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The possibility of cheap electric power for a number of mining areas
in this country has suggested to many the idea of electric smelting of
nonferrous ores in small units at or near the mines.

The electric smelting of nonferrous ores was tested fairly thoroughly
20 years ago by United States Bureau of Mines and by others, and the fact

that it did not achieve continuing workable success in any instance is
sufficient proof that it «irfered no advantages at that time.

Lyon and Keeney ig/ thoroughly investigeted the problems, covering
the possibilities with iron ores, copper orss, lead ores, zinc ores, com-
plex sulphide ores, gold and silver ores, rare-metal concentrates, the.
making of ferraalloys, the construction of fuirnaces, the cost of power,
and conditions under which the electric furnace might be used. They
decided that, excepting iron ores, aluminum, and ferroalloys, electric
smelting was in the experimental stage.

It is the purpose of the present paper to survey the ftechnical and
econom’.c changses that have taken place and to determine whether electric
smelting of ncenferrous ores offers any more promise today than 20 years ago.
The following factors need to be considered especially:

,l; Relative cost of heat from electric power and heat from coke.

2« Ratio of value of recovered metals, especially of gold,to smelting
coste

.3. Improvement in milling practices, especially differential flota-
tion, and its bearing on use of electric furnaces.

4, Advances in technology that make sleciric heating more attractive.

;/7 The Buremu of Mines will welcome reprinting of this paper, provided
ibe following footnots acknowledgment is used: "Reprinted from U. S.
Bureau of Mines Information Circular 6955."

g/ Chief engizser, Metallurgical Division, Us S. Bureau of Mines.

3/ Assistant mining and metallurgical engineer, Metallurgical Division,

U. S. Bureau of Minzsse. N ’ ’

jg/ Lyon, Dorsey A., and Xeeney, Robert M., Possible Applications of the
Electric Furnace to Western Metallurgy: Transe. Ame. Electrochem. Soc.,
vols 24, 1914, pp. 119-147, discussion pp. 1L47-166.
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While most of the current interest in electric smelting relates to
pyritic gold ores, actually more data are available on other ores, notably
zinc and copper.. Accordingly, we shall consider the status of electric
smelting of several types of ores individually, based on the factors
enumerated. ' :

ZINC ORES

In 1916, Lyon, Keeney, and Cullen&/ reviewed the status of electric—
furnace zinc metallurgy in the following terms:

In the metallurgy of nonferrous mstals, the electric furnace
has had a greater application for the treatment of zinc ores than
in the metallurgy of any of the other nonferrous metals except
aluminum. *** the process has not been applied to any great extent
because of the difficulty of condensing the zinc vapor produced
in smelting in the electric furnace. The cause of this difficulty
has not yet been definitely determined. With few exceptions the
work has not been done on a very large scale, and so it may be
said that the electric smelting of zinc ores is still in the ex~
perimental stage.

The foregoing note on smelting zinc ores is followed by a description
of the electric—-furnace process in Sweden. Roasted zinc-lead~silvar slime
was being smelted, but many difficulties presented themselves, although it
was expected that they would be overcome. Current cost $10 per kilowatt—
year, or 0.1l cent per kilowatt—hour.

In 1323 the Bureau of Mines again interested itself in electrothermic
zinc smelting.

O'Harra's reportif containg 11 pages of references on the electro—
thermic metallurgy of zinc. Electrothermic or thermoslectric smelting may
be defined as the reduction of an ore by means of an electric current. It
may be said that more than two-thirds of the zinc metal produced in the
world is derived from the retorting or distilling of roasted concentrates;
the rest results from the electrolytic cr wet treatment of ores. For re-
torting, the heat, which is applied outside, is derived from natural gas,
producer gas, waste heat, coal, or other combustibles. Retorting is not
smelting; it is not simple, and losses are rather high. Neither is the
smelting of zinc ores simple; in fact, in general it is impracticable.

4/ Lyon, Dorsey A., Kcency, Robert M., and Cullen, Joseph F., The
Electric Furnace in'Metallurgical Work: Bull. 77, U. S. Bureau of
‘ Mines, 1916, 216 pp. (Out of print.)
5/ O'Harra, B. M., The Electrothermic Metallurgy of Zinc: Bull. 208,
Bureau of Mines, 1923, 106 ppe
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The first electric furnace for the reduction of zinc ores was de-
vised in 1885. Little was done then until 1900, through to 1915; but
the production of zinc as metal was difficult, most of it being condensed
as blue powder. Later, the electrolytic treatment of ores more or less
directed attention away from electric smelting, Because of the imper-
fections in retorting and in electrolytic processes, the United States
Bureau of Mines and the Missouri School of Mines and Metallurgy undertook
an investigation into the electrothermic metallurgy of zinc. The follow-
ing types. of electric furnaces were found to have been tried by other
workers and are described and illustrated in O'Harra's report: Direct-
resistance, indirect-resistance, radigting-arc, and buried-arc as con-
tinuous and intermittent tyves or as slagging and dry-distillation types.

The greatest obstacle encountered in all the attempts to smelt zinc
orss electrically, and one that has caused the failure of many otherwise
promising attempts, has been the difficulty of condensing the zinc vapor
obtained feom the smelting furnace to liquid zinc. In the earlier work,
the major part of the zinc was invariably obtained as biuve powder, which
clogged the condensers and had to be remelted to obtain a marketable
product.

Complex as is this problem, many complexities arisc in smelting ores.
Zinc is oxjdized by the carbon dioxide formed; the zinc vapor is diluted
by carbon monoxide and is sulphidized by sulphur and sulphur dioxide; also,
fine dust is likely to be carried into the condenser by the rush of evolved
£ases. .

O'Harya says this regarding the possibilities of electric zinc
smeltings -

$he electric smelting of zinc ores for the production of

speltér can now be termed metallurgically feasible. The ques—
tion 0f cost then becomes of .paramount importance. Up to the
present time, the plants in Norway and Sweden are the only
ones ¥hat have been able to achievs success. Little data on
their costs are available, but the plants have been able con-
tinuonsly to maintain and expand their operations during more
than.1l5 years. They are favored by having very cheap power
available, and it is probable that their procegs would not be
practicable in this country [}he United Stateé] Judging from
publighed reports, their metallurgical results are not as gond
‘as ha?e been obtained in much of the work in this country.

- The largest single item of cost in the electrothsrmic process is
electric power. An electric smelter must be near cheap power, A conservae
tive estimate of the requirements of a properly constructed, continuously
operating furnace of 5 to 10 tons daily capacity would seem to be 3,000
to 34500 kwe~hr. per ton of zinc metal produced, smelting a cold charge,
or 2,500 t0 3,000 kwe-hr. with a prehested charge. This consumption should
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be.lowered by larger and standard operatinns. Somewhat more power than
that stated may be requirod by low-grade ores. 1In the Western Stsates,
2U—hour continuous pewer can be obtained at rates of 0.4 to 0.7 cent per
kilowatt—hour, and off-peak power as low as 0.25 cent.

It is metallurgically possible to recover at least 90 to 95 mercent
of the zinc from an ore in an electric furnace in regular oPeration.' Also,
mest of the proposed electrothermic processes recover lead, copper, and
the precious metals as bullion and matte or as =z nroduct in desirable
shape for blast-furnace treatment. Low-zrade and complex ores offer no
difficulty in the electric furnace, and the preseace of impurities is not
detrimental.

The cost of an electrothermic zinc plant will be less than that of
either a retort or an elsctrolytic plant if power is purchased. The pro-
cess has the additional advantage that units of 10 tons ars practicable.

O'Harra concludes as follows:

Each of the three processes - retort, electrolytic, and
electrothermic — has its particular field and there are un—
doubtedly places in this country where the electrothermic
process could be profitably applied.

In the 13 years that have elapsed, however, it has besen impossible to
find any cases, either here or abroad, in which electrothermic zinc smelt-
ing has been profitable, in spite of some rather oxtensive trials, es—
pecially that at Trollhattan, Sweden.

The attempts te smelt zipe ores in the electric furnace in Sweden
have been described by Landis® « Gustav delLaval began to experiment in
the field of electric zinc smelting in 1893, and by 1893 he had developed
a practical but intermittent furnace at Trollhattan, Sweden. By 1902 he
could smelt roasted sphalerite, using coke as a reducing agent and lime
as a flux, =2nd he applied for the first of a long series of patents. In
1303 a company was orgenized, and large plants were built at Trollhattan,
Swaden, and at Sarpsborg, Norway. The former was ruch the larger, employ-
ing 22 furnaces, each of 500 horsepower, during the World War. The early
furnaces were single-phase, with bottom contact and one movable top elec—
trode. The newer furnaces, which had greater hearth area, were provided
with two top electrodes and no bottom connection. Ore of these was merely
suspended in the furnace and lowesred as consumed. Zinc was recovered
partly as liguid metal and partly as powder. As developed td 1925, the
Trollhattan process was one of all-electrothermics involving the use of
four different tyoes of electric furnace on zinc and a fifth for lead re-
fining, if lead was prescnt.

6/ Landis, W. S., The Trollhattan BElectrothermic Zinc Process: Tech Pub.
710, Am. Inst. Min. and Met. Eng., 1936, 24 pp.
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A few details of the process follow, as given by Landis:

The sulphide ores were roasted in a multihearth furnace
and mixed to make the charge as nearly s:1f-fluxing as wmossible.
The smelting operation was carried out in a closed, arc—resis—
tance type of electric furnace. The reaction was essentially
one of reduction and volatilization, the gangue of the ore.
being fluxed to »nroduce a fusible slag. The furnaces were
charged from overhead bins, the charge consisting of a pre-—
mixed roasted ore, flux, and coke breeze; and if copper was
present . in the ore, enough sulphur was left in the charge
to producs a- lowv-grade matte. This smelting furnace handled
all off-grade slags and mattes, togethsr with any residue of-
zinc dust not liquefied in the rotary furnace and the various
residucs from the refining furnaces.

The furnace oncerated in the smelting zone at a tempera-—
ture above 1,400° €. (2,523° F.), and lead and zinc were
volatilized ané left the furnace in vapor form mixed with
carbon monoxide. This gas stroam passed to wator-cooled
condensers, whers the metals droppsd out in the form of a.
vowder and mechanical screw conveyors were provided for
continuously discharging the powder through a suitable seal.
The carbon monoxide passed out through a water sszal and
burnéd at the exit stack. The charactsr of this flame was
an important guide to the furnacc operator.

The slag and matte together ware tapped from the fur-
nace into slag pots, wherc the matte settled to the bottom
and was separated by the older system of "muscular metallurgy."
Gold and silver present in the ores appeared largesly in the
matte, although some silver was volatilizod and recaptured
at a later stage in the process.

The zinc-lead powder removed from the condenscrs was
collected in metal containers, which wsre carried to bins
placed above the rotary furnaces. In these zlectrically

-heated furnaces the powder was given a rolling and tumblin%

at a temperature well above the melting point of zine (759" F.).
A large part of the nowder was rolled into liquid, vhich was
tapped from the rotary furnaces at intervals. The unlique-
fied powder was mechanically discharged through the axis of

" the furnace and, aftor cooling, wag carried back tn the ore~
smelting furnace; hence the name "return powder."

Eventually, the lead-zinc alloy was liquated and yielded refined zinc
slabs and lead pigs, also an iron-silver-copper cake that was sold.
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The power consumption, calculated back to the original zinc ore from
Burma, was 860 Kw.-hr. per ton. The total consumption per metric ton of 57
nmercent material on the three furnaces was 3,335 kwe=hr., or, per ton of
zine recovered, 6,550 kw.—=hr.

Landis makes this statement:

In spite of years of work recorded in volumes of litera—
ture, and an sxpenditure of large sums of monsy, there is not
a single electrothermic zinc smelter operating anywhere in the
world. In this industry the electric furnacs plays only a
secondary vart today.

The Trollhattan enterprise was at a standstill in 1936.

The only electric zinc furnaces operating in the United Stetes are
thogse at Josephtown, Beavaer County, along the Dhio River, Pennsylvania.
They make sinc oxide and are opcrated by the St. Joseph Lead Co., which
treats 57 percent zinc concentrates from its Edwards mine, St. Lawrence
Co.,NYe In the plant ars two Herreshoff l2-hzarth roasters, three Dwight—
Lloyd sinterers, Cottrell precivitators, sulphuric-acid egquipment using
vanadium pentoxide as catalyst, and prehsators, eight Gaskill patented
electrothermic furnaces arranged to make baghouse zinc oxide, which is ad-
vertised as lead-free. The company'!s annual report Tor 1933 said: "The
electric furnaces have proved their eminent suitability for thoe preduction
of lead-free zinc oxide." Power is supplied by the Duguesnc Light Co. plant
near Pittsburgh at 66,000 volts. Six 1,500 kw.—amp. transformers reduce
this to 2,300 volts, and cach furnsce is served by threz 2,300/320/160-volt,
1,800-ampere, single-phase transformers. The process is described by George
F. Weaton in volume 121, Metallurgy of Laad and Zinc, American Instituts of
Mining and Metallurgical Engineers, 1935. The plant vwas designed to troat
120 tons of concentrates daily.

The furnaces havo a bore of 57 inches ~nd are 37 feet over-all in
height. The sinter caks, assaying almost 60 parcent zinc, is broken to Y.
inch size and smaller, and with cnke of similar size is heated to 750° Ce
by natural gas and fed to each furnace, which contains 25 tons nr more.
Electrical cnntact with the charge is made by means of thrze nairs of carben
electrodes; the charge itself constitutes a resistor 57 inches in diameter
and 24 feet long. Between the rotating discharge table and top electrodes
the tempsrature is aporoximately 1,200° C. About 18 hours is required for
the passage nf the charge through a furnace, each of which consumes 29,000
kw.—hr. dailys. The voltage avsorages 265.

The final product veries according to customors'! wishcs, but a typical
example is 99.U4 psrcont zinc oxide, 0.01 tn 0.05 percent lead oxide, 0.002
percent cach of cadmium oxide and ferric oxide, and 0.00 percent sulphur
as the trioxide.
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As is seen by the foregoing description, these electric furnaces are
not actually smelting the zinc concentrates; but use is made of electric
heat to volatilize the zinc which is condensed as oxide. The coke serves a
double function - to vprovide the resistance wath for the electric current
and the carbon for raduction of the zince.

The refractories used in the eloctronthermic furnaces ars described by
Winfield B. MacBride in the Bulletin of ths American Ceramic Sociecty for
December, 1935. It wes found that electrical features of the furance intro-
duced more than the usuel limitationg in rofractories. The furnave wall is
composed of circular sectiong of refractories supiorted on stsel skew-rings,
which ars electrically insulated from the furnace columiis. The principal
slagging elsments that affocted the refractories wore iron oxides and 1ron—
zinc silicates of a fusing temperaturc of 1,120° C.

The major rafractory vnroblems pourtain to the silice and iron solution
attack at high temperature, cxzpansion, vorosity, gracdual disintegration due
to zinec penetration, and coste Eract dimensions of shapes is of importance,
also. Experim:.ntation finally svolved » mix ~f low-alumina grog (minus 10-
mesh, with control of the smount of ﬂ;n lOO—mJ‘h), a ball clay, and 9 to
10 parcent water. The shapes sre fired to 1, 140 Ce The texture is uniform,
the refractory has a metallic ring wh°n ebtrucic, and the porosity averages
15 percent. Low porosity is nn important featurse in any refractory for this
type of furnacc.

The pnssibilities of metallic-zinc production by reduction with solid
fuel and electric hzat would seem tn have been fairly well exhausted. The
economic possibility of ths natural-gas reduction orocess developed in the
Metallurgical Divisinn ~f the Bureau of Mines remeains teo be determined,
however. ’

Briefly, this process, which was first tried in 1230, is as follows 1/:

Maier, of the Burcau »~f Minzs, had discussed the usz ~f methanc for
reducing zinc oxide and prodicted cquilibria at varinus tmmparaturas for the
more importent reactionse. Doorner sxtondsd the study.

Th: gas uscd cnntainsd 80.85 percent CHy., 7.85 parcent Codg, 387
percent Cziy, and smaller amounts of the higher hoemologs. The reducing power
by renctidns analogous to the reactien Zn0 + CHu-yZn(gas) +C0 + 2H, is pro-
portirnal to the carbon cnntent, which in this casc is about 20 percent
higher than that of methane; also, about half »f the rnau91ng prwar of the
higher members was directly utilized.

The experimental retort need nnt be describeds 1t was charged with
sintered concentrates assaying 69 to 70 psrcant zinc, calcines with 68 per-
cent zinc, and zinc dross. All gave satisfactory results. Ths condensation
of the zinc presented difficuities nnt ancountered in current retort practice,
and a greater condensing surface was necded becauss of the lower concentra-
tion of zinc vapor.

Doerncr, He A., Reduction of Zing Ores by.Nab ur Gas: Reot. of Investi-~
y gationg 325%,’Buruau of Mines, Deccmb ryljj DD S
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A recovery of 35 percent is feasible, most of the zinc being recovered
as a metal, and 5 cubic feet of gas will »roduce about 1 pound of metal.
The technical possibility of the process has been demonstrated in the labora-
tory but its economics must be proved on a working scale.

Conclugions Regarding Zinec Ores

To review the status of clsctric zinc smelting in regard to the four
factors cnumerated:

l. Because some solid or zaseous reducing fuel is nccessary, and that
for heat need not be expensive coke, clectric heat must be cheap indeed to
compete with combustion.

2« No type of c¢lectrothermic smelting of zinc lends itself readily
to precious-mztal recovery, although natural-gas reduction would ssem to
be advantageous.

3« Milling improvements make it gencrally unnecessary to consider
complex ores, #s at Trollhattan.

4, The only advance in technnlczy that would scem to affect the situa-
tion is the proposed natural-gass radudtinon process.

COPPER (OHES

%
In considering the smelting of copper nres, Lyaon and Keeney§/ said,
in 1915:

The electric smelting nf copner nres is acthing more than
the substitution of electric heat for the heat derived from the
combustion of cerbsn. Irasmuch =3 the carbon which is used
either in the reverberatory furnace or in the blast furnace
plays no impertant part in the reactirns that teke place in these
furnaces, thers is no reeson, metallurgically, why electric heat
may not be substituted for the hent derived from the combustion
of carbon. In fact, in some cases the reactions would take
place to better advantage in the neutral atmosphere of tho
alectric furnace than in the reducing or partly reducing atmos—
phers of the combustion furnace. Therefore, the practicability
of using the electric furnace for the smelting »f cnpper nres
would largely depend on the relative cnst ~f coke and zlectrie
pPOWET .

§/ Lyvon, Dnrsey A., and Xeeney, Robert M., The Smelting of Copper Ores
in the Electric Furnace: Bull. 81, Burzsu of Mincs, 1915, 80 pp.
(Out of »rint.)
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As the use of the eleciric furnace is not advocated as a
competitor of the comoustion furnace, but as a substitute for it,
in those localities where it is not advisable, because of the
high cost of fuel, to use the combustion furnace, but as a sub-
stitute for the combustion furnacs whers conditions are such as
to warrant its use, sspecially in the treatment’ of copper-bearing
OTE€Se

In this connection it is to be remembasred that the develop~
ment in the electric furnace in the iron industry for the reduction
of iron from its ores was due to neccssitye As a matter of fact,
the field for the electric furnacs in the reduction of iron ores
is limited. Perhaps the same is true as regards the possible
application of the electric furnace to the treatmont of copper
oras; but, judging from the comparative costs, it would seem that
the possibilities nf the electric furnacs for the troatment of
copper ores are greattr than those for the trsetment of iron ores,
because thare is nect o gront a differsncs betwesn the cost of
coke and of electric power in copper-mining districts as there is
in iron-smelting conters. Also, the cnst of electric powsr is
constantly becnming lcSS, through improvements in gas engines
and steam turbines, so that in districts where water vower is nnt
plentiful but chean fuels unsuited to coke-making ars available.
it may be found mare advantageous to use electric heat than the
heat derived from thz combustion of coke.

The roport just cited presocnts, first, a critical discussion of the
possibility of smelting copper ores ih the electric furnace; sscond, the
esults of the experimsntal werk of nther investigators on the electric
smelting of copper; third, the results ~f experimsznts by the authors on the
alectric smelting of native copner concentrates and sulphide copper ores;
and fourth, a comparison of the elsctric furnace with the blast furnace
and reverboratory furnace for copver smelting.

In general, there are three classes of nres that have to be cnngidered
in copper sm2lting - native coprer; the nxides, silicates, and carbonates;
and the sulphides. The third-named pres:nts additional complications.

A number of runs wers made with an electric furnace smelting a fine
Michigan native copper concentrate, and it was concluded that such material
could be smelted to produce a gnnd. 6rade nf black copper without excessive
loss of copver in the slag or otherwise,

To attain the greatest economy in such work, an electric furnace must
be operated continuously. The smaller the scale of operation and the mnre
frequent the interruptinns, the greater will be tho metal losses. A furnace
proposed for reducing nativce copper concentrate would have a smelting
chamber lined with refractory brick, three carbon electrodes susvended ver-
tically through the rnof, and a charging stack lined with firebrick over
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the crucible. In 24 hours (P0-kw. furnace nf this type sh~uld smelt 23
tons of such concentrates assaying 25 to 4O percent covper.

Lyon and Keeney then discuss the smelting of sulphide copper ores in
the ordinary blast furnacc and the possibility of substituting the electric
furnace. They tell of the reductinon of copper nros in Chile and in Europe
rnore than 30 and 20 ycars agn. Then follew the sxperimonts of the Bureau
of Mines in 1915, whose objeciivos were:

l. To determine if thers were any conditions under which electric
smelting without air would be anything b»ut a simple melting operation.

2. To note the percentege of concentration and the sulphur removal.

3+ To study the possibility of condensation of the siemental sulphur

4, To get zeneral figures on power consumption with varying charges.
5« To determines loss:s of zold, silver, and copper.

6. To study the use of a low—-gradzs copper matte as a collecting agent
for gold and silver.

The furnace used by Lyon and Kseney was 11 inches square and 15 inches
deep, lined with firsbrick and with a carbon bottom. Thz crucible, which
had a taphole, was supported on an arch of firebrick. A 2-inch graphite
electrode was lowered into the ton of the crucible and one of like arza
protruded from the bottom. The top was roofed and xept closed tn prevent
escape of sulphur and admission nf air.

Low-grade sulphide copper rre high in sulphur, a gold- and silver~bear-
ing siliceous onrs, and somz rnastzd nre wers smeltad. Twenty runs were
made, and the avarage recovery of five of them was 95 percent of the copper,
90 percent of ths gnld, and 77 percent of the silver. The metals were
collected in a matts and the slags contained little metal. About half of
the gold lost was lost mechanicelly, and a large part of the silver loss was
mechanical and by volatilization. ZElectronde and power consumption were high,
but in a furnace of proper desizn and oporation these would be much lower.
Costs arc discussod - thosc of the electric furnace with those nf the blast

furnacee.

Lyon and Kecney covcred much the same ground in their paper, The
Smelting of Copper Ores in the Electric Furnace, which is to be found in
Transactions 47 of the American Institute of Mining Engineers, 1914. A fair
amount of discussion followed the paper.
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Pigure 1.- Diagrammatic sketch of Westly electric smelting furnace in operation.
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BExperience in Norway

According to Witherell and Skougorﬁ/, large—scale experiments or cam--
paigns in Norway .showed that electric smelting is pragcticable where the
necessary power is available at low cost. The choice of smelting by
electricity or by regular furnaces is a choice of lower power cost as against
high fuel cost. The metallurgical advantages include sulphur conservation,
reduced metal loss, and smaller flux reguirements than for raverberatory
furnaces. The electric furnace is suitable for ores low in sulphur.

At Sulitjelma, Norway, the following quantities of copper mat:rial
were electrically smelted in the.Westly furnace designed by Jens Westly,
metallurgical cngineer for the Sulitjelma Copper Co.

1917 - 2,139 tons of raw concentrates and 2,747 tons of roasted con—
cqntrates,Al918‘~ 1,817 tons of raw concentrates and 3,187 tons of roasted
concentrates; 1919 —~ 215 tons of raw concentrates and 5#6 tons of roasted
concentrates. War conditions in Europe ended rsgular operation, including
the construction of a 3,000-kw. furnace to smelt 100 tons per day and
satisfactory trial runs on zinc ore.

The Testly furnace (Fig. 1) consisted of a nontlltlng boiler e iron
shell lined with standard refractories and with an open arched roof with
regular electrode openings. The electrodes were lowered vertically through
the top. There were throe to gsix of them in lins, dﬂbendlng on furnace
capacity. Their tips dipped into the slag layer but were kept well above
the matte layer. This arrangement takes advsntage of the fact that all
mineral substances that arc electric insulators when cold become high-
registance conductors when above red heat. There was no arc action in normal
running. ZElecctrode consumption was U kilograms per metric ton of material
smelted. . . T

The Westly furnace used 3-phase, 50-cycle, alternating current at 112
to 230 voltse Ths several sizes were of 200 to 900 kw. capacity, and the
power consumed in the. large furnace was less than 700 kw.-hr. per metric
ton of ore smelted. No other fuel was used.

Ore from the Sulitjclma mine consisted of copper pyrite, iron nrrite,
and pyrrhotlte. This was vartly cencentrated, giving a product carrying 6
percent copper, 28 to 30 porcent sulphur, and 28 percent silica. Part of .
the concentrate was roasted and mixed with. the raw portion befors it was
charged into the furnace.. The matte assayesd 30 to Lo bcrc“nt copper and
the slag 0.3 to O.4 percent.

3[ Wltherell C. S., and Skougor, H. E., The Westly Electric Furnacec for
Conper Smeltlng. Eng. and Min. Jour., vol. 113%, March 4, 1022, PP 35o~
301.
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Current Prgectice in Finland

The most recent plant to smelt copper ores electrically is that at
Imatra, Finland, and we ars indebted to Eero Makinen, general manager of
Outokumpu O. Y., for the following information based on questions asked him
through George Orr, United States Consul at Helsinki (Helsingfors). The
company officials arc satisfied with the furnace and will show it to anyone
intcorestede. '

The zlectric furnace is of the resistance typ>, the slag overlying the
matte being the rcsistance. It is cylindrical, measuring 10 meters (33 feet)
in diamcter and U4 meters (13 fesdt) in height. The bottom and walls are
magnosite brick, and the arched roof is "chamotte." The sidc, on which are
four holes for tapping mattc, is jacketed with water—-cooled copper castingse
Othorwise the furnace shell is steel. The throo sloctrodes ars of the con-
tinuous Soderberz tyve, each 1,400 millimsters (50 inches) in dlanotpr. The
alegctric current is Z-phaso 50—cyclc, with 90-110 volts between the electrodes,
and the power load 7,000 kw.

The UY-percent coppor ore from the mine is dressed by flotatinn. Cone
contrates assay 22 to 24 porcont copper and heve a finenoss of 80 percent
through 200-meshe The daily output is 150 metric tons dry welght, and the
concentrates are dricd to 4 to 5 parcent moisture in a rotary xiln.

One~helf of th2 concsntratzs arc reasted in the sulphuric—-acid »nlant,
and the calcine is mixod with raw concentratoes, lims, and quartz sand vith-
out briquetting or agglomeratione The charge is as follows:

Porcent

Raw concentrates seeeceeesescesccencnsseessccsess 38
Raasted . conconiratcs ese.vv.ccececccceanscanersese 35
QIATEZ eeecececrcncccsectossossorsactccccsascacca

LiMEStOME ecescaconancessocsesnsanssscssancassncss O
Slag, scrap, flue dust, and other materials es... 10

This mix is charged into the furnace, the daily capacity of which is
250 to 300 tons of dry materials, excluding converter slag. It operates
continuously; charzing is continuous, but tap»ing matte and slag is inter-
mittent. The consumption of power is 5MO kw.—hr, per tons Qf dry charge,
the liquid converter slag not included.

The products of this electric furnace are matte, slab, and gas, Jjust
as from a reverberatory matte furnace. Matte carries +5 percent copper and
is blown to 99 percent blister, as customary. This is exporteds. Slag
assays O.3 percent copper, 57 to 58 percent iron oxide,- 31 to 32 percent
silica, 5 percent lime, and 1.5 to 2 percent sulphur. The sulphur dioxide
in the smelting furnace and converter gases is absorbed, extracted, and
compressed to liquid S50p, which is so0ld to sulphite paper-pulp mills,
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Although the unit cost of power is not available, the cost of electric
smelting of copper concentrates and converting to blister is 800 Finnish
marks, or about $17.50 per ton of copper.

Eﬁlth regard to the price of powsr in large quantities, Edvard Svanoe,
Oslo, Norway, stated in The Engineer ( London ) for June 18, 1937, that
electric power in that country may be obtained at 1/16 penny or 1/8 cent
per kilowatt-hour.]

LEAD ORES
Lyon and Keeneylg/ said, regarding lead ores:

The smelting of sgtraight lzad nres in the electric furnacs-
has seemingly never been attempted either commercially or on a
large experimental scale, largsly because of the sase and cheap~
ness of smelting such ores hy combustion processes.. For the
smelting of ordinary lead orcs, it [the electric furnace] has no
especial apolication, but in the treatmont of complex. sulphlde
ores the electric furnacs might be profitably used.. .

No conaltlons would seem to have arisen that would.increase the app11~
cability of the slectric furnace to lead smelting.

PYRITIC GOLD A¥D SILVER ORES CONTAINING MINOR AMOUNTS OF COPPER, LEAD, AND/OR
ZIKC

Lyon and K@eneyll/ stated, regarding gold and silver ores:

In the smelting of gold and silver ores carrying no lead
or copper to form aither a lead bullion or a copper matte, but
containing iron sulphide, the clectric furnace might be used
in connection with an air blast for oxidation of ths iren
sulphide, an iron matte being usad as a collecting agent for
the gold and silver; *** a fair recovery can be made in this
Way e

This general principle seems to us to be sound. The matte, rich in
precious metals, so formed could be shippsd to the smelter; or as the miner
much prefers to obtain bullion for shipmant to the Mint, the matte could be

cast 1n anodes and treated electrolytically for the recovery of the precious
motalsa™ "

No methods havé been. worked out for this type of smelting,.and until
they are we cannnt rcecommend them to the small worker.

10/ See footnote L
11/ Sec footnote U.
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As its new exp.riment station at Boulder City, Nav., the Mstallurgizal.
Division of this Bureau has installed zsquipment for the electric smelting of
cortain concentrates - coppuor-nickel for a start — but no results can be ex—
pected for at least several months., Runs will be made on ores of other
metals. The findings will be published frem time to time as results warrant.

Smelting Ooncantratos in the Philipvines

With regard tn the cconomics of electric power and fuel for smelting
nonferrous nres and concoenirstes, montionsd 2arly in this circular, the new
smeltor of Marsman and Company, Province »f Camarines Norte, Luzon, Philippine
Islands, is an 2xamplc: During 1930, flotatinn concentrates of two mines
which were shipped to the United States avoraged as follows:ila,

Analysis of concentrates

Metal Unitaed Paracale . San Mauricio
Gnld, OUNCES sesesseesccsscsss 5430 705
SilVer, OUNCOS esecsocsnvaceas 16.80 10,70
Coppar, Dercent eceececssescens S.10 310
Zinc, porcent ceiceiiccinnenn. 520 3403
ITON, DPOTCONt eveecesenansaons 32.50 33,76
Sulphur, Pereant sveseecsccoes 34,20 36,18
Insoluble, percent sececeecses 7+80 12.70

Selective flotation made 1t possible to produce a high-grade cnncentrate
which could carry the cost of sacking, freight, and smelting chargese.

It cost, including smolter deducticns, $51.25 and $42.06 por ton
respectively, to handle, ship, and smelt these concontratoes. The charges
on concentratas from the Suyoc mine wsre $70.42 per'tnn.llb

To reduce those costs, the loesal smolting of concentrates was considerede

The reverberatory was sliminated because of its cxcessive first cost and

high opsrating cost, especially on the relatively small tonnage available -
30 tons a day at presont, dbub custom dbusiness is expected. The electric
furnace had tn bs rejected on account of the prevailing high const of power

in the Philippines. This left the blast furnacs, and as raw concentrates

are not desirable for such a furnace, it was decided first to sinter the
concentrates, smalt the sinter, and ship the matte for refining.

1la/ Weckley, C. 4., and Norton, S. W., Some Refractory Gold Ores of the
Philippines: Eng. and Min. Jour., vol. 138, Aug. 1937, D Lio,

11b/ Weekley, C. A., Starting the Smelter at Mambulao: Eng. and Min, Jour.,
vol. 138, Aug. 1937, p. 41k,
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The smelter commenced work in May, 1937. As received, concentrates
assay U. 75 ounces of gold, 10.25 ounces silver, b, 25 parcent zinc, 3.10
percent lead, Hl. 50 percent sulphur, and 9.70 percent insoluble. They ars
mixed with a flux, distributed onto:the Y by 10-foot Mace sintering hearth,
the sulphur ignited with & portablo oil-burncr, and the mass semifused. The
sinter contains 40.9 percont FeO, 5.3 porcent Ca0, 8.2 percent. S, and 32.6
percent insoluble.

Additional fluxes, vhen nceded, are added to the charge. in the number
4 Mace blast furnace. Siliceous mins ores supply the silica and beach
coral the lime.

Ten to 12 tons of concentratss can be reduced.to 1 ton Qf,matte which
contains 40 percent coppsr and L0 to 60 ounces gold per ton. It is advantas
geous to ship matte to Tacomae.

It is estimated that a not saving of at least $15 per ton of concentrates
will result from the local blast-furnrc» reduction of concentrates.

ELECTRIC EURWACLQ AND ACCESSORIES AVAILABLE

Following is a list of makers of electric furnaces, or cquipment there—
for, whn would be glad to offer advice on furnace practice:

Ajex Electric Purnace Corporatlon, 1108 Frankford Ave.,
Philadelphia, Pa. (Furnaces.)

American Bridge Co., Ambridge, near Pittsburgh, Pa.
(Heroult furnace.)

‘Detroit Electric Furnace Corporation, 325 West Elizabeth
Ste, Detroit, Mich. (Furnaces.)

Electric Smelters, Inc., Central City, Colo. (Wile furnace.).
General Electric Co., Schenectady, N. Y. (Aﬁpardtué.)
Greens Elsctric Furnace Co., Seattle, Wash. (Furnaces.)

Pittsburgh Lectromelt Furnace Corporation, Pittsburgh, Pa.
(Furnaces.)

Westinghouse Electric Manufacturing Co., East Plttsburgh
Pa. (Apparatus.) '

IRON, MANGANESE, AND CHROME ORES,
While the electric-furnacc metallurgy of iron, manganese, and chromium

is not a main concern of this report, a short section on the present status
of smelting thoss metals by electricity has bcen added:
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IRON ORE

Lyon and Keeneylg/ also gave considersble attention to the reduction of
iron ore and the melting of iron and steel in the electric furnace. The
problems. and practice to 1914 are thoroughly reviewed and discussed. No
actual smelting of ore was done by the Bureau of Minas.

Apparantly, the first clectric furnace for smelting iron ore was tried
in Italy in 1898. A few years later a Canadian commission visited Europe
to study the reduction of iron ores in Italy, France, and Swaden, and in
1906 an electric furnac: was trizd at Sault Ste. Mariz, Ontario. Results
ware revortéd as being satisfactory, but no large-scale smelting of ores
has besn done since.

Considerable spacc is given in Lyon and Keeney's report to the clectric
smelting of iron orss in Sweden, which, w2 may say, is the only country in
which such metallurgical work is being done on a large scala. The plant
at Trollhattan cost $93,000 and the results were fairly satisfactory and
improving. The ore carried up to 68 percent iron. Limeston: was used, also
some charccal. Power consumption per ton of iron produced was around 2,000
kwe~hre

The foregeing toxt is followed by a review nf ths prnblems in the
slectric smelting of iron ores and the status nof the iren industry in the
wostern United Statos. Prospectors rarely gave. iron ore o thought; they
looked for iron only as an indicatinn of the pressnce of gold and silver at
the surface and cnppser at depth. Probably, in vanning or otherwise testing
iron outerops, if no minsrals shnwaed the prospsctnrs considered them value-
less, not thinking of iron ore.

As is well~known, much experimentation on the electric smelting of iron

ores was done in Shasta County, Cslif., but nothing has been tried for 20
years. Now that power at 1-1/2 to 3 mills per xilowatt—hour (which is
equivalent to $9 to $15 per horsepower-year) will be available from the
Columbia River, Oreg., the electric smelting of western iron ores is a
revived project, but only on .an.extensive scalec. Hodgel devotes some
space to this in a report made to the North Pacifiec Division, Corps of
Engineers, United States Army. He concludes that.charcoal is somevhat bettor
than coke as a reducing agent. It has a higher clectrical resistance, in-

reases the furnace temperature, and decreassas the power consumption per ton
and the speed of production. An estimate of the cost of th> raw materials
for such electric smelting is as follows:

;g/ Lyon, Dorsey A., and Keeney, Robert M., Electric Furnaces for Making
Iron and Steel: Bull. 67, Bursau of Mines, 13214, 142 pp. (Out of print.)

13/ Hodge, Edwin T., Available Raw Materials for a Pacific Coast Iron
Industry: Corps of Engineers, United States Army, Portland, Ore.,

4 'vols., 1335, 900 pp., 2nd mapse
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Estimated cost of raw materials for electric-furnace iron

Per ton of iron

1.66 tons of 60-percent iron ore at $4.50 ver tON eeecess $7;h7_

800 pounds of 8l-percent carbon coke at $6.50 per ton ... 2,60
1,000 pounds of 9&-perc:nt limestone at $2.50 per ton ... 1.25
Dolomite Ormagllesite ® 0 5 090 0 e O eSO N I E T OSSP s S .20
Chromite ooooo.--oo.c.oo.o....oc.'oo.oloootf...to-ocooo.., 006
Manganese ...."'...."".'....'.."......'.'.............. . .02

' 11l.07

A report byiMiller.&g/ foliowed that by Hodge. His introduction states
that it became apvareant that the cbst‘ﬁf producing pig iron in the Portland-
Bonneville area wnuld be much higher than the cost of .the compstitive blast—
furnace iron at Ironton, near Provo, Utah; and that the feasibility of an
electric-smelting entarprisc could be determinad only after deteiled and
careful study had been made of all itoms of cost.

In selecting a furnace there are only a few types to choose from, and
only two of the many that have becn tested have survived and been devaloped
into industrial furnaccs -~ the Swedish "Elektrometalls®", or shaft type,
and the Norwegian "Spigerverk", or vit type. The first of these has been
operatad since 1911, =ad the cther since 1925; at present the shaft furnacp
is being used in throe plants and the pit furnacs in two Dlﬁnts. The
Swedish furnace has beon dovzloped to use charcoal exclusively, although it
has been adepted to use 05 percaent charcnal and 35 percent coke. The Nor—

weglan furnace was developed for cnke only, but it can be adapted to use
charcoal only., Miller concludss that under the conditions cxisting in the
Portland area, the Spigerverk furnace is mnst suitable.

Section 7 of volume 2, 93 vages, in Miller's rgport, covers the
electric smelting of iron ore as tried and as it is being done throughout
the world. The Dominion of Canada made 2lectric iron in 1906 and demons—
trated that, metallurgically, a sustained operation could be carried on.
But the.furnace was converted tn produce ferro—-alloys.

During 1907-1Y4, furnace runs wero made in Shasta County, Calif., but
they wore attondod with difficulties, technical and econnmical. In 1925
an unsuccsssful attompt was made to resume smeltinge.

__/ Miller, Raymond M., The Feasibility of Establishing an Irnn and Steel
Industry in the Lower Cnlumbia River Arsa Using Electric Pig Iron
Furnaces: Orrps. of Engineers, United States Army, Pertland, Ore.,

2 vols., 1936, 511 pp. and maps.
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Iron~-Ore Smelting in Norway

Norway has extensive deposits of iron ore centaining 30 to 36 percent
iron, as well as ;arge devosits of vyrite which, after the sulphur has been
removed, will yield 60 percent iron. Norway not only hes an adequate lime-
stone reserve and ample watcr power, but is well-supplied with raw matorials
for making iron and steel. Charcoal blast—furnaces ware used for many years
to reduce the iron ore, but since 1210 the metallurgists have rersevered
with the electric furnace, according to Chrlstlansenll After many trials
with a 6,000~kv.~a. furnace in 1925 and one of 9,000 kv-a in 1927, Norway
now produces electric pig iron at thrse plages — Christiania Spigerwerk,
12,000 to 13,000 tons a year; Bremanger, 18,000 to 20,000 tons a year; and
Hoyangar, 4,000 tons as a byproduct. The iron made in Norway is a quality
pig and the brand "Horway Iron" is as gond as ever it was during its 200
years of use at home and abroad.

In the &lectric reduction of iron ores the nature of the reducing
agent is of the greatest importance, Christiansen says. With charcoal the
process runs smnothly, even in closed furnaces. Cnke pres.nts difficulties.

The Electrometal furnace is a charcnal type that can stand some
addition of coke at the expense of increasing its consumption of power and
electrodes and with additional repair costs. The waste gas 1s utilized
nutside. The furnace iz expensive to buy and maintain and can meke only
iron of low silicon content, gsncrally below 1 percent Si.

The Tinfos furnace uses coke only as the reducing agent. It makes gray
iron of high Si content. The byproduct gas has not been used so fare

The Spigerwerk furnace also burns coke and coke dust. Utilization of
the gas 1s practically complete. A high content of fine matsrial in the
charge does not interfere with regular working of the furnace. The furnace
makes irons of different quality, from pure white iron of low Si content
to iron with U percant or more of Si. The furnace is sgimuls, low in first

st and repairs, consumes 2,300 to 3,000 kw.-hr. per ton of iron, and is
the only alectric pig~iron furnace that by using cheap reducing agents
(no charcnal), utilizes the gas and permits the malking of iron of any de-
sired quality. Another advantage is that furnace units can be made larger
than for other types.

Manganese

The Grecene Elsctric Furnace Co., Seattle, Wash., through Albert E.
Greene, has shown us a cocpy of a repert made to the War Department on the
reduction of mangansse silicate orce from the Olympilc Mountainse. The purpose
of these tests was to make forromanganese from an ore that averaged 33 per—
cent Mn, 8.6 poercent Fe, and 2 percent Si. It was concluded that a

15/ Christiansen, Heiman, The Producticn of Iron in Norwey: Metals and
Alloys, vole 7, September 1530, pp. 225-228.
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low~silicon ferromanganese could be made. Among the furnaces tested was
one 36~inch Greene with two vertical electrodes and one 30-inch Greene with
two horizontal electrodes; the othdérs were shop made. The feature of
interest to readers of this information circular is that vhen finely ground
manganess ore, coal, and lime are subjected to a relatively high tempera-
ture, globules of metallic ferromanganssc are formed. The charge is then
cooled, ground, and the metal separated by gravity concentration. The fine
ferromanganese. can be ussd As such or bé remelted. This is termed "high-
temperature, nonfusion reduction” in distinction to "low-temperature fusion
reduction", which consists in melting the alloy into a bath.

Consumption of fusl, flux, =nd power are apvroximately as follows ner
ton of ferromanganese in large—scale oparation: Coal, 1 ton; limestons,
1-1/2 to 2 tens; energy, 2,000 kw.-hr. (reasonably hoped for); electrodes,
minor. A basic (magnosite) hearth lining would be necessary for this
pProcess.

The nonfusicn rsducHion process may possibly be adapted to the trsat-
ment of chromite.

Chromite

At Obanga Lake, near the Canadian northarn line in Ontarioe, the
Chromium Mining & Smelting Corponration has chrmmite averaging 17 percent
chromic oxide and is concontrating. it to over 4O percent. The cnncentrate
is railed to Sault Ste. Marie, vherc the company has three electric furnaces
making ferrochromium and other products. One furnace (recently dismantled,
but to be rebuilt) made ferrochromium-silicon, and a second makes low-carbon
ferrochromium from the product of that furnace. The furnace making this
ferrochromium differs from the others, in that the smelting is done in an
enclosed crucible rathesr than out in the open. It is of 7-ton capagity,
operates at 110 volts, aand has an approximate rating of 1,200 kv—a.=>

With regard to chromits, Robert M. Kceney covered at length the electric
smelting of chromium, tungsten, molybdenum, and vanadium ores in Trans-—
actions 24 of the American Electrochemical Society, 1914. These ores are
not smalted at the mines, but after concentration there, the enriched pro-
duct is ssnt to elsctric furnaceés in the East and converted into ferro-—
alloys. The temperatures required are so high that reduction in the blast
furnace is not possible, nor in a revzrberatory or crucible.

16/ Mineral Trade Notes, Chromite: Buresu of Minss, Feb. 20 and Sept. 19,
1336, pp. 7 and 3, March 20, 1937, p. L.
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?in

The following item on the electric reduction of tin is from The Metal

Industry (London) for January 15, 1937:

5822

An interesiting exemvle of the use of the slectric furnace
in the smelting of tin concentrates is the process used at
Anneccy, the smelter of La Société d!Electro-Chimie =t d'Elecctro-
Metallurgic et des Acieries Electrique d'Ugine. The concentrates,
which are generally of Bolivian origin, are mixed with calculated
guantities of coke, lime, and other fluxos, and agglomerat:d dy
sintering with a binder under a prassure of 400 kg/mm. The
agglomerate is introducsd into an electric furnace with a single
electrode and conducting hearth. A slag of monosilicate degree
is aimed at in the calculation of ths furnace charge, and this
will be fairly high in iron and tin since, owing to the effective
nature of thc sccond or slag-cleaning opesration, it is not found
necessary to attempt teo prnduce a cleaner slag at ths first
smalting. In the first operation dust losses ars small, the
Lodge-Cottrell plant secur ing 28 wnsrcent racovery.

The molten products collect on the hearth and are tapned
at intervals into ingot meoulds, where scparation inte two laysrs
oceurs. The upver laysr is o crke of slag which is sent forward
to the sccond smelting charge; the lower layer consists of sub~-
stantially pure tin, which is suitable tn be sent at cnce to the
liguating and refining operatinnse.

The slag is crushed, mixed with ferrosilicon, lime, ond coke,
and treated in = furnacz exactly similar to that used for the
praceding npuratinn. The object nf this second smelting is the.
production of a sssquisilicate slag substantially free from tin.
The products of the fusirn are cnllected by tapping intn carbon-—
lined moulds, and in this case ssparate inte threo lay.rs. At
the top is a cake of substantially tin-free slag, next the ferro-—
gilicon, which is now enriched in irnn, and finally, at the bottom,
moltsi tin suitable for liquating and roefining. Tho two supirior
layers are removed as. snon n~s they have gnlidificd, and the
molten metal ladled away into moulds.

The daily nutput of 7 tons is stated t~ be épproximatgly _
equivalent to the capacity of a reverbsratory furnace with 200

square feet of hearth area. The chicf ndvantages claimed for this

methnd of smelting are low dust lnsscs, ‘capacity of reaching
smelting tamperaturs casily, and long life of refractories.

The operations nf liquation and rafining bring the iren con-
tent down to A final figure of from 0.02 to 0.04 psrcent.
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STATEMENTS OF ELECTRIC~FURNACE iANUFACTURERS

Although we xnow the names and more or less about the manipulation
of electric furnaces so widely used in melting ferro-alloys, gray iron,
steel, gold, silver, and nonferrous metals and alloys, we know of only one
electric furnace that is advertised @s being suitable for smelting at
small mines - the Wile furnace.

Wile Furnace

According to Electric Smelters, Inc., Central City, Colo.:

There have been over 33 successful installations of the
Wile clectric furnace to date. These installations have
covared the treatmont of a great variety of ores, concentratss,
and metals. In addition to thzse installations, laboratory
tests on thousands of ores have snabled a vast amount of
accurate data to bs compiled abrut the smelting of almost
every type of known ore combination. Accuratc estimates of
costs of operation may be given if a conplsete analysis of the
material to be ireated is furnishsd, together with costs of
power, if available, and with all informsation covering any
potential fluxes, such as irnn, or margansse ore, or lime-
stone, (¥¥*

The Wile electric furnace is adapted to, and in many
instances has booen used successfully for, the smelting of
gold and ¢ilver ores, concentrates, cyanide precipitates,
tin concentrates, soft-metal drosses, lead end lead-silver
ores, battery nlates, copper scale, copper ores, manganese
copper, and for the recovery of metallic values remeining in
slags produced in ordinary fuel-fired furnaces, nickel and
cobalt ores, sponges and scrap, iron ores, manganese ores,
and for the manufacturz of ferro-alloys.

The firm's folder states that the Wile furnace has many advantages,
chief of which is control of the temvnerature. . The furnace opsrates on the
principle of heat generated through the resistance furnished to the path
of the elactric current in a molten-slag conductor. The electrodes are
vertical and dip into the slag in the crucible from above and below it.
Above thz crucible is the charging throat. The largest size of furnace yet
developed has a daily capacity of 150 tons of ora. As to cost of operation,
there are bronad limits, naturaliy. In gencral, a furnace of mcdium capacity
would consume 250 kwe.-hr. per ton of charge, which means, at 1 cent per
kilowatt-hour, $2.50 per ton., As to recoveries, it is said:

Where the ore or concentrate must be roasted before

smelting, the clectrically smelted product is a metal bullion
carrying the valuegs. Some matte is alsc formed, but this is
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returned to the roaster to be reroasted, while the bullion
1s sent to a refinery. Costs of refining are small, at the
most, and when charged back to each ton of ore, are trifling.
Refineries make no dzductions from the nrices of the metals,
making only nominal charges for the refining.

In practice the slag is melted first, and a deep bath is formed. The
charge is fed on top of the slng, and the reducsd metal or matte sinks to
the Yottom of ths crucibl: and is tapoed as desired. The slag is drawn off
continuously. No air is introducsd into the furnace and any dust crsated
is collected by the colder charz: within the furnac:. . No baghouse is nzzdod.
It is reported tnat the slag soldom has to be reo-treated.

The authnrs wrote Elsctric Smelters, Inc., for further information, and
R. S. Wile, president, answered our questions to this effecty

The firm had just rzcoived en inguiry as to wheth .r it would pay to
malt locally concentrate from a mill that produced 3 tons of concentrate
p ar days. The reply stated that becausc »f its situation, and other factors,

a satisfactory return was tc be expected from smelting at the mine.

Wile states that he nas soent over 30 years in devaloping smalting in
the clactric ifurnace, =nd as far as hs is aware notondy 2lse hos attemnted to
devaleo a furnace to smolt anything bub stesl, brass, and alleys.

The largest furnace that Electric Smelters has built is smelting 100
tons of iron ore in Norway (»er day, presumably)e This was erected in 1916
but is not mentioned in Miller's rsport of 1236, cited later. The smallest
furnace has a capacity of 750 pounds in 24 h-urs and is employed for re-
ducing precipitates. 11 of the Wile furnaces ars of the continuous type,
sxespt those built in 1C16 for ths Rothert Process Stesl Co. in Szattle for
reducing titaniferous iron ores to refined steal in one oneration. (We
learn on authority that this plant hes bsen idle since 1926.) Thare isno
objection to batch smziting or shutting down the electric furnace for periods,
axcopting the loss in heat units rosulting from such practice.

In smelting copper ores, black copper or matte cen be produced, depend—
ing upon the roast nr condition of the coppsr in the charge. In smelting
copner-hearing gold and silver concentrateg with a heavy pyritic basz, both
bullion or matte ars made. If there is a deficiency of copnar as a collector,
sither lead in some form or copper cen be added, but pyrite has been used,
leaving some sulphur in the roasted oroduct. " In the latter case, this must
be converted and in the presence of copper.

In smelting lzad ores, unless there is enough l=ad bullion it is more

gconomical to send it to an’ existing lead-softening vlant, which will do the
work more satisfactorily than could a small auxiliary installation.

The Wils furnace is unable to smelt zinc ores. Zinc~bearing cnncentrates
can be smelted aftsr th:z sulphur has been roastsd off.
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Concontrates are net briquetted before smelting, and they may be
charged as lump, sintsr, nr after being roasted. The action in the furnace
is quiet and there is nn grsat lnss oft dust. An expansirn chamber is pro-
vided with the furnacs for catching dust and to prev:nt an explosion.

Upon learning that Wiles furnaces had been installed in Colorado, Cali-
fornia, and North Carolina, the suthors wrote to the nersons whnse namss
had besn given us, but the only reply reccived camz from F. W. Royer, en—
ginscr for the Kelly Gonld and Silvsr Mines, Red Mountain, Calif. He stated
that the furnace was rated at 1,000 prunds daily capacity and wes being used
exparimentally. Tho inventor claimed that it would smclt 1 ton of ore,
consume 200 to YOO kw.~hr. and produce a temperature nf 3,500, Powsr is
available at Red Mountain at 0.5 cent nar kilowatt-hour, and the =lectric
furnace will be given a fair trial; also, if it is successful, somec operating
details will be available at a later date. '

Three electromzstallurgists of the United States Buresu of Ninns saw
this furnace at Red Mountain =t the tims the haat was turned on for the
first time. The purpnsc of this furnace is to smelt copoer-silicate ore
with silver ore. The furnacs consists of a chamber or hearth 24 inches
wide and 27 inches high surrounded by $ inches of rammed magnesite. At the
bottom center is = 3-inch grophite slectrode, and at two top sides are
1-1/2-inch electrndes. There is a motal taphole near the bottom and a
slag taphole two-thirds th: distence frrm the bnttom. The principle of
operation is to keep the hopper above the furnace and th2 furnace chamber
full at all times, tappning slag and metal intermittently. The furnace
power was three Hh-kw. transformers, which would apoear to be incapable of
supplying snough encrgy to reduce the charge.

It was rcported that a Wile furnace is used in Deloro, Ontario,for
melting alloys, but nonc is used for smelting ores at this place.

According to Wile, a 15-ton furnacs was installed end has becn operated
since Scptember 1934 at the Russell Gulch Mining Co. property, Central
City, Conlo. Wile owns a guarter interest in the equipmente. Although it
was reported by others to be idle during December 1835, it has smelted
concentratos containing about 4O percent irnn, 50 percent sulphur, some
insoluble matter, a little copper, and 1—1/2 ounces each of gold and silver.
Some results but no details of manluulmtlon of ‘this furnace were given in
an article by Dale F. Underwood, now supsrintendent for the United Gold
Mines, Sunshine (via Boulder), Colo., in "The Mining Mountaineer, Mountain
States Mineral Ase", Denver, for March 1936, and vhat follows has been
abstraected therefrom:

No matter whers the mine ie situated, the cost of handling
a pyrite concentrate in this mannur [shipping to qmeltef] is
expensive and burdensome and, more frﬂouently than not, un-
profitable.
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The mine ovmer then asks himself the question "Why cannot
I do as does the custom sm2lter? Smelt my own concentrates",
and he begins t0 look around for a furnacz vwhich will do this
very thinge

Underwood then discusses furnaces generally, including the economics,
and says:

The electric smslting furnace is limited to the slag—
resistance type, on account of tho intense heat genorated by
the arc tyve, which is used for steel mmnufacturs. With the
slag-resistance tycs, the opurator enjoys a quiect heat, with
no blast, the slag d2ing in awmolten conditionshenaath the ore
charge; and the ascending heat, instead of being dissipated
through & roof, is absorbed in the descending ore charge,
with the bulk of the heat supplied to the furnace utilized in
the reduction of the ore. The charge condenscs any of the
values, which mey be volatilized, thereby climinating expensive
outside devices for catching these values. Often, the slag
may be so constituted on account of th: wide temperature
possibilities, that a strong refining action may be had as the
fine particles of metal filter through the deep slag resistance
on their way to the bottom to be tapped when formed in sufficient
annount.

The following figures compare the returns and costs of 24 tong of
concentrates sent to a custom smulter end 24 tons smelted locally in the
Wile furnace. The concentrates assayed 2.07 ounces of gnld, 2.30 ounces
of silver, and 1.85 p.rc:nt coppoer.

Comparisoun of roturns from custom nnd clactric smeltsr

Custom plart Electric furnace

Total value nf concentrates seeecesessseesss  $1,871 $1,831
Charges:
Haulage t0 rail eeeevencecrenscacnncen 26 -
Treatment and froight eeeeeeeeeeeveses oug -
ROASTINE eececcsccreecsscncscconcncsnse - 32

Power at l.4 cents ver kilowatt=hour
and 9-1/2 pounds of clectrodss at-

17-1/2 conts D3r POURG sevioconeacnns - 90
LADOT eeerecoceroncacscsnasscnsnssocse - 28
Interest and anortizetion eeceeeeecees - 10

Total charges, including l0SSeS seeescecess 481 213
Charges to gross valud, DETCCRY eeeeevevese 25 12
Total payment by custom plant .ee.eeeececes 1,624 -
Total recovery fram electric furnace .e..... - 1,782
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Underwond states that roasting is necessary for local smelting, the
power charze has been reduced, and electric power is delivered regardless
of weather and traffic conditions.

We have been informed that Electric Smelters, Inc., was trying to get
permission to raise monsy to erect a 1-50-ton plant just outside Denver
and proposed to do custom smelting. As such operations hava notbeen
carried on there for years, the nossibilities for electric smelting in
this center would apnear to be rather problematical.

Other Furnaces

) The Bureau of Minas asksd the heads of well-known makers of zlectric
furnaces that are used extensively in melting metals and alleys what they
know of the electric smelting of orss, and thoir raplies contained the
following information:

1. There is nothing theorctically impossible about smelting any of
the metallic ores, though experiments ~n lead and zinc ores so far have
failed; at least, not one electric furnace is at work on a plant scale.

Our firm built a 300-kw. electric furnace for copper ore at a small
mine in a difficult region in the West, but it was abandoned although a
considerable quantity of markeétable coppar was produced. This exncricnce
was rather favorablc and showed that oxygen-free copper is possible from
the electric furnacoc. ‘ '

2. The firm does not know of any smclting of copper, gold, silver,
lead, or zinc ores in electric furnaces at the present time. They would
refer y~u to the papers of F. A. J. Fitzgerald, F. T. Snyder (in 1911), and
others (before and later) in the Transactions of the Electrochemical Society.
These writers describe furnaces that at ths time were giving apparent
satisfaction but which later were discarded.

3. Asfar as this firm knows, there is no rsason why a workable
electric smelting furnacée in small sizes cannct be made. However, so far
we have not found a case vhere its uss wonuld be within the range of
practical economics. There is need for the dissemination of fundamental
information on smelting orocesses among the many small organigations that
are interestad in the nroblem. ’ ' '

There is a lack of understanding of ths diffsrence betwesn the reduction
of an ors and the melting of a metal, this being the cause of much stumbling
along the metallurgical path that untrained men seek to follow. Also, there
appears to be a fixed belief by many men that clectric current does some-
thing in its passage through a mat:rial besides produce heat, and the
amount of money that is being spent here and there by laymen because of
that idea is surprising. It may be trus, but if so it is beyond our know-
ledge of molecular and atomic physics. '
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4. Our attitude with regard to the use of electiric.furnates for smeltine
ores is that each case usually involves special study and consideration
and that, generally speaking, there is no standard furnace available for
such work. The proper furnace and its design would have to be determined
by a study of the ores to be treated, local conditions, economics, and other
factors. We have not had any experience in smelting ores, our equipment
having been practically limited to melting metals and alloys. We have
experimental facilities and possibly could try smslting ores, but each
would require individual study.

5. This Tirm of wide electric znd manufacturing facilities does not
build electric furnaces for smelting ores, but it does make accessories
for furnaces. It has no informstion on the electric reductinn of ores.

6. We frequently receive inquiries from individuals who are interested
in smelting or melting operations =nd who feel that if a furnace is
electric it is something to conjure with. As a rule, these inquiries are
not on a sound basis and the efficacy of shafi-type furnaces may be
questioned. Bilectric smelting furnaces for ores have not teen popular in
the United States, and oven in Europs there are few that give good practi-
cal results. We have had some experience with a shaft-type furnace, but it
did not give satisfaction and was replaced by a steandard, opasn-top, three-
phass, arc-resistance furnace for the oroductinn of ferrosilicon. Many
difficulties arc encountered in a shaft-typc reduction unit and the most
important item is the cost of energy.

7. With cheap clectric powsr the furnace to be described might be
used on ores, but a well-known firm vith an interest in it questions that
it has advantage ovar the standard types in smelting. On December 22,
1531, United States Patent 1,837,696 was issued to Sydney T. Wiles (not
Wile) for the electrothormic reduction of iron ores. On October &, 1936,
this was reissued as Reissue 20,128 to Wiles (deceased) and assigned to
the Buffalo Electric Furnace Corporation. Drawings show cross—sectinn and
other views of a revolving electric furnacz. The cylindrical shell is
lined with firebrick, outside of which is megnesite or other rerfractory.

On both sides of the shell is a hopwner, inte which is charged 50-mesh or
finer iron ore, charcoal, and limestone. Ths hoppar feeds a screw-conveyor,
which works within a short mstal tube -and forces the charge to the interior
of the furnacs through hellew electrodess Surrounding each elsctrode at

its point of exit from the furnacc is a conling device, which is also

used tn remove waste and possibly explosive gases from the furnace, a fan
being part of the equipment. In operaticn, the furnace is brought to the
required temperature and the powdered charge fed into the furnace, which

ig rotated. When enough matsrial has been fed, and all is mnlton, the
tap~holes are opensd and the metal and slag run out.
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CONCLUSIONS AND HECCHMMENDATIONS

Consideratinn of the fnregring discussions lesd to the following con-
clusions regarding the electric smelting of ores and concentrates:

l. Before a decision is made %o use zlectric-furnaces for reduction,
it would be advisable to ascertain conditions at the nearest suitable custom
mills and smelters. The authors reprint the table of custom plants (brought
to date) from a previous Bureau putlication, and have compiled a list of
smelterg from a reliables source.

2. As more or less continuous (day and night) opsration of any smelter
is necessary for smooth and economical results, the mine owner should be
certain that he has a large tonrage of ore developed before he attempts to
install smelting equipmant. We recently lesrned of such an installation -
a blast furnace hsated /ith oil, which did nnt work.:

%. The smelting of an orc diffurs considerably from the melting of a
metal. The latter needs mainly heat vwhereas the former requires heat. and
fluxes. In reducing a ccpver ors, the intsrmediate product is matte, which
is then blown to blister mestal and this finally has to be refined elec-
trolytically; in reducing a l3¢0d ‘ore, the intermadiaste product is lead
bullion which has to Ve ‘cupelled; ths treatment »f zinc .ore is difiicult
and involved; concentrates are msrs or less troublesome.

4, Although the authors Have ‘tried to obtain information on the current
smelting of ores in elecdtric furnaces, apart from what has been and is being
done in Norwsy, Sweden, #snd Finland, we have been unable to nrocure any
definite information regesrding operation or results. In those countries
fuel is scarce but eledtric power is cheaps
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CUSTOM MILLS AND SMELTERS

Following are lists of reliable snd suitably situated smeltersil/ and
customfmillslg/ for any type of nre in North America, complete to the end
of 1930:

Smelters in North American that receive custom ores

Coppear :*
American Metal COs eeeeveereeeereaceeseneee. . .Carteret, N. J.
American Smelting & Refining CO. seveeveerac-..eEl Paso, Tex.
ssecenvers DO coveriniieniatarrnananannes.aawnesGarfield, Utah

eececsace DO sevnnvroneannnaenn et e, JHoyden, Ariz.
P [0 T CeecarsseveessssnsseseensMaurer, N. J.

eoosecoee DO -o.......................',._,,,,,,,TaCO}na, Wash.
Anaconda Copper Mining COe eescsescoscnssaes-..sodnaconda, Mont.

Cananea Consolidated Copper COe eseevceeenens «++Cananea, Sonora, Mexico

Copper Range COs eececasscccoasancncescsensassssdoughton, Mich,

Hudson Bay Mining & Smelting Coe evee.... «veeseeFlin Flon, Manitoba,
Canada

International Smelting & Refining COe eceseseses.Miami, Ariz.

bocceccse DOovecrsecncarsccnscesnncanecsansasssealoocle, Utah.

International Nickel COe¢ ecevescosssscescessessssCoOpper Cliff and Conis-

' ton, Ontario, Canada.

Magma, CONDEr COe esecsvvscesssasssssssassesscasssSuparior, Ariz.

Nevada Consolidated Copper Corporation e........McGill, Neve.

Nichols Copper CNe eeeescescoaccosasnas--saessssliaural Hill, Long Island,
X\TO Y'

Toranda MINGS eececanccesscssecsacasssesessssessNoranda, Quebec, Canada.

Phelps Dndge Corporation eeceseeesses-sesesessesDouglas, Clifton, and
Clarkdale, Ariz,.

Quincy Smelting WOrKS seeceseccecsesssseseassass-Hancock, Mich.

Tennesses8 COPPETr COe eeseesssecssceccearsovsseseslnpnerhill, Tenn.

* At Mambulao, Province of Camarines Norte, Luzon, Philipoine Islands,
Marsmen & Co. is now ovsrating a custom blast furnace for gold-silver—
copper concentretes. Maitte is shipped tn Tacoma, Washington.

17/ American Bureau nof Metal Statistics, Year Book, 1936, 118 pp.: American
Bureau of Metal Statistics, New York City, $2.

18/ Gardner, E. D., Grld and Silver Custom Plants: Inf. Circ. 6842, Bureau
of Mines, May 1935, U4 pp.
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Lead:

American Metal COe evsecnceseseessscesesssafonterrey, Neuvo Leon,
Mexico.

American Smelting & Refining C0. e+ee......Durango, Colo.

tecescecsseesDOcvecrtiieeacirsnarnsesssseeBast Helena, ‘Mont.

eeececscreseeDOerececerriaerienensransasvasell Paso, Tex.

eoesseveneseeel)Decrscscnanannesionencssovasostederal, Mo.

ceeesssenseeeDOsereternraieennsiraessenss.Leadville, Colo.

tecccsenseeeeD0cerctacncnsresascsseseasssoddlurray, Utah.

eveccosssesesl0ereascnessnceecacsnnansserasdelby, Calif.

wovrevscncens)Oeencensccaceanrssesnasssassossiionterrey, Neuvo Leon,
Mexico.

American Zinc, Lead & Smelting CO. eeesseesGranby, Mo.

Bunker Hill Smelier eceeececescseececscsenssssBradley, Idaho.

Consolidated Mining & Sm2lting .COe evesee.Trail, British Columbia,
Canadae

Bagle~Picher Mining & Smm;tlng COs “assseeesGalena, Kan.

International Smelting & Lefining COe «....Tooele, Utah.

Sts Joseph Lead COo scevsvnsseasessssessssssderculaneum, Mo.

United States Smelting, Refining &

Mining COe seececcnceasssccccsnsensssasnsssMidvale, Utah.

Zinec: g

American Metal COe escecevecssccasassenncesliangeloth, Pa.

eeasecenvasceelDecccescrennnsessnssnnesssssdlackwell, Okla.

American Smelting & Refining C0e see-e-.....R0Osita, Cozhuila, Mexico.

American Zinc Cne of Illineis se¢..c¢........Bast St. Louls, Ill.

Anaconda Copper Mining Coﬁ_./......;...;...Anaconda, Mont.

Athletic Mining & Smelting COe eeeee-ssesesBlackwell, Okla.

Consolidated Mining & Smelting €019/ ¢e...eTrail, British Columbia,
Canada.e

Grasselli Chemical COe scecsscsccasssesessoslicadowbrook, W. Va.

Hegeler Zine COe eeecessocccavessssnesssseselanville, I1l.

Hudson Bay Mining & Smelting Co.l;],.......Flin Flon, Manitoba, Canade.

T11inois ZinC COe¢ steeccscosccssesccssssssssleruy, L1ll.

Matthiessen & Hegeler Zinc COe esecess.ces.0a8alle, I1l,.

Mineral Point Zinc COe eeevsesseccscesssenelopue, I1l.

NMational Zinc COe ceeccscescssscessseaassssBartlesville, Okla.

New Jersey Zinc COe sceesecceacssecessssessoslPalmerton, Pa.

Sullivan Hining Co.k esescessseccssassssedilver King, Idaho.

United Zinc Smelting Corporation eeeesss.esMoundsville, W. Va.

19/ Electrolytic or wet processe.
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With regard to the mills and smelters listed, the authors learn on
reliable authority and state without any prejudice that becauss there is
only one smelter in the Leadville region, Colorado, a number of small mining
companies have become interested 'in finding a cheaper and better msans of
having their ores smelted; thersfore, the experimental electric furnace near
Central City has created some interest in -Colorado. But smelting is not the
only methed of treating ores, because at Colorado Springs is a 2,000-ton
mill that cen and does treat a variety of preciocus-metal and base-metal
bearing cres by flotaticn, cyanidation, or ‘both processes.  Froight rates
are a factor, of course, but surely the smelter at Leadville or the mill at
Colorado Springs makes satisfactory payments on ores-sent for treatment.

If the mine owner or mill opersator wishes advones information on the
charges imposed at smelters, he should procure -from United States Bureau
of Mines ite recent report by Gardner and Alisman.29/ This was written
especially for the operators of small gold and silver mines. Gold and
silver ores or concontrates are smelted at both copper and lead smelters;
one of these base metals is required to collect the precious matals during
the process of smelting. The art of smelting, effocts of impurities,
sampling and essaying, freight and trucking rates, a list of copper and
lead smelters in the West, and the schedules that give the payments, de-
ductions and menaltics, and treatmsnt charges are all given in detail with
examples of calculations. Every mine opsrator who is shipping or contemplates
shivping ores and concentrates to a smelter should have a copy of that
repnrt. ' ‘

20/ Gardner, E. D., and Allsman, Paul T., Open Schedules for Gold and Silver
Ores and Concentrates at Westsrn Custom Smelters: Inf. Circ. 6926,
Bureau of Mineg, Decsmber 1935, 25 Dp.
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Capacity, tons Recoveries made, |Percentags Custom rates
Daily|Available rercent of metals Per
KMill Date Location totall|for custom Type of milll/ Gold |Silver ‘paid for Classification ton Remarks
ores Gold |Silver

Tropico 1534 |Rosamond, Calif. 50 2/ 50 Cy. 90+ SO+ 90+ | S0+ |Fairview lease. [$3.50;9C percont. of gold ~nt $33 oz. and

' . . Others. L.50|90 percent of silver at $0.50 of\. paid-
for. ¥No deduction for moisture.

Elephant & Eagle|l1G34|Mojave, Calif. 50 40 do. SO+ S0+ S0+ | 90+ |Up to $6.00 ore.| 4.50{90 percent of gold at $33 oz. and

£6.00 to $15.00.| 4.50{90 percent of silver =t $0.60 oz. paid
N to for. o deduction for moisture.
, 6.00 -

Golden Queen 1936|Mo jave, Calif. 250 100 (?) |do. - - - - - - -

Queen Lil 1934 evads 2ity, Calif. [ 25 25 Am.,Tb. & T1l. - ~ - - Flat rate. %.501Amalgzm and concentrate delivered to
shipper. $15 clean-up charge for
cach 1ot. ‘

Hoge 1534 do. 56 e T. & Fl, g3 - - - Bullion mine - |iilling cost, $1.46 ton.

' ore only. ' ’
Hobo Springs 1624 Hoto Springs, C2lif.|10 10 Am.&/or Cy. 16 - Am. 2.00|Shiprer given bullion and paid JO-per-
Am. & Oy 4.00 cent nheads to cy. $5 clean-up
' charge for each lot.

Amador Reduction 193¥ Jackson, Calif. - - Crr. - - 9@% - Flat rate. 11.00}Concentrates only treated.

Big Butte 1934| Randsburg, Czlif. 12 12 Am. - - - - - - -

Sonora 19231 Sonora, Calif. 15 15 Am. or Tb. - - - - Small lots. 3.0C|Shipper given amelgam and concentrate.

Large lots. 2.50

Brard & Ellis 193%Vietorviile, Calif. {30 30 Am.,The & Fle| = - 80 | - - - -

Baker & Bemard |103%|3arstow, Calif. 1 10 Am. & T, s - I - - -

Mar John 18%3%| Sheep Ranch, Calif. }30 30 Fl. 3 - - - 100~-ton lots 7,00 -

Cyrus Noble 1934| Searchlignt, Hev. 5 25 Am. & Tb. 6C to - - - Flat rate. 4.00|Clean-up charge of $10 for =1l lots

8% : under 10 tons. Shipper given
amalgam and concentrate.

Trimble 1934 Silver City, Nev. 30 30 Am. 80 - 80 - do. 2.40 -

Donoven 197 dn. . 75 35 m. & Ov. 96 - - - 100-ton lots. 1.75|Clean-up charge of $15 on all lots .

' ‘ 75-ton lots. 2.00 under 75 tons. Teilings, stamp mill
purchased on H0-percent assay value.

Recovery 1924 Virginia City, Nev. (U5 45 Am. & Fl. - - - - - - -

W. & M 1934| Sodaville, Nev. 45 5 Am.,To. & F1.| 90 - 90 - - 4.50 -

Black iammouth |193U4{Silver Peak, Nev. 40 20 Am, & F1. - - g0 - |Flat rate. 6.00 -

Rodgers 1934| Seven Troughs, Nev. |10 10 Am. & Tb. 953/ - - - - - -

h&22 Continued on vage 32.
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1.C. 6955 Western gold custom mills - Continued Page 32.
Capacity, tons Recoveries made, Percentage Custom rates
DailylAvailable percent of metals Per

Mill Date Location total|for custom|Type of milll/ Gold Silver | paid for Classification |Jton Remarks
' ores Gold | Silver
Tom Reed 1934{0atnan, Ariz. 300 170 Cy. 98 - 95 - 25-ton lots. $4.00 -
. 8g—ton lots. .80 -
. ) 100-ton lots. .60 -

Big Jim 1934 do. 50 1C Cy. 98 - 95 - Small lots. . .00 -

Kathierine 1634 | Chloride, Ariz. 20G 7 125 Cy. - - 96 33 100-ton lots. 5.50 -

Congress 1934 |1orristown, Ariz. 100 100 Cvy. - - 95 - Un to $10 ore. 2.50 -~

$10 to 315 ore. .CO -
(§0.50 for each §5
General Ore 1ncrease)
reduction 19%6|Chloride, Ariz. 100 100 Fl. - - - - : - - -
Forester 1934 Salome, Ariz. 5] 5 Am. & FI. 80 ? - - - Flat rate. 5.00 {Clesn-up after each lot and wait for
, returns.

Tilisboro 183& Eillsbors, N. Hex. 10 10 Tl. -l - - = do 2.§O . U_ do.

Golden Cycle |193k|Colorado Springs, 2,00C| 2,000 Tb. & ¥1. aght/ - 5/ 5/ |Up to 8 ore. 2.50 Milling cost, 1932 $0.5039. Added
or R. & $8 to $10 ore. 3.00 | sampling charge of $5 on all lots
ek $10 to $4O ore. 1,00 | less than 10 tons. $2.50 for each

to extra lot in car.
5.50
2l/ | - lgp to g4 ore. 1.95 lFreiens, $0.50.
% to 8 OTr2. 2‘?; ?00750
10 to 3100 ore. : 5£7O reight.
o
. - 9.60
Cripple Creek . 7
miiling 1935| Cripple Creel, Colo.| 500 100 ? IR.,Fl.,Cv.,Roastd{ S5 - 1008/] 50 Up to $100 ore. . 250
: )
’ . 8.00 N
St. Joe 1934 Bouider, Colo. o 40 Am.,FPl., & Tb. ;2 - & |50 to |Up to $8 ore. 2.h0 |iioisture penalty 10 cents per ton
73 ’ f ’ 5 > b90 %8 to %1@ ore. 7.80 for each? percent over 18.
$10 to §40 ore. ﬁﬁgO
.00

Watrous lg7h Silver Plume, Colc. éo Am,,Tb. & Fl. 92% - - - - . g.e Concentrate and bullion given ch ipper.

War Dance l,ﬁ# Blackhawk, Colo. 5 25 Tb. & Fl. - - - - Lots less 100 tons.| 2.2 do.

~ Lots over 100 tons.| 2.5

Farr 1934 do. ks b lim. & T u 2123  do.

Argo 1534, Idsho Springs, Colo. 15 15 Tb. & Fl. 90 - - - Up to, 310 ore. 2.0 do.

v Over $10 ore. 2.50

- (Lots of 100 tons) -

Gilpin 1934 do. 50 ¢ "0 - - - - - - 5.00|Clesn—up charge of $5 for eczch lot,

3/Am stands for Amalgsmation; Tb, Tabling; R, Cloths, or riffies; Fl, Flotation; Cy, Cyanidation. 2/Been enlarged to 7H tons dail

0Z.,

20.67 for’



ArFTER THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NEED
FCR IT, PLEASE RETURN IT TO THE BUREAU OF MINES. THE USE OF THIS MAILING

LABEL TO DO SO WILL BE OFFICIAL BUSINESS AND NO POSTAGE STAMPS WiLL BE RE-
QUIRED.

UNITED STATES PENALTY FOR PRIVATE USE TO AVOID
DEPARTMENT OF THE INTERIOR PAYMENT OF POSTAGE, $300
BUREAU OF MINES

OFFICIAL BUSINESS

RETURN PENALTY LABEL

THIS LABEL MAY BE USED ONLY FOR
RETURNING OFFICIAL PUBLICATIONS.
THE ADDRESS MUST NOT BE CHANGED

BUREAU OF MINES,
WASHINGTON, D. C.
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