T and 37h-T

A number of additional flotation tests were conducted on samples 373=T and 37h<T
attempbting to produce concentrates having highér mangamese and lower silica and
alumina contents. In general, the results therefrom were not better than in ear-
lier tests which appears dus to the close association of a portion of the silica
and alumina, particularly the latiter, with the manganese.

Flotation of gravity concentrates will be trieds
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UNITED STATES ~ Loo

DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION
WASHINGTON 25, D. C.

DoctoiLe We King
L70 East\State Street

Salem, Ohio_
\\ Re: Docket No. 27Ll .- Manganese, cobalt,
N and nickel _
AN L, W, King, C. K, Scotty & Le Re King,
o partners

N The Je H, Artz land.
. Bradley and Hamilton Counties, Tenn.

Dear Dr. King:

Your application for additional exploration assistance on the
above-referenced property and other data available to us in Washington

\

have been carefully reviewed, .

Projects approved by the Defense Minerals Exploration Admine
istration must, in its judgment, show definite promise of yielding
materials of acceptable grade in quantities that will significantly
improve the mineral supply’position for the National Defense Program,

Exploration already completed oh_ the subject property under
Contract No., Idm-E83, our Docket No. DMA 176X, has indicated the
presence of appreciable tonnages of cobalt-bearing manganese minerali-
zation, The subject request was for exploration assistance in extending
the explored areas, The new work might indicate additional reserves
similar in character to those contained in the degosits already explored,

Metallurgical tests to date have not indicated that the greater
proportion: of such material can be economically treated to yield a
satisfactory product., Therefore, unless further testing produces a satis-
factory metallurgical process, additional exploration b;\;i;\ the Government
would be unwarranted in any area where we could expect to find only
similar deposits of material which cannot be classed as ore. by present
standards, - \'\

' . kN

o Under the circumstances, we regret to advise that we are

unable to approve a project for additional exploration of your property.
~However, if at some future date the metallurgy of cobalt-bearing manganese
" deposits of this type is satisfactorily solved, we shall be glad to cone
sider a revised application for assistance to explore for additional
reserves of this' type of material, If such request is made by you, please
refer to the subject docket,

A






a ®
o @

We wish to thank you for your interest in the Defense Minerals
Exploration Program and for bringing this property to our attention.

~ Sincerely yours,

Administrator





Doctor L, W. Xing o
k70 East State Street
Salem, Ohio

, partters - o -
The J, H. Arts land

.- Your application for saditicual explaration assistance on the =
above-referenced property and other data available to us in Weshington
Projects approved by the Defense Minerals Explorstion Admin-
istraticn wmst, in ite Judgmemt, show definmite promise of yielding - -

materials of scoeriable grade in quantitiss that will significantly
ismprove the minemal supply position for the mamlnafm Progrexm.

Exploration already completed un the subject property wader

- Contract Ho. Idm-E33, our Docket No. DMA 176X, has indicated the.

. presenoce oI appreciable tomnages of cobalt-bearing mangamese minereli-
sation. The subject request was for exploration sssistance in

- he explored areas. The new work might indicates additional reserves '
similar in character to those contained in the dvpalit.: alrveady explored,

proportion  of sich mterial cem be eeencmisally treated to yisld S
argawboqm. Dharefors, wmilses further testing produces & setis-
anmm,wwmmwmw,
wuld bs unarrmnted ia any ares where we could expeot to find oaly
mmmue&nwmmmtumaamwm

: Under the circumstances, we regret to advise that we are _
vnable to approve a preject for additional exploration of your property.
However, 4f at some future date the metallurgy of cobali-bearing mengansse
depesite of this type is satisfactorily solved, we shall be glad to con-
~#ider & vevised application for assgistapos to explore for additional a
reserves of this type of materisal., If such request is made by you, please
refer to the subject docket. ' ' ' , : '





We wish to thank you for your interest in the Defense Minerals

mploration Progra end for bringing this proparty to owr a.ttmﬁon.
Sinccroly yours,

| Adninistrator

FARU’I‘IEDGEzroc )
- 6m23-5) / )

cc to: Docket
: Code 400
Admr, Reading F:L'Le
Operating Comm,
FT, Reg. VII
Louis Pavlides, USGS
~ Gilbert DeHuff, USBM
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UNITED STATES
DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS EXPLORATION ADMINISTRATION

WASHINGTON 25, D.C.

June 23, 1954
MEMORANDUM\/
To: Administrator, DMEA
From: Iron and Ferro-Alloys Division, DMEA

Subjects Denial of exploration project in the amount of $25,000,00
Docket No. 27hl; - Manganese, cobalt, and nickel
L. W, King, Ce Ko Scott, & L. Re King, Partners
The Jo He Artz land
Bradley and Hamilton Counties, Tennessee

The denial of the subject application by this Division is
based on the following informations

le Dr. King requested additional exploration assistance to
further extend the known reserves delimited under DMEA Contract
No. Idm-E83, Docket No, DMA 176X, The mineralized material in-
vestigated under this exploration contract was not considered to
warrant certification,

2+ The property to be explored is the same as that covered
by the previous application, Docket No, DMA 176X, The land consists
of 963 acres, located partly in Bradley County and partly in Hamilton
County, Tennessee, being in the White Oazk Mountain area and known as
the Jo He Artz land,

3« The ore sought for was a cobalt oxide which was known to
occur at shallow depths with the oxides of manganese and iron. The
cobalt seems to be either adsorbed on the mangenese minerals as a
cobalt oxide or to be a constituent of the manganese minerals.
Lithiophorite, Lip (Mn, Co, Ni)p Alg My, One = 1 H,0, has been
identified as occurring at the White Qak MoUhtain deposits The
cobalt-manganese deposits are considered to be supergene., In the
area explored, the deposits occur as near surface replacements,
incrustations, and fracture fillings in the Fort Paynme chert.

Exploration under Contract No., Idm-E83 consisted of four
trenches varying from L to 17 feet in depth, aggregating 1350 feet
in length, and two test pits 16 and 38 feet in depth, respectivelye.
The results of this work indicated that there is no continuity in
the physical characteristics of the deposits. The cobalt-bearing
manganese is erratically distributed along joints, bedding planes,






fractures, and other openings in the chert, and in residual material
derived from the cherty beds,

Based upon the results of the exploration and the analyses by
the Operator, the Operator calculated that the trenching indicated
9,600,000 tons of material averaging 0.20 percent cobalt, or
38,100,000 pounds of contained cobalt, The DMEA Field Team calculated
557,000 tons averaging 0,16 percent cobalt, or 1,790,000 pounds of
contained cobalt, '

As there was some doubt of the accuracy of the Operator's
analyses, check samples were run, Twenty of the thirty samples rerun
by the Operator were also analyzed by the Bureau of Mines, The re-
sults follow:

PERCENT COBALT
Operator Operator Bureau of Mines
original check check
Unweighted average
30 samples 06387 04238
Unweighted average : o
20 samples 0.491 04347 0,207

If the grade of .the reserves calculated by the Field Team is
reduced in proportion to that indicated by the Bureau of Mines check
samples, the material would contain (0,16 x 0.L42) 0.067 percent cobalt,
On this basis, the reserves contain 746,380 pounds of cobalt.

Analyses of twenty of the samples for manganese were made by
the Operator and the Bureau of Mines with the following results:

Operator - 6.9 percent
Bureau of Mines - 7,0 percent

The above .cited averages contain one high sample of wad from
which it is doubtful if commercial recovery could be made, With
this sample eliminated, the rest averaged L.5 and 5.8 percent
manganese as determined by the Operator and the Bureau of Mines,
respectively, '

The metallurgical treatment of this type and grade of ore for
the recovery of cobalt, manganese, and nickel has not yet been
perfected on a commercial basis, Similar ores of much higher grade
may be treated in an electrolytic manganese plant and the residues,
principally cobalt, recovered from the cells,

-2 -





The Applicant has proposed a plant to recover the cobalt,
nickel, and manganese. At present there is a possibility that the
Government through the Emergency Procurement Service, General Service
Administration, may participate in the construction of a small pilot
plant, Mr. King's cost data were based on treating an ore, mined
by selective stripping, that would contain in excess of 10 percent
manganese, O.li percent cobalt, O.l percent nickel., No appreciable
reserves of this grade have been delimited.

L. The anticipated reserves are expected to be similar to
those already explored under the prior contract (Contract No,
Idm-E83). Until it has been proven that such material can be
treated to yield satisfactory products, additional exploration for
this type of cobalt-bearing manganese deposits is unwarranted,

§. Mr, King has several times been advised during conferences
with DMEA that additional exploration assistance will not be granted
until the feasibility of his metallurgical plant has been proven,

‘ é. The Commodity Division of the Geological Survey recommends
denial, ' ‘

7. The Commodity Division of the Bureau of Mines has recommend-
ed that until satisfactory proof of a feasible process for recovery
could be demonstrated, the deposit should be considered noncommercial,
and concurs with denial of the subject application,

W5 4 atin,

We Se Martin, Chief
Iron and Ferro-Alloys Division
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The J. H. Arts land .
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The denial of the subject appnuﬁ.mb:mmﬂnonu

’Mmmmnginfomm

1. Dr. Xing requested Mﬁm& mp}nnumud.ﬁm tn .;_ e

mmmmmmmwmmmmmt
No. Idm-F83, Docket No. DMA 176X, The mineralized matevial im~
mﬁuwmmmmmmm econyidered to

: . warrant certificatien.

. ldentified as

2 mmwmexpmmnmmumtm

by the previous application, Decket No, DML 176X, mmmu 4
of 963 acres, located partly in Bradley County and partly in Hsmilion

m,w,mmwmummmuhumu

0 the J.H, Avts lad.

S 36 Thrm-wght m ixieh knowm %6
cocur 3t shallow depihe W emidu manganees aad iren., The
,eomtmiobacitmm the mangensse ninerels as a

ﬁmtmﬂanlzc?e.mxmummmxm.
thdcphorite, Iy l‘h,co,!!. na go,mbu‘
opewrring at )Ebi &Dwgw.nmt. The
oobali-manganese deposits are coosidersd to be supergens. In the
aved explaored, the deposits occur as near swrface replacenscds,

v,mm,mmmmmmmm?wm

Paployatien under Contyact No. Mamgrm

. tremches varying frem § to 17 fest in depth, aggregating 1350 fest

in length, and two test pits 36 and 38 feet in depth, respectively,

. The results of this work indicated that there is no contimdty in
' the physiocel characteristics of the depesits. The cobeli-bearing
g ,-_mummmmmmmm,mpm,






z:mtxm-, andatheropeminth- cbn!t, mdmmidmlnurhl

derived fyom the cherty beds,

Buednpmthemuhtafthocxpmmmdmmlymby

the Operator, the Opsrater caleulated that the trenching indicat-od

9,600,000 tons of material averaging 0,20 psrcent cobalt,
35 5400,000 pounds of comtained eebalt. The DMEA Pield Tcan cahmt.ed

557,000 tons averaging 0,16 pomt eobalt, or 1,790;000 pomd: of
, contﬁ.ned cobalt,

As there was some ebubt of the ascuracy of the Operam‘l

| ahalyaea, check samples wers 1un. Twenty of the thirty samples m |
;bythoq»ratorwreahommzodbythemreauofmmu. Thlrw :

sultes follow:
Quratcr Qperator Bu:mm et !B.ne:‘
. o orfiginal ~  check . check .
" Unweighted average - o .
30 ssuples . 0.387. - 00238
Urmig}tt.ed average . o : - B Sl
© 20 smples - . . o.h91 oy 06207

If the grade of the reserves calcuhted by the Fisld Team 18

" reduced in proportion to that indicated by .the Burean of Mines chack

samples, the material would contain (0.16 x 0.142) 0.067 percent cobalt. .
On this basis, the reserves contain 716,380 pounds of cobalt, - -~ ‘

“Analyses of twenty of the aa.mples for mAnganese were made by

the Operator and the Bureau of Mines with the follmdng resmltu .

Operator - 6.9 percent
Bureau of !ﬁma - 7.0 perceht
The above cited mragea omunom high sampie of wad fyom

which 4t is doubtful 4if commercial recevery could be made. With

this sample eliminatad, the yest averaged li,5 and 5.8 percent
nengansss as dotem:mod by the Oparatcr and the Bureaun of Mines,

respectively.

'I'Mmstaum-gicalmamntoftlﬁs t‘ype mdg'adnoforator

the recovery of cobalt,; mangamsse, and nickel has not yet been
perfected on a commercial basis, Siwilar ores of much higher grade .

may be treated in an electrolytic mmnganese plant and ’a‘ne m.tduu,

~ principally coba.lt, recovered from the eona.
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by selsctive atriéping, that would contatn in excess of 10 percent
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1dw-E83). Until it has betr proven tha
treated to yisld satisfactory products
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vnder the prior contract (Contract ¥o,

% such naterial can be
» additional a@hntion Lor

- this type of cobalt-bearing manganess deposits is ‘unwarranted,

8. The Commodity Division of the

*

The Commodity Divisien of the Bureau of Mines has recommend-

ed tha% mtil satiafactory proof of & feasible precess for resovery =~ . -
- could bs demonstrated, the deposit should be considered noncomaercial,

ad concurs with demdal of the subject
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application, R

We 5. Martin, Chief
Iron and Ferro-Alloys Division .
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COPY of letter transmitted by Mr. D. H. Schnee, Executive“f
Director, Minerals and Metals Advisory Board, to
Mr. Irving Gumbel, Acting Director,. Materials Division,
EPS, GSA. (Transcribed from telephone dictation.

January 19, 1954

Mr. D. H. Schnee, Executive Director
Minerals and Metals Advisory Board
National Research Council

2101 Constitution Avenue

Washington 25, D. C.

Dear Mr. Schnee:

The proposal of Dr. L. W. King for the recovery of
cobalt, nickel, and manganese from White Oak Mountain ores
in Tennessee has been circulated amongst the Manganese Panel.
Additional information concerning the proposal made available
by Dr. King through Mr. Long's visit to the King laboratory -
and the various visits of Dr. King to the M.M.A.B. offices
was also clrculated along with the proposal.

Comments from the members of the Panel were not favor—
able to the proposal and Mr. Critchett, Chairman of the
Cobalt Panel, likewlse commented unfavorably

The Manganese Panel is of the opinlon that the White
Oak Mountain ore deposits have not been adequately explored
to determine the quantity of ore available, nor has the grade
of the deposit been sufficiently established to predict the
success of this exploration. The Panel is also of the opinion
that the chemical operations involved in Dr. King's proposal,
although cleverly conceived and fitted together, are neverthe-
less very complex and quite involved. On the limited scale of
operations proposed for this plan, i1t is believed that 1t
would be cheaper and certainly much simpler to purchase the
necessary chemicals rather than to build up chemical plants,
the operation and coordination of which would needlessly com-
plicate the main purpose of recovering the nickel, cobalt,
and manganese from the ores., In addition, it is believed that
the chemical separations proposed would be less sharp, and
hence less perfect, than Dr. King performed, and that to attain
the recoveries anticipated would involve multiple precipitation
in handling at great expense. The Panel also expressed doubt
that the potential production of these metals available from
the ores was of sufficient size to be of national importance.
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In view of these comments, it is suggested that
~ Mr. Gumbel be informed that the Manganese Panel does not

recommend that the King proposal be given Government support.

Very truly yours,
Signed: M. J. DAY

Chairman, Manganese Panel






s ‘ .  bag s 'FILE COPY
< . ( SURNAME:
UNITED STATES ' '
DEPARTMENT OF THE INTERIOR

DEFENSE MINERALS ADMl—NlSTRATlO.N
WASHINGTON 25, D. C. ’

NOV & 1953

Mr. Robert A. Lamrence, Excentive Nfficer
I!WA Field Team, Region VII

Room 13, Post Office Building. -
Knoxville 2, Tennessee

Re: Docket Ho. DMEA 2744 -
Honganese and Cobalt
Le e King et al,
"he J. He Artz land '
Bradley and Eanilton counties. '

x.ermegge

Deer Mr. Laﬁrence:

For your 1nfomation we are enclosmg *wo copiecs of a.

renly to our letter of f‘ctober 23, 1953, from Cla.rcnce A. Fredell,

Lcting Ohief, uxpa.nsion Branch. Iaterials: Diusion. Energency Pro-

curement Service, General uervices A@inistratmn.

Sincerely yours,

George C. Selfridge
 Cheirmen, Operating Cormitteé

- Enclosure : ce: DOCKET
- o ' 'FT, REG. VII
£PFROVED: o . 7 CODE 400 -
‘ : : - OPER. COMM,

ADM. READ. FILE

Je H; Hedges LOUIS PAVLIDES, USGS

' - . GIIBERT DE HUFF, .USEM
Member, Puresu of Mineep@@ ,
A R Kinkel, Jr, | fﬁgﬁ;d‘g"/ ls - o
Hember, Geologicel Survey w @\ )





) _ D;;;’;'Eﬁ
GENERAL SERVICES ADMINISTRATION pangoros

Emergency Procurement Service
Washington 25, D. C.

. October 28, 1953
In Reply Refer Tos EDE

Mr. Frank E. JohnsonJ Wé”’l
Acting Administrator R
Defense Minersls Exploration
Administration ‘
Department of the Interior
Washington 25, D. C.

Ret Docket No. DMEA 27hb
King, Scott & King

Dear Mr., Johnson:

Reference is made to your letter of October 23, 1953,
addressed to Mr. Irving Gumbel, Director, Materials Division, requesting
a copy of the field report on this application.

In comnection with the determination of the economic
treatment of the mineral, the field investigation is being conducted by
the s and Metals Advisory Board of the National Academy of Sciences.

¥hen_ their recommendations of this entity are made to this Agency, we
shall be glad to pass them on to you for your consideration.

A N
T S g

Very truly yours,

Clarence A, Fredell
Acting Chief
Expansion Branch





' : FILE COPY
‘ - SURNAME:

WASHINGTON 25, 'Dr C.

0CT 2 3 1953

Mr, Irving Gunbel, Director ’ o e

Materials Division , . e '

Emergency Procurement Semce SR ’ S
General Services &M.nistraﬁon - : .

Haahington 25, D, 2

Re: Docket No. DMEA 27 - Hanganese
- . and Cobalt
L. W, King et al,
The Jo He Artz land

Dear Mr, Gumbe}:

- Reference is made to the sub:}ect applicamon for explorauon
agsistance from Mr, King who previously completed an exploration

. prejecg on the same property under Contract No. I&u—KBs, Dacket No.
. . -DMk 176X,

We were aware that Mr, King also had a related production
application on file with the Defense Materials Procurement Adminige
- tration, now the Materials Division, ‘Emergency Procurement Service,
- General Services Administration, and we have bean holding the refer- .
. enced exploration application in abeyance until it could be determined
' uhether the *ore™ might be economieally treated.

- It has recently hen called to our attention that GSA has .
requested a field examination, Therefore, when your field report has

- been completed, it would be a preciated if you would fuz'nzsh us with

: copies i’or onr cenaidsratmn.

' Sincere}y yours »

. FARutledge:foc 4  Frank EJ
10_23-%3 . / | : ‘ ohnson
ces ngekeﬁoo B AchG Aministrator

ET, REG, 7 ,
. Admr, Reading File
Operating Comm,

Phillip Guild, USGS

He W, Davis, USBM | | o ,
| o gl ‘1%

~ UNITED STATES |
DEPARTMENT-OF THE INTERIOR m”—ﬁe el
DEFENSE MINERALS ADMINISTRATION Uadin

_and Hamilton ‘Cmmtipsv E‘em. _—
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UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D. C.

m”. 1952

Kemoranchum
Tot George C. Selfridge
Fromt Y. P Theger

Subjeet: DHSA 2744 ~ Cobnlt-mamgansse
: L’o Xe m
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Salmm, O,
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. ‘ IN REPLY REFER TO:

UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D.C.

Hemowrandum

Tes George C. Selfridge

From: Te P Thayer ,
bjests DN 274 - Johnlt-aanganees

L. 3
L T Mﬁu deponits, "amneeese

Dr. King pregeses to spend $25,000 more exploring tiw
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0,16 peresnt osbalt metal, later, Durean of Fines check assays nd
appifeants yeohaok showsd the origined asssys vwers asmssbers befvem
50 perewh spd 150 peromwt too high. I the origiml assays are
discounted by half, the "ressrve” of cemtained welal drers to about
900,000 1ha. or 8 pircend.

The Buromn of Mines assays show a definite exrrelation
betvem ¥a i Co in semples, mnmpumuumzum
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. ‘ IN REPLY REFER TO:

UNITED STATES

DEPARTMENT OF THE INTERIOR R
GEOLOGICAL SURVEY . . )
WASHINGTON 25, D. C. Jo -

October 28, 1952

s

Memorandum
To: George Co Selfridge
From: T+ P. Thayer /

Subject:s DMEA 274/ -~ Cobalt-manganese
L. W, King
470 E, State St.
Salem, O,
Artz Mountain deposits, Tennessee

Dr. King proposes to spend $25,000 more exploring the
cobaltiferous manganese deposits which were partly explored by
DMA Project 176, The Field Team estimated reserves of 557,000 short
tons of material containing 1,790,800 1lbs, of cobalt, er averaging
0416 percent cobalt metal., Later, Bureau of Mines check assays and
applicants recheck showed the original assays were somewhere between
50 percent and 250 percent too high. If the original assays are
discounted by half, the "reserve" of contained metal drops to about
900,000 1bs, or .08 percent.

The Bureau of Mines assays show a definite correlation .
between Mn and Co in samples, The ratio of Mn:Co in the 20 check
samples ranges from 7:l to 115:1, probably averaging about 40:l. If o
it were possible to produce a concentrate averaging 20 percent Mn,
N which seems doubtful by ordinary methods, it would average only about
S "“.@Q)S% Co or one pound per ton, if all the cobalt is in the manganese
* “oxldes, Samples of "the one high-grade pocket" showed no ore above

25 percent Mn, and a sample from a small wad deposit assayed 3l.1
percent Mn and 0,51 percent Co.. One pound of cobalt metal per ton,
at $2,50 per pound, would allow only $2.50 for recovery by chemical
methods, assuming that the manganese would carry mining and milling
costs.. The economics of recovering either the manganese or cobalt seem
to be far from known, and extremely doubtful,

Two of the criteria for DMEA exploration projects are the

% availability of a feasible method of treatment, and probability of a
%, significant contribution to the national supply. In this case the
general grade of material likely to be found has been demonstrated,

% and the cobalt content is very low. The Geological Survey sees no

50 point in seeking more material Fm}'c:n.l a method of recovﬁ has been
/ﬁ?&@ developedas . i |
0 . ) b |

% | B \
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Action recommendeds

Deny the application on the grounds that metallurgical
. problems should be solved before more money is spent on exploration,

TF ey

Ts P, Thayer -






: ’Dear Nr. Hittondort~

Sk

. \,,_,___-./
. COoOPY ’
UNITED STATES
DEPARTMENT OF 7H8 mIRIQR
: ‘BUEBAU OF MINES
WASHINGTOK 25, D. C. o
" October 17, 1952 744,.
!t.; '00 00 litt.nd.Orf . ) .‘- - i v L . -. . ” ,4,‘:!:'-4' ﬂ . ' .
" Administrator, P.X.B.A.’ L _ (/‘& .

General Services Buildimg
¥ashington 25, D. C. ' ’ o _
ST . - Re: Docket No. DMA-176X ~
. Manganese~-Cobalt-Nicksl
The J. H. Arts land
“ Bradley snd Hamiltor connties.
v'!ennoslee. Contract Iim-E-83

Buponding to your letter of October 15. 1952. on the extrac-

~ tive process proposed by Dr. L. W. King for treatment in a pilot plant

of 10 tons daily of ore from the J. H. Artz land in !.'ennessee.’ I have
read the material and comont as follows: C

1. !‘he chenistry of hia proposed process appears sound, a.nd.' -

. ,althm:gﬁ I do not expect his separation betwsen nickel and cobalt to be..

clean, there is a market for a considerable amount of mixed nickel and

-codbalt in the permanent magnet ‘industry. King has used as reducing :
_,furnacc for converting manganese to acid-soluble MnO, a design he found

at work in a Baltisore plant making manganese chloride a8 a commercial

. product. He is also cooying the diseelution in hydrochloric acid,

" . which he proposed to make from salt ard sulphuric acid by well-kmown

methods. His precipitation of cobalt and nickel as sulphide by

- hydrogen sulphides is also something that is well known.. Precipitation

of manganese carbonate and calcimation of NuO, is algo well known and

has produced MnO, of battery grade by the steps he describes.

2. 'As to whether Dr. King can be rated ss & competent -

" operator, I have some doubt. I know of no cctmpetent operators im -

his employ. His presentation has been that of an amateur.

3. CGnstrnction costs give details of first cost of equip-
ment, but appear not.to provide for erection and houeing. I have
tried to extend his operating costs to a larger plant, but find few

- economies thet would result with larger tomnage. Also, he has not
_calculated operating capital needed. I therefore aa at s loss to

check his ﬁguroa on nortiza.tion and interest.






‘ 4. Dr. Xing's early operation will de dased on lomding
of selected material without comcentration. Wwhether he knows how
to concentrate his lean ore I do not know. ¥From his description
of the undeveloped area it would appear that more trenches might : -
wvell turn up much mere ore, but he stated to me that you had called .
s balt on crploration until you knew more about vhat he could do = -
with the ore he has already uncovered. : .

. 5 This deposit appoara to have more cobdaltifercus man- : o
ganege than in the usual southern deposits, and ‘1 would like to see' C o
it in more conpetont hands and given a better examination. It -~ . ..
could provide a plant to which the small lots of ore from elsevhere .
could be shipped. %The niekel content is small in terms of national -
needs, but acceptadble for what it is worth. The market for battery

~ grade manganese ore is small, bdut not too small to take the output =
. from this operation if Dr. King can show thzt he can make an a.ccept-
' able produot. ‘ .

: Sinc_erely yours,

“/s/ 0. ¢. Ealston

0. C. Ralston
. Chief Metallurgist

cc: Mr. Paul Zinner .
Mr. B. B. Melcher
Extra copy to Hr. Mittendort
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STANDARD FORM No. 64 a&,& %@ M

TO

FROM

SUBJECT :

Oﬂ‘ice Mema’dndum « UNITED STﬂEs GOVERNMENT

Mr. C. O. Mittendorf, Administrator, DMEA DATE: October 31, 1952

Iron and Ferro-Alloy Division, DMEA

- Metallurgy

Dockets Nos. 176 and 2744 (Cobalt—Nickel-Manganese)
Dr. L. W. King, et al.

The J. H. Artz land ,

Bradley and Hamilton Counties, Tennessee

The writer met with Mr. O. C. Ralston, Chief Metallurgist -
of the Bureau of Mines, and Messrs. Mann and Brussolo of DMPA, on
the morning of October 30 to discuss the metallurgical probdblems
set forth in our letter of October 15 to Mr. Balston, copies of
which were sent to Mr. Howard Young on the same date.

After discussion of the entire matter for some time it
was learned that the Signal Corp was buying part of the manganese
production of a subsidized l-ton chemical plant at 20 cents a
pound for batteries. This compares to 5 cents a pound for African
ore. Industry is also buying part of the product. The plant is
being enlarged to 10 tons and uses from 10 to 30 percent crude ore.
Other projected manganese chemical plants were also mentioned.

With regard to King's process, it appears feasible,
There is a market for a mixed nicksl~cobalt product, The iromn
and manganese can be separated, the iron precipitating at a Ph of 4.
The megnesium content is not known and should be a minimum as it
comes down with the Mn003. The amount of acid is 0.K.

Mr. Ralston spoke of other smaller dbut richer cobalt-
mangenese deposits that might ship to such & plant. The U. S.
Geological Survey has a 1list. DMPA made tentative arrangements
to have a emall representative lot beneficiated by the Bureau of
Mines at Tuscaloosa to learn if a richer feed could be obtained
for the chemical plant.

Our problem regarding further exploration was explained.
Mr. Mann's office is studying the matter of the proposed chemical
plant. If the grade of the "ore" promises possible economic feasi-
bility (possibly with subsidies), the DMPA will so advise us. If
i1ts report is favorable, it will then be up to DMEA to provide for
further exploration to increase the now indicated tonnage to a figure
sufficiently large to warrant the proposed plant,

G. C. Selfridge, Chief
Iron and Ferro-~-Alloy Division






October 2L, 1952

Doctor L. Y. King
170 E. State Street Subj ehs IMEA-27LL
Selem, Ohio Re: eﬁﬁbloration #ssistance

'

My dear Doctor Kings

The receipt of your application dated OCtOPer 22, 1952

for exploration assistance under the Defense Production Act of 1950,

as amended, is hereby acknowledged.

Your application has been assigned Docket Number MEA-27Lk

and referred to the Iron and Ferro-Alloy Division.

DMEA-2TLl

Kindly refer to in any future correspondence

reia%ing to your application.
Sincerely yours,
‘ RN
Robert E. Adams

Chief, Operation Control
and Statisties Division

-+ 25451










e MEL0S UNITED s’Es DEPARTMENT OF THE INTE Form Approve
DEFENSE NERALS EXPLORATION ADMINISTRATIO

Not to be filled in by applicant -

APPLICATION FOR AID IN AN 4
EXPLORATION PROJECT, PURSUANT TO Docket, No. ‘4”“/”7’5‘

Metal or Mineral I .

-DMEA ORDER 1, UNDER THE DEFENSE , Date Recoived . £22 = e 8 = 52/
PRODUCTION ACT OF 1950, AS AMENDED Estimated Cost

Participation (Government %) ____________ . R

INSTRUCTIONS

1. Name of applicant.—(a) State here your full legal name, in the form in which you will wish to contract, and your

mailing address: __.____. L. W. King, M..D, ; : -
L70 E. Sta%e Street

A vartnership. Partners: Cecil K. Seatb, Lanell B. King o Addrass.as. above..

(b) If other than an individual, add to your name above whether a corporation, partnership, etc., and the name of the State
in which incorporated or otherwise organized. .

(¢) If a corporation, add to above statement, titles, names and addresses of officers.
(d) If a partnership, add to the above statement the names and addresses of all partners.

2. General.—Read DMEA Order 1, “Government Aid in Defense Exploration Projects,” before completing this application.
Submit this application and all accompanying papers in quadruplicate (four copies), with your name and address on each
sheet of the application and on all accompanying papers. Where sufficient space is not provided on the form for all required
information, state it on an accompanying paper, with a reference in each case to the instruction to which it refers by number:
Comply with all applicable instructions; or, if not applicable, so state. File the application with Defense Minerals Exploration
Administration, Department of the Interior, Washington 25, D. C., or with the nearest field executive officer thereof. .

) 3. Applicant’s property rights.—(a) State the legal description of the land upon which you wish to explore, including all
land whlch you possess or control that may be benefited by the exploratlon, and excluding any land or interest in land. wh1ch is

(b) State any mine name by which the property is known., None
(c¢) State your interest in the land, whether owner, lessee, purchaser under contract, or otherwise Jessee

(d) If you are not the owner, submit with this application a copy of the lease, contract, or other document under which
- you control the property. See Docket DMA 176.

(e) If you own the land, describe any liens or encumbrances on it .. NOV _applicable .

(f) If the land consists of unpatented claims, add to the description above, the book and page numbers for each recorded
location notice. None - n ;

4. Physical description.—(a) Describe in detail any mining or exploration operations which have been or now are being
conducted upon the land, including existing mine workings and production facilities. State your interest, if any, in such
operations. Also describe accessibility of mine workings for examination purposes. See DMA Docket 176

(b) State past and current production, and ore reserves, if any, giving quantities and grades. Above,

(¢) Describe the geologic features of the property, including mineralization, type of deposit (vein, bedded, etc.), and your
reasons -for wishing to explore. Illustrate with maps or sketches. Send with your application (but not necessarily as a part
of it) any geologic or engineering report, assay maps, or other technologic information you may have, indicating on each
whether you require its return to you. !

(d) State the facts with respect to the accessibility of the project: Access roads, distances to shipping, supply and residence

points. . |
(e) State the avallablllty of manpower, materials, supphgg? QEE?F,%EE I“}Etéul H power, Above, 3 s
Befense Minerels Adminiration : 6005
REGEIVED

0CT 231952
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5. The exploration projec ) State the mineral or minerals for which ‘v-ish to explore Cobalt, e
Nickel, Ma¥zanese,

(b) Describe fully the proposed work, including a map or sketch of the property showing a plan (and eross sections if needed)
of any present mine workings, and the location of the proposed exploration work as related to such features as contacts,
veins, ore-bearing beds, ete.  See DT\,,A Docket 176

(¢) The work will start within 30 days and be completed within _FOUL'__ months from the date of an exploration

project contract.

(d) State the operating experience and background of the applicant with relation f'etW}}I’_je_ a{})éhtg t %arl;g 1811;'1 s%cll}oﬁxé)cgc‘

ration project, and also that of the person or persons who will S\tper%se th_e W ]f}‘% Personn el unchange d.
6. Estimate of costs.—Furnish a detailed estimate of the costs o %e proposed work (you will have to use a separate sheet),

under the following headings. Add the totals under all headings to give the estimated total cost of the project:

(a) Independent contracts.— (Note.—If the applicant does not intend to let any of the work to contractors, write “none”
after this item. To the extent that the work is to be contracted, do not repeat the cost of the contract-work in subsequent
items.) State the cost of any proposed independent contracts for the performance of all or any part of the work, expressed in
terms of units of work (such as per foot of drilling, per foot of drlftmg, per hour of bulldozer operations, per cubic yard
of material moved, etc.).

. (b) Labor, supervision, consultants.—Include an itemized schedule of numbers, classes and rates of wages, salaries or fees
for necessary labor, supervision and engineering and geological consultants.

(c) Operating materials and supplies.—Furnish an itemized list, mcludmg items of equlpment costing less than $50 each,
and power, water and fuel.

(d) Operating equipment.—Furnish an itemized list of any operatmg equipment’to be rented, purchased, or which is. owned
and will be furnished by the Operator, with the estimated rental, purchase price, or suggested use-allowance based on present
value, as the case may be.

(e) Rehabilitation and repairs.—Furnish a detailed list showing the cost of any necessary initial rehabilitation or repairs
of existing buildings, installations, fixtures, and movable operating equipment, now owned by the Operator and which will be
devoted to the exploration project.

(f) New buildings, improvements, installations~—Furnish a detailed hst showing the cost of any necessary buildings, fixed
improvements, or installations to be purchased, installed or constructed for the benefit of the exploration project.

" (g) Miscellaneous.—Furnish a detailed list showing the cost of repairs to and maintenance of operating equipment (not
including initial rehabilitation or repairs of the Operator’s equipment), analytical work, accounting, workmen’s compensation
and employers liability insurance, and payroll taxes.

(h) Contin, %% é —Give an estimate of any necessary allowances for contmgenmes not included in the costs stated above.

" NoTe.—No items of general overhead, corporate management, interest, taxes (other than payroll and sales taxes), or any

other indirect costs, or work performed or costs incurred before the date of the contract, should be included in the
. estimate of costs.
. (a) Are you prepared to furnish your share of the cost of the proposed project in acc01dance with the regulations on
Government participation (Sec. 7, DMEA No. 1)? Yes
' (b) How do you propose tc furnish your share of the costs?

EI - Money Use of equipment owned by you Other

Explain in detail on acompanying paper.

CERTIFICATION

The undersigned, whether as an individual, corporate officer, partner, -or otherwise, both in his own behalf and acting for
the applicant, certifies that the information set forth in this form and accompanying papers is correct and complete, to the best

of his knowledge and belief.

DPated October 22,

o]
""“Title 18, U. S. Code (Crimes), Section 1001, makes it a criminal offense to make a willfully false statement or representation to any depart-
ment or agency of the United States as to any matter within its jurisdiction. .

»
U. 3. GOVERNMENT PRINTING OFFICE 16—68551~1






L. W. King, M.D. (To accompany MF-103)

470 E. State St.
Salem, Ohio.

S(b) Proposed work: Purpose of this project is to extend the previous
work described in DMA Docket 176 which indicated that ore of commercial
grade might exist on the property. This project is to establish definitely
that ore does exist on the property, that the ore occurs in more than one
area, and also, by trenching methods described in DMA 176, would establish
a tonnage measurement of over 1,000,000 tons material.,

Maps, sketches of the property, location of the project are shown in
Docket DMA 176. ‘

This project would consist of trenching to an aggregate depth of 18 feet

and 3 feet wide, to a total lineal length of 5000 feet. Individual

trenches to average 300 feet in length to be placed at any location on

the property in order to explore for ore between the two areas described
~ "North" and "Middle" on maps in Docket DHA 176. /

Estimate of Costs:

(a) No work is to be let under contract.

(b) Labor is included in rental of equipment. This includes workmen's

g ~ compensation, liability insurance. One laborer to drill shot holes,
load, and shoot dynamite, maintain air compressor; includes wages,

transportation to project and workman's compensation. & 1,75 K

Supervision: One general supervisor..........................$BO0.00

(c) Operating materials: Dril steel, rock bits, dynamite caps,
lead wire, battery box, fuel for air COmMPresSSOTesesscesesscsses 500,00

(d) Operating Equipment:
1. One TD 1l International Tractor with bull dozing blade;
operator, oiler, fuel, lubrication, maintenance ta:be
rented for total of $12.00 per hour.

2. One 1/2 yard Insley Deisel powered shovel with 1/2
yard back hoe attachment; :operator, oiler, fuel
lubrication, and maintenance to be rented at $12.00 |
per hour,

. 3. One Ingersol-Rand 105 Air compressor, 85 Jack Hammer,
$125.00 per month.

i, One four-wheel drive Universal Willys Jeep $100 per
month, Owned by operator. Includes fuel, oil, insurance.

(e) Rehabilitation of existing 10t x 1L' building for the storage
of dymEmite and caps, drill steel and rock bits, air hose,
fuel’ oil, repair parts, maps, etC.........'l.".t'D.."...Q.l.lso.oo

Rehabilitation of existing access roads within the property...120.00

CONCLUSION: The total 5000 lineal feet of trenching can be accomplished at a

Total cost of $5.00 per lineal foot which includes all equipment, personnel,
E%Eeggélgé etc. Thus the entire project is estimated not to cost over
I’ . .

S





MF-203 OWNER'S CONSENT TO LIEN

WHEREAS, the undersigned, as owner, ‘co-owner, lessor, or seller has an interest in certain

— HAMIL T QA
property in the State of TevpESsSes , County of3ﬂﬁbl’ey , descrifed as

follows:

E & Doc L &7 DA 1T

which is the subject of a phoposed exploration project contract, hereinaffer called the "contract",
between the United States of Wmerica, hereinafter called the "Governmegt", and

2/ L. RIDG pMP. r cEcre. )X, Seo

7 /d
Low gy 2 \K//u&,, CA_ jnﬂiwﬂ

hereinafter called the "Qperator"; and

WHEREAS, under certain provisions
side hereof, the Government is entitled to a p
rights and equities which do or may conflict wit e adverse to the interest of the undersigned
in said property;

NOW THEREFORE, the undersigned, in copSideRation of said contract and as an inducement
to the Government to enter into same, undertak

1. The Government's equity in a right to diymantle, sever, take possession of, and

.remove and dispose of facilities, buildings, fixtures, eqw\pment, or other items as provided in

the contract, or any amendment thereof, ghall prevail over
flicting or adverse rights of the undergigned, and the Govern
land for such purposes.

d be prior and superior to any con-
nt is authorized to enter upon the

2. To secure the payme to the Government of the perdentage royalty on production3/
provided for under the terms of sdid exploration project contract, &r any amendment thereof which
does not increase the maximum ambunt of the Government's claim here sdated or alter the provisions
for repayment, there is hereby/granted to the Government a lien upon thg land herein described and
upon any production of minergids therefrom, until the royalty claim is fi\ly paid in the amount of
the Government's contributjn, not in excess of 4/% 2—5', fo X2 X%) , or ten
years have elapsed from the date of the contract.

3. The undepSigned shall commit no act nor assert any claim that may contravene or con-
flict with the lien,/claim, or rights of the Government under the provisions\of said contract.
This agreement shal)/be binding upon the heirs, executors, administrators, succesgors, and assigns
of the undersigne )

this @dﬁ"«}&:\; , 195 2_. ‘4 . P ///> ”
it ,jévyzﬂ’%ﬁ- [sea1] Wv’(//
g /}2 v [Seal]

[Seal]

1/ Either (a) insert the legal description of the land, or (b) strike out the words "as follows"
and insert "in a lease [or contract, deed, or other document] dated , and
recorded in book page official records of said county." If (b) is used,
the book and page of recordation cannot be dispensed with. If the space provided is insuf-
ficient, use an Annex, and refer to the Annex in the space.

2/ Insert the name of the Operator as it will appear in the exploration project contract.

3/ Mining or production from the land is not required, and in the absence of production there is
no obligation to repay the Government.

4/ Insert the maximum amount of the Government's contribution.






.

RELEVANT CONTRACT PROVISIONS

Repayment by Operator. (a) If, at any time, the Government considers that a discovery
or a development from which production may be made has resulted from the exploration work, "the
Government, at any time not later than six months after the Operator has rendered the required
final report and final account, may so certify in writing to the Operator. The certification shall
describe broadly or indicate the nature of the discovery or development. In the event of such
certification, any minerals mined or produced from the land described in Article 2 within 10 years
from the date of this contract, including any mined or produced before the certification, shall
be subject to a percentage royalty which the Operator or his successor in interest shall pay to
the Government, upon the net smelter returns, the net concentrator returns, or other net amounts
realized from the sale or other disposition of any such production, in whatever form disposed of,
including ore, concentrates, or metal, until the total amount contributed by the Government, with-
out interest, is fully repaid, or said 10 years have elapsed, whichever occurs first, as follows:

(1) One and one-half (1}) per cent of any such net amounts not in excess of eight dollars
(§8.00) per ton.

(2) One and omne-half (13) per cent of any such net amounts, plus one-half (4) per cent
such net amounts for each additiomal full fifty cents ($0.50) by which such net amounts exceed
eight dollars ($8.00) per ton, but not in excess of five (5) per cent of such net amounts.

(For instance: the percentage royalty on a net amount of five dollars ($5.00) per ton,
would be one and one-half (l4) per cent; onanet amount of ten dollars ($10.00) per ton, three
and one-half (3%4) per cent.)

(b) As here used, "net smelter returns”, "net concentrator returns", and "other net
amounts realized from the sale or other disposition", mean gross revenue from sales; or if not
sold, the market value, the market value of the material after it is mined in the form in which
and the place where it is held. 1In the case of integrated operations in which the material is not
disposed of as such, these terms mean what is or would be gross income from mining operations for
percentage depletion purposes in income tax determination.

(c) To secure the payment of its percentage royalty, the Government shall have and is
hereby granted a lien upon the land described in Article 2 and upon any production of minerals
therefrom, until the royalty claim is extinguished by lapse of time or is fully paid.

(d) This article is not to be construed as imposing any obligation on the Operator or
the Operator's successor in interest to engage in any mining or production operations.

Title to and disposition of property. All facilities, buildings, fixtures, equipment,
or other items costing more than $50.00 each, paid for or purchased with funds contributed jointly
by the Operator and the Government, although title may be taken in the name of the Operator, shall
belong to the Operator and the Government jointly, in proportion to their respective contributionms,
and upon the completion of the work or the termination of the contract shall be disposed of promptly
by the Operator for the joint account of the Government and the Operator, either by return to the
vendor, by sale to others, or purchase by the Operator at a price at least as high as could other-
wise be obtained, as may appear to be for the best interest of the Government, unless the Govern-
ment, in writing, waives its interest in any such item. If necessary to accomplish such dispo-
sition, the Operator shall dismantle, sever from the land, and remove any such item, the cost
thereof to be for the joint account of the parties in proportion to their respective interests.
If the Operator, within 90 days after the receipt of written notice from the Government, fails,
neglects, or refuses to dispose of such property, the Government may itself enter upon the land,
take possession of, and remove and dispose of any such property as above provided.

Interior--Duplicating Section, Washington, D. C. 18264





MF-203 OWNER'S CONSENT TO LIEN

WHEREAS, the undersigned, as owner, co-owner, lessor, or seller has an interest in certain

property in the State of _7 CAMANESS €& , County of BRARDLE Y , described as

follows:}l/

s&E& Do /L &7 L7 FE 175

which is the subject of a proposed exploration project contract, hereinafter called the "contract",
between the United States of America, hereinafter called the "Government", and

2/ L, e, Rimg- M. 2. CEC/E. =< .seo/’?‘,, oA

7 4

Low el & 2. ISIVG , & = PARTAIER St

hereinafter called the "Operator"; and

WHEREAS, under certain provisions of said contract which are set forth on the reverse
side hereof, the Government is entitled to a percentage royalty on production-and to certain other
rights and equities which do or may conflict w1th or be adverse to the interest of the undersigned
in said property;

NOW THEREFORE, the undersigned, in c¢nsideration of said contract and as an inducement
to the Government to enter into same, undertakes) and agrees as follows:

1. The Government's equity in and right to dismantle, sever, take possession of, and
remove and dispose of facilities, buildings, fixtures, equipment, or other items as provided in
the contract, or any amendment thereof, shall prevail over and be prior and superior to any con-
flicting or adverse rights of the undersigned, #nd the Government is authorized to enter upon the
land for such purposes. \

3

2. To secure the payment to the Gove¢rnment of the percentage royalty on production3d/

.provided for under the terms of said exploration project contract, or any amendment thereof which

does not increase the maximum amount of the Goveinment's claim here stated or alter the provisions
for repayment, there is hereby granted to the Gorernment a lien upon the land herein described and
upon any production of minerals therefrom, until the royalty claim is fully paid in the amount of
the Government's contribution, not in excess o 4/% ZLST e X-J=] . , or ten
yoars have elapsed from the date of the contract )

3. The undersigned shall commit no aci nor assert any claim that may contravene or con-
flict with the lien, c¢laim, or rights of the Government under the provisions of said contract.
This agreement shall be binding upon the heirs, executors, administrators, successors, and assigns
of the undersigned.

/day of _OcVobon 195 2.
e T

&_J('%;z_%m/gi 2R 2 [Seal]

Dated this

2z
%

[Seal]
1/ Either (a) insert the legal description of the land, or (b) strike out the words "as follows"
and insert "in a lease [Or contract, deed, or other document] dated , and
recorded in book page official records of said county." If (b) is used,

the book and page of recordation cannot be dispensed with. If the space provided is insuf-
ficient, use an Annex, and refer to the Annex i{n the space.

2/ Insert the name of the Operator as it will appe¢lar in the exploration project contract.

3/ Mining or production from the land is not requlred and in the absence of production there is
no obligation to repay the Government.

4/ Insert the maximum amount of the Government's ¢ontribution.

3

T
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RELEVANT CONTRACT PROVISIONS

Repayment by Operator. (a) If, at any time, the Government considers that a discovery
or a development from which production may be made has resulted from the exploration work, the
Government, at any time not later than six months after the Operator has rendered the required
final report and final account, may so certify in writing to the Operator. The certification shall
describe broadly or indicate the nature of the discovery or development. In the event of such
certification, any minerals mined or produced from the land described in Article 2 within 10 years
from the date of this contract, including any mined or produced before the certification, shall
be subject to a percentage royalty which the Operator or his successor in interest shall pay to
the Government, upon the net smelter returns, the net concentrator returns, or other net amounts
realized from the sale or other disposition of any such production, in whatever form disposed of,
including ore, concentrates, or metal, until the total amount contributed by the Government, with-
out interest, is fully repaid, or said 10 years have elapsed, whichever occurs first, as follows:

(1) One and ome-half (14) per cent of any such net amounts not in excess of eight dollars
($8.00) per ton.

(2) One and one-half (1%) per cent of any such net amountis, plus one-half (4) per cent
such net amounts for each additional full fifty cents ($0.50) by which such net amounts exceed
eight dollars ($8.00) per ton, but not in excess of five (5) per cent of such net amounts.

(For instance: the percentage royalty on a net amount of five dollars ($5.00) per ton,
would be one and one-half (1%) per cent; onanet amount of ten dollars ($10.00) per ton, three
and one-half (3%) per cent.)

(b) As here used, '"net smelter returns", "net concentrator returns", and "other net
amounts realized from the sale or other disposition", mean gross revenue from sales; or if not
sold, the market value, the market value of the material after it is mined in the form in which
and the place where it is held. 1In the case of integrated operations in which the material is not
disposed of as such, these terms mean what is or would be gross income from mining operations for
percentage depletion purposes in income tax determination.

(¢) To secure the payment of its percentage royalty, the Government shall have and is
hereby granted a lien upon the land described in Article 2 and upon any production of minerals
therefrom, until the royalty claim is extinguished by lapse of time or is fully paid.

(d) This article is not to be construed as imposing any obligation on the Operator or
the Operator's successor in interest to engage in any mining or production operations.

Title to and disposition of property. All facilities, buildings, fixtures, equipment,
or other items costing more than $50.00 each, paid for or purchased with funds contributed jointly
by the Operator and the Government, although title may be taken in the name of the Operator, shall
belong to the Operator and the Government jointly, in proportion to their respective contributions,
and upon the completion of the work or the termination of the contract shall be disposed of promptly
by the Operator for the joint account of the Government and the Operator, either by return to the
vendor, by sale to others, or purchase by -the Operator at a price at least as high as could other-
wise be obtained, as may appear to be for the best interest of the Government,-unless the Govern-
ment, in writing, waives its interest in any such item. If necessary to accomplish such dispo-
sition, the Operator shall dismantle, sever from the land, and remove any such item, the cost
thereof to be for the joint account of the parties in proportion to their respective interests.
If the Operator, within 90 days after the receipt of written notice from the Government, fails,
neglects, or refuses to dispose of such property, the Government may itself enter upon the land,
take possession of, and remove and dispose of any such property as above provided.

Interior--Duplicating Section, Washington, D. C. 18264
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MF-203 OWNER'S CONSENT TO LIEN

WHEREAS, the undersigned, as owner, co-owner, lessor, or seller has an interest in certain

. WA T TR
property in the State of TEDNESS EE , County of ﬂMDL@:Y , described as

follows:1l/

S PRk ET Drgot- 17 %

which is the subject of a proposed exploration project contract, hereinafter called the "contract",
between the United States of America, hereinafter called the "Government", and

2/ o, K06 s1. D CEC L <, ScoF o~y
- 7 Cd cg "

Louwsese . . VoWl 6/ ~+ P/ R THE R S &fr 2

hereinafter called the "Operator"; and

WHEREAS, under certain provisions of said contract which are set forth on the reverse

. side hereof, the Government is entitled to a percentage royalty on production and to certain other

rights and equities which do or may conflict with or be adverse to the interest of the undersigned
in said property;

NOW THEREFORE, the undersigned, in consideration of said contract and as an inducement
to the Government to enter into same, undertakes and agrees as follows:

1. The Government's equity in and right to dismantle, sever, take possession of, and
remove and dispose of facilities, buildings, fixtures, equipment, or other items as provided in
the contract, or any amendment thereof, shall prevail over and be prior and superior to any con-
flicting or adverse rights of the undersigned, and the Government is authorized to enter upon the
land for such purposes.

2. To secure the payment to the Government of the percentage royalty on production3/
provided for under the terms of said exploration project contract, or any amendment thereof which
does not increase the maximum amount of the Government's claim here stated or alter, the provisions
for repayment, there is hereby granted to the Government a lien upon the land herein described and
upon any production of minerals therefrom, until the royalty claim is fully paid in the amount of
the Government's contribution, not in excess of 4/% 2 F ., 002w ' , or ten
years have elapsed from the date of the contract.

3. The undersigned shall commit no act nor assert any claim that may contravene or con-
flict with the lien, claim, or rights of the Government under the provisions of said contract.
This agreement shall be binding upon the heirs, executors, administrators, successors, and assigns
of the undersigned.

Dated this 2.2 “‘%;day of <0’*’*‘%”&""’\- , 195 2.
Iﬁé"ﬂ//_f//// lé"{"’/"/w [sea1]

@@%&_ [sea1]

[Seal]
1/ Either (a) insert the legal description of the land, or (b) strike out the words "as follows"
and insert "in a lease [or contract, deed, or other document] dated , and
recorded in book page official records of said county." If (b) is used,

the book and page of recordation cannot be dispensed with. If the space provided is insuf-
ficient, use an Annex, and refer to the Annex in the space.

2/ Insert the name of the Operator as it will appear in the exploraticn project contract. .

3/ Mining or production from the land is not required, and in the absence of production there is
no obligation to repay the Government. :

4/ Insert the maximum amount of the Government's contribution.





® ®

_ RELEVANT CONTRACT PROVISIONS

Repayment by Operator. (a) If, at any time, the Government considers that a discovery
or a development from which production may be made has resulted from the exploration work, the
Government, at any time not later than six ponths after the Operator has rendered the required
final report and final account, may so certify in writing to the Operator. The certification shall
describe broadly or indicate the nature of the discovery or development. 1In the event of such
certification, any minerals mined or produced from the land described in Article 2 within 10 years
from the date of this contract, including any mined or produced before the certification, shall
be subject to a percentage royalty which the Operator or his successor in interest shall pay to
the Government, upon the net smelter returns, the net concentrator returns, or other net amounts
realized from the sale or other disposition of any such production, in whatever form disposed of,
including ore, concentrates, or metal, until the total amount contributed by the Government, with-
out interest, is fully repaid, or said 10 years have elapsed, whichever occurs first, as follows:

(1) One and one-half (14) per cent of any such net amounts not in excess of eight dollars
($8.00) per ton. .

(2) One and one-half (13) per cent of any such net amounts, plus one-half (%) per cent
such net amounts for each additional full fifty cents ($0.50) by which such net amounts exceed
eight dollars ($8.00) per ton, but not in excess of five (5) per cent of such net amounts.

(For instance: the percentage royalty on a net amount of five dollars ($5.00) per ton,
would be one and one-half (1}) per cent; onanet amount of ten dollars ($10.00) per ton, three
and one-half (34) per cent.) '

(b) As here used, "net smelter returns”, "net concentrator returns", and "other net
amounts realized from the sale or other disposition", mean gross revenue from sales; or if not
sold, the market value, the market value of the material after it is mined in the form in which
and the place where it is held. In the case of integrated operations in which the material is not
disposed of as such, these terms mean what is or would be gross income from mining operations for
percentage depletion purposes in income tax determination. ’

(c) To secure the payment of its percentage royalty, the Government shall have and is
hereby granted a lien upon the land described in Article 2 and upon any production of minerals
therefrom, until the royalty claim is extinguished by lapse of time or is fully paid.

(d) This article is not to be construed as imposing any obligation on the Operator or )

the Operator's successor in interest to engage in any mining or production operations.

Title to and disposition of property. All facilities, buildings, fixtures, equipment,
or other items costing more than $50.00 each, paid for or purchased with funds contributed jointly
by the Operator and the Government, although title may be taken in the name of the Operator, shall
belong to the Operator and the Government jointly, in proportion to their respective contributions,
and upon the completion.of the work or the termination of the contract shall be disposed of promptly
by the Operator for the joint account of the Government and the Operator, either by return to the
vendor, by sale to others, or purchase by the. Operator at a price at least as high as could other-
wise be obtained, as may appear to be for the best interest of the Government, unless the Govern-
ment, in writing, waives its interest in any such item. If necessary to accomplish such dispo-
sition, the Operator shall dismantle, sever from the land, and remove any such item, the cost
thereof to be for the joint account of the parties in proportion to their respective interests.
If the Operator, within 90 days after the receipt of written notice from the Government, fails,
neglects, or refuses to dispose of 'such property, the Government may itself enter upon the land,
take possession of, and remove and dispose of any such property as above provided.

Interior--Duplicating Section, Washington, D. C. ) ) 18264
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MF-203 OWNER'S CONSENT TO LIEN

WHEREAS, the undersigned, as owner, co-owner, lessor, or seller has an interest in certain.

o R . . _ _Mﬁm;bvﬁw
property in the State of _[ EMNE SSEE , County of BRADLEY ~ Miescribed as

follows:}l/

s & PO & 7 D v i

.
which is the subject of a proposed exploration project contract, hereinafter called the "contract"”,
between the United States of America, hereinafter called the "Government", and

2/ cew. Kiwe M P CEcre s Scox oA

Lo wee & L, Kon e A PARKT NER S Here,

hereinafter called the "QOperator"; and

WHEREAS, under certain provisions of said contract which are set forth on the reverse
side hereof, the Government is entitled to a percentage royalty on production and to certain other
rights and equities which do or may conflict with or be adverse to the interest of the undersigned
in said property;

NOW THEREFORE, the undersigned, in consideration of said contract and as an inducement
to the Government to enter into same, undertakes and agrees as follows:

1. The Government's equity in and right to dismantle, sever, take possession of, and
remove and dispose of facilities, buildings, fixtures, equipment, or other items as provided in
the contract, or any amendment thereof, shall prevail over and be prior and superior to any con-
flicting or adverse rights of the undersigned, and the Government is authorized to enter upon the
land for such purposes.

2. To secure the payment to the Government of the percentage royalty on production3/
provided for under the terms of said exploration project contract, or any amendment thereof which
does not increase the maximum amount of the Government's claim here stated or alter the provisions
for repayment, there is hereby granted to the Government a lien upon the land herein described and
upon any production of minerals therefrom, until the royalty claim is fully paid in the amount of
the Government's contribution, not in excess of 4/% z__‘—, DO O _» or ten
years have elapsed from the date of the contract.

\

3. The undersigned shall commit no act nor assert any claim that may contravene or con-
flict with the lien, claim, or rights of the Government under the provisions of said contract.
This agreement shall be binding upon the heirs, executors, administrators, successors, and assigns
of the undersigned.

day of 06‘*“3’&“’\— 195 2_.

/;//4/;//7/// 72 o q«‘-’ [sea1l

Dated this _2.2

1/ Either (a) insert the legal description of the land, or (b) strike out the words "as follows"
and insert "in a lease [or contract, deed, or other document] dated , and
recorded in book page official records of said county." 1If (b) is used,
the book and page of recordation cannot be dispensed with. If the space provided is insuf~

’ ficient, use an Annex, and refer to the Annex in the space.

2/ Insert the name of the Operator as it will appear in the exploration project contract.

3/ Mining or production from the land is not required, and in the absence of production there is
no obligation to repay the Government.

4/ Insert the maximum amount of the Government's contribution.






® ®

RELEVANT CONTRACT PROVISIONS

Repayment by Operator. (a) If, at any time, the Government considers that a discovery
or a development from which production may be made has resulted from the exploration work, the
Government, at any time ng} later than six months after the Operator has rendered the required
final report and final account, may so certify in'writing to the Operator. The certification shall
describe broadly or indicate the nature of the discovery or development. In the event of such
certification, any minerals mined or produced from the land described in Article 2 within 10 years
from the date of this contract, including any mined or produced before the certification, shall
be subject to a percentage royalty which the Operator or his successor in interest shall pay to
the Government, upon the net smelter returns, the net concentrator returns, or other net amounts
realized from the sale or other disposition of any such production, in whatever form disposed of,
including ore, concentrates, or metal, until the total amount contributed by the Government, with-
out interest, is fully repaid, or said 10 years have elapsed, whichever occurs first, as follows:

(1) One and one-half (1}4) per cent of any such net amounts not in excess of eight dollars
($8.00) per tonm.

(2) One and one-half (14) per cent of any such net amounts, plus one-half (}) per cent
such net amounts for each additional full fifty cents ($0.50) by which such net amounts exceed
eight dollars ($8.00) per tom, but not in excess of five (5) per cent of such net amounts.

(For instance: the percentage royalty on a net amount of five dollars ($5.00) per ton,
would be one and one-half (1}) per cent; onanet amount of ten dollars ($10.00) per ton, three
and one-half (34) per cent.)

(b) As here used, "net smelter returns", '"net concentrator returns", and "other net
amounts realized from the sale or other disposition", mean gross revenue from sales; or if not
sold, the market value, the market value of the material after it is mined in the form in which
and the place where it is held. In the case of integrated operations in which the material is not
disposed of as such, these terms mean what is or would be gross income from mining operations for
percentage depletion purposes in income tax determination.

(c) To secure the payment of its percentage royalty, the Government shall have and is
hereby granted a lien upon the land described in Article 2 and upon any production of minerals
therefrom, until the royalty claim is extinguished by lapse of time or is fully paid.

(d) This article is not to be construed as imposing any obligation on the Operator or
the Operator's successor in interest to engage in any mining or production operatioms.

Title to and disposition of property. All facilities, buildings, fixtures, equipment,
or other items costing more than $50.00 each, paid for or purchased with funds contributed jointly
by the Operator and the Government, although title may be taken in the name of the Operator, 'shall
belong to the Operator and the Government jointly, in proportion to their respective contributions,
and upon the completion of the work or the termination of the contract shall be disposed of promptly
by the Operator for the joint account of the Government and the Operator, either by return to the
vendor, by sale to others, or purchase by the Operator at a price at least as high as could other-
wise be obtained, as may appear to be for the best interest of the Government, unless the Govern-
ment, in writing, waives its interest in any such item. If necessary to accomplish such dispo-
sition, the Operator shall dismantle, sever from the land, and remove any such item, the cost
thereof to be for the Jjoint account of the parties in proportion to their respective interests.
If the Operator, within 90 days after the receipt of written notice from the Government, fails,
neglects, or refuses to dispose of such property, the Government may itself enter upon the land,
take possession of, and remove and dispose of any such property as above provided.

.
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