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REPORT.

To His Excellency, Cuas. H. HARDIN, Governor of Missour: :

Sizr: I have the honor to forward herewith the report of the
operations of the Geological Survey in the direction of an examina-
tion of the conditionssurrounding certain of the prominent industries
of Missouri.

The economical aspects presented in the production of two of the
great staples of the State have been investigated with considerable
detail by a study of the means, appliances, and the chemical prob-
lems connected with the manufacture of the metals, lead and zinc.
Some attention has been given to the iron industry as well, but the
general stagnation of this great business has manifested itself by
such a decrease in the activity of the furnaces of this State, that
facilities were wanting for the collection of sufficient data for any-
thing approaching that comprehensive and thorough study which the
importance of the subject demands. The production of charcoal iron
is, however, presented with some degree of fullness.

In shaping the work intrusted to me by the Board of Curators of
the State University, towards the attainment of the ends indicated, I
- have been influenced by the fact that while a large amount of the
structural geology of the State, and the special geology of its mineral
deposits had already been made public in the reports of Messrs.
Swallow, Pumpelly, Broadhead and others, but little had been accu-
mulated towards unfolding the history of the technology which the
conversion of the raw materials from those mineral depositsinto com-
mercial products had created within the borders of Missouri. Fur-
ther, the appropriation of five thousand dollars yearly was ndt ade-
quate to keeping in the field a forcesufficient for thorough and rapid
work in those counties which had not before received special atten-
tion.

The material which could be collected under existing circum-
stances is not full enough for a geological history of those counties;
however, as interesting copper occurrences have long been known to
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exist within the limif{s of Shannon county, some space has been
devoted to a geological history of those deposits, this course being
regarded as in accord with the design of this report.

Notes on the supposed gold deposits of Northern Missouri have
also been given in the appendix.

I must acknowledge, in this connection, the very efficient assist-
ance rendered in the laboratory by Mr. A. W. Hare. His zeal and
industry have enabled me to make a much fuller presentation of the
chemical illustrations of the work than could have been done other-
wise.

Other aid, whenever rendered, is acknowledged in the report.

Some of the notes on the St. Louis industrial district collected, by
Dr. Adolph Schmidt, bave been used with his sanction. These notes,
having been taken as early as 1872, have lost much of their value in
the lapse of time and the progress and growth of the industries,
and their reproduction would only extend this report without pre-
senting the actual conditions of the manufactures to which they
relate. Much of present value is contained in Dr. Schmidt’s notes on
the iron deposits, but as an account of these was foreign to this pres-
ent work, these notes have not been reproduced.

All of which is respectfully submitted.

Your obedient servant,
CHAS. P. WILLIAMS,

Acting State Geolegist.
Rorra, Mo., December 13, 1876.
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CHAPTER 1.
MINERALOGY AND GENERAL METALLURGY OF LEAD.

The geological positions and modes of occurence of the ores of
lead throughout Missouri have been described in such detail in pre-
ceding reports, that this report is restricted tv a discussion of the eco-
nomical considerations connected with the conversion of those ores
into marketable lead. The facts that the lead bearing formations
occupy a very considerable part of the area of South Missouri, and
that those formations contain concentrations of plumbiferous miner-
als, of which many have been strikingly remunerative, are known
much more generally than are the character of the ores, the features
of their metallurgical treatment or the commercial value of the pro-
duct as a factor in the material wealth and prosperity of the common-
wealth. :

The pressure of alarge and rapidly increasing production from
the mines has left little time for examination or discussion of those
smelting methods, which, adopted in the early development of the
lead industry, have been reproduced with but trifling modifications
at each new mining centre. At the present time when lead produc-
tion has become a permanent industry in the State, and Missouri
brands of metal are in competition with refined leads from other
domestic, as well as from foreign establishments, in the markets
of the east, it may be wise to scrutinize the common metallurgical
practices of the State more closely than has heretofore been done, in
order that the fullest possible advantage may be gained from them:.

Among the various methods of lead smelting and the wide range
of variations which local conditions and experiences have added to
them, there are bui few which have any extended use in the State,
and it is these alone which need be examined in detail to ascertain
how far the practice, which is in general adapted to the ores to be
treated, is worked to its fullest capabilities or, in other words, how
nearly its utmost advantages are realized. To reach this knowledge,
some account must be taken of the experiences and results elsewhere,
and the comparisons which will be thus instituted will not only
explain the local practice, but furnish suggestions which may be
adopted with advantage leading to cleaner work and closer economy.
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A consideration of the metallurgical processes involved in the
production of metallic lead necesitates a knowledge of the composi-
tion of the ores and of those associated minerals which influence the
furnace operations or affect the quality of the resulting metal. A
description of the mineral species occurring in the lead deposits is
therefore given, and their composition generally given from the
results of chemical analyses. This has been followed by a short
account of the various practices of lead smelting, including the rela-
tions of the foreign minerals to the operations and to the product and
a fuller discussion of the chemical changes taking place in those
methods which are in service in Missouri, together with descriptions
of the apparatus in which these changes ‘are brought about and illus-
trations furnished by analyses of the intermediate and final products.

GEOGRAPHICAL DISTRIBUTION OF LEAD ORES.

The classification of the lead regions of the State recognizes three
chief areas of lead developments, denominated, respectively, the South-
western, the Central and Southeastern districts, a distinction in the
main geographical, though warranted to some extent from a scientific
standpoint by geological features peculiar to each. '

The Southwestern Lead Region—This includes the counties of
Jasper and Newton, as those in which in the most active develop-
ments have been made, besides Greene, Dade, and portions of McDon-
ald, Barry, Stone and Christian counties. The ores are found in the
sub-carboniferous system—notably in certain upper members of the
Keokuk or Archimedes limestone. The productive rocks have a
thickness of about 125 feet, consisting, in a descending order, of (a)
more or less broken and softened chert, accompanied by large masses
of clay and sand, (20-75 feet), (b), a silicious limestone (occasionally
wanting and never exceeding 20 feet thickness), and (¢) a maximum
of thirty feet of alternate layers of limestone and chert. This pro-
ductive series rests upon upwards of 140 feet of unproductive
limestone, distinguished as the bed-rock.*

The Central Region—The principal points of development of
this region are found in the counties of Miller, Cole, Morgan and Moni-
teau, but the district includes in addition to these, Saline, Cooper,
Pettis, Benton, St. Clair, Hickory, Camden, Osage and Maries. In
parts of Moniteau and in Saline and Cooper counties, the deposits are
found in the same horizon as in the Southwestern region, viz: The
Archimedes limestone, and therefore, a description other than a geo-*

* For full descriptions, comult Schmldt & Leonhard, in Broadhead’s Report for
1873-1874, page 401 et seq.
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graphical one would include these in the Southwestern rather than in
the Central region.

In the other counties named, the workable deposits of lead miner-
als are found in members of the lower silurian system, the second
magnesian limestone being the chief productive rock in the northern
and western parts of the region, while the third magnesian limestone
constitutes the horizon of the deposits of the southern and eastern.

The Southeastern Lead Region: The seats of the most active
operations are found in the counties of Franklin, Jefferson, Washing-
ton, St. Francois, Madison and St. Genevieve. To this list may be
added the counties of Crawford and Bollinger, within the limits of
which lead deposits have been found and developed to some extent.

The productive geological formation in this area, is the third mag-
nesian limestone, which, excluding the southwestern and portions of
the central regions, is the great lead-bearing series of the State. It
therefore has a wide extent, preserving, over the great area in which
is found a remarkable uniformity of character, * and is nearly a true
dolomite, containing the calcic and magnesic carbonates in the pro-
portion of one to one. It has a large vertical range, having a thick-
ness, where entire, of probably more than five hundred feet.

To the three areas above indicated, may be added a fourth, Z7%e
Sowuthern—including a large extent of country, underlain by the mag-
nesian limestone series, and in which lead ores have been discovered,
either ¢n st or as float mineral, but in which there has been little,
if any, systematic exploration. Some little work or casual examina-
tion has resulted in the discovery of lead ores in the counties of
Phelps, Texas, Wright, Douglas, Webster, Christian, Taney, Stone,
Barry, Laclede and Dallas.

ORES AND ASSOCIATES,

In the classification adopted by metallurgists, sulphuretted ores
are distinguished from the oxidized ores. The first class includes but
one species of any practical importance in the production of lead,
viz: galenite; the second class includes cerrusite, anglesite and pyro-
morphite, all of technical importance, but still subordinate to galenite.

Galenite (Von Kobell): This species, commonly called Galena,
and, by the miners, “ mineral,” is emphatically the ore of lead. Chem-
ically it is lead sulphide, containing, by theory,

10L0m O T0RA: coruicvarssvesconsonssving 207 or 86.61 per cent.
"~ 1 atom of sulphur......ccevueenmeeeene 32 or 13.39
1 molecule lead sulphide........... 239 100 00

* Swallow’s First Annual Report; Schmidt and Leanhard, loc. cit.; J. R. Gage,
Broadhead’s Report, page 601 et seq.
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Usually it is contaminated to a greater or less extent by various
other metallic sulphides or by intermixture of certain earthy substan-
ces (gangues), either loosely associated with it, or so intimately dis-
seminated through it as to be unrecogizable by any other than chemi-
cal means.

Galenite crystallizes in the isometric system, usually in cubes, or
in cubes with planes of the octahedron or dodecahedron. The cleav-
age is ordinarily cubical and perfect; occasionally traces of the octa-
hedral cleavage are observed. This latter is particularly noticed in
the galenite from the Pequa Mine, Lancaster county, Pennsylvania. *
Large cubical crystals are of common occurrence at many of the local-
ities of this State, and specimens of this description, measuring up-
wards of three inches edge are not infrequent. It is also found tab-
ular, and passing from coarsely crystalline through many grades to
the finely granular, the last constituting the steel-grained ore. Its
color is lead-gray; lustre, metallic; fracture generally even, more
rarely subchonchoidal; hardness 2.5—2.75; specific gravity, 7.25—
7.75—a cubic foot of the solid mineral, therefore, weighing from 435
to 484 pounds.

Though distinguished among the mines of this State, by the names
of mineral or blue mineral, the galenite receives various other names,
according to the variations in the forms and modes of occurrence.
When it occurs as large or coarsely crystallized masses, it is generally
called block or chunk mineral ; smaller crystals constitute the cog
mineral, while still smaller crystals are denominated dzce mineral.

Among the foreign matters found in galenite, either in a state of
mechanical admixture, or in various forms of combination, or as iso-
morphus replacements of either the lead or sulphur, are, silver, gold,
antimony, arsenic, copper, cadmium, zinc, iron and nickel; more
rarely, selenium, and, reputed in the galenite from the Dept. Char-
ente, France, platinium.t Notable amounts of these matters influ-
ence the metallurgical treatment of the ore, and the quality of the
product from it, while, in some cases the presence of those metals of
much greater vaiue renders the lead a subordinate product of the ore,
or causes it to act as an adjunct to the extraction of those metals.

Silver is rarely, if ever, absent.! It occurs occasionally in the
galenite, in the free or native state ; commonly it exists as argentic
sulphide, isomorphus with and replacing more or less of the lead sul-
phide. This is believed to be the form of combination in cases in

* Genth’s Preliminary Report on Mineralogy of Pennsylvania, p. 12.

T Dana’s System of Mineralogy.

1 The same claim is made for gold. See, on this point, Percy’s Metallurgy of Lead.
page 96, ef seq.
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which the silver does not exceed one per cent. of the galenite; in
ores richer than this, the silver is regarded as occurring as some one
or more of its ores mechanically mixed through the galenite. Mala-
guti and Durocher examined a large number of specimens of galenite
and found the silver to range in amount between a mere trace, and
upwards of 7 per cent.*

A somewhat popular belief is to the effect that the texture of
the galenite is, in some measure, an indication of the relative amount
of silver it contains, the finely granular varieties being regarded as
relatively richer, and the coarsely granular or crystalized, as poorer.
This view is not supported, either by chemical analyses or by experi-
ence, and is, therefore,not to be relied on. The coarsely granular gale-
nite from some localities, e. g. Arizona (according to Kiistel), is deci-
dedly richer in silver than the finer varieties. The argentiferous char-
acler is decidedly more closely connected with the character of the
deposit furnishing the galenite, and with the structure and lithologi-
cal characters of the rocks enclosing the deposits, than with the tex -
ture of the ore itself; but even these fail as reliable indications, or
hold good only for well established silver-bearing districts. Assays.
of the ores from a newly discovered or opened mining region are the
only trustworthy guides in this direction.

The galenite from localities in this State are not argentiferous in
any practical sense. This has been so well established by repeated
assays of the ores, and has been so fully substantiated by analyses of
the leads produced from them that, were it not for the fact that por-
tions of the State are very frequently excited over reported silver
discoveries within the limits of Missouri, it would not be necessary to-
make more than a passing allusion to this fact of the invariable ab-
sence of notable amounts of silver from our ores. Periodically re-
ports appear of discoveries of rich silver ores, the search for which
originates from some vague tradition connected with De Soto’s expe-
dition, or with the mythical silver mining Indian, and which generally
have no more substantial basis than a few specks of calcite or pyrites
ina limestone, or at the best, the discovery of a galenite of fine-
grained texture. ¢

I have collected the following results of the estimation of silver
in the galenas from various parts of the State, the results being
given both in per centage and in the customary manner of ounces to

* Annales des Mines, 4 Ser. vol. xvii, 1853.

T These are facts within my own experience, for I can count upwards of fifty cases
where limestone has been brought to me for silver ore. In anumberof cases, yielding
to the importunities, assays have been made, it is needless to say with what result, and
without carrying conviction.
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the ton of two thousand pounds of ore, and are accompanied, wher-
ever it was known, by the per centage of pure galena, or lead sul-
phide in the ore:

; |
Locusars. P | Ovges, [P S, Qs
L | Mine L Mobte .esosssusscssumsesse .0027 086 [ s -
IL. | Mine Lia Motte/ssssmsnensisessosnass .0025 080" | sssesns .
III. | Mine La MOtte  .covecoseosessssasas .0012 038 exen oie
IV, | Perry’s MInes ciccvrevssorssesonssa .0009 0.29 ¢ Well Crystalized.”
V. | Potosi Mining Company........ .0012 0,38 | Y e
VI. | Village Diggings, Granby..... .0031 100 | eeeees -~
VIIL | Holman Diggings, Granby..... .0039 1.25 97.05
VIIL | Trent Diggings, Granby........ .0039 125 96 86
IX. | East Point Diggings,Granby.. .0052 1.75 o
X. | Temple Diggings, Joplin ..... - .0039 1.25 97.24
XI. | Swindle Diggings, Jopliu...... L0021 0.75 97.79
XCHE | OFONOL0 sas s o opveasssssssensensase .0031 1.00 96 34
XIIT. | Jefferson CoOuntYeceeeeescsesaecece ! 0114 | 8.75 91.84
XIV. | Franklin cOuntyu.cooeeerenesssenes ! .0021 : 0.75 93.09
XV. | PREIDSCONDt ivccoveesressissssarae .0009 I 029 47.87
XVLI. | Phelps county 0038 1.25 93.36
XVIL | Maries county L0039 | 1.25 94.00
XVIIT, | Palagkl COuNtY ... oesrersenns suras .0029 ( 0.87 §9.12
NIX | Wright COUNDY....oosseneanmsossns } .0030 1.00 84.29
XX. | Laclede (?) COUDtFrrrrrcrrarenee. L0030 | 100 87.00
XXL | Crawford COUnty..seesereeerees L0011 | 0.36 80 97
XXTI. | Miller COUNLY weessssssssviassssaven none. ’ none. | 99.34
XXIIL | Morgan county......cceveeeeeeenees trace. \’ ...... | 99.89
XXIV. | Morzan COuNtY. «susssoterssesssass © trace, ! ...... ‘ 98.76
XXV. : Morgan county...c.eccceeveeaaennas none. | cxeine ‘ 99.87
XXVI. s Madison COUNtYwesovsesassesenses 0124 ’ 400 s“Pure.”

Assays Ito V are by Dr. Litton, (Swallow’s Report, 1854 and 1855);
VI to XII, Chauvenet (Broadhead’'s Report, 1873 and 1874); XIII to
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XXI, by myself, or under my direction in this laboratory; XXII to XX VI
by Chauvenet (loc. cit.)

The number of assays and the range of localities might have been
greatly extended, but enough has been given to show the quality of
the Missouri galenite, in respect to the amount of silver contained.
The maximum amount thus far found, is in the specimen from Jack’s
diggings, Mine la Motte, (XXVI in the list), and gives a value of
$5.16 per ton of similar ore. This value is entirely too small to cover
expenses of desilverization, even'if the separation of silyer and lead
could be fully made in practice. Reference to the various analyses
of the pig lead from the furnaces using ores from the mines of Missouri
will show that the amount of silver present in these ores must have
been small and scarcely noteworthy.

Antimony 1s of very frequent occurrence in galenite, upwards of
five per cent. being recorded as existing in the ores from some foreign
localities. It probably exists as antimony tri-sulphide (¢¢zhnzte) either
alone or combined with other metallic sulphides, and disseminated
through the galenite. In whatever form of combination, its presence
is objectionable, for its separation by known mechanical means is
impossible, and its presence in the furnace causes loss of lead (and
silver) by volatilization, and impairs the quality of the metallic
lead.

Careful analyses, made either by myself or under my direction,
were undertaken to determine the existence of antimony in the Mis-
souri galenites, and its amount, if found to exist. Numerous speci-
mens of ores, pig leads and slags have been examined, usually operat-
ing on large amounts, and while the results show that antimony is
almost invariably present, it always occurs in amounts too small to
exert any marked influence either on the smelting processes or the
resulting lead. Its existence in the galenites of Missouri is therefore
a point more of scientific interest than of technical importance. (IFor
results see table of results of analyses, galenites, pages 16 and 17, also
analyses of pig leads from the various furnaces.) '

Arsenic has been found in faint traces in some of the ores, and
shows in small amounts in the metallic leads produced in the State.
It operates in the same direction as antimony, but the remarks above
concerning the latter apply equally to the arsenic.

Zinc as sulphide (sphalerite or blende, the black jack of the
miners), occurs in association with galenite, either intimately mixed
with and disseminated through it,or so coarsely associated with it that
each mineral is easily distinguished by the eye. In cases of intimate
mixture or dissemination, mechanical preparation will not effect any-
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thing approaching a thorough separation of the two materials, while
in the other cases hand-sorting will relieve the galenite largely of its
associated blende. Its action in the furnace, within certain limits, is
not sensibly injurious beyond the increased loss of lead by volatiliza-
tion, nor is its presence sensibly felt in the metallic lead, for the latter
does not appear to be able to take up in the furnace but a very small
per cent. of its weight of metallic zinc.

Cadmium, where found, is probably an associate of the sphalerite
rather than of the galenite. In selected specimens of nearly pure
.galenite, it is found only in mere traces, and I have been able to find
it in the metallic lead in but one case, and that of metal produced
from the treatment of slags. (Grauby slag lead, 0.00296 per cent.
-cadmium.)

Both modes of association of the blende and galenite are common
in the lead deposits of the State, but the most frequent is that of loose
association, which permits of easy separation of the two minerals.
Large amounts of blende are thus produced as an incidental or subor-
-dinate product of the lead mines of the State. These matters will
be more fully treated in the section of the report devoted to the zinc
industry of the State, but the annexed analysis of blende may not be
“without interest in this connection.

Analyses I. was made under my direction by Mr. John D. Greason,
the specimen showing a small amount of calamine and giving a separa-
tion of gelatinous silica, on treatment with acid. The silica is there-
fore assumed as existing as calamine, and from it the amount of the
-other constituents (zinc, oxide and water) were calculated. The speci-
men was from Granby, Newton county, and was of a yellowish-brown
color. The association of blende and calamine is not uncommon, and
is thus described by Schmidt (Joc. cit., page 391):

“In many places the blende seems to pass gradually into cala-
mine, there being between the two minerals a layer of dark colored,
fine grained blende,intimately mixed with portions of columnar struc-
ture, and resembling calamine. This mixture passes into regular
-columnar or fibrous calamine, which itself is dark colored near the
blende, and is lighter and more transparent the more remote it is
from the unaltered blende. Single crystals or large crystalline aggre-
gations of blende are often surrounded by a thick layer of calamine
of botryoidal form and radiating columnar structure. The surface of
the enclosed piece of blende is then generally corroded and tarnished.
Blende, especially the coarsely crystalline variety, is often intimately
mixed with galena. Mr. Broadhead observed, at Leadville, round
globules of from one-sixteenth to one-eighth inch in diameter, grayish-



LEAD FURNACES AND PRODUCTS. 15

brown color, and radiating fibrous structure, on crystals of galena.
Mr. Chauvenet analyzed them, and found them to be pure sulphuret
{sulphide) of zinc, without any iron or lead.”

Analyses II and III are by Mr. Chauvenet (loc. cit.):

1 IL JIE
Granby. Leadville. Joplin.
[Greascn.] [Chauvenet.] [Chauvenet.]
BINC L st Syisveensonanmsinseonnensrnssanes 61.934 64.87 65.92
JEON ciieiseceiicosesmmonnias innsonnerase 0.788 0.37 0.32
Cadmilmi...seeresssasssavenssavansssns trace. 0.623 0.509
COPPOL sssssnacsrcntssssasnsssnsneesssass 00481  Geasiees wsesdeens
ANGiMONYowesseseereressorsnssssascssoess 0.00I8 icasvesss sseweress
SUIDRIY csssceninnsrseseaasssavsrnrishinse B1.260 W e naye
SHICR  reranueesiatunssinmmvnisimseaiansinns 0.911 1.410 1.250
Calamine, 4 Zine 0Xide i essesrsceesssveseusisnsssnas FABL  oeseses ssssseses
[Water ...................................... 0281 = seesseses swecssene
B 1701 L e P T e £ 1861  ceeseesse sssessess
‘Gangue, { Magnesia......cccereeerrranarnacnsaninces 0.043 e e
YCarbonic BT rves sussvrnmmsiunsns. e L1488 e

Iron occurs probably as pyrite, which is not objectionable in the
furnace charge in small amounts; or perhaps in some ores as mis-
pickel or arsenical pyrites, which introduces arsenic into the lead.

Copper, in the form of chalcopyrite or copper pyrites is notice-
able in the galenite from some of the localities of the southeastern

" district (St. Joe Mines, Mine la Motte). Smaller amounts of copper
pyrites are found associated with the ores in almost all the deposits
-of the southwestern and central districts. Other forms of copper
combinations or minerals doubtless occur in the galenite, for very few
:specimens but give small amounts of copper on chemical analysis,
though no chalcopyrite or other copper-bearing mineral can be dis-
‘tinguished under the magnifying glass.

Nickel and Cobalt are found in notable amounts in association
with the lead ores from the Mine la Motte property, and are a source
-of profit in the metallurgical treatment of those ores. Other local-
ities in the southeastern district also yield nickel-Bearing minerals as
associates of the lead ores, and traces or small amounts of nickel are
found in many specimens of apparently pure mineral from many
localities in the southwestern, and, more rarely, from some in the cen-
tral region. Most pig leads smelted in the State show small but still
appreciable amounts of nickel on careful analysis.

The results of analyses of ores from various Missouri localities will
exhibit the character and amounts of the foreign metals—excluding
“the silver—found in the galenite mined in this State. No estimations
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were made of the sulphur and lead, because, as the specimens were
generally selected as being free from visible admixture of foreign sul-
phides, such estimations would have no practical significance. Effort
was made to have the specimens analyzed as free as possible from
earthy gangues, but wherever otherwise, note is made in the descrip-
tion of the locality : ]

FOREIGN METALS IN APPARENTLY PURE GALENITE.

Southwestern Region.
Per cent. Per cent. Per cent. Per cent. Per cent. other

Antimony. Copper. * Iron. Zine. - foreign metals.

Eosstssonsennarss trace. trace. .05867 JBT82 ¢ iaeeiiraassansavene
.07429 .00478 .02169 .00938 Nickel.. .0660

.00551 .00239 .08602 1,30804 | sisssscensscsensaneas

.03323 .01038 .13020 (e .

02784 .08724 0BI00 131648 osceemaesns '

.00709 01517 15260 2.22539

7 1 [RERER C an 02764 01677 .03220 1.76668 .eeiees EvrsiayeEe
ML, ovossen e trace. none. 12040 4679 iiiscssrsessvents ve
I N crrssvimsesas waesvs sevees .00240 i L e =
D e O T 04912 none. .10640 J073200 simismsesassasese

. § RO E O o ssmssn wseses .5880 61.96314 ... ceencecesiinse
2O Ul oremedtoos oimooth - S .07040 BITE Gasssisssssinsrevase
XL sivesess . 32194 04232 02870 .02011 DL ipsessans trace.

Central Region.

XV isseivneresnans .04178 trace. .02310 .00804
X Nikszesevisroneraives 16545 15141 .05040 1.26352
XV L ssvvssonsvssoes .00317 .00798 .07050 .00268
XVEEL. .o visvaiainss .00475 .01197 .00980 .00602
XX e csesennsonnes .04754 none. .02940 trace.
XX sesvareresanaass trace. none. .02240 .00372
», &, 4 HEEEE e 5 trace. none. 78400 .00019
XEXEL . coisrsvrsvane .00392 .02151 .02513 .03945
Southeastern Region.

KXV ccacanansasne .05069 4.6557 8.1304 3255 Cd... trace.

As... .002

RN VL, csnsacsevsrans " .00400 .0730 1.681 2150 Ni... .012

’ Co... .023

As... .003

X XVIL ciiioivisrees .032 .097 1.583 .339 Ni... .031

 Co... .019

i 9
0 31 S trace.  nome. .52 040 {g(‘) faciol
0.9, b, R trace. .080 1.953 none. {I&l) ég;
: 9
-5l e . trace. 103 1.435 trace. {(lf(‘) .
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Southeastern Region.

Per cent. Per cent. Per cent. Per cent. Per cent. other
Antimony. Copper. Iron. Zinc. toreign metals.
.5, 0. € (HCTRRERE .010 009 118 034 AS...... trace.
XX veacisiminens none. none, .05180 L0436 Ni&Co.. traces.
NXTXET. ... coivesveenas .03 L0141 .011 054 AR, 026
XTIV conarinwnsassy .004 trace. .055 015 A .009
XV o orssmemaniigs trace. 754 494 374 Y% trace.
0.9 1 AR none. 13.319 13.517 020 S 8,
B, 9, 900 | B RE L none. 0.798 2.244 0.611 Ni&Co.0.137
XX XVILL oroocseaviaos  LTACE. 0.167 1.559 1.276 ¢ 0573
XEXXIX,..ccoonesrerss trace. 0.040 0.067 0.237 o 0.042
X Liscionmsnorvasss:  CURGES 0.091 0.823 0.670 ¢ 0.078

No.I. Washed galenite from jig at Granby, Newton county;
11, block mineral, Jasper county,Joplin; III, block mineral, Granby ;
IV, Vand VI, washed mineral from jigs at Granby; VI, Holman’s
diggings, Newton county. Chauvenet’s analysis of ore from these dig-
gings shows: (loc. cit. page 388,) lead, 84.06; zinc, 0.94; iron, 0.16;
antimony, none ; silver, 0039 [=1} oz. per ton of 2000 lbs. ore] ; silici-
-ous matters, 0.61 per cent. The lead corresponds to 97.05 per cent.
galenite, and the zinc, to 1.41 per cent. sphalerite; VIII, Birch dig-
gings, Joplin, Jasper county; IX, another specimen from same local-
ity as VIII; X, XI, XII, from Joplin; [XI, was almost entirely
sphalerite, but analyzed to ascertain if the blendes of a given locality
were more antimonial than the galenites of the same locality]; XIII,
McGee shaft, Holman diggings, Granby; XIV, Dade county.

XV, block mineral of remarkable purity, selected at the Eagle
Furnace, Sec. 23, T. 43, R. 14 W., Cole ;county; XVI, Cole county,
exact locality not known—collected by previous surveys; XVII, ore
used at Murphy and McClurg’s furnace ; XVIII, Pioneer furnace ore;
XIX, Star furnace ore; XX, Buffalo furnace; XXI, ore used at
O’Brien’s Scotch hearth; XXII., large crystals, from Richardson’s
Ozark shaft, Ozark township, Phelps county.

XXV, St. Joe Mines—with visible admixture of chalcopyrite,
pyrite and blende—contained 31.032 per cent. lead; 5.826 per cent.
silica, hesides calcite, and showed distinct traces of nickel, but the
amount was not estimated ; XX VI, *“sludge,” from the washers at the
St. Joe mines; XXVII, from washers at St. Joe mines—headings;
XXVIII, from Bluff diggings,, Mine la Motte; XXIX and XXX,
washed ore from Bluff diggings, Mine la Motte, sludge and headings,
respectively ; XXXI, ore used at Valle furnaces, Jefferson county;

G R—2
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XXXII, Jefferson county—No. XIII of the silver assay results;
XXXIII, Perry furnace, near Potosi, Washington county; XXXIV,
Hopewell furnace, Washington county; XXXV, galenite, washed
from Scotch hearth residues at Hopewell furnace for re-treatment;
XXXVI, from *Seed-tick diggings,” Mine la Motte tract, analyzed
under my direction by W.CO. Minger—sample showed chalcopyrite;
XXXVII, ore from Mine Desloge, containing 19.675 per cent. lead by
humid analysis; XXXVIII, XXXIX, XL, dressed ores from Desloge
concentrating machines, containing respectively 63.61, 76.42 and 67.96
per cent. metallic lead, estimated by fire assay, each, mean of two.

OTHER SULPHURETED ORES.

The following species containing lead and sulphur are described
by mineralogists :
ZINCKENITE (G. Rose,)

contains, by theory. sulphur, 22.1; antimony, 42.6; lead, 35.3 ; resem-
bles stibnite and bournonite, but is distinguished from these by its
greater hardness and higher specific gravity.

PLAGIONITE (G. Rose,)

has the following per centage composition: sulphur, 21.3 ; antimony,
38.2 ; lead, 40.5.
JAMESONITE (Haidinger,)

contains, theoretically, sulphur, 21.1; antimony, 32.2; lead, 43.7;
iron, 3.0.
BOULANGERITE, (Thaulow.)

The percentage composition, as calculated from the formula, is as
follows: sulphur, 18.2; antimony, 23.1; lead, 58.7.

GEOCRONITE (Svanberg.)

In composition it contains, sulphur, 16.5; antimony, 16.7;
lead, 66.8.

BOURNONITE (Jameson,)

has the following composition: sulphur, 19.7; antimony, 25.0; lead,
42.4; copper,12.9. None of the above species have been noticed in any
of the lead deposits of Missouri. It is possible that some of the foreign,
metals (¢. g., antimony, copper, etc.,) enumerated in the tables of
analyses of galenite may be so combined and disseminated through-
out the lead ores. This, however, is purely hypothetical.
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B.—OXIDIZED ORES.

Of the oxidized ores, three mineral species only are of signifi-
cance to the metallurgist, and with reference to Missouri localities,
but one requires more than a passing notice.

PyromorpHITE (Hausmann): Occurs frequently in aggregations,
either botryoidal, reniform or globular; sometimes granular and
fibrous; when crystallized, the forms belong to the hexagonal system,
being slightly modified six-sided prisms. It has a resinous luster;
color, usually various shades of green, from a light yellowish to a
deep olive. Hardness, 3.5—4 ; specific gravity, 6.5—7.12.

It consists of triplumbic phosphate and lead chloride, with 76.4
per cent. metallic lead by theory. Frequently the phosphoric acid is
replaced, more or less, by arsenic acid, the lead oxide by lime, and
the lead chloride by calcium fluoride.

Beautiful specimens were found at the Washington or Silver Hill
mine, North Carolina, and at the Chester County and Wheatley mines,
near Pheenixville, Pennsylvania. At the last-named large quantities
were mined and smelted. The mineral is of very rare occurrence in
the lead deposits of Missouri. When found it is usually as a coating
either on galenite or cerussite. It has been noticed only in the south-
western district.

Ancresite (Beudant): Is aleo of rare occurrence, being found
in the form of small, yellowish green crystals, with adamantine lust,
occurring in cavities in erystals of galenite. It consists of sulphuric
acid, 26.4; lead oxide, 73.6 per cent.,and contains 68.3 per cent. metal-
lic lead by theory.

Cerussite (Haidinger): The only oxidized lead ore metallurgic-
ally important in Missouri. It is lead carbonate, containing, by

theory :

83.5 per cent.

LR OXIAQ o euitetrersurtisstsnaraneassnssreanrorsnsorossrsve ssssrnyasesnsssnaanesssnvensarae

CAFDONIC ACIA . i s isvinsiwiasnniveninesnissorssisssvnessessss s issassnsns hosrssiesevssornss 16.5 per cent.
100.0

Metallic Jeadiisisssivossrmsssnrenssssssasissesspsrrasssnserantonsesorassinasivsssasasssisosans 77.5 per cent.

Its crystalline forms belong to the orthorhombic system ; occurs
also granular, massive and compact; color, grayish-white, yellow,
brownish-black. grayish-black and colorless; lustre, adamantine, pass-
ing to vitreous and resinous; hardness, 3.35; specific gravity, 647

to 6.48. ! .
Crystallized cerussite is found abundantly at many of the mines
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in the southwestern district, notably at Oronogo, Jasper county,
where excellent specimens are found illustrating the change of galen-
ite into cerussite.* The ores from the upper portions of the lead
deposits of Dade county, show interlacing crystals of cerussite con-
tained in brown iron ore or limonite.

A common form under which cerussite presents itself at many
localities in all of the lead regions of the State, is as earthy, amorph-
ous, compact masses of white, yellow or reddish color. This form is
the “ drybone ” of the miners. Of still more frequent occurrence is
the gray or ashy variety surrounding cubical crystals of galenite or
filling cavities in them. This form is the *“ ash mineral” when the
galenite predominates in the mixture, or the *“ wool mineral” when
the carbonate is in excess.

The carbonate ores of the furnaces always contain some lead sul-
phide and are, in reality, mixtures of cerussite and galenite. The pure
or even approximately pure cerussite is never found in quantities suf-
ficiently great to warrant notable changes in the routine of treatment
in the furnaces.

The following are analyses of the carbonates:

1k II.
Williams. Chauvenet.

Tieadi CREDOTIREC. oveeavesastsiersennsuresensennoanenbyonnons 84.0770 per cent. (Lead). 66.35 per cent.
Liead sulphide .ci:cisiseassscinss saeosss 6.2387 percent. = assisessiseesaninease
Zinc oxide......sesoess 2.0914 per cent. 0.75 per cent.
Antimony oxide -100D pericents, iaresesevesseesisies
Copper oXide wissssissssess T e 0078 pericent. | someeeaes sesenns
Herrie oXide s.ictic s e e sansntiassnsnaransdsiasnsvess .4340 per cent. 1.51 per cent.
Insoluble Mather . civesisseimnsssssonsnsissossssonnns 2.4904 per cent. 9.95 per cent
F TN ru———y L Traces.

Per cent 1eadia...ciivovonsesssvssnssiissnsasssasssiiasssas 65.287

No. I from Granby; No. Il also from Granby, described by the
analyst as * massive ; of brownish-red color.”

Cerussite in the form of stalactites has recently been found in
notable quantities in a ¢ dropped opening ” or low cave, struck by a
drift at the Douglass and Morgan diggings on Sec. 6, T. 25, R. 30 W,
(Granby Company’s property ), Newton county. Mr. Thomas Richeson,
the President of the Granby Company, kindly presented a specmimen,
measuring nearly three inches in length and with a diameter at the
base of half an inch. Some fragments were detached and were found
to have a specific gravity (at 19° C.) of 6.099, determined by the flask

* See Schmidt (loc. cit. page 389) on this point.
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method. By analysis, the following was ascertained to be the compo-
sition:

Liead Carbonabe .. cssinsssssamsssinssnssnssnsssnass vasssansssrsisrssasnsiviesvinesdssss 98.453 per cent.

Lime carbonate...cceeteseersasses 0.259 per cent.

Magnesic carbonate 0.303 per cent.

Tend Sulphate v.sevisiseess susssocssss 0.107 per cent.

R o T Ol e T = SRR oot SR I IR o Ry e Al 0.654 per cent.

Silicions mather (elay Ve isaouesinnsimmsiviisosvossisnsersssansissmsssss 0.205 per cent.
99.981

The ferric oxide occurs as mere stains or patches on the exterior
of the specimen.*

C.—ASSOCIATES OF LEAD ORES—GANGUES.
CarcrtTe (Haidinger.)

This mineral is almost the exclusive gangue of the ores in the
southwestern region, and preponderates also in the deposits of the
central and southeastern regions. Chemically it is lime carkonate.
Its crystaline forms belong to the hexagonal system, the cleavage being
eminently rhombohedral. Hardness 2.5—3; lustre, vitreous; color
ranges through a great variely of shades, from the colorless varieties
to white, gray, yellow, red, brown and black.

Its most common form in the lead deposits of the State is that of
a coarsely crystalline mass, generally colorless, or nearly so, and
translucent. It is known among the miners as “ glass tiff.” Speci-
mens analyzed in the laboratory of the survey show the annexed

composition.

1 L
Jefferson County. Newton County
Garvens. Williams
Mean of two analyses.
Caleic CarbOnALR . .evcissvsvessassservossssyinnsssssss 08.680 97.962 per cent.
Magneasic CArbonRBL, v sxsexssvsiisansssinssssse 045 1.853 ¢
Ferrous carDonates csaesseomane svsssesssasnanssss 047 258 ¢
Insoluble matters....c.cceuu..e S R None None
09.672 100.068

Doroyire (Kirwan)

Is isomorphous with calcite and consists of lime and magnsia carbon-
ates. In the southwestern deposits it is a very common gangue,

* For analysis of stalactites of cerussite from Brigham’s diggings, Wisconsin, by
J. D. Whitney, consult Dana, p. 701.
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occurring either in densely crystalline masses, or loosely aggregated
crystals, with curved faces, reddish brown on the surface, but color-
less interiorily. The surface coloration is due to the change of fer-
rous carbonate (isomorphous with and more or less replacing calcic
and magnesic carbonates in calcite and dolomite) into hydrated ferric
oxide or limonite ?) Chauvenet (loc. ¢cit. page 396) finds two speci-
mens of dolomite from Joplin to have a composition as under:

L IL
Moon Diggings. Murphy’s Diggings.
Calcic carbonate, . ossssosssssessensssssavaressivsssses 54.72 54.52
Magnesic carbonate . 41.98 44.85
Ferrous carbonate....cssessssssssesssssvrsssssscrscs 2.94 1.14
Insoluble ATt vicasresssssnensssanessiovssrvases 1.24 0.26
100.88 100.75
Theoretically dolomite requires,
Calele carbonate. cucssssssssssisvisnvmsassisasssssessssansssnssirsiosarsssrrsssoversoons .. 54.36 per cent.
Magnesic carbonate.....cceereereees SRR SRS TR S PR RSP RSN AV S SR AR R AT ST ROP RS ORS 45.65 per cent.

So that both the specimens analyzed approach very closely the
composition calculated from the formula.
Dolomite is one form of “soft tiff,” so-called by the miners.

SiperiTE (Haidinger.)

Ferrous carbonate has not been noticed as a distinct speciesin any
of the lead deposits. It is found replacing magnesic and calcic car-
bonates, as above, and occurs also dissolved (as acid ferrous carbon-
ate) in mine waters.

Barite (Karsten?)

Commonly called /Aeavy spar or barytes, and by the lead miners
of Missouri “ bald tiff,” or “soft tiff,” is an important gangue in the
deposits of the central and southeasiern regions, subordinating in
abundance in these, only calcite and dolomite. It has not been recog-
nized in the deposits of the southwest, though I have found it in
minute amount in a mine water from Oronogo, Jasper county.

By theory, barite contains: Baryta, 65.7 per cent.; sulphuric
acid, 34.3 per cent. Two specimens of white, coarsely laminated
variety, from Jefferson county, have been analyzed in this laboratory
with the annexed results:
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L 11
W. C. Minger. J. D. Greason.

Bpecific pravityal 420 cmevnivonimcsasosscriovimvsvnsass 43109 e
BATIC SUIDHALE.-vererreneecrsermsseesserssssssssessssssassossess 98.174 96.791
Strontic sulphate.... 0.500 1.436
<Calcic sulphate...... trace 0.325
Ferric oxide....ccccevees 0.176 0.191
DGR cvsvsmrisnnassasonisssassearsensnsnsersorssavasnmsonssaeanascses 0.898 1.200
Tonttion, 10586 v armmwmrinsisiisiesssats dsFenan s 0.454 0.148

100.202 100.091

On Sec. 24, T. 38, R. 9, Phelps county, barite is found in a horizon-
tal seam in mixture with galenite, and in a cave on the same section,
rounded pebbles ¢f the same mineral, coated with oxide of manganese,
are found in a small stream.

SILICA AND SILICATES.

The silicious minerals noticed in association with the lead ores,
are silica itself, either as quartz, (rare,) quartzite, sand or chert
{quite common); or silica in combination, as clay and calamine. The
chert frequently contains galenite, in intercalated seams, filling small
cracks, or as implanted crystals. A common form is that of a brec-
ciated mass of fragments of chert, cemented by crystalline sphalerite,
with small amounts of galenite intermixed. The chert passes, at
times, into sand, white, or more or less colored by ferric oxide ; some-
times slightly argillaceous, and occasionally impregnated with ceru-
site to a small amount. At other times it changes abruptly into a
microcrystalline quartzite, sometimes of a light gray color, but gen-
erally of a dark brown or black color, and containing galenite and
sphalerite.

Two chief varieties of clay are noticeable, and are locally distin-
guished as “tallow clays,” and “red tough clays.” The first is unc-
tuous to the touch,slightly plastic, and on exposure to the air, cracks,
and finally crumbles to a greasy powder. Crystals of galenite are not
uncommon in this clay. The < red tough clay ” has a much higher
degree of plasticity. Its color is either yellow, brownish red or deep
red.

CALAMINE.

Or hydrous zinc silicate occurs in large quantities, in association
with the lead ores, and is of great value as a zinc ore. Its features
and modes of occurrence will be described when treating of the zinc
ores of the State. An analysis of a specimen from Granby, made by
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Mr. Christian R. Winters, under my direction, gave ‘the following
results:

} F 1l Mean

Silicic acid........ aSsiersusesuon KavrREs cees 20,248 25.735 25.489-
Zinc oxide....... . not est. (6.813 66.813
Ferric oxide.... 1.230 .999 1.114
LMo st aetvsrees e - trace. trace. trace.
WATAr. s tivesrizisoss Ry A PR i A L g 7.487 7.502:
100 918

53.62

Metallie ZING...ccviueicermsiessoonssassvenssassossassmmsnsssonsssns: susissatmnsvesssassnassse Sesekariy
D.—OTHER ASSOCIATES OF THE LEAD ORES.

LivoxNi1TE, or the so-called brown hematite iron ore, is of general
occurrence in the deposits, being a product of the alteration of pyrite
or siderite. Pseudomorphs after pyrites are not uncommon.

SMITHSONITE (zinc carbonate) and metallurgically are of the most
important ores of zinc, occurs very generally, but less abundantly
than calamine. The lead deposits of Dade county yield large quan-
tities. Two specimens from a shaft belonging to the Dade County
Mining and Smelting Company, and taken at depths of twelve (I) and
thirty-five feet (II) below the surface, gave in this laboratory:

IE i

Pack. Ohmann.

Dumesnil~
ZINC10 BRTDOIALE, scveseisivsonsnsrasnssrsnssassnstsssonvssnnsssaiessanseasvsssinenss s 83.000 03.440
BErrons CATDONALe wivcvssorisisrsinsvisssersmmmmmvsnsnisessasshstrssrssusssssssssbonness 1.932 4.040
GalCIe CATDODALC.ccisesuresssrrvssssransansassisiontsnmisnasssouasavassnisasssarsnssniss 0.803 1.525
IMApTESLG CRIIONBIC 0 vr sesvsisservssnssintvsssersssres csrragananssshsesnanissstssss 0.861 0454
Ferric OXIARL wirssscovsvissiscnstorssssrnsusensesvssivesissssnaspsussessesssnavsenears 8.046 0 800
TS TET o7 TN L - s S et~ e I R ey TS i, 2.673 0.261
DALICR, corve s risin v vishossonseanilessd santsraavuvessuyesieashassnbonsastossssssvsbermontsvas 7.390 0.477

B Ty e s Lot e e Bt W e ke e o e e 0.165

99.770 100.277
M ORI IO oot 5 i £o0 s 4 bTR R A 754 RS St mnsmlen s miys ot b e o E sn ey e we SRR PRE AR S 43.019 48,618

AzuriTE and MAvLacHITE (basic copper carbonates) are found in
small amounts at many deposits, especially at thosein Morgan, Miller
and Cooper counties, resulting from the oxidation of chalcopyrite.

GosLARITE (zinc sulphate) and Gypsum (hydrous lime sulphate)
are found abundantly dissolved in the mine waters, and result from the
oxidation of sphalerite and other sulphides, and from the action of
free sulphuric acid thus produced, upon the lime carbonate,
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CHALCANTHITE (copper sulphate) is also found in minute amounts
in the same waters, and has a similar genesis.

BiruMEN, either in the plastic or the liquid state, is found in the
mines of Jasper county, in cavities in the limestone associated with
sphalerite, galenite and calcite.

The chemical analyeis of the water from the mines at Oronogo,
Jasper county, is here introduced as throwing light on the genesis of
the various ores and minerals found in the lead deposits of the State.
The samples were collected on two consecutive days. The absence
of lead sulphate is noticeable, none being detected, though careful
search was made:

Analyses of Mine Water from Oronogo—Results in grains per gallon of 231 cubic inches..

L. II.
Williams. Hare.
Sodinm iehlotde:wsirseizsvsissssiviressascoraanvessssatsranssss 0.16032 grains. .18094 grains.
Sodlum SUIPNALE:...cocsviusserssossssssrossrsnsssnrionnssasnvsasnise 0.49009 &8 48331 £
Potassim SHIPHALE: ciiscsiinss svsissnin minesissen sssasvesssseaisn 0.31879 58 33772 -
Caleic BHIDNRT0.. .. cieuirisseesivenivssnerrasssssansssansssnssssass 27.98303 ¢« 28 31665 &
MAgnuaic SUIPHALe 5. s cvin b et cnsacsnnrssrsssninnasen 2.74154 “2,23635 55
Baric sulDDAte: s e sscresicsssssrmsaiunstvsnssssssesssmnasvashe 0.08164 s 07115 ¢
ZING RNIINBLAL 1 ivscecennvssreaarnassisanassertoniavonsenassssanassiay 13.14142 “13.08099 £
Copper sulphate . i riaiiinnsisrrississcavasisivssassanives 0.01711 & 01171 ke
ATmiIng SBIPHILO, .o civeiicciasns tisissnnconsisnssvassanessaspniions 0.58649 & 69906 g
7 e 0TS a0 I e A R e e B e 4.58545 ‘¢ 448054 s
T errons CAYDONALO. o vsvvsassssvsiinisnisasssnassuesserssrmusns 2.29817 ¢ 273376 “
Manganous carbonate trace. trace.
Arsenious acid...c.cesesenees : e OMISTT s 15198 it
Antimonous acid wooe  0.12232 £4 .13022 &
) LB s b e R PP e S ceee 0.81645 44 .04033 ¢
OPEANIC IDATLETS: coucrranssesvinssssresarissienssscasenessrsnsassansss 4.14058 ¢ 3.63904 ‘e
TotaY BONIAS . iosisssssairisss snssnmsssnsnsisinarmsresisinsiss 57.60315 57.18282

The copper, arsenic and antimony were obtained by the treat-
ment of four litres of water, and distinct traces of Cadmium were
found in the same amount. The other constituents were estimated with
the amounts ordinarily used in mineral water analysis, the method of
Fresenius. [ Quantitative Chem. Anal., 4th English edition, page
506, et seq.,] being followed with such deviations as were found neces-
sary from the presence of the extraordinary constituents.

GENERAL OUTLINE OF THE METALLURGY OF LEAD.

The extraction of lead from its ores is carried on in various forms
of furnaces, referable, however, to three types, and giving rise to
three chief methods, distinguished as

I—The Reverberatory, or air furnace methods.
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II—The Blast furnace [shaft or cupola furnace ] methods.

III—The Hearth methods.

In the second and third methods, the chemical changes in the
materials to be treated are aided by a blast of air from auxillary
blowing apparatus, while in the first the natural draught of the stack
or chimney alone is relied on.

The Reverberatory and Hearth methods only find generail employ-
ment in Missouri. The blast furnace methods proper being employed
to a limited extent in the treatment of residues (or so called slags)
from the other processes (Granby, Joplin and elsewhere) or for
treatment of residues and nickeliferous ores for nickel mattes and lead,
as at Mine la Motte.

I—Reverberatory Treatment is applied chiefly to high grade ores
which have, as their associated gangues such minerals, the constitu-
ents of which do not readily unite with lead oxide to form fusible
glasses or slags, but which tend rather on the contrary, to interfere
with the fusion of the oxidized lead compounds formed in the smelt-
ing operations. Calcic carbonate and barite are therefore favorable
gangues. The method is not usually applied to the treatment of ores
with silicious gangues without the use of metallic iron as a desulph-
urant, and in such cases it is commonly supplanted by the blast cupola
methods as the more economical mode of extracting the lead.

Two forms of reveberatory treatment are in use:

A—The method of reaction, as it is commonly called, but more
properly, the method of a¢r reaction, in which nearly all the lead is
produced through the agency of atmospheric oxygen, a series of re-
actions between various oxidized lead compounds and lead sulphide
being induced. It involves two principal stages, a first, or roasting
stage,in which a part of the lead sulphide is united with oxygen to form
lead sulphate (PbS becoming PbSO, ), or is changed into lead oxide
(Pb0); secondly, a reaction stage proper in which, under increased
temperature, the oxygen compounds react on the unchanged sulphide,
with the metallic lead and sulphurous acid as products. This stage’
may be better understood {from the following equations commonly
employed to represent the reactions taking place, though practically
these reactions are much more complex than can be thus indicated:

PbS0O,--PbS= 2 Pb+2S0, or
2 PbO+PbS= 8§ Pb+S0,.

The reverberatory furnace consists essentially of a combustion
chamber (#re box) communicating by means of an opening or flame
passage with a second chamber (or hearth) in which the materials to
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be treated are brought under the influence of the heated gases and
products of combustion from the fire box. The lower part of the
hearth (sole) is separated from the fire box by a dam (or Zre-bridge)
and is surmounted by a low flat arch, continuous with the top of the
fire box, and with the opening connecting the two chambers. One or
‘more flues, at the end of the furnace furthest from the fire box
carry the products of combustion and the volatile products of the re-
actions on the hearth to a stack or chimney common to several fur-
naces. Various openings (or work doors) give access to the fire box
and {o the hearth for purposes of introducing the charge and for
manipulating it during the operations. Certain proportions between
the various parts have been found best adapted to certain kinds of
work, but these vary in different furnaces according to the purposes
for which they are intended, and according to local condition, such as
character of fuel and ore. Commonly, however, the length of the
grate bars of the fire box is equal to the breadth of the hearth. The
length of the hearth is from 1 to 2.5 times the breadth, and the height
of the arch above the fire-bridge is usually from one-third to one-half
that of the arch above the sole.*

The reverberatory reaction method has been variously modified
in so far as the arrangement of the parts of the furnace and the
details of operations are concerned, but three chief systems of con-
ducting it are recognized and named from localities, furnishing typical
examples. These three systems are:

a—The Carinthian.
b—The Flintshire or English, and
c¢—The French.

In all processes there remain on the sole of the reverberatory
materials rich in lead, which give rise to a stage of treatment addi-
tional to the two already mentioned, having for its object the recovery
of a further amount of lead. The features in conducling the rever-
beratory reaction method become, therefore, as follows:

First stage—period of oxidation. The ore to be treated is spread
over the sole of the reverberatory and gradually brought to a low
red heat. The charge is stirred in order that the oxidation may be as
uniform ‘as practicable, and the temperature is so controlled that the
materials being treated may not be agglomerated or fused—conditions
which would seriously operate against oxidation. During this period,
lead oxide and lead sulphate are produced. The duration of the
operation varys according to the arrangements of the furnace, and

* On these points consult Havrez, quoted in supplement to Crookes & Rihrig’s
translation of Kerl’s Metallurgy.
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according to the weight and grade of the charge. The presence of
carbonate or other oxidized lead ores in greater or less amounts pro-
portionally shortens the time required for oxidation. Under all cir-
cumstances the oxidation period is brought to a close before all the
lead sulphide is changed. With regard to the time required, experi-
ence alone can determine for each spacial instance; in general, it
may be stated that the time necessary for the first stage in the treat-
ment of 450 1bs. of 65 to 72 per cent. galena ores with soft wood fuel
at Bleiberg (Carinthia) was three hours, while in the English
furnaces from 16 cwt. to 1 ton of 70 to 75 per cent. ore requires two
hours (for Arst #iring) with coal as fuel.

SecoND STAGE or DEeoxipiziNg Periop: The atmosphere in the
furnace is rendered less oxidizing and the roasted materials are
brought rapidly to a cherry-red heat. At about this temperature the
reactions between the lead sulphate (or lead oxide) and the unchanged.
lead sulphide begin, resulting in the production of metallic lead and
sulphurous acid. The lead runs down over the sole of the furnace
and collects in a basin or sump in the sole, and is tapped thence into -
a kettle exterior to the furnace (Flintshire), or runs directly as
reduced into the exterior iron kettle (Bleiberg-Carinthian). The
residues of the Flintshire furnace are either pasty and are raked out
(gray or drawn-slag) or in certain cases are melted and tapped, (run-
slag) and are passed to other treatmert; those from the Bleiberg are
pasty and are treated in the same furnace.

During this stage frequent manipulations of the charge are neces-
sary in order to bring about intimate contact of the lead sulphate (or
oxide) and the lead sulphide. The operation is terminated when the
lead ceases to flow. The temperature of the furnace is then somewhat
lowered, and a roasting (or first stage) again brought about, and then
again a sécond period, thus alternating the roastings and reactions, as
long as lead flows and the residues have not passed into a state of
liquid fusion. The length of time necessary is largely iufluenced by
the care and skill of the workmen in the first or roasting stage.

The French method is different, in so far that the roasting stage is
prolonged until the roasted mass is caked together, and drops of lead
appear, and the second or deoxidizing period is characterized by the
introduction of carbonaceous matters (wood and coal slack). The
lead is collected in a sump. The process is adapted to ores more
highly silicious than are usually deemed suitable for being worked by
either the Bleiberg or the Flintshire method ; but the consuinption of
fuel is greater, the yield is smaller, and the loss of lead greater.*

*Percy’s Metallurgy of Lead, page 245; Cropkes & Rihrig (Kerl’s) Metallurgy,
page 68.
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Tuirp oR SuPPLEMENTARY STAGE: The matters remaining on the
sole of the furnace after the repetitions of the two proper stages,are
still rich in lead, existing as oxide, sulphate, silicate and sulphide, but
in such forms of combination or in such physical condition that further
reactions among themselves are not possible by a continuance of the
ordinary operation. To restore the physical condition necessary for
the reactions between the lead sulphate and sulphide, and to reduce
the oxidized compounds to the condition of metallic lead, lime or
charcoal is introduced into the residue and the temperature of the
furnace is raised. Charcoal is oxidized at the expense of a part of
the oxygen lead compounds producing carbonic acid, which, escaping
through the materials, renders them more porous and induces a condi-
tion favorable for further reaction between the remaining oxidized
lead compounds and the lead sulphide. Lime acts mechanically, ren-
dering the materials less fusible and more spongy, thereby allowing
further reactions as above. There is also a possible chemical action
of the lime, but on this point metallurgists are at variance.

The choice between charcoal and lime as reagents in the third
period is influenced chiefly by the manuner in which the roastings and
reactions have been carried on, but is limited also by the fact of the
ores being argentiferous or non-argentiferous—for silver bearing ores
lime being preferable as rendering a cleaner slag, that is, one freer
from silver. In the English furnaces lime is most commonly em-
ployed, while at Bleiberg the residues of two charges are treated with
charcoal (pressing). resulting in the production of less pure lead
(press lead— Pressblet).

As will be seen in the section devoted to the details of air-fur-
naces throughout this State, the supplementary stage is rarely resorted
to. This is manifestly advantageous, so far as the production of a
uniformly good quality of lead is concerned, but in all other respects
1is wasteful, and therefore to be condemned. At present the abundance
of high grade ores may perhaps palliate this want of economy, but
the treatment of these rich residues in the reverberatory must even-
tually become part of the method.

The residues from the reverberatory are, when rich enough, passed
to treatment in slag furnaces by methods which are of the type of
the blast or cupola furnaces, and will be comprehended from the
descriptions given of these on subsequent pages. The Missouri fur-
naces, as before noted, usually disregard these residues. Occasion-
ally, however, when conditions of transportation are favorable, they
are sold to some of the few more complete establishments at which
slag furnaces are run, and are there treated for a special brand or
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slag lead. Analyses of these residues will be found in the section in
which the details of the air furnaces are given. Annexed are analyses
of Flintshire Gray Slag for comparison :*

Per cent. Per cent
Lead sulphide 0901 L s
Lead sulphate 18.73
Lead oxide 3S8.08
Zinc oxide is 12.00
BUMIN0 ccicitiaessrsnsnestunsinasrsinsinnesalotsssabamrarsarsssanssotsannesss o b1 13.50
ATUIDID R v ivennreribonssnussressrnonisisrosssshrstssasssssnssbsorsssiansasessss 0.71
TRITI6 ORI ;00renstorsurasrsensonese T T . 2.86 Ferrous oxide.. 3.89
Silicic acid (combined)... 12.32
BRI i ciisenrvers ssssnssainn Kviisronvks sossihis s Restonnboborossantsnisnsrnn % s
99.23
Metallic 16, ...occciinsessvsnvsorss nessermonsrsns sivscusssssansansse 52. 48.142

In addition to lead in the residues, there is a further source of loss
of metal, arising from the volatility of lead and its compounds. This
loss is inherent in all methods of lead separation, but varies greatly
in degree in the different formsof treatment. At well arranged estab-
lishments means are provided for the condensation or collection of
this volatilized lead matter or fume, by the introduction of a series of
condensing chambers or other apparatus between the furnace and the
stack; but these methods have not become of general use in this
State where abundant and high grade ores and cheap raw fuel, coupled
perhaps, with a laudable desire on the part of the smelter to produce
an uniform grade of soft lead, have diverted attention from these appa-
rently minor, but, in reality, important adjuncts to economical smelt-
ing and to the sanitary condition of operatives as well as of a neigh-
borhood. :

The composition of lead fume will be seen from the annexed
analyses, I, being fume from the reverberatory at Granby, Newton
county, by myself, and II, from reverberatory at Pontgibaud, by
Rivot:

E L

Lead sulphate 39.00
Lead sulphide 4.50
T TS e TV e S o e 35.00
TieRA ORIAB. s eecrrvesivererinvisrasiviniisassaivarioamussrssssserenpmemsee Bi871  Zinc oxide.s 2.70
TEPTIE OXRIAC cohiersusicsncsntninrarvasesiesraiusnssvsnasasimensoarsanrsmmssssss. el = o 0N oo
ATINONY: ORIAES, o vcoreiristsanscassssirsimnsniissars srsasansesiinsnsn ament HDOES SRS 8 s
Arsenious oxide 1.50
Zinc chloride..
2.30

ARG RUIDNATE . 1osseesnssisdbsigyessiervonsesntssshisrassars orearsiinsaressosn

* Percy ‘‘ Metallurgy— Lead,’” pages 235 and 239.
Y g &



LEAD FURNACES AND PRODUCTS. 31

I IL

Gadminm SWIPDALE. i i seisraoveinassisssss ctsssrsavibsssos ansanivnses feace. 0 s
Oglale BRIPDALe. .. coot ssissnsnapsanissst s srssvesssvasa p2eg
Magnesic snlphate G600 s
| B L B e T e T e e e S e e B S 2.510 Silica and clay..13.20
99.365 98.20

Per: cent. maetatlic Tead i i isrssissssssmnmmonsibonssafisssensosvns 65.156 58.253
Per cent. metallic zinc....c........e. T O o A D e b 0.676 3.09

The composition of the fume and its amount are, of course, largely
influenced by the composition of the ore and the character of the
treatment which the latter receives. The quantity is much greater
than is realized by our smelters, being fully five per cent. of the fire
assay value of the lead contained in the ore. Lilers,in a paper on the
avoidable waste at American Lead Smelting Works,* estimates that
the loss by fume and dust at the Utah Smelting Works, averages
fully nine per cent. of the value of the original contents of the ore.

In the reverberatory air-reaction method, the presence of small
amounts of blende—not exceeding twelve or fifteen per cent. of the
charge—is regarded as advantageous, since it renders the mass, after
oxidation, less fusible, and in better condition for frequent alterna-
tions of oxidations and deoxidations. On the other hand the presence
of blende is disadvantageous, because it increases the loss of lead by
volatilization, the specifically light zinc oxide which is produced in
the roasting, assisting in carrying mechanically the denser lead com-
pounds out from the furnace. The action of the zinc oxide in this
direction may be inferred from the fact that zinc white or oxide, as
produced directly from the ores is in such condition that an ordinary
flour barrel will contain only from thirty to thirty-five pounds of the
material. .

If the ores are argentiferous, the loss of silver is greatly increased
through similar action of zinc compounds.

The experiments of Malaguti and Durocher,* made with argen-
tiferous zinc blende, indicate that the loss of silver in the presence of
zinc compounds may be very considerable, reaching as much even as
70 per cent. of the original contents of the ore, but ranging usually
between 15 and 60 per cent, according to the richness of ore in silver
and zinc, and according to the management of the furnaces.t

Pyrite in the ore is beneficial in the first stage, aiding in the con-

* Transactions Am. Inst. Mining Enginecrs, Vol. IIL, pp, 98, et seq.
* Annales des Mines, X VII, 1850.
1 In Journal of Franklin Institute, Feb., 1871, this matter has been discussed at

some length by the writer of this report.
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version of lead sulphide into lead sulphate and oxide. In the second
stage, the iron oxide,formed by the oxidation of the pyrite, makes the
charge less fusible, while any unoxidized pyrite decomposes lead
sulphate, aiding in the separation of metallic lead. - An excessive
amount tends to the formation of matte, and thereby to loss of lead.
If the pyrite is arsenical, the quality of the lead is impaired by the
presence of arsenic. Chalcopyrite acts in a manner analogous to that
indicated for pyrite, though smaller amounts work more injuriously
than are required for the latter, since matte will be formed, and the
-quality of the lead will be injuriously affected by the presence of
copper. Stibnite, and other antimonial minerals, even in small
amounts (2—3 per cent.) are objectionable, causing caking of the
charge, increased loss of lead and silver by volatilization, and impure
lead.

Calcite, barite, siderite and fluorite (fluor spar), within certain
limits, are either beneficial or not objectionable. Quartz, clay and
other silicates in small amounts (1—6 per cent.) make a fusible charge
preventing good roasting and interfering with the reactions.

In cases where argentiferous ores are treated, the lead produced
in the earlier parts of the processes is richer than that of the lafer
periods, as silver sulphide is more readily decomposed than lead sul-
phide. '

B—Method of desulphurization and precipitation by metallic
iron: This method is very limited in its application. It may be
employed with silicious ores,* unsuited to method A, but has been
largely replaced by blast furnace methods in the treatment of such
ores.

The reaction, in theory,is represented by the equation:

Pb S 4 Fe. — Fe S 4 Pb.

In practice, three products (besides fume) are formed: slag,
matte (iron sulphide with some lead sulphide) and lead. The amount
of iron added never exceeds 35 per cent. of the weight of the charge.
The operations are carried on in reverberatories of smaller dimensions
than those used for method A, so that higher temperature may be
obtained. The sole of the reverberatory is arranged with a sump, in
which the three chief products coldect in the order of their gravities,
and are thence drawn off through the tap hole.

The method is expensive in fuel, labor, tools, and in the iron for
the desulphurant. When argentiferous ores are treated there are

* Kerl’s Handbuch der Metallurgischen Hittenkunde, Vol. 1L, p. 89.
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produced rich mattes and slags which require treatment in the blast
furnace. The advantages it possesses over the blast furnace methods
are found in the comparatively small cost of the furnace plant, and in
the fact that raw fuel can be used.

II-BLAST FURNACE METHODS.

These are of very general utility and comprehend a great variety
of details in furnace arrangements and in the manner of conducting
the operations. In general the furnace is an upright shaft into which
the materials subjected to treatment are charged,along with the fuel
(charcoal or coke) and into which is forced a current of air from one
or more tuyeres. Formerly the furnaces were of rectangular section,
somewhat pyramidal in elevation, narrowing toward the top and gen-
erally with a single tuyere. Within a few yearsradical changes have
been made in the shape of the furnaces; the size has been greatly in-
creased and the number of tuyeres has been multiplied. The im-
proved lead-blast furnaces are in form of aninverted truncated cone, or
an inverted truncated pyramid with a rectangular horizontal section
with tuyeres on both the long sides, or with a hexagonal or octagonal
section and tuyeres on all sides. With these changes have come in-
creased effectivness of fuel and other important economical consider-
ations. In all cases, whether the old forms or the improved forms be
used, the cost of establishment is much more expensive than for the
reverberatories. Nevertheless, for argentiterous ores, or for ores poorin
both silver and lead, but with silicious gangues that cannot be sepa-
rated by mechanical means, the blast furnaces or cupola processes are
of great value, and necessarily of wide application. An extended
range ot modifications, the results of local experience with regard to
the character of the ores and the available fuel, are to be observed in
these methods, but they may be generally referred to two types of
treatment :

A.—Direct fusion of the raw ore with iron as a desulphurant.
(Niederschlagsarbert.)

B.—Treatment of previously roasted ore with or without the ad-
dition of metallic iron. (Roest-Reductions-Arbert.)

Method A is adapted to rich lead ores containing little silver, and
only small amount of foreign sulphides, but associated with silicious
gangues. Foreign sulphides make the mattes richer in lead and
silver, or increase loss by volatilization, or make the charge of diffi-
cult fusion or finally impair the quality of the lead, this last not essen-
tially peculiar to this method. Low grade ores require cheap iron

G R—3
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and relatively high market rates for lead. Within certain limits, the
bigher the temperature the more corzplete the decomposition of the
lead sulphide by the iron, and less lead sulphide unites with the
ferrous sulphide in the matte. A certain quantity of slag-forming
matters is necessary, as slag is required to prevent oxidation of lead
in the furnace hearth, but the slag must be a fusible one to avoid in-
creased consumption of fuel and greater loss by volatilization; at
the same time it must not form at a temperature lower than that re-
quired for the desulphurization of the galenite and for the formation
of mattes with the, practicable minimum of lead.

Allowing cast iron to contain five per cent. of impurities, it will
be found that one part of such iron will extract 3.64 parts of lead if
ferrous sulphide (Fe S)is formed. Usually di-ferrous sulphide (Fe.S) is
produced. Less iron is necessary when the ores contain chalcopyrite
and blende, and is also desirable to avoid decomposition of these
sulphides. An increased amount of the iron is required when the ores
are sensibly arsenical. Increased amount is prejudical towards the
silver sulphide, throwing it into the matte.*

Method B. Ores containing so much foreign sulphides as to be
unfitted for method A, orso rich in silicious gangues as to be unadapted
to the reverberatory reaction; or argentiferous ores which cannot be
concentrated mechanically without loss of silver, are suitable for
treatment by this method. In some of its many modifications it is
suited to a great majority of cases, especially in the treatment of the
lead and silver bearing ores of Utah, Nevada and Colorado. The pre-
liminary roasting does away largely with the use of iron, and is per-
formed generally in reverberatories and is finished by raising the
temperature sufficiently to agglomerate the roasted mass or better to
fuse it. Basic ores containing much lime, etc., are better scorified
by the addition of silica. Neutral ores, or those which contain in
themselves the slag-forming constituents in the proper proportions,
require no fluxes in the cupola, but aci¢d ores or those containing
quartz or silicious matter are fluxed by terric oxide or by lime. Fre-
quently a small amount of scrap iron or of forge scale is added to de-
sulphurize any galena which may have escaped oxidation during
the roasting. Production of matte is avoided as much as possible, un-
less the ores are notably copper-bearing and the saving of that metal
The chief products, besides fume, are slag and lead.

is an object.

* For illustrations of this process consult Kerl loc. cit., pages 185 ef. seg, or
Crookes and Réhrigs translation, pages 98 et. seq ; also Rivot Metallurgie du Plomb et
de I’ Argent, page 450, Further particulars would encumber this report unnecessarily.
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The slags are compounds of silica (from the ores or from addition
of acid fluxes) with lime, ferrous oxide and a small amount of lead
oxide—the lime or iron oxide being added when necessary (in the
case of acid ores) to take the place of the lead oxide in the slag, and
prevent loss of lead. The most desirable slag is that which is either
a singulo silicate (the oxygen of the bases: oxygen of the acid=1:1),
or mixtures of a singulo silicate with a bisilicate (in which, oxygen of
base: oxygen of acid=1:2). The singulo silicates are liable to enclose
particles of metallic lead and thereby cause loss of metal; the bisili-
cates are not open to this objection, but require higher temperature
for their formation, and are therefore more expensive in fuel, and
cause greater loss by volatilization and greater reduction of foreign
oxides. The bisilicates do not act so strongly on the furnace lining.

As noted above, the formation of matte is avoided and this consti-
tutes one of the advantages of the preliminary roasting. When, how-
ever, it is necessarily produced, as in the case of silver and copper
bearing ores, it is returned to the furnace or is treated by more elabo-
rate processes for the separation of the valuable metals. In Utah
and Nevada it is usually disregarded.

The proper fuel is charcoal or coke, or a mixture. The latter
gives the best yield of metal; charcoal gives a lower heat, but one
more uniformly distributed over a larger space than that of coke,
which furnishes higher heat in a small space near the tuyeres. Besides
. providing under the influence of the blast the temperature necessary
for the chemical changes and slag fusion, the carbon of the fuel is a
deoxidizing agent for the lead compounds in the roasted ore. The
carbon also reduces iron oxide, and the metallic iron thus formed is a
desulpburant for lead sulphide that may be present. Excessive reduc-
tion of iron is to be avoided, for iron deposits are then formed in the
hearth of the furnace, (sows, bears, etc.) Low cupola furnaces are
best in this respect; high furnaces are more economical of fuel and
avoid so great a loss of lead in fume.

The lead and slag (and matte when formed), are drawn off at inter-
vals at the breast of the furnace by the ordinary process of tapping,
or by means of the mechanical device of the syphon tap.

This form of treatment not being required for the Missouri ores,
excepting in one instance, and offering no advantages over the rever-
beratory method so far asthis State is concerned, it has not been con-
sidered necessary in this connection to dwell at any length on the
cupola methods, nor, in fact, to give anything more than such an out-
line as is necessary to an intelligent comprehension of the subject of
the metallurgy of lead. Those interested in it will find ample illus-



36 LEAD FURNACES AND PRODUCTS.

trations in the works of Kerl and Rivot, before quoted, and, for the
more improved furnaces, in the reports of United States Commissioner
Raymond, (especially for 1872, page 379; an excellent resumé¢ of the
subject adapted to the non-professional reader, and instructive to the
professional metallurgist), in transaction American Institute of Min-
ing Engineers, and in Church’s Xotes of A Metallurgical Journey in
Furope.

III-HEARTH METHOD.

Hearth treatment is in fact an air re-action method, in kind like
that described for the reverberatory, but with the difference that the
oxidation and reduction go on simultaneously under the influence of
a blast of air. Lead sulphate and lead oxide are produced by the air
thrown in through the tuyeres, and act, at once, on the lead sulphide.

The Scotch-hearth has been replaced in this country by a modi-
fied apparatus generally known as the American-hearth. The latest,
used in Missouri, is the American water-back hearth of somewhat
larger size and with three tuyeres instead of one in the older form-
The upper part is formed on three sides by a double-walled box of
castiron, technically known as the fuyere-plate, through which passes
three ¢uyeres. A circulation of water is maintained through this iron
box, and serves the double purpose of protecting the tuyeres and the
castings. Back of the tuyere-plate is the wind boz which receives the
blast from the blowing apparatus. The hearth bottom or box is also
of cast iron set in masonry which carries the upper iron parts of the
hearth. The hearth-box contains the molten lead or lead bath upon
which the charge floats and upon which the operations of smelt-
ing are performed. The work stone or table, also of cast iron, slopes
downwards and forwards from the front top of the hearth-box toward
the iron pot into which the lead from the reduced ore passes and
accumulates. This pot is built over a small fire place, the fire in
which keeps the lead in a fluid condition for ladling into the moulds.
The apparatus is surmounted with a hood for carrying off the fumes
and the products of combustion.

The walls of the tuyere-plate are commonly about one and a half
inches thickness. The nozzles of the tuyeres through which the blast
reaches the charges, are from one to one and a half inches in diame-
ter. The tuyeres enter through the back wall of the hearth at a height.
of from one three inches above the surface of the lead-bath contained
in the box and constituting as before stated, the sole upon which the
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charges are worked.* They are about six inches apart from each
other, and the two outer ones of the system are about the same dis-
tance from their respective sides, so that the back of the tuyere-plate
is usually about 23 inches. Its height is 16 inches. The sides are 1
foot 104 inches from back to front, for the inside walls, and 2 feet 53
inches for the outside walls. From inner to outer wall, outside meas-
urement, 7% inches; space between walls, 4} inches.

The hearth is operated by first kindling a wood fire upon the sur-
face of the lead in the hearth box; on this fine charcoal is thrown,
well ignited and the blast turned on. Some residues or so-called
slags, from the previous smelting are thrown on this fire, and, as soon
as the lead in the bath is properly melted, the galena ore, crushed to
the size of a pea, is thrown on in charges of about twenty pounds at a
time. A little caustic lime is added as a flux, the mass covered with
fresh charcoal and the whole allowed to remain undisturbed for about
five minutes. At the end of this time, thorough contact of charcoal
and ore is brought about by continual stirring accompanied by break-
ing so that the blast may have passage and full oxidizing effect.
These manipulations are continued for some fifteen minutes.when a
new charge of twenty pounds of ore is added. Lead soon begins to
flow over the inclined work-table into the kettle whence it is ladled
or run by syphon into the moulds.

A shift of eight hours will treat about 3000 pounds high grade ore,
yielding by the work, about 68 per cent. of metallic lead, and requires
two workmen. At the end of this time the metallic bath is cleared of
residue for the next shift; the so-called slags are sorted and that which
is rich enough is crushed and washed for separate treatment in the
same hearth, yielding about 30 per cent. lead. The poor residues and
the residue from the treatment of the rich slag are either disregarded,
orin a few cases, passed to further treatment in the slag furnace.
About thirteen bushels charcoal ore used per shaft or for the treat-
ment of 3000 pounds of ore. Both ore and charcoal are delivered by
laborers to the smelters, and as the laborers can readily serve sev-
eral hearths, a reduction of cost of working is always effected by
having a number of hearths side by side.

Under the conditions surrounding these operations, there is

* ¢« It may be asked why should the contents of the ore hearth be kept floating on
the melted lead? The answer is that if the bottom were formed of brick or other solid
refractory material, inconvenience might be caused by accretion of slaggy matter,
whereby the level would be changed and the working of the furnace deranged. "A
bottom of iron would be rapidly acted upon. Let the reader try to suggest a substi-
tute for the simple and usual hearth-box filled with molten lead, and he will probably
be puzzled.” Percy, Metallurgy of Lead, 289.
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necessarily a considerable loss of lead by volatilization. The scoria-
ceous character of the residue make it also rich in unchanged ore and
shot lead. The hearths require, therefore, high grade ores, and have
the further disadvantage of being a costly form of apparatus. On
the other hand, they will treat a much greater amount of galena in a
given time than will the usual reverberatories in the same time. With
a single American-Scotch hearth the cost of production of 1000 pounds
of lead is about $5, and for the production of the same amount from
a reverberatory under equal conditions, the expense is $4.90 inde-
pendently in each case of the cost of the plant. By increase of
number of hearths, the expenses of operating are decreased much
more rapidly than by an increase in the number of reverberatories.

There are few details from which calculation can be made of the
amount of loss by volatilization in the hearth methods in this coun-
try. In 1849 an experimental ore hearth, similar in principle to that
formerly worked at the Rossie (New York) Lead Mines, and in which
wood was used for fuel, was erected at Bleiberg, in Carinthia, and
during that year and the years 1850 and 1851, the following results in
regard to the loss, other than that caused by the slag, were obtained :*

Average per cent. Per centage loss
lead in ore. of lead, exclusive
of slag.
10.42
0.74
11.38

The slag from the hearth cannot be homogeneous ; analyses will
be found in the part of this report given to the illustrations of the
Missouri hearth furnaces. The following is Plattner’s analysis of the
slag produced in the above experiments at Bleiberg :

B ICR eesrcssvsnsnasrsnsnsissasatessoviinannscosnansvssassonsvonasnssbesonnssoxesssnsnnetsossssos . 0.260 per cent.
SUIPhUTIC BCIA. o .uuurrrerureesmesermasansnsssensssasssisasaassissssssssssssnsonssssssssssannsse 5.038 per cent.
Tead OXIAE  sioeisinimsrsisssonsnsvssorsesseanosnsonassasnsssssrtsssisesassnsensarasyaavnasvnss 37.710 per cent.

Ferric oxide 19.600 per cent.

ZINC OXIABisrisesisnssrsssiinisnronsusnsnis wongsvossensosssonsinnsssnrvssrinasasessnsorsssaessosse 19.200 per cent.
Molybdic acid 0.460 per cent.
A < 2 sne s vas shevsasameriannssnesertes 8.856 per cent.
Magnesia and manganous OXide......ovveeriiriiiiiiiiiiiiirienennae e, 1.417 per cent.
Alumina with traces potash, soda and copper OXide.....coeemerermscsieeiannne 1.760 per cent.

09.201

At Przibram, Bohemia, the American hearth was tried with ore
yielding, by assay, 74.88 per cent. lead ; the yield, by the treatment,

¥Percy, Metallurgy of Lead, page 292.
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was 60.88 per cent., not including the lead subsequently extracted
from the slag: the slag amounted to 45.94 per cent. of the ore putin
treatment. The reported produce of the residue is enormous when
compared with the experiences in this country.

PURIFICATION OF LEAD.

The purity of the resulting lead, whatever the process employed
in its production, depends, as before mentioned, largely on the purity
of the ore smelted. In cases where argentiferous ores have been run
through any of the metnods the work lead produced is refined when
necessary, and the silver, if small in amount but still great enough
to be extracted, concentrated (Pattisonized) and finally separated
from the lead by cupellation, or by treatment with zinc and subse-
quent separation of the zinc and silver and purification of the desil-
verized lead. KEven when not sufficiently rich in silver to warrant
attempt at separation of the two metals, the lead in most cases re-
quires refinwng, tmproving or softening. The object of these prac-
tices is to remove or to lessen the amount of the foreign metals, cop-
per, zinc, iron, antimony, arsenic, nickel and bismuth, which render
the lead hard and sonorous and unfit for many of its industrial
applications.

Arsenic, antimony, bismuth and copper are the most objectiona-
ble, the first two being prejudicial in almost all uses (excepting for
special alloys as shot metal and type metal), but are more so towards
the use of lead for mechanical purposes than for white lead manu-
facture ; the reverse is true in general for copper, for it is not so ob-
jectionable in lead intended for mechanical purposes as for corrosion -
into white lead. Zinc rarely exists in serious amounts; one and a half
being the highest per centage of this metal possible in lead* ; iron in
notable quantities, passes into the lead only when the latter has
remained in a melted condition in contact with iron.

The methods of softening in common use are:

a—By process of atmospheric oxidation, the lead being melted
and oxidized on the surface, the oxidation of a part of the lead induc-
ing a more rapid and more thorough oxidation of most of the foreign
metals, especially of antimony. The dross which is formed is re-
moved, a fresh surface oxidized and these operations repeated until
the lead has reached the required degree of softness. The time re-
quired, and consequently the proportion of lead oxidized depends on
the quality of lead, on the temperature and on the amount of surface
of melted lead exposed to the air. The operation may be carried on

*According to Mathiessen and von Bosse.
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either in a common reverberatory, or in one in which the ordinary
sole has been replaced by an iron pan, or in one into which an artifi-
cial blast or current of air is driven. [At Pontgibaud, where a cast
iron bottom was used, the charge was about 20 tons hard lead, the
time required was three days (including charging and discharging the
furnace), and the amount of soft lead produced was 94.7 per cent. of
the original lead.*] According to Richardsont the results of treat-
ment of “ many hundreds of tons of hard lead,” gave the annexed
results :

Go0d" Spanish NArALeRd wive s stovuassesssavarsustsasariensases 93.2 per cent. soft lead.
Hard lead from crystalized ArosSe..cce.esseceseeesmrenereens 90.3 per cent. soft lead.
D IR Bl B L A e i et casteasn e heratsrasssseaseserasnnrrostis 87.1 per cent. soft lead.
Slag lead from Spanish dross.....ccoceeeescesenessssesssnees 66.9 per cent. soft lead.
Slag lead from refuse productS...cceeee seceeesarcerereereese 67.3 per cent. soft lead.
Chinese tea lead (containing tin).......ccccecececnnnennennes 76.4 per cent. soft lead.

b—By a process of oxidation brought about by the addition of
oxidizing agents. [ Baker’s method, with acid sodic sulphate and sodic
or potassic nitrate ; nitre, soda ash and lime in method of Pontifex &
Glassford. In this latter the mixtures recommended are, 3 parts
sodic nitrate, 4 parts soda ash, and 4 parts of burned lime for lead
containing from 5 to 15 per cent. antimony; and equal parts of each
reagent in cases of lead with less than 5 per cent. antimony. The
furnace employed is the ordinary calcining pan-furnace, and about
55 1bs. of the mixture are required for 9 or 10 tons of the lead for a
twenty-four hour’s operation.]

¢—By skimming with boards (England), or with iron scrapers
(Germany), the dross which forms on melted lead. [Applicable to
the purer leads, containing little copper.]

d—Poling or stirring the melted lead with a stick of green wood.
[Applicable to rather pure leads, removing largely the antimony and
copper at a great saving in labor, time, fuel and lead over the rever-
beratory methods of working.] This method is of very general ap-
plication throughout Missouri, the leads being produced from pure
ores by either the reverberatory or hearth furnaces. It is also used
on slag leads which are not so pure as leads produced directly from
the ores. (See results of analyses of Missouri leads tabulated in
chapter 111.)

The dross which is incidental to these or other processes of soft-
ening may be treated by various methods (preferably in cupola fur-
naces), producing an impure or Lard.lead, which is either sold as such

*I'ilillips Mining and Metallurgy of Gold and Silver, pp. 482, et seq.
+Watt’s Duct. of Chemistry—Art.—Lead by Richardson, Vol. III, p, 51S.
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or purified, and slag. At the furnaces in this State the dross is either:
disregarded or passed to treatment with residues, or, without consid-
eration of the effect on the lead, occasionally returned and treated
with original ore.

The treatment of slags or residues more properly belongs to a
class of blast or shaft furnace methods—the common form of appa-
ratus being a low shaft with a simgle tuyere being of the type
known as Arumofen. The method as modified at the Missouri fur-
naces is described at some length in the chapter devoted to the illus-
trations furnished by the furnaces of this State. In general terms it
consists of the reduction of the lead compounds through the action
of carbon either as coke or charcoal, saving as much lead as is prac-
ticable, but the greater part remaining in combination with the silica
as a true slag. The substitution of a cheap base (lime or iron oxide)
for the lead oxide in the slags and the recovery of the greater part
of the lead is not attempted as in the shaft furnace methods proper.

There are economical considerations in favor of this wastage of
lead under the conditions which attend lead smelting in this State..
and the pecuniary loss by it is, perhaps, more apparent than real.

In consequence of the fact that the residues contain a consider-
able concentration of some of the foreign metals of the .ore, and as a
further consequent of the inherent features of shaft furnace methods,.
slag leads are always harder than these produced from the ore di-
rectly either by the reverberatory or the hearth treatment. They are
softened or refined, to some degree, by partial oxidation in the rever-
beratories, according to the plan above given. They do not give
results as satisfactory when used for chemical purposes, such as for
corrosion into white lead, but for many mechanical purposes theyw
serve equally well.



CHAPTER II.
ILLUSTRATIONS OF LEAD SMELTING IN MISSOURI

The illustrations of the lead smelting operations which we have
been able to collect comprehend data from most of the establish-
ments in the State. They include in general, details of the form and
size of the furnaces; weight of charge and time of elaboration; con-
sumption of fuel and necessary amount of labor. The pecuniary out-
lay, whether necessary for the establishment of the works or for the
cost of treatment, has not been entered upon; nor would such a course
have been desirable or of any benefit when comparison will have to
be made of the results reached by the different furnaces. In fact
such a -course would tend rather to confuse and to give erroneous
ideas, since it could not reach entire accuracy.

The result obtained by the several furnaces have been illustrated
by a full line of chemical work, including analyses of the various
products. The ores have not been assayed to determine their value
in lead, because average samples could not be obtained, and results of
specimens would have been more than useless. No estimations, by
chemical processes, of the value of the ore put in treatment, are made
at the furnaces.

The reverberatory treatment will be first considered and subse-
quently that of the ore-hearths. The section on slag treatment in-
cludes nearly all the establishments at which it is practiced. It will
be found of interest, in view of the great mystery with which it has
been surrounded by the lead smelters of the State.

REVERBERATORY METHOD IN MISSOURI.

SourawESTERN LEAD District—(I). The Granby Mining and
Smelting Companies chief establishment is situated at Granby, New-
ton county, at a distance of one and three-fourths miles from Granby
Station, Atlantic and Pacific Railroad. A switch road connects the
station and furnaces.

The ores are furnished by the Granby mines in the vicinity of the
furnaces, as well as by various diggings at Joplin and Oronogo, in Jas-
per county, and are usually bought from individuals working, on leases,
the lands of company. Preparations are, however, being made to
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smelt at Joplin and at Oronogo the ores from the company’s estate in
the vicinity of these places, a plan which in its realization must be of
great benefit on the score of economy.

The preliminary operations of crushing are done by a Blake’s
breaker and a pair of smooth faced rolls. The concentrating
machinery for such ores asrequire it, consists of an eccentric jig, a Caz-
in’s patent one plunger and a sliding lever jig.

The furnaces include, besides six hearths, and two furnaces for
slag treatment, four reverberatories of which two are of the ordinary
pattern in use throughout the State (the common air Furnace), the
remaining two being larger and modelled on the plan of the English
or Flintshire lead furnaces. The latter have been in operation
within the last two years, and are of the first of the pattern started in
the State, as far as can be ascertained.

(a) Flintshire Practice: The hearths are 10 feet long by 8} feet
width ; the soles being formed from slag from the furnaces well
agglomerated by strong heating, and shaped into the ordinary sump
near the middle door on the front or working side of the furnace.
The bridge is one foot in height above the sole at that point. The
fire-box is five feet long by three feet wide. The charging is done
through the common hopper arrangement in the arch at a point oppo-
site the work door nearest the fire bridge ; the charge is manipulated
through the six work doors, three on each side. The tap hole opens
from the sump, though the wall of the furnace below the middle door
on the front side and connects with the exterior iron kettle from which
the lead is ladled into moulds.

The furnaces run on a great variety of ores, of which no valuation
is made by preliminary assays. The weights of the charges are,
therefore, very variable. For “number one dlock” mineral it is
generally about 1500 pounds worked off in twelve hours; for “number
one wash mineral,” the same amount elaborated in about fourteen
hours; for carbonate or “dry bone” mineral, one thousand pounds in
six hours, and for “chats,” (2. e., galenite on chert or dolomite, which
is calcined at a low heat to make the rock more easily broken by
hand, preparatory to hand sorting or rough washing), 1000 pounds
worked in ten hours.

The charge is spread over the sole and the roasting done at alow
temperature, the time rarely exceeding two hours, or till the charge
begins to agglomerate. When the roasting is deemed finished the
fire is urged and the lead runs into the sump, the tap hole being
closed with a plug of lime. When the charge has been No. 1 block
mineral, the tapping is done at the end of ten and a half hours after
charging. Before tapping, the matters on the hearth are thickened
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by the addition of wood ashes and charcoal and filled up around the
sides of the sole, to allow the lead to drain into the sump. After well
draining the plug of the tap hole is withdrawn and the lead runsinto
the kettle, where it is polled and then ladled into the moulds.

After tapping the fire is urged so that more lead may be drained
from the residues. This metal is tapped from the sump as before; the
residue or gray slag is drawn, the sole of the furnace is repaired, if
necessary, and a fresh charge is introduced.

Two hands are required at a furnace, working shifts of twelve
hours in the winter season or eight hours during the summer. Each
furmace consumes six cords of wood during twenty-four hours, or
forty-two cords per week, representing the treatment of 35,000 pounds
of average mineral, with a furnace yield of about sixty-six per cent.
or 23,000 pounds polled lead. The amount of wood required is there-
fore 2.4 cords per ton of 2000 pounds of mineral; the labor for the
same amount of oreis two days (with average postes).

The so-called slags or residues are passed to the slag-furnace for
further treatment, but as they do not receive there a separate opera-
tion, but are run in mixture with the residues from the other rever-
beratories and the hearths, itis impossible to learn anything respecting
their yield of metallic lead, nor of their quantity produced from a
given weight of charge. They are not homogeneous, so that chemi-
cal analyses will show a varying per centage of lead. A specimen
representing the residue from a run of block mineral in the furnace,
gave by mechanical separation, 1.02 per cent. of mechanically enclosed
or “shot”lead, and after the removal of this the residue showed the
following result on chemical analysis—the lead sulphate being deter-
mined in this as well as in all other analyses of slags, by solution in
sodium hyposulphite :

BAHOR wx: s vsnsansasnsosssosansrnsanss e sass sy RRmTRv ST IR R RS SV VARSI RUSH RN SSPEY 12.557 per cent.
RIROL, oo inoshosuassarsootnsasubatshrnnnivs dranssnbuss onsenessposs basenscorantasvess 0.642 per cent.
MBPZNORIR ...cicoeisrseressismerssrsissssivmsssssssvassenssrsarsisssssssmsnnssssns trace
HEPTI0 O KIAE sensvacsersnsicvsvammsnnsinssnsananssunisssesssrassisshus sassenionsas & 220 per cent.
T T el o o e e e o TR T e 00 ORI O 0.642 per cent.
AnBMONY OXTAR:ciic.csiconisissssmnssarnssasisnssvaoysesosainsnsrnnssasonrosoins 0.170 per cent. .
ZINC OXIAC.iscsrnvsisrsavisssussssiniussegssssesssasapsossatinssosasasseensnosnnneone 2.264 per cent.
Lead Bulphata:. oo v imisiissicis s issrrassosavirnsatnss fesonesnsssnissasns 2.509 per cent.
LoenQ SUIDRIAC. <. coveincess) sovssnsrossnrasennsensssasinranansasssssnrnsanmmiserse 22,084 per cent.
Lead oxide, by (HffEYeNCe s cscnissssssvnssssomsnserasasinnsassaasrsansas 55.939 per cent.
100.000

A direct determination of the metallic lead, by humid analysis,
gave, including the mechanically enclosed metal, 73703 per cent. A
comparison of this result with that of Percy’s analysis of the gray slag
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from the furnace near Holywell, Flintshire, cited in the preceding
chapter, (page 30), and the large amount of unchanged sulphide (22
per cent.) would seem to warrant the conclusion that the roasting
period has been too short, with too high a temperature. The charge
has evidently agglomerated before the maximum possible of lead has
been worked from it, and a setting up stage might have supplemented
the routine work with advantage in the yield of lead.

The composition of the pig lead from the same charge—the
sample representing ten pigs—is given below. In this connection, it
may be stated that the scheme of analysis followed for this and the
succeeding estimations of the qualities of the Missouri leads is sub-
stantially that of Fresenius * for soft leads, with the exception that the
silver was commonly estimated by cupellation instead of by the
method of precipitation as chloride:

GRANBY (FLINTSHIRE) LEAD.

A PSONIC . ssvsavisssinsisvsersursanssssnsvessonnrnasossavsssvsnsaos roonEaTET 0.01640 per cent.
ABIIONY ;ivsicnisistsnierisssissassssisisirsrassssiensasesrssos donrsorssoid 0.00077 per cent.
IV OE .. iianssinnsnsuessinensssvasasersarasvarsssncssusanesessvasesissssssnsinssvessn 0.00029 per cent.
COPPET 200ensne ensnsivnsnanisnssansisressavississsnsnnsssssevssnssassrusvaranssons 0.01210 per cent.
TEOTI oricvisasaseontinsarisneasorssnsassn  Sisotsnsbrsssadsatisassvisnsosnsrueses 0.01711 per cent.
T e o o 0.00066 per cent.
INTCKRRL: e cosisuness vineucsvassival sunusvsmimmssisssiniviassosesson s soansenesnsens a trace
L:ead, DY QLIOTCNCR vvsrecvsssvonsssssesssassssnsossaronssnsasnssasensraovenses 99.95267 per cent.
100.00000

(b) Treatment inthe ordinary Avr Furnace: Two of this form
are in use at the Granby works. Each receives an average charge of
1,500 1bs. of No. 1 ore, worked off in twelve hours, equivalent to 42,000
pounds of mineral per week as the aggregate work of these furnaces.
During the week there are consumed twenty-one cords of wood. The
yield of similar ore is about the same in both forms of reverberatory.
The wear and tear of the common form is claimed to be somewhat
greater than that of the Flintshire, and hence the campaign is shorter.
On the other hand the cost of the furnace is much less than that of
the new form—being usually about five hundred dollars per furnace,
including sheds—so that the cost of treatment is not so much swelled
by the item of interest on investment.

The following are the dimensions of the common reverberatory
at Granby. The form described is usual throughout the lead regions
of the State, the difference being in size and in the relative dimen-

sions of the parts:
Length of hearth...ccccceeeeecesssicssssrssssnssiareearssasascscses ssssssacasans 9 feet.
‘Width of Liearth at fire Dridge .cissssssssmiersssimrasnsisornsssasesiss o 38 ‘2 inches.

* Jahresbericht fiir Chemie, 1870.
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Lengthiof fire BrIA@O. . ..coonicisinsvsrncssinssernmassnensaesssnsssnsatomnonssss 2 ‘6 inches.
Phickness of firerbridee) &b 10D, . crisssssrccarsirionecsisssssassnsarsusare 0 *‘“8inches.
'Thickness of fire bridge al/DRBE...icvseussessvsssesssmssisssssonsronssssses 2 ¢ 6 inches.
AT DS 058 Moot o o O O T T e e 2 ‘6 inches.
Liength of fire DOXiisiseiisssssesessssissrisrrsrrsiniaviesestdomrrvsssssnresnes 5 ‘6 inches.
TaaINRAtION: OF B010ilcscitaieonnsvsssisessssonsisssenshraonsesysseessnsnsaseonsssas 94 °

Height of arch above sole at fire bridge......cceveieicneaeirivnnsnnnnes 1 “2inches.
Height of arch at side opposite fire bridge....ccceuisrvvinniierininines 1 %

The fire box is an L attachment to the furnace, and enters the
hearth ata distance of thirteen inches from the front or pol end of the
furnace. The flue is 8 x 12 inches in section. The charging or work-
ing door is at the upper or flue end of the hearth, and the discharging
and cleaning door is at the lower end. The sole is a cast-iron plate
with six inches depth of slag or residue melted upon it. The corners
at the pot end are rounded, for facility in reaching the charge and
cleaning the furnace.

The charge, crushed to size of a pea,is thrown in through the
door at the upper end and pushed down evenly over the hearth. A
low fire is kept up and the charge roasted during one or one and a
half hours, varying according to the amount of carbonate and the
richness of the mineral. During the roasting the charge is constantly
stirred, so that all parts may be worked, in turn, down the sole towards
the fire bridge or hottest part of the hearth.

At the end of the roasting period, the heat is increased ; the reac-
tions, already described, are set up and the lead flows down the hearth,
through the discharge door into the kettle at the front end of the fur-
nace. Should the materials begin to enter into fusion, they are thick-
ened or stiffened by the addition of wood ashes. After the lapse of
from nine to twelve hours, the lead ceases to flow; the residue is
drawn and the somewhat cooled furnace is ready for another charge.

It will be noticed that the process differs from that described for
the Flintshire furnaces at the same establishment, in that the lead
flows at once into the kettle, and that no second firing is given. In
many respects the method is allied to that practiced at Bleiberg, but
it differs from this last in the size of the furnace and in the details of
the operation.

The residnes are not homogeneous, so there are difficulties in
arriving at even an approximation to a knowledge of their average
composition. A sample yielded 3.52 per cent. of metallic lead me-
chanically held in theslag, and after removing this, had the annexed

composition:
BICR: aas o siacimatrasnnivisensnsssnvetonssnastvsnsianssusnRcansrs ot sissENE s SAED 21.396G per cent.
LG5k varsnnsitinsinrsassonsiasioensssrsanisessinassosnos abhsers b asnssvioraaitsmsvils 4.650 per cent.

MAPTIERIRL o vovivrisssaonsnivoarsnisarssstisrsosavbeissinssepntsn soaslsaknssmpesentas 3.948 per cent.
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I 08 Gl o e B e R I ol o o 0 e ) 3.680 per cent.
ALOMIDG (eoeinessosrsssessrsminntss s (5esamesssiaqssauvssisrasssatvessnsienrasntsse 0.152 per cent.
ZANGIOXNTE) s evavsss s iamsasnssearersshy ananis crsnnnhssstasrs svansanhssssdorsate 7.146 per cent.
L e SIP IO i i ees sons sasrreassanssainta s HRTRHoReran tra e inisssevarnann 2.349 per cent.
Liead; sUIDhIAe, ... oisdoninmseseskasinsvenssseatsisssrassassonniiasassperinise 20.929 per cent.
e A O 0 s s e et s S ki oo Fan s asn s avaE cisits sanslenebams s esntanen 34.914 per gent.
99.063
Lotalimetatliolentlin . icaveien s sivers arorsesssssasrranassssinssaasaraeass 54.82 per cent.

The polled pig lead gave, by analysis of a sample representing
sixteen pigs, the following result:

IATEOTN Ol osveunssravssinesisrsnsssnaey chRasrsssasvressisinganasrysttserarheessinson’ 0.01122 per cent.
ADEHNOIIY L.oosvsrsuaeinssesssassernensias sonsvenbnanvasnsnsashisas sorssssuonstosaa 0.00077 per cent.
IR OE . ssschinsivesrnsissasssniinevontss sumaavasnisrarsnessss bivavsessoserassoransae 0.00080 per cent.
B e e e ey R e e e T ey R T oy B B 0.050v1 per cent.
BION s saboisesvionseassnastieisatsiasavesasniss et e Rpsssssnaresnresserminssissre 0.01582 per cent.
ZINClonvnionsssasonnssansassaseinss asosseasssasss susassnsasssnesssussossssssnnessasss 0.00090 per cent.
N B s vy S terteasrsvatsyorrassrssrsastearsensinnanashhaskrseshonsinnns 0.00281 per cent.
Liead; by QIYeTeNCE. ovccosss- voneninamsparsscessinssrnistusansnssesissyesss 99.91777 per cent.
100.0000

In the year 1875, the Granby company received weekly from the
mines at Joplin about 79,000 pounds of mineral, all smelted as before
stated, in the furnaces and hearths at Granby. The weekly receipts,
at the same time from the mines at Oronogo, were about 60,000
pounds. The three hearths at Oronogo, which had been idle for a
long time, were to be put in operation by the close of the year 1875.

The Webb diggings, three miles south from Oronogo, were yield-
ing 50,000 pounds of mineral each week.

(2.) Reverberatory Treatment at Joplin, Jasper county.—At
the works of Messrs. Davis & Murphy, six reverberatories of the ordi-
nary pattern are run, treating weekly about one hundred and fifty
thousand pounds of mineral. A charge of somewhat less than
eighteen hundred pounds is therefore elaborated in each twelve hour
shift in each furnace. No information could be obtained respecting
the consumption of fuel. The residues together with those from other
reverberatories and hearths in the district are treated in a slag fur-
nace similar to that used elsewhere in the State, and which is de-
scribed when treating of slag smelting.

The same firm has one other air furnace at Bently Diggings, five
miles west of Joplin, and a second other, seven miles east from Jop-
lin, at Scotland. The latter is run on ores from the Birch and the
Grove Creek Diggings—the former, one and a half miles, and the lat-
ter, one-fourth mile from the furnace site. Fifteen hundred pounds of
ores, yielding one thousand pounds of metal or 663% per cent.,* are

*Schmidt, Broadhead’s Report, p. 500.



48 LKAD FURNACES AND PRODUCTS.

worked off in a nine hours shift, presumably with the ordinary
amount of labor, but with what amount of fuel we are not able to

state.
The following are the receipts and produce of the ore for three

years:

Ore—pounds. Lead—pounds.
7 O 2,060,800 1,344,000
1y e 6,061,000 4,074,000
h 72 Y 6,784,000 4,536,000

giving an average yield of (6.7 per cent, on the supposition that no
slag lead is included in the amount of metal produced.

At Lone Elm near Joplin, Messrs. Moffett & Sergeant, run one
air furnace of common size, treating fifteen hundred pounds of high
grade ore per eight hour shift. The furnace runs actively ; forty-five
hundred pounds of mineral being run through in twenty-four hours
with the consumption of two and a half cords of wood. Calculated
to the ton of ore put in treatment, the fuel required is 1.11 cord of
wood, and the labor is 2.6 days of eight hour posts.

The residue resembles those generally produced, and gives, on
-analysis, as follows :

ERIIIOR: Giae et rn s eaRersnesnavussrasivnpnstoseatan eerteln e tasashrose vahsatis st onsstoossnstessse 18.657 per cent.
AAN0E s. Jesansrrsavsnrrssnsisnsasesony S S R ey 3.789 per cent.
MAENOSIA 1. v urevsvennsnsssnanvensussanvanesavssnesisesesansaunsorssssnsvrerissantasussssnsesssses trace.
TOPTIC TOXTAO - iivssavssssrssnirssnrsscs nisbnssasivstns svhiss s sssshaxusnirsinnensssnes sovsons 2.147 per cent.
ATHIAITIO. s rvsoucarnrnsaconssvoanensessonnhsss susssshbesssommnisnsroressinsvusssisvosoemesnsssbases 2.350 per cent.
A O Y e e T e euaeh e vens  orua e S aneas L ESEE St bla o Soe s csam e TP ORE A RS IANAC SR on Eanm e e ne trace.
ZINC OXADCossiseeranasisvesann soisnssnsvaisinssnsssssvasssssmarsnsssnsansoarsannsmsusnsnsnsmnsnases 11.650 per cent,
T2 L8 e P I T oy Y S YR e X O A T e F e O 8.340 per cent.
J5EA0 SUlDRATO voreirevissesessasssorsistaimessss cisasnassasstissvarsmanssessvrusiss srsorssrss 2.741 per cent.
LBBA OXIUCo cereusensnasarssacnssassssavsconssssassenasssessassussonstnssyesssosesssoavunnneessss 50.088 per cent.
99.862

The sample, which was selected with all the care practicable,
gave also 3.86 per cent. of metallic lead mechanically enclosed. The
lead in combination amounts to 53.35 per cent., and the total lead is,
therefore, 57.21 per cent. These slags are sold for treatment in the
slag furnace of Messrs. Davis and Murphy, and their market rate is
about $21 per ton, against $18 per ton paid to the same establish-
ment for its hearth residues.

The pig lead from the reverberatory is not kept distinct from the
metal produced by the other mode of smelting, but all is refined by
poling in an iron kettle. The kettle holds 12,000 pounds of lead ; the
labor of two men is required in casting about 450 pigs of the polled
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lead in twenty-four hours, and the loss in refining is said not to exceed
one per cent. of the raw lead introduced. I have no analysis of this
lead more recent than that published in February, 1875. The result
of which is annexed :

ATSCNICu.cuurierrontsarenacssnennenstentsasissesessasersasesserssssssarsessssensssssasssesoans .01189 per cent.

ADINON T civsvsvrcsvarsnsioriasnssnertsesinaiessssssassoessssats sy saseesssssans s assasinss 08168 per cent.

O ODDEE oo - 1sinasssassssnasunsansaseansasssnsais esynst onosons s es sesbhessiaravavasrsvarnisetrsve .00409 per cent.

POII G-~ iosevessinsorsanmosssesmesinseras asaiss) enssrnernnntussonsssanisss asvsnesrunsssavaserpvn .03650 per cent.

MO, c sovvessrsvnvensnsvesshossstserensnsinenssananssensenssasantseusssotansasenrvassorenssnenssnsans 15910 per cent.

BILVET G covitoesssnssnnssantanensssssdareasssnyssanssssnsssssasnessssesnssss dnemvsnsastsivesassses .00994 per cent.

BRIPIUD. (51 s reeseona cxsmivanssosnrviavsesasaossstas seseeasessonsusshtss sanvermsnsscesssaaskass trace.

B e ot re oses VR u s na r i bss iy s Sems R innd A S Sedsa v R ILE e R et dn S es VAT R PR SN oS trace.

Liead, by QUBTONC0 . cresssasasssisscrsnorsusssasnsmesrorasessasnsnnssorseioneanss 406 99.69680 per cent.
100.00000

The refined lead is chiefly sold to Messrs. John T. Lewis & Bros.
of Philadelphia, by whom it is used for white lead corrosion, and I
am informed by the members of this well established firm that the
corrosions are very satisfactory, in respect to both quantity and to the
quality of the resulting white lead. It is extremely probable that the
amounts of zinc and of some of the other metals in the above result
are in excess of what is usual in this lead, at least more recent analy-
ses are reported to show such to be the case. The Lone Elm is being
largely substituted for the Tarnowitz (Silesian) lead at the Philadel-
phia establishment.*

The Loue Elm Company received in the year ending August 1,
1875, 6,500,000 pounds of mineral.

The Joplin Mining and Smelting Company operates one réver-
beratory treating fifteen hundred pounds of average ores in each
twelve hours shift. The residues are sold to Messrs. Davis & Murphy.
The receipts of mineral for the last three years were about 15,000,000
pounds.

Messrs. Pichar & Brothers have three air-furnaces of the com-
mon form, each treating twelve hundred pounds of high grade ores
in one eight hour shift, with an average consumption of 0.9 cord of
wood, equivalent to 1.5 cords per ton of two thousand pounds of min-
eral. The firm receives about fifty tons mineral per week.

(3.) The Dade County Mining and Smelting Company, with
works at Corry, Dade county, began smelting in May, 1875, running
one reverberatory until December of that year, when a second and

*Arrangements have been completed for the collection of fume from the Lone
Elm Furnaces. The collected material is utilized for pigments, and the resnlts are
reported to be very satisfactory.

G R—4
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similar one was completed and put in operation. Each furnace works,
usually, twelve hundred pound charges in an eight hour shift, but W.
M. Taggart, the president of the company, writes us that twenty-four
charges have been run through one furnace in six days. According
to the same gentleman, the consumption of fuel is 0.4 cord of wood
per charge, or 0.66 cord per ton. The residues have been analyzed
and show the composition given below :

15k (680 9 16 L e T e e B o 9% s P e T e e e SRR S R 0.
ATUMINR oniinioivessisisisesnssnsvinstsesiinsmasne

YA er s o T R o e B s S s

Tiead sulphides. cvusioveaseiersenssevcans

Teat] BUIDATE.: oo aiuisnesesishearverassanss

Lead oxi0e;, by QIHICIONCE it iisconsissvissiassesinastnssivassssssoss vissenanrvsrvinsrisonssunrvnsorsasa 7

100.000

The sample analyzed contained no traces of arsenic, antimony or
copper, and gave no mechanically enclosed or shot lead. The lead
compounds named contain metal equal to 40.494 per cent. of the slag.

From the date of inaugurating the enterprise up to January 9,
1876, the company had shipped 297,797 pounds or 3,590 pigs of lead.
A specimen of the metal forwarded us by the president, showed the
following composition :

BTBONIC o cvrissvsscorsnsirrassnonoresintnnsnsssvhssussany o esssussoniinnsonsosannsesrsnstotans s sassEnsunsen Trace

A DIMONYivisssiussisrinsssernnossssonassastsssasnossvossyvsossosesansoosssasnassvssns Trace
Silver.

100.00000

(4) The other reverberatories treating ores from the southwest-
ern region are: 3, belonging to S. B. Corn, near Joplin ; one at Baxter
Springs, Kansas, belonging to Messrs. Sarver & Co. ; one at Brookline,
Greene county, and one belonging to the Conoley Mining and Smelt-
ing Company in Christian county.

B—REVERBERATORIES OF TIHE CENTRAL REGION.

(1) The Pioneer, located at Pratt’s Mill, (section 26, township 43,
range 14, west), Cole county, uses ores from the Dawson & Katon, and
the Bacon, Metler & Co. diggings, near Decatur, Cole county, and
from the Long’s diggings, Miller county.
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The reverberatory, which was built in 1871, is of the ordinary
form, with the hearth 7} feet by 4 feet. The fire-box is 5 feet long
and 22 inches wide. The fire brick lining is of bricks from the Chel-
tenham works, near St. Louis. The furnace runs usually about four
months in the year.

A charge of 1,800 pounds high grade mineral is elaborated in a
twelve hour turn, by the work of one smelter and one helper, and
with the consumption of three-quarters of a cord of wood, or at the
rate of 0.83 cord per two thousand pounds. The residues contain:

Silica (with' traces baric sulphate)...cssasamvimsscnssiisisaiomassvosseasssresase 24.233 per cent.
TOI0.csievranssanserivervonrinississvusssnnssssestsassssnetssasnisssnsnsatsvasassssssssessvasnessons 7.460 per cent.
MAONENB: v visivariviivsssassisssisssrssresisinsvsissenanssstavorainssossisisassssasess s orsonss 1.548 per cent.
Frric DXIAG. s icassvromrsvossasssissssasenirsspmivensonsnssesnosssssn usssissnaoarassssesnances 4.920 per cent.
ALUMING o505 cisunassscssinsnvoairsisssvassesasnnsinl Fossnssssnivanssnss ssarsoarassinspasshnss 1.437 per cent.
Antimony O0Xide...ciuesuseevarivisiessasssranavssass .... 0.351 per cent.

trace.

Arsenic.... ... .

FINEC OXAMB. cssesannsisconsnssssesnassssissiunssssssaisnes srssassssessieswsansassrasesnivnsesiunns 1.454 per cent.

L S T T Ao o e T S e 0 6 PO O oo o 2.452 per cent.

Lead sulphide.ciioeimvsssisssssiosssueen Nan s A TR R SRR SR ANAR SRS A SN sesaiansaae 35.730 per cent.

Lead oxide, by diffErencea cssaissovisnssesniis asersissisnsonssasosessasanassnones « 20.414 per cent.
109.000

Total metallic lead.. v ccseomsessnsassesnasssessssuessvonnsisssrassansanonssansans 51.081 per cent.

Most of the lead-oxide is in combination with the silica; this and
the large amount of unchanged sulphide shown by the analysis would
seem to indicate, that the time of roasting has been too hurried. As
far as yield of metal is concerned, a setting up and second firing
would have been advantageous.

The lead is of excellent quality. The result of its analysis is as

follows:

T b By e e P . trace.

0.00347
0.00105
0.00946
0.00496
0.00517
0.00125
99.97464

ANLIMONY is sassresssrvmnsorinssisessaisisnsersssnsnsnssssasnisnsnisssssssaess e e Pt

100.00000

The brand of the metal is “oNE.”

(2) The Zagle Furnace (Sec. 23, 1. 43, R.14, W.,) near Pratt’s
Mill, Cole county, works ore from the Kureka and Scott diggings, on
the same section. The hearth is 9 feet 8 inches by 3 feet 8 inches
(greatest widtk); the fire chamber 5 feet by 2 feet. The mineral is
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usually mixed with some carbonate ore; 1,500 pounds are charged at a
time and worked off in twelve hours, with about the same relative
consumption of fuel given for the Pioneer furnace. The residues are
not treated further ; they contain :

517111 B O O I ————— 7.132 per cent.
8 9 e b 2.939 per cent.
MIAPTIORIAL s visvasessssanasnansssss e o .336 per cent.
Ferric oxide........ ssates 1.052 per cent.
AIR1aIng o ooviicesussesers .699 per cent.
Antimony oxide........ trace.
Zine oxide......ossseensaes - .945 per cent.
Lead sulphideie .o vrsecssvanse sassssunmesinacsassns. 18,080 per.cent.
LB BUIDhBIE  oiveinessonsessssseronsvisnisssivarssarsnravarainases D O b e O 1.855 per cent.
Lead oxide. cieesonesesses dEssunsttssebs I IRYRRLY essaasob L T . 65.505 per cent.
09.149 per cent.
YTead-shot in original BIAR . ..coruuseisisnsrsssssvnssrasissnssnasansnssnsssssasssss) ssss 0.10 per cent.
Metgllic lead in combINATION. s saseversessersssssssnvanssnssaspassssvassessasasrsssaserivne 78.31 per cent.
Total lead in regidUe . cveesiersssssesessonsen WvhsssPRa s NA A NRE SRRV S S S RT CoTRReR 78.41 per cent.
The pig lead gave the following result on analysis :
ATEENIC. seerressesssess PaCHEe TR Py 0.00313 per cent.
ANREHNONY i sivinsinivaserissssnorsissisirarssnsvesss trace.
BV s ixsvimrivsssuussapasrenssssesasssosnes ..o 0.00029 per cent.
By o 15 e o oo T S .... 000820 per cent.
TXON. ccossovessssnonssssaansscssaesuvsiosasssnse T O O e O e L T 0.00461 per cent.
I E T T bt e e R T L e oo T avdsbatas T Y T Ly 1 trace.
Zing...usevs S SSRERaR RS TR VRN SR AR LR R Eh A SR KBS RN SRS R e e T T 0.00057 per cent.
Liead, by QIBerence...cvesscsonssisassssssssrsvvsevussersasssassassansase ssssussrssissow 99.98320 per cent.

100.0000—0

(8) The Gum Spring furnace is located in S. E. I of Sec. 8,.T. 42,
R. 17, W., Morgan county, and is operated by the Jackson company.
The ore worked is obtained exclusively from the company’s diggings,
and is entirely galenite mineral. Two charges, each of 1,500 pounds,
are worked off in 24 hours with the consumption of 1} cords of wood,
or 0.83 cord for a ton of mineral.

(4) Buffalo furnace, Sec.1, T. 41, R. 19, W., Morgan county,
operated by Hon. G. Stover of Versailles, Morgan county ; runs on
ore from diggings belonging to the furnace owner, situated on the
same section. A charge is 1,500 pounds, two to three charges being
worked off in 24 hours. The furnace was built in January, 1874. No
dimensions or further particulars were chtained regarding this, or the
preceding establishment.

The residues contain as under :
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Y U et o oy T O OO S B Ay S e Yoo o 0k .855 per cent.

Alumina } 1.875 per cent.

................................................................................

Ferric oxide

ANIONY OXIde...cocoorerssorsncsssnsrnarens A A A S O O e T .075 per cent.

ATEONIC OXIA@ (ovceasaseressasiosssnrsnsstsssnsnesartivansrnassis sonsansonssstasussaasnzases trace.

TINE 0RO . % 2 I T s s e ca i omae s eiTansehrsiasnnss A ooiinivsvass énahast achsias sWasoaediine 1.199 per cent.

H208d SUIPNIAG o vsevsssisasennsnissssrnssosssonessyssssansnosassasanspivEvsbsssesssinsess « 11796 per cent.

S S e o T b T A e T e L e ey e 2.703 per cent.

Lead oxide, DY QLFELENCE i cirssessasssesnsinasassasssssrsnssnaansasssrsssesnansassann  09.513 per cent.
100.000 per cent.

Total metallic 18adi.; owusssrsseonsiaosssssnemsssnsinsnsssssesssasssvosssnse 76.588

The brand of pig lead produced at the Buffalo is among the very
best examined. It shows the composition given below:

AITHONIC. i ivverrsavisnssaoneasassassimsiraessaansvissoverasacrinsbnsssssisnsessyssarisonssdass trace.

Antimony...... A o o o T T T e R D D e Lo 0.00281 per cent.

Stlver. s vooess “Kahesaasser unsoes o R de R RRTasdNaaers 0.00114 per cent.
................ 0.01024 per cent.

0.00556 per cent.
0.00136 per cent.
0.00115 per cent.
. 99.97774 per cent.

100.00000 per cent.

Lead, by difference.....

The pigs weigh 83 pounds each, and are branded with the figure
of a buffalo.

(5). The Star furnace, S. 21, T. 42, R. 18 W., Morgan county, is
owned by J. P. Clark, of Versailles, and uses chiefly ore from the
Coffin Spring Creek, belonging to the furnace owner. The fire box is
T feet by 2 feet ; the hearth is 9% feet by a greatest width of 3 feet.
The fire brick are made by the Oak Hill Company, and last usually
about four months. Three charges of 1,500 1bs. each, are treated every
24 hours, by the labor of two smelters and one helper. The residues
yield by analysis :

DO v vcovsnsniisvanaisssosss s ussvers a3 aTR e Hs4asa R0 SETHREE: SRS IS S E BT R OB RNSTINRSTTISRITE 14.349 per cent,
8 0 e e e el o Lo N ey . 5.932 per cent.
MARTIOBIA vevcitie Tuassanrasessbyessoasssnshinns s anane sEadVS osssdsa Tabaenhd Tusadsiv eesanomnes . 1.007 per cent.
HICTTI0 (OXIA . 15 inssccrunsessivsraossirhasronssessoesussas soesvstnmnanasamansrsbsravissoroces 2.323 per cent.
s 8 T T oy O L e € TS D eocOm L G 1 Gt O O e . .371 per cent.
ADNMONY OXIACeicriisiresssssierasansinisrueiessonsissensisvastsvssiinessesssisasssvagonasss .086 per cent.
Arsenic OXide...cuivsinsesssesessvensansios I D .959 per cent.
LT O OB 3 oy v vs b ovures sounesoenass Soarr AR END EXs RRR AR RS VAN PRI BELSA S A TR S eabaRunuessPitre .886 per cent.
COPNEr OXEILI e, saslissnsassesssisssmssesessensissanionsasssaaesaohsansidsreaorssesosstsnrss trace.

D B i, e B Vot A Y PR 5.334 per cent.
Lead sulphate........ccceeevenes sessnisssssssasasersie D4USD par cente
Lead oxide, by difference.......coeueees ainensesiuehyRes hrybsioRvatssiretintovss i acas 63.868 per cent.

100.000 per cent.
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The lead compounds in the above contain 67.19 per cent. metallic
lead, in addition to 0.25 per cent. of shot lead in the original residue.
The lead gave on analysis the following result :

0.01086 per cent.
0.00513 per cent.
0.00029 per cent.
0.01376 per cent.
0.00462 per cent.
... 0.00090 per cent.
Niekel....c... i sasssursarevsensasarsrbrrsantIssNSSISRIsRS RN RISEREYOS TN SRS RROR S ORSS SES 0.00085 per cent.

Lead; by differencec.c.csvasesssssveriasvonsssssinn oS Res AR s IR e AU e R SR R S 99.96359 per eent.
100.00000 per cent.

The lead is more arsenical than any analyzed; probably the
charges contain a notable amount of arsenical pyrites or some
arsenical copper ore. '

(6). Wyan Spring furnace, S. 32, T. 42, R. 17 W., Morgan county,
is owned by T. M. Avery, of Chicago, but is operated under the super-

intendence of —— Gooding, of .Versailles. The ore is obtained from
the workings connected with the furnace, and is almost entirely
galenite.

The hearth has 10 feet length and a greatest breadth of 5.25 feet.
The fire box is two feet wide and six feet long. The fire bricks used
in the construction are made at (Qak Hill and Marine, Illinois. A
charge consists of 1,600 1bs. mineral, and is worked off in 24 hours by
two smelters and one helper, and with the consumption of 1.13 cords
wood. The rate of expenditure of fuel is therefore 1.25 cords wood
per two thousand pounds ore put in treatment.

The roasting period lasts commonly one hour, when the tempera-
ture is raised. A second roasting and firing, and finally a pressing of
the residues follow, so that, while the consumption of fuel is greater,
the residues are worked cleaner, as exhibited in the annexed result of
analysis, and the gain in lead is decidedly disproportionately greater
than the expense entailed by the use of the additional fuel:

Analysis of Wuyan Spring Residue.
SHCRL . osssvessssssasnonsinsassarnisasorsiisssssonessrssnsorsunsissssessrtsrssssrssasnassensssaine 18.203 per cent.
17.782 per cent.
Magnesia.. 1.755 per cent.
Ferric oxide 5.229 per cent.
DAAUDOIDR 1 cons sxsinsassnssivsessssvrnrisssss s csss sssssnissssshusmonssareosnsasesvonsannasnasisonan .204 per cent.

Antimony oxide .065 per cent.
Zine oXide...coerrennen. o .996 per cent.
Tead BnIRHIAEN e siee soiotesissessniersssssessvarssvsneesnsnsassnnesbinsseasssnsavssestsnonls 16.45G per cent.
RN BN C: sy oererseenasseipinsarersssibasanuasasonnasisorssses snsnsabonsesensivesnmrasn 2.104 per cent.

LieHt OXUAC s casisr cssssassasssesnssssinsansnsasisanissinsansnonbasisnslpanssnsnsnarsars s 27.005 per cent.

00.880-per cent.
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The residue contains no appreciable amount of mechanically
enclosed lead; the total lead contained in the lead compounds is
40.76 per cent. of the slag.

The resulting lead has the following centessimal composition:

A THONIC v rins dosvsmanasanssrmassssisFousR o o s i s S ANV E FA SRR A s aRs s oas T e AR S N am e p v s eses 0.00338
T T e e T 0.00048
- S 0.00057
G ODDRE i svvre sinuntsesninasnsrsnaessressaisisnnsseesesaterensnssvevasssen anasssansnssstiss s susashanensseny 0.01002
JHO NI <o cansss swexenonssassnsnnnns st ennntsansinssssossnisrransiimesss oamasisamninraveresssnnisinssnsensnsss 0.00428
IO, ccosevussvoscovassusonsvsisasnssysasssasssnssssl swessonnassivasvetsassniassensbos sossuomperiseessisoross 0.00139
INBER L. corsin nsnraehansavensnuns s3F e et nby s Foabi e Wan SrTaFaa R B LSS < Tt e mn s R s sos s whoheone o bar sy aie 0.00202
Liead;: Dy QBT eI CO . vxcvsvsvinasssissrenaiovscssvnserssnssieisnrenubnsbrsbe ssasseoReeasorshsramaahsass 99.97786

100.00000

The furnace runs about two weeks in each month, in which time is
smelted the total product from the diggings of the company, as well
as some purchased ore.

(7). Bond’s Air furnace—S. K. qr. N. E.qr., S. 16, T. 40, R. 17 W,
works chiefly ore from the Buck Creek diggings, about three miles
distant, southerly from the furnace. It was built in 1867, by the
Messrs. Bond, butis now leased by them to Messrs. Wangelin, Bradbury
& Co., of Jefferson City.

The following dimensions have been furnished us:
1T R TR D e oo o oo S e e e b e oo S feet.
Greftest WIATh: s seasissmmemsirsisisvatsassorinsssnsrasnssasesassessssnnsessssisssmmmnsnse Sivey 4 feet.

Narrowing down however, towards each door, to a width of ten
inches.

BT TR T B )0 b o D O O R e D S e e T L e S S 4 feet.
Width of fiTe DUXG scsrecsssrassusisssearsasrssasastinsssasvasnsvaspisnrsvacs sasssrsmesvsnssaenaisisses 2 feet.
1B BT R iRRE e S o o w0 P O L o 0Sa o Fore b oty o O 2 feet.
Helght of fire: bridge above Sralerimsassissssesessosvisssnsinssrrassssarsnissonissnssssavissans 2 feet.

The slope of the hearth is eighteeninches in the eight feet length.

The fire brick lining is from the establishment of Messrs. Evans
& Howard, St. Louis, and is reported to last during two campaigns of
a furnace. The furnace runs from four to six months in the year.

The charge is fifteen hundred pounds worked off in twenty-four
hours, consuming three-fourths cord of wood. The yield is 12 pigs of
90 pounds each, or 1,080 pounds of metal, equivalent to 72 per cent.
from the ore put in treatment.

The roasting period covers about three-fourths of an hour, but
the comparatively clean character of the residues would seem to
indicate that it has been repeated. There appears to have been a



56 LEAD FURNACES AND PRODUCTS.

setting up of the residues also. A sample of the residue gave the
following composition on analysis :

S e e s s e e e e s e 20.211 per cent.
s 7.791 per cent.
AP DRI < iiuaviassirransesrrestaioastnsasnehiiasasass S P e . 1.641 per cent.
TEITIC OXIABL o cservsarsrussnstonsenennssssissvesassssnssssasshisn yahnens obressERssRTEsFors . 4.459 per cent.
AN 30 oe et tvass s ssasrrosnsasrausnsninuerionss sas s iesdansssaarsasnsssnrissneesvas iotssony .557 per cent.
AN 0NV O XN G ceiieseriscrrosnssrizsarmsnasses vansnsshroesensthasssess snrannesskaesmosessnss .132 per cent.
ZINCOXIAR: i vosnevecusssessosssoessnseriseiznsnnsrssesesars eubssenarsaivescehsosuareonsssorasusse .417 per cent.
Lead sulphide..... eeeaeeeess 26,152 per cent.
Tiead BUIDDALO . sessssnspavsrsnsrsisesiarinsesnsssrstsnararssssusssehosssssrasasevassesssann 1.932 per cent.
Tiead oxide by ITOPCTION viavy ryveitesssisetanassacainensvoneryenresysssantvesvasstass . 86.708 per cent.

100.000

A little baric sulphate is included in the per centage of silica, but
no separation was deemed necessary.

The residues contain no shot lead. The total per centage of
metallic lead contained in all the lead compounds is 58.047.

The brand of pig is “ Gravors.” It gives on analysis, as fol-
lows:

Antimony 0.00495
Silver...... DO A O T O e Do e 0 00084
0.00556

0.00411

. 000181

NACKE] ;s cesssasrusrsssusassunsmossnseare O (UL 0.00195
Lead, by difference..........ccoeeceieenanees estative A ESNATAE ST s ks se s e s R As S ERT e manrlh A SV « 99.98078
100.00000

(8) The Linn Creck furnace, Sec. 25, T. 39, R. 17 W., Camden
county, is owned by Draper & McClurg, and was built in 187L. The
fire box is 4.5 by 2 feet. The dimensions of the hearth are 8 feet by
4. The interior lining is of fire brick from the establishment of
Messrs. Evans & Howard of St. Louis. The campaigns of the furnace
have been, for the year 1871, three months; for 1872, four months;
for 1873, six months, and for 1874, nine months, with new lining after
each campaign.

The ore treated is mainly from the Buck Creek diggings, eight
and a half miles distant from the furnace. The charge is usually
1,500 1bs. elaborated during the 24 hours with the consumption of one
cord of wood. It yields twelve pigs of 84} lbs. weight each, or 1,014
1bs. metal, equal to 67.6 per cent. of the ore treated. The residues
hold no shot lead and contain:

Bl e e rvas e e oo ATl oe Lo a YN s b ex sa s At s REFI A SumTas Spewverss ¥ssrsnce vamhEnsvarsarenravon 26.342 per cent.
BTG oot assninenraraenvarsshavnernbupobes nisadiassvsssan Senonavsvatepsesyiuasiesavsnismarsesnoies 5 234 per cent.
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MBENESTL o isnmsusenisenssavosminienisissasssasiisssavasnassonsay e e B .889 per cent.
Forric 0XIde. ... v iiiestoissathecnricostiavessasissnion ceevessessennnns 4 073 per cent.
Alumina............ T P A o b oA e ot .... 1.187 per cent.
Antimony oxide trace.

L O U et 1 OO B Ao e o o trace.

ZiDGOXIUR 1oi ies conessinberstennsnsoninsseaummars Sesmvadivsnizassass sssvsshsen whieesunsarnessess .519 per cent.
3§ BT e o sy et o oo o D B 000 0 S O T R 36.445 per cent.
Liehd, SHIDBABE. . ccviovisiciiummurnessssisonssissesnisanss i sineessiasssinssesseoninasassponss 4.529 per cent.
Lead oxide, by difference........ O T P A T R T e o 20.872 per cent.

100.000

The lead compounds are equivalent to 54.029 per cent. of metallic

lead in the residues.
The pig lead is branded “Draper & McClurg,” and gives the fol-

lowing result on analysis:

AT RO 5yl eaisathvs roatsrotrs tuassetnvanstononntn s seheenseqaeauatnstons ivtsvsass sy 0.01423 per cent.
ANEINONY vuecteseericoasssenssnsurssvocissinsshsassnessvssnsassnssasnonspascrassverasssnssnss 0 00639 per cent.
O e s L R e 0.00043 per cent.

0.01511 per cent.
0.00876 per cent.
0.00136 per cent.
0.00135 per cent.
99.95737 per cent.

100.00000

A small furnace has been lately erected in Benton county for the
treatment of ores obtained in the explorations now being actively
pushed in the sub-carboniferous rocks of the vicinity. At the time

of our visit the furnace was not running.
The other reverberatories in counties included in the central lead

district, and of which no particulars can be given, are as follows :

MAPIAHNKE. .. 5 cvissssnsrsssvisanssinsrsoroasadssnees .19; T. 49; R. 19 W.; Saline county.
Old Scottie,esssessess 26; T.49; R.19 W.; Cooper county.

Collin’S.vsecsesensess .19; 1. 49; R. 18 W.; Cooper county.
Handlin e . 93 T.42; R. 17 W.; Morgan county.
Otterville..c..coveee .21; T.45; R.19 W.; Morgan county.

Eanes & Berry ... .32; T. 445 R. 14 'W.; Moniteau county.
Bureks «.csumvsessave wSee. 235 T. 43; R. 14 W; Cole county.
Bratts NIl e s .26; T.43; R. 14 W.; Cole county.
PlONERI v evisscossssossovensss o 25; T. 41; R. 14 W.; Miller county.
Grassroot.......... isusseessrransvansirssserns s B0 Ladk s B 34 Wit Miller county.

The total number of air furnaces in the central distrit is 19.
The following analysis of the Handlin (Morgan county) furnace
residue is added :

Sllica ...
LI 01 - s esvas veasvicasiariessarsrrsaisenssns SisishRie B e eSO SN T PR SR TN p ORI S ENY

16.8G0 per cent.
9.723 per cent.
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MAZNERIR 1.vieiiisnsinsrissnnasnsesssvassansasanses susosssossnsasasssnsssaissancssnassansensecsann 2,484 per cent.
Ferric oxide
-

At } ................................................................................... 5.940 per cent.
A O O X B s s s e R L o vescontmran e nnnns s s na i anse s hens nrayise 0.215 per cent.
ATBBIIC OXIAB. cccrussosiossnssntunesnasssaissasonsnasosssissssssrssnriss s drassvassnenisivhes trace.
O ] P T——————— 1.829 per cent.
CNPIC OXTO ivrvsnascivamosve s svasisss shrsssassssussdos dussihahnosns (s iess s bermasi rones nil.
0 o e oy e e o T T D T o O P T O 23.822 per cent.
LR RO DI BT, s rasoieesscansmeansessassnnenosns dinsases soeesssnannannansassssansasncondiacs 3.061 per cent.
Lol OXIA...0i0 casssevsssssvsrnsanserrassisnsivssssesssnsensssenivssatnsissssnesasssnssessnons 36.607 per cent.

100.041

The residue contains 0.28 per cent. of free or mechanically mixed
lead, while the total content of metallic lead is 56.348 per cent.

The Eanes & Berry furnace, according to Schmidt’s report (page
558), works usually charges of twelve hundred pounds weight. At-
tempts to increase the weight to a ton, or even to fifteen hundred
pounds were unsuccessful, having invariably been found to be disad-
vantageous in regard to the yield from the ore. The dimensions of
the furnace are not given.

(C.) Tae SouTHEASTERN REGION.

(1) St Joe. Furnaces: The estate of the St. Joe. company
includes eighteen hundred acres of land, chiefly in St. Francois
county. The mining operations are mainly concentrated upon the
deposits in Sec. 33; T. 38; R. 4 E., about six miles from Cadet, a sta-
tion on the Iron Mountain Railroad. The character of these deposits
and their geological position are so closely allied to those of the well
known Mine la Motte property, and both have been so fully described
elsewhere, that repetition in this report would be superfluous.

The ores receive mechanical treatment and concentration before
furnace treatment. Their composition is shown in the results of
analyses of the galenite from the different Missouri localities (ante.
pp. 16 and 17). The furnace yield is said to range between 65 and 70
per cent. metal.

The smelting establishment includes eight reverberatories of the
common form, but with larger hearth area than those in general use in
the State. The dimensions are:

Len@th Of NEATth ceceuuerieeereniiionirnrmmnuenitisnieniieseninteeetinianessessnasessssnrsesaessannransass 14 feet.
A Of AT IS oos s et ot ssernsss s torh r ar s s da ket hn sotmeanin St beshsnnsionaranmrs nnasns O EOLRES 3 feet.
Length Of fire DOX c..ccoevceeenenreeeereisssosssssssssnsiannsssnsnssssssssessssssssesssssssssansaansansanes 5 feet.
\Vid;h T o e e S vy T L DU N 5 S R0 MRS SN e 2 (T

So that the areas of the hearth and grate are to each other nearly
as two to one. The charge is larger, being two thousand pounds
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mineral, worked off in eight hours, or three such charges being treated
in one day. The fuel consumed is three-fourths of a cord of wood
per charge or per ton. There are required two days (of eight hour’s)
labor per ton of ore treated.

The residues are saved for treatment for nickeliferous matte and
lead at such time when the proper furnaces have been decided upon
and erected. Their value for nickel and cobalt as well as the full
composition is shown in the following result of analysis :

IR oo oeanbisunensosssinssnesasionniasesesinressisny rnssonlostvssnsasasssiinesnnyravesnasess 26.252 per cent.
T e tovesmunsmunarsttsthns e ss dnavsnnanesen sosieseatosasasonsusson thsNsL Lt ast s avaessin it 9.908 per cent.
Magnesia 3.704 per cent.

Ferric oxide 11.533 per cent.

AlumiIng...ciseeseesssovess <. 3.223 per cent.
ATEORIG I seiatiecrtcresnsvatansvasisiersines . 0059 per cent.
ANBIMONY (es <vssseavnrearsssas abes invasr trace.
ZIDCOXNAR «.auvoscosunmnsvasissensnassssssmsssissvsnsansaupies O S trace.
() S R O o e ot e O O O O 0 e (S vt 0.981 per cent.
Coball SUIPIIAE. 2. s vsssrssicssavensisssnsrsrssssss sessasassissssessiassssassassransvas 0.523 per cent.
Nickel SUIPBIAe. .cisssineesinsiesovsnsrermansine R U R 0.777 per cent.
Lead sulphate......cccccceeannnee 3.455 per cent.
Tead BUIPhIAR coxsocsncusesasinsms 37.792 per cent.
Lead oxide, by difference......ccceuuue 4.793 per cent.
100.000

A special estimation of lead by humid analysis gave a total of
38.695 per cent in the residue.

The slags are richer in unchanged sulphide and poorer in oxide
of lead than any thus far examined. Inferentially the heat has been
too great for advantageous roasting, or the time too short for the
weight of charge on the sole; but as these residues are intended for
further treatment by a method looking to the winning of the lead and
the production of a nickel matte, their richness in metallic lead is
for the present a secondary matter.

ANALYSIS OF ST. JOE REVERBERATORY LEAD.
ATBOIIIC viriviisssstinanesinasaantsns tovintivcatstnesatorstesnshvassiabsnshapessiirvensnayensss 0.00183 per cent.
0.00675 per cent.
0.00405 per cent.
0.06394 per cent.
0.00137 per cent.
0.00082 per cent.
trace.

T8I0 057200 5 03 ed o s el R O O R ORPR o T S s e i SR T 09.92124 per cent.
100.00000

Antimony...

(2) Des Loge furnace, in St. Francois county, was started in
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June of the present year. The ores treated are similar to those re-
dnced at the St. Joe, being, in fact, extracted from the same deposit,
the mines of the two companies being only about one thousand feet
apart. The ore from the mine yields, by humid analysis, upwards of
nineteen per cent. metallic lead, and contains the following amounts
of foreign metals: Copper, 0.798; zinc,0.611; nickel and cobalt (not
separated) 0.137; iron, 2.240, chiefly as pyrites, some little, however,
occurring as oxide in the limestone gangue.

An excellent system—the most complete in the State—has been
adopted for the mechanical concentration of the ores, and the ca-
pacity is reported to be equal to the handling of one hundred and
twenty-five tons of raw ore daily. A Blake’s breaker, No. 5, makes
the preliminary crushing of the ore, whence it passes to two setts of
rolls, the larger of which has a twelve inch face, the smaller being
fourteen inches in diameter, with a fourteen inch face. The crushed
ore is sized by four revolving screens or trommels, which yield seven
grades of mineral, corresponding to 19 (and over), 12, 8, 6, 4, 2 and 1-
thirty-second of an inch diameter. The largest size is returned to the
rolls, the others are passed to jigs, the coarser being treated in those
of the Rittinger system ; the finest being classified into four grades, of
which the two coarsest are treated in an eccentric jig and the other
on a Rittinger table. A seventy-horse-power engine furnishes the
motive power. Eight men are required for a post of twelve hours,
representing the treatment of some sixty tons raw ore. The estab-
lishment was designed by Mr. Ferdinand Stolinski and erected under
his personal supervision. In the following table are given the yields
-of the products in metallic lead and the content of foreign metals, the
numbers corresponding to the recognized grades at the works:

Nickel and

Lead—  Iron— Zine—  Copper— Cobalt—  Anti-

per cent. per cent. per cent. percent. per cent. mony.
NoO.  Eescaisruessssssnsense 63.61 1.559 1.276 0.167 0.573 trace.
T 2 S e o3 76.42 0.067 0.237 0.040 0.042 trace.
NO: ALLics cossisesosaysanacsnny 67.96 0.823 0.670 0.091 0.078 trace.
L L B s e e 76.93 0.655 0.689 0.132 0.004 trace.
NOy:  Vcassansssasosnsesiaases 74.42 0.928 0.433 0.092 0.039 trace.
N0 VL, i eiarasaaserses 73.08 1.761 0.249 0.226 0.039 trace.
Coarse “ chats”....ccceeueee 35.238 G.185 1.006 2.735 0.480 trace.
MIAANIDG R casersnissmensassins 31.076 0.911 2.002 2.627 ‘C;% ;g?, trace.
LFine “ ohats! . isivsensrans 11.620 27.521 trace. 2.622 1.107 trace.

In No. I-VL (inclusive) the lead was estimated by fire assay, the
mean of two results being given ; the trace of antimony was found in
ten grammes of the materials. The lead in the *chats” and “mid-
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dlings ? was reached by weighing as sulphate in the ordinary process
of humid analysis, and the results are higher by at least five per
cent. than if the usual fire assay had been made.

One furnace of the Flintshire pattern has been put in operation.
Twenty-five hundred pounds of dressed mineral are charged at a.
time. The charge is elaborated in ten hours. Thirty pounds of fluor
spar (calcium fluoride) are added to a charge, with a view probably to
getting rid of some of the silica of the charge. The average slag
shows a composition, as follows :

B D o e R e censsneanuaniesnnsesserksenanannenrriesons 1.299 per cent,
Liead sUIPRIAe. . ciccoovesssos earnusvussmonconsssssssvosissssnsms nsissossimranssissnssssscns 40.105 per cent.
T W T o o e B bt o e b e e 9.313 per cent.
Nickel and cobalt OXIAeS cccvessosassvsmnsiversansbsssizssaisssisasssnsarsvssssnssommas 0.0911 per cent.
(37075725 hl 01 6 1o U LA My e e e e S e e e o 0.903 per cent.
POrriCiOXIde: iiiicsuisisivasisisionnnmissnssisasisaseavanssssaammebasssihssmasnssns Asmnssaves 10.874 per cent.
Calcium fluoride g per cent.
S T T sorecon By e OB 0 oG £ L T e oD X e .227 per cent.
LiITN0G . cualcsssonssresi sapsnsassesnnensasyssie sss s Fassetansessnassiassonssvaarassnsiunoaseneresine 2.552 per cent.
Zinc oxide per cent.
Magnesia . per cent.
IR o ior s sas it taveeni it eaiaeeans sisndararsneseaneinettyysur sueritess s aenssodiansatabal 3. per cent.

99.404

A sample of the pig lead gave the following:

Tiead, by Qifference e essssesssssasassivssnasnsssares e 09.03383 per cent.
0.00307 per cent.

0.00398 per cent.
0.05872 per cent.
0.00045 per cent.
Arsenic, antimony, nickelu ... cessseescossoressesesosses T O e e traces*

100.0000

An analysis of the dross or skimmings from the lead pot was also
made and is here introduced to show the concentration of certain
metals in the process of refining by poling in the lead pot. The esti-
mation of the lead and foreign metlals (excepting silver) was made,
the other constituents not being determined. In onehundred parts of
the dross there are—

TABRA civvsisnravivaninssvisnsasiovsvanisites ourssasysnspisesshssnsahsorantssyssasyisyoinivenas o sryse 87.597
Iron 0.638
Zinc 0.313
Nickel..... 0.703
Copper,.... 0.987
Antimony ............ . trace
DIIVEE, iivsinphinstaess R B et o e i e R Y S S A not estimated.

The lead was estimated as sulphate.

*In 100 grammes.
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[The Ash Grove Mining Company, operating in T. 80, R. 24 west,
have taken out upwards of forty thousand pounds of ore in éxplora-
tions of less than four months. I have no information concerning the
character of the deposit, nor of the details of the smelting, if any
have been started.]

(3.) The Saline Valley Mining Company, operating the Avon
mines, Sec. 12, T. 35, R.7 K., Ste. Genevieve county, have two rever-
beratories for ore treatment, and a slag furnace for residues. The ores
occur similarly to those at La Motte and St. Joe.

‘4.) The Frumet Company (owning 1,300 acres in Secs. 28, 33 and
34, T. 40, R. 3 II, Jefferson county), have one reverberatory of the
Flintshire pattern, and a cupola for residues. A sample of the lead
produced gave the following composition of analysis:

ATEONIC. o1 terersiases winssinssiarsisionsvsesirsnsncissahunasosuashnssarens saensstsshsiprooismnrasssnsns 0.00004
N TR T8 E R o e At Mo T DT c e s n e GO e P o e e sy i 0.00007
BILYET b icvasenssonsossisrsipbuosesasssstinss mosressse: srvaraermssinsatsononivess savivssrasssasantsnanass 0.00179
O DDOT . i csmsinssnnsessvansstoshonestasssaces seassssanseshbatssius snions bosr o tysenhasslsaiboiisssssnsy 0.04399
L OIS % 5srs7vses srnrotavsevssissss exsecsstnsntssesotohsssuesssan eiss shsssants veh o ransave taor ssatrative 0.00282
DG veriheorsoiniavisnsuninscveissssshononustssssqusisnssoerbarsamensarentsasinesssintaserensswtessosnss 0.00240
O e e Rt T T T ronse 0.00063
Liead; DY AIHOreN 00 ciesssvisssessrssssssivsisiasssrsmsvarssssavssinsvesisishas ostiivasnrininnores 99.94826

100.00000

I1.—ILLUSTRATIONS OF HEARTH TREATMENT.

A general outline of hearth treatment has been given on pre-
ceding pages. The forms of apparatus in use in the State are either
the ringle tuyere, old fashioned hearth, or the more recently intro-
duced American water-back hearth., commonly with three tuyeres.
This latter form has been described at sufficient length for purposes
of this report in the section devoted to the general practice of lead
metallurgy. The details which will be given under the present head-
ing, though somewhat meagre, will be found sufficiently full for reach-
ing general conclusions with respect to the economics of the method.
This is the more especially true since the variations in the dimensions
of the hearths and the weight of charge treated on them are not
wide as in the case of the reverberatory, and since as a general thing
the purer and higher grade ores alonereceive treatment. The results of
analyses of slags or residues which are given in this section, while
perhaps of value to those who may submit them to further treatment
in the slag furnaces, can give no correct ideas of the thoroughness with
which the lead may have been extracted, unless, indeed, the whole
conditions of weights of materials introduced, of loss by volitiliza-
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tion, and of amount of residue produced, are given as factors in our
calculations. The fact that these residues generally contain uncon-
sumed fuel, and frequently, also, the lime which has been added as
the so-called flux, may make the per centage of lead seem small in
some instances, while, if it were possible to calculate the wastage
back upon the original ore, it is really much greater. The difficulties
in this respect are even more serious than those which obtain in the
case of the reverberatory treatment, where, if it were possible to
know the true and full composition of the ore, and the residue, and
the weight of the latter produced, the chief disturbing element would
be the foreign matters introduced by the wear of the furnace linings.
Unfortunately, no such data as we desire exist for any of the Missouri
furnaces, for no attempts are made to control or improve empirical
results by stochiometrical calculations.

The order adopted for the reverberatories will be followed in con-
sidering the hearth method.

A.—SourawesTerN REeron: (1.) The Granby Company operates
six of the improved hearths. The common duty of a hearth is
about 3,000 pounds No. 1 block mineral worked off in an eight hour
shift. The labor required for this amount of ore is two smelters and
one helper—the Jatter serving two or more hearths by delivering ore
and coal to them. Two shifts are usually worked in a day for six
days, equivalent to the treatment of 216,000 pounds of mineral, yield-
ing 181,200 pounds of metal, or 70 per cent. For the production of
this amount of metal there are consumed 660 bushels of charcoal and
60 bushels of lime for so-called flux. The latter costs 25 cents per
bushel.

The lead produced is somewhat purer than that produced by the
reverberatories', as will be seen from the subjoined analysis, and a
comparison of these results with those given while treating of the
Flintshire and ordinary air furnace results at Granby. This result
may be due to features inherent in the process, or it may be ascribed
to greater purity of ore put in treatment:

Granby Hearth Leads. .

ATBODIC isisnassssnissessarnisnasvssosiensiveses srsissasinrssennans .00019 0.()1()1f24 per cent.
AMTITIOTIY ¢ ioes catarosntnanscersredarssurnsssiasinsnabonsenttostes .00198 0.01085 per cent.
BIVET vossrsiinssinssmsarecssasasisnssisaommsisrronysasnssirassisvis .00045 0.00057 per cent.
O D DBT s tane aenenstsuts bnntonsrsssisnasirssacobanseaeaiyssentsisons .00479 0.00780 per cent.
3131 P I S S SR R S T R Sy T ] .00220 0.00367 per cent.
ZITIC sicsuasuinnsso)9) swommensnasssusenvuentonmusnaiuesssnseny oaedrass .00142 trace.

INEOKB] (i h e es svatneastanseussusenssudeanunonsassnvsssa satsasapnasaess .00047 0.00087 per cent.
SUIPDUL cceiisenssrasiainasssssaesssnssoannasessesnivsssssssassens trace. trace.

Joead, by HEBTONER. isinsusvessas Sreseesns snossrusonssassas 99.98850 99.96905 per cent.

100 00000 100.00000 per cent.
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No 1.is an analysis already published (in Report of Board of
Curators of State University for the years 1874-75); No. 2.is a recent
analysis of a sample representing 23 pigs.

The Granby Mining and Smelting Company have also three
hearths at Oronogo, Jasper county, which have not, however, been
operated for some time, the ores mined at that place having been sent
to Granby for treatment.

(2.) At Lone Elm, Jasper county, Messrs. Moffett & Sergeant
have three hearths of the newer form. Each treats three thousand
pounds of high grade ore per shift, with three shifts per day. Fifleen
bushels of charcoal are required for the treatment of the three thou-
sand pounds of mineral. The yieldis 66.6 per cent. metal, with the
following composition;

ATBENIC tissiirarsusssvessnsissinmssissnsybessnenss vestaansisvonsies sResReaAR s ssssvRPAvART .00027 per cent.
RO oo 1 ssresrsnvel savressosnnesssrssnsnsoncivnbisssastoneissisivanssssnesnrsuonnsessnnsitasnis .00777 per cent.
T 5 v romse tressssnransastatensosss s innnshrassinseisos s SRV RILRER T RRFSRRAS SRR ARR 2t s .02071 per ceut.
CODDEY s rasvesnvsasinsreetsnsnnenssnenssantasssnansses sEorsess sevesntsnol sty issssssasrvasie .00463 per cent.
B e o B oo et e e e T O A Ca e e o D .00031 per cent.
ANTIDONIY cr7sansessvsarstonins seeestsrams e st araReatvasb Rotal vashrd AFdsT AR T A SRR RS RS s En TS 00266 per cent.
S e B s o s e e e i e o b e .00025 per cent.
Leads by QREPEHCR veririisinaiirrvvenissnnsissvsrssbivisrssrasssisnrssssorssssssros 09.96340

100.00000

(3.) With three hearths, the Joplin Mining and Smelting Com-
pany treat 108,000 pounds of mineral per week, which, at two eight
hour shifts per day, would correspond to 3,000 pounds per shift. The
yield is reported at 66.6 per cent. of lead. No details respecting
these, nor the following hearths in the southwestern region have been
obtained. ’

RIZZINS & OUDADMIAT. e s cupisscssnsnsonistunntsessans csnssasssusnaornessstiavsiorersn 3 Hearths.
Phurman Mining and SmMCINg G0 .sceasacrnnensosiassssssrsssssassnnnnssns 1 ke
5. Bl Corn & C0..sisreansivessson R e 2 L
Neosho Mantufacturing Co....eesessesssnesssssons sammnsmrsansassnsmsessmmssaane 1 “

These with those above described, give a total of twenty-two
hearths for the district.

(b) CextrAL Recron—The central lead region furnishes but one
illustration of the hearth treatment. Itis situated in Sec.17,T. 41, R.
17, W., in Morgan county; was built in 1869, and belonged to the
Messrs. O’Brien. It belongs to the old form, single tuyere hearth,
which is of less capacity than the improved form, treating 6,000 pounds
of mineral in three eight hours shifts. The yield is usually sixty pigs
of sixty-seven pounds each, or 4,020 metal, equivalent to 67 per cent.
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of the ore putin treatment. 7The blast is furnished by bellows moved
by water-power.

A sample of the residue gave, on analysis, the following result :

Silica, with unconsumed charcoal and a little baric sulphate.......... ... 43.065 per cent.
Vi SV S e e T OB O A B R AR D et Do 5.226 per cent.
IERETERIAL (v o7 crervnnsonensvsssuersesshrahiierninasasesnnssssrsmsssaypinsonssssaiessyasvatanins 1.345 per cent.
Ferric OXide.cccorereiicereiaanciieeanieencsissccinsacnsiasssssmmasssisssnssassssessesssoasese 8.021 per cent.
ATUMINR e lo wieaisesvvsssenransaninrisssnsbsseissnniseastassssersssssaessapsaessrisessosse trace.
ST e b B e roncr oo G e R R e P e 0.334 per cent.
ZANC DXIAC v «ovuvasrrssessmssnsisionssersaninsonsssasanesionstsdssvarapisssonsesssorssssssssrona 0.456 per cent.
Fiond BUIDRIIR.. ... cviosacasrevresrisaeisassvnssantaniisstsessnssnyusrsrassnibeaversencaens: 25:090" DAL, CODL:
Liead ‘Bulphate; siissacaiisssimsnssisvesisssissnsaossonsssaiivsrsessvanisaasorersanes 0.432 per cent.
1.680 OXIAB. cvenerersscssssussanmsscirinsevasisesssvmasnsssnssmisasinssosvssrssssssisasnsasavas 19.219 per cent.
09.935

The lead compounds in the above contain 42.492 per cent. of
metallic lead. The original slag showed but 0.07 per cent of shotor
mechanically enclosed lead, separated in the operation of preparing
the sample for analysis.

C—Southeastern Region—(1) The Hopewell furnace, Washing-
ton county, has been in operation since 1839.* The character of the
ore treated is shown in the test of results of analysis [Nos. XXXIV
and XXXV, page 17]. The hearth used is the old form, twenty
inches wide by twelve deep, with a single tuyere, the blast being
supplied by a double acting bellows operated by an overshot water-
wheel. Of the amount of ore treated and of the consumption of fuel
we were unable to learn any particulars. The usual time is a shift of
eight hours or the period required to produce twenty-four pigs of
sixty-one pounds each, or 1,464 pounds of metal. As this furnace is
of the same character and size as the O’Brien hearth, just described,
it may be presumed that the ore worked to produce this weight of
metal was about two thousand pounds, giving a yield of 73.2 per cent.
for the ore put in treatment. In the year 1875, this furnace received
410,000 pounds of ore, and produced 5,130 pigs or 312,930 pounds of
metal, corresponding to a yield of 76.3 per cent. The metallic produc-
tion probably included some slag lead, for the Hopewell residue are
treated in a slag furnace; so that there is probably very little risk in
assuming the yield to be about 73 per cent. as before calculated.

The residue has the following composition :
Silica 36.348 per cent.

.............................................................................................

ilMI8 o vacvesiarnssaneeseessossessansosseantssasantssnssssssnnsasseasanassssssssssnsenssvaress ivo 3.604 per cent.

* Dr. Litton (in Swallow’s Report) pp. 58 and 59.
G R—H '
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MAGHEBRIA ovseecosaenisersivsssinss ussseurasEssaTe wiessesasasases sevrassesEsisEy desensesiassary 1.436 per cent.
Herrich oxidesicn . iossasscess SeacensensssvusesNabsarasrasantsisnssiaeonnObS 2.707 per cent.
ANITOID ) s vrvvesnrasiaosisrssmrsensivsnssess T S T T T L e vy 0.052 per cent.
ANCIONONY  OX IO snesersssarnesnssssssannresnsoseasvpsnssssinrsorsoriveisssssssssssssorseis 0.168 per cent.
ATEBNIC DA e rrirsvrsuserstsinsssrensasr soisintsessess tesnnsssrenisansesnnacsssshant vins 0.218 per cent.
NG OXTAO s 0 v oo sipbeusasiusersssos sy Ssansriasshsnsinrnsysammnsssrisertons sssasaes «  2.527 per cent.
Copper oxide.......eeuee OO D0 e i T s B o a trace
Tieat, SUIDHIAR . civassisisessrmnssnsissssminsassannnssvassmeisnsensrssersiaemminisnssersine 19.647 per cent.
Juead Bulphate....c..cciseesosssnceoossasns SrevnooenETeRASRES LTRSS RS RITARS SRS RN SR nSuRS 2.918 per cent.
Lead oxide; by AHIEreNCe. . cisimrerssiressrssssssevesssassasvonsesantressansasesses 30.383 per cent
The total per centage of metallic lead in the residue is......... 47.267
100.000

(2) Perry Furnace, one and ahalf miles from Potosi, Washing-
ton county, is a hearth of the old pattern and of the size as that given
for the Hopewell. The blast enters through one tuyere of two and
a half inches diameter and is supplied by a Sturtevant blower, No. 3.
The ore is prepared by crushing by hand on iron grates.

- The length of time required for the production of thirty pigs of
seventy pounds each, (2,100 pounds of metal) constitutes a shift, in
which are worked two smelters and a helper as usual. There are
commonly treated in this time about three thousand pounds of
mineral with the consumption of ten bushels of charcoal. This fur-
nace is very actively worked, its production in 1875 being 14,600 pigs,
or 1,022,000 pounds of metal, corresponding to 487 shifts of thirty
pigs each.

The residues are treated in the same hearth after concentration
by washing. The second residue, or those resulting from the re-smelt-
ing, are sold for treatment in the slag furnaces of the vicinity. The
hearth residues from the original ore have the following composition:

o A e R P B e R o O O O S T Y b e O T s L 400 25.335 per cent.
Lime ...... 4.230 per cent.
Magnesia . 0.711 per cent.
Ferric oxide........ 1.414 per cent.
T e e oot P OO O O A C D SO T viTasasvave st 1912 per cent.
MNICRel OXIAR. c.coairscvnsissasssmmisnosisnnsnnassssssranssaiansninnisvesioemsssnsssavrodnsasss 0 746 per cent.
T e e e e o s ot 0.591 per cent.
ATEENIC OXIdE i rcivemmisivrasscnnsssssonassnsnsn sosmsrpmssnssnasosssorisnesess erons Vaesseses 0.023 per cent.
[T D O O S e 48.577 per cent.

Sulphur, sulphurie acid and oxygen in combination with lead........... not estimated.
The Perry pig lead gives, on analvsw, the followmg

ATBENIC s ssecrar cursersraveastorsessvasasssssnsoss gasssrnsunsonsnsssvocssastoassorsrssosessrss 0.09674 per cent.
ADMONY .cuvierrerssrssossroressssseossessossasssssssessovassesssssssstnsnssssrassssssonsans 0.00502 per cent.
Silver....ceee PR SR PO ORI ORGSR Y 0.00180 per cent.
Copper.... T T 0.00490 per cent.
P ORI vossvevsrssrncenariiesivsbanssyssssnstsasesnnne P T e et B T e R 0.00436 per cent.
INA0: L v iitesttansscnnoshonsmnamanntonsbassunassonsn snesneserevasanssseanessarnssnrensansoaREry 0.00598 per cent.

................. cietesisssrsreeksstyatvranyeniane. SLOTADINDERICERIbE
100.00000

Lead, by difference....
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(3) Valle Furnaces—The estate of the Valle Company com-
prise 4,500 acres, chiefly in the counties of Jefferson and St. Francois.
The deposits on Sec. 7 and 8, T. 38, R. 5, K., were discovered as early
as 1824, by Joseph Schuts, and have been worked with but little inter-
ruption since that date. '

The furnace includes two hearths and a cupola for slag treatment..
The hearths have each a single tuyere; the blast being furnished by -
a No. 6 Sturtevant blower, run by a 30 horse power engine. The
hearths are 18 inches by 14 inches in section. In an eight hour shift
there are treated 3,500 pounds ot ore, producing thirty-three pigs of
seventy-five pounds each, or 2,475 pounds of metal of the “Rozier”
brand. This yield corresponds to 70.7 per cent. For the Valle brand
of metal, there is used a previously calcined and sorted ore which is
charged, to the same amount, in the Scotch hearth, producing thirty
pigs of eighty pounds each.

During each shift a hearth requires four bushels of charcoal and
one-twentieth cord of wood. The charcoal is supplied to the com-
pany by the burners at a cost of eight cents per bushel, the company
cutting the wood. Occasionally, when the mineral is not very clean,
a little lime is used.

The ore is worth $29 per miner’s thousand when lead is worth
seven cents per pound, and $1.50 additional per thousand for each
one-quarter cent advance in the market price of the metal.

The hearth residues are treated in a small slag cupola. They
show the following composition:

S I OB sss s rvsoi vsssansssessoninss aonsnmnamenonh ey essainesstss Puvravesassssasnrasarsnsnnsvacssassy 8.971 per cent.
TUIIN@ sonssnanioss svsosasaainss vnes srusaasrassssesspusssessssssrssiyssassossvessstnssasorossssrsrrss 3.308 per cent.
MAGNESIA. o veusenrnsssevrsnsorantanssd bnmaminsses T e T 0.100 per cent.
FOrrie OXIAC e v vvricsssairsnsesisnressassospessssneve: satsssvssninrssstssronsissanrssnssses 4.366 per cent,
AN DR eseecetsrven e snnrasarsiaisrersazsstassansnssnrsessasyeasesalissanssmisvhaserssennisanns 0.061 per cent.
Arsenio and antimon Y . sonsasssisssssissnisesnssssvessasamessossusetsennssassavons traces.
VAT 08 e e e e o O e R e G o o A oo 2 18.129 per cent.
COPPEEOXIAO v uiisssssnsssssssanssssnisosssssasainnssanssosinsssssasssrsssvassunachnnsnorisensors 0.243 per cent.
Liead SRIPRIACu.. csusvussecsrssssrsasuseersnsasncarsuionssnransonsransnnssssnsosesnansansusasanss 22.922 per cent.
8T BUIDDATR ., < . rhrsvsinsnisessssssnnssssuanssasnbamasissnssis shoessssresvinsavasnsanis yen 1.945 per cent.
Lo OXIAe ceitsvnariisiimennissiassrensssscesty serasinnsvalavessssssrnsssrnernseisunssioves 39.390 per cent.
99.322
Metallic lead in above.......coveveversoanorenes L e 57.744

The two brands of pig lead procured at the the Vallé furnaces are
composed as under :
Rozier. Vallé.
o st e P T S T R s T R I o o s W i 0.00925 trace.
AN L T QI Y et chartasansissssn ons sviravnssns (hadssiasnrahonsame ARV A UTER TN IR SRV LD 0.00184 000214
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Rozier. Valle.
B T 0.00615 0.00326
OPPIOL: =" svusveesssasssunavosacisvast shestinatoshaaanasssaens iottsess sihs s ios sontans 0.03742 0 04165
IrOD . coies socuivsenn e e 0.02497 0.00453
A e e e e s gy by Y e Y B O ST 0.00118 0.60294
L1080, DY QHIBICNCO.M:orx cosrtsrrtirssriarrssvensarstaeasrssasstsesontnnsarashonssen 99.91919 99.94548

100.00000  100.00000

During the year 1875, there were smelted 602,320 pounds of ore,
producing 1,801 pigs, or 135,075 pounds of Rogers’ brand, and 3,589
pigs, or 287,120 pounds of Vallé brand ot metal, giving a total of
422,195 pounds of lead, equivalent to 70.09 per cent. of the ore treated.
The residue gave, by further treatment in the slag furnace, 929 pigs
of 60 pounds each, or 55,740 pounds of Phwenixlead. [See section on
slag smelting, page 75.]

(4.) Mwne La Motie—Historically, as well as economically,
Mine La Motte is one of the most important and interesting of the
lead developments in the State. Its estate includes twenty-four
thousand acres in Madison county, on some parts of which lead ores
appear to have been discovered, as early as the year 1723, by Renault
and La Motte, the last named beginning work in the following year.
The discovery of nickel and cobalt minerals in association with the
lead ores in the deposits at this locality, and the very considerable
importance which the production of nickel matte as an incidental
product has reached, has of late greatly increased the interest which
is attached to the well known and frequently described Mine La
Motte. '

The metallurgical operations on this property comprehend the
treatment of the ores by the hearth process and the further treatment
of the residues and roasted ores, notably nickeliferous, in the cupola
furnace for the production of aslag lead and a nickel matte. The
latter is further treated by concentration for market.

The hearths are two in number, of the newer form. They are two
feet wide by twenty-two inches deep, with three tuyeres each; the
blast having usually a pressure of four ounces. Each hearth works
thirty-two hundred pounds of material in about six hours time, with
two smelters and one helper serving the two hearths. Eight bushels
of charcoal are consumed for this work. The product is twenty-five
pigs of eighty pounds each, or 2,000 pounds of metal, equivalent to
68.7 per cent.

From March 27, 1875, to December 25, of the same year, 7,906 cars
of ore were crushed, producing 6,786,279 pounds of clean mineral for
furnace treatment. In the same time there were smelted 5,808,747
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pounds of this washed ore, producing 49,104 pigs, or 3,928,320 pounds
of lead, of which 41,136 pigs, or 3,290,880 pounds were from the
hearths, and 7,968 pigs, or 637,440 pounds were produced by the
cupola. With an average yield of 68.7 per cent., the amount of ore
treated to produce the above named amount of metal from the hearths
would have been 4,790,048 pounds, leaving for the cupolas 1,018,520
pounds.

The amount of residue produced by the hearths at Mine La Motte
is reported at from 10 to 17 per cent. of the ore put in treatment, or,
say an average of 13.5 per cent. A charge of 3,200 pounds would
therefore yield 431 pounds of residue, the composition of which we
find to be as under:

15.536 per cent.

BBHORL co o uvsnrererysins crsassevarnsntotsshasnesseraissnineisssrrutunsstayrerehsbarsioansotinase
TIA NG i eansns s 7sren seninsnnnesrsn steaste Wrsbnrarsensnris s sh sviine it eansesyeesssnitons 10.237 per cent.
MAGHOSHE o s vrensiasorstssssistosusuonshrasss sosacnsatorssashisssiosssstrinsovsrnssavaasosns 5.488 per cent.
BOEPIG OMITR oo e cainsar o sarsi Tianens AR Sa AT oERS S FEs RO anrsan —s e onlseErResaisennves it BEn 15.656 per cent.
ANUMINR e prvromsserunensiremtssmasnerass sbeavansobninsabesssvssnisesssasedpassassansesonssrs 1.883 per cent.
NIkl BIDHIAR 1 oii; sihesttasensovassvaunensavonrrarisuncsssstbonserybhannsessrssshunsasnns 1.021 per cent.
Coball BUIDHIAB i scessvinsssisassarsrintsssissennmsaaesssyssrsinsssspismprssissvensssres .719 per cent.
Onprons S0IphIiAa  cossississssanssasavonsonsssinaansrnns: ssvssy eyt T e .154 per cent.
Antimony And ATBENICS. ... i . ivestisskeasuvsrretsssarsonssasaenassarnsiensasrnesessin trace.

Zine 0xX1de. ...coansssssrisianssosssin o LS e O s oy e IR DR 1.315 per cent.

Lead SUIPRIAC. et eerveversers e ersrreceseessaesessresessesensseseressssossresensnseenseesene 20,999 per cent.

Fad BrlPBAte; . c i cveneeisivasursrimssasrtrasseniossssinssorisronssesssnnsassssssnsh 3.904 per cent.
Tead 0xide, Dy QIIETeH 0. ressssuenorrasasnssraniesosorassvssnssoserssna sasssnasnsanes 23.087 per cent.

100,000
With a yield of 43.011 per cent. of metallic lead.

The nickel and cobalt compounds in the above result, corres-
pond, respectively, to 0.666 per cent. nickel and 0.466 per cent. cobalt.
An analysis of a second sample gave W. C. Minger, in this laboratory,
1.242 per cent. nickel sulphide (= 0.852 metallic nickel) and 0.675 per
cent. cobalt sulphide (= 0.438 cobalt). The mean, which proba-
bly represents a fair run of the residues, is 0.759 per cent. metallic
nickel and 0.452 per cent. cobalt. These residues are treated further
for metallic lead and a concentrated nickeliferous mass or nickel
matte, by a method which will be found detailed in the section
devoted to the methods of slag or residue treatment. The matte is a
source of noinconsiderable revenue to the company.

The hearth lead produced at Mine La Motte we find to have the
following composition : '

0.00034 per cent.

0.00119 per cent,
0.00345 per cent.

A T eyt ta s i tratansvsashunsassaspreanyestehaioivnand coreipenasianias
AN 0N riceseeiisrinsammisresnnarrassns shivasoarsustnsonssssrpssmnsreasianvhaisssns: s
LY L st T ssexrter st iinesyerussevaxrerssqreesaan essaesanse AsaaveTess
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D ODDB s sxve: a5 minsensssstrassninssihisasssssanans svs anmhesyossnessssaoncrrbans hnssrns 0.01999 per cent.

TEOM . oeronenensvminsacassvatsapinnasnsssarssudvsassnassosshrsennsnenssvs donsvasanevsesaisbssss 0.00248 per cent.

AT G Ry e vrvvnes rsusatas atesssesas tuemnte nanohin sy e e as ooy ras sane sage st e nnnsinries 0.00164 per cent.

INICI @Y ees sspvarstansrsssassusssncsnsasssoavEssnniss sorsennensisnn sonrssumbncrnsl sununsss uns 0.00095 per cent.

Eiead, BY AIETCI00.., v cviiomaisenrmucninaqesntososorshsssstannessuvinesosriasons 99.96996 per cent.
100.00000

The hearths at Mine la Motte have connected with them cham-
bers for fume condensation, in which are collected thirty-three thou-
sand three hundred pounds of fume in three months’ time, or 100,000
pounds resulting from the hearth treatment of 4,790,048 pounds of ore.
The fume yields 70 per cent. metal, and is treated with residue and
ore in the cupolas. The loss by volatilization in the hearths is, there-
fore, 2.17 per cent. of the ore, or 3.04 per cent. of the lead produced
in the treatmentin the ore hearth.

SLAG TREATMENT IN MISSOURIL

Slag treatment, or the extraction of lead from the residues of the
reverberatory and the hearth processes, is practiced at Granby, at
Davis’ & Murphy’s establishment, Joplin, at Hopewell, at Perry, and
at the Valle furnaces. To this list may be added the more elaborate
cupola process,in use at Mine la Motte, where the residues are treated
mainly for the production of nickel matte, by which a metallic lead
is also recovered. The character of the material to be treated has
already been indicated by the various analyses given on preceding
pages, in the description of the several furnaces and ore hearths. It
will be seen that the residues consist of varying admixtures of more
or less scorified gangue substances with lead sulphide, sulphate and
oxide—the latter both free and in combination with silicic acid—and
contain besides mechanically enclosed or “shot” lead. The foreign
metals of the ore, which are but slightly volatile at the temperature of
treatment, are also concentrated in these residues, which, therefore,
produce necessarily a more impure metal than do the original ores.

The form of furnace in use is the North of England slag hearth,
so modified as to increase rapidity of handling and production, but
retaining at the same time the valuable features of economy of ori-
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ginal plant and convenience of operation. It belongs to the class of
furnaces distinguished as XArwmmoren, being a low shaft, usually of
four feet height, with rectangular section, provided with a cast-iron
bed-plate or sole sloping downwards towards the front, usually at the
rate of one and a half inches to the foot, and extending outwards so
as to overlap the iron pot in which the lead is received. This bed-
plate carries the fire-brick lining of the sides of the furnace. A single
tuyere, commonly three inches in diameter, enters the back of the
furnace at a height of eight or ten inches above the sole. The “eye”
or port of the furnace is about nine inches in height by one foot in
width, and is closed during the operation of the furnace by well
rammed, stiff clay; through the bottom of this, at the bed-plate, a
wooden tap-plug passes, which is withdrawn at about an hour after
the furnace isin full blast. The exterior lead pot is divided unequally
by a partition descending nearly to the bottom; the larger division is
kept filled with pieces of charcoal, over which the slag runs, and
through which the lead filters and passes beneath the partition into
the smaller division or moulding side of the pot. The slag passes
thence into the water tank. The very considerable volatilization of
the lead requires that the furnace should be surmounted by proper
contrivances for ventilation.

The furnace is operated by tamping over the bed-plate a brasque
composed of equal volumes of clay and coke, so ar:anged as to be
about one inch in thickness at the port and four inches at the back.
A fire is kindled with dry wood in small stacks arranged against each
other in an inverted V shape, from front to back, and slightly above
the tuyere in height, so as to form an unobstructed passage for the
blast from back to front of the furnace. On this live coals are thrown
above the tuyere, the furnace filled with charcoal, and the blast turned
on to the extent of about half the usual amount. As soon as the char-
coal is thoroughly ignited, the normal fuel or coke is spread over it to
the depth of six inches, the full blast turned on and the slag spread
evenly over the coke. At intervals the normal change of coke and
slag (about one measure of the first to four of the latter) are thrown
in, in such a manner that the slag is chiefly at the back and the coke
mainly at the front of the furnace, and the furnace is kept full. The
proper manipulation of the furnace for forming the nose is a matter of
experience. The discharge of slag indicates the working, A sluggish
dull-red flow of slag over the charcoal in the pot indicates too low
heat, and loss of lead by mechanical enclosure ; fuming of the slag
shows matte production, while a thin stream of slag, of a bright straw-
yellow color, shows a proper condition of working.
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The highly basic character of the materials smelted in these fur-
naces, causes rapid wear of the linings, and a campaign is necessarily
a very short one, rarely exceeding thirty-six hours. The furnace is
blown out by ceasing to charge with residues, but continuing the
introduction of the fuel till no more slag runs from the tap-hole. The
repairs are readily and cheaply made. No flux is added to the charge,
but when practicable the residues rich in lime are mixed with furnace
bottoms for treatment.

The usual duty of the slag hearth in this State is from twelve to
fifteen tons of residues, run through in the double shift of sixteen
hours, requiring six workmen, as follows: One slag smelter, working
the double shift, two helpers and two pot-men; one of each in each
eight hour shift. -

There will be used in such a run about four thousand pounds of
coke, about twenty bushels of charcoal, besides the fuel for the blow-
ing apparatus. The cost of treatment will be about as under:

Labor; ‘Per ton TeBIANUER! sucis sicissusessoravisesssnrsrssssonssesnrsuonsisiss 0.4 day.
Coke, b S B T A e e e A e o i B 266 1bs.
Charcoal, *¢ e oo 30 1bs.

The furnace yield is about 23 per cent. lead. The other products
are black-slag, lead-dross, wall accretions from the furnace and fume..
The lead is hard lead, as noted above; it is usually refined by melting
and poling in the reverberatory, but is not then as satisfactory for
chemical purposes, and usually ranges in the market a half cent per
pound less than the soft leads directly from the ores.

The Granbyslag furnace has a horizontal section of 2 feet 6inches
by 3 feet. The slag gives the annexed composition on analysis:

SIHCH. v e savesaossansrsessusssssarnessiossonsasbspnssssssnsssssmssssssnisassrasne 37.648 per cent.
TiII@ess s ssnnnansanssmsnsraernsnis wessssennannusssasnsnsonparsessispnssessanersns 4.005 A
MBPYBEIR. . ctaeqraressrnisarsesoreassssoasessarnatassrssmrssnsssbssnsnsasrive 1.754 L6
AUNOINA civosssssasssssisssssassssaivsssnsoraransesanssasessasssarassossossns 3.268 L
FErronus OXIA6. . sevsnsassessrrsssrsopssoconssorstsarasss e e 2.258 ¢
TUeRd OXTAG.5conesiresvcsssvansransnsisnsansaesssesninssnryorestnanssiassnosany 83.778 A¥
ZINE OXIAL: cv. oo cvsciovirsenssassossosansanssssavssssonssasvasssisanissssnses 14.221 £
Lo SDIPDALE.cosisiseoesionn) sspsssasssnnsosssnsssal ssassasaessevnsensassen 0.359 :
Ferrous sulphide.....ccccocreeersocceiseentnersscacasassisstsssassnssscsse 1.927 o
99.218

Besides traces of antimony. Regarding the ferrous sulphide as asmall
amount of matte, mechanically mixed with the slag, and taking the
lead sulphate as a foreign matter, there remains 96.932 per cent. of
true slag, with the following per centage composition and amounts of
oxygen in the respective constituents :
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Per cent. Ratio of O. of
Oxygen. Silica to O of bases.
STHCR cssasevassssesossosimervssrtarss 38.84 per cent. 20.71 20.71
TADAR yovarsnvessaasazssossaasnsasnise 4.13 5 1.18)
MAENESIB. . vreisarsessesnansastonss . 181 ¢ 0.72 I
T e LY Py s T e L 3.37 L 1.57 l
10,17
Ferrous 0Xide€...cc.cee arvasense 2.33 e 0.52 '
Lead oxide. ....... Tt 34.85 £ 2.50 I
VTS (e U L s e 14.67 g€ 2.90 J

The ratio is therefore 2 to 1, giving the formula of a bi-silicate
slag with lead oxide as the chief base. It is doubtful whether the
substitute of some other base for the lead oxide, by the use of flux,
would be advantageous on the score of economy, even though saving
of the furnace lining might also be obtained thereby.

After refining in the Flintshire furnace, the Granby slag lead has
the following composition :

ATEBNIC sresenvsvisensoravenasesssiusesvassiessssnesssssnsssnenseeatsis/hasssnisssansnnonsrassns 0.00101 per cent.
Antimony... 0.04975 per cent.
Silvereecceesses 0.00029 per cent.
DODPOE sssersrssrbssaersescaransrustsassvssnenssnisnssassssasnosssshsbosbsssssasrassintsseass 0.02965 per cent.
ITOM ciisseess sevsisasavsasasssssassensnosasssssnassavessassssssssssssssssssassense s sonseranssnss 0.00718 per cent.
U0 1 seatsrascuresinoarepaasessrarssss sonasvevedenenstusensaussssnevertinsessosassastosstanae . 0.00180 per cent.
Cadmium w....ees L T RO OO e T T m ot o L e S Aesveataies 0.00276 per cent.
Lead, by difference....... Yersvatace T R R R S Our e 99.90756 per cent.
100.00000

The sample represented thirty pigs. The loss of weight in the
refining operation is said to be about four per cent.

The slag-furnace of Davis & Murphy, at Joplin, (similar in con-
struction and mode of operation to that at Granby), yields a black
slag, with the composition given below:

.. 24.527 per cent.
6.130 per cent.
1.055 per cent.

Magnesia

Aluming ...coaveiesaannesee .301 per cent.
Antimony oxide trace.

20 OX1AB 101 1 ersssrarenntenses sousnes cunsssnrsseasniestssasssssbasnssstisbnsasseussantet sy sse 10.335 per cent.
B O X (O N P T oy (s S oy aTenss oo ¥ b svanan doBh N S nents oo va b P AR PN AR CHTHR FENT RS ARSI E 47.619 per cent.
Lead sulphate......... T T R T e easvAsvS AR L suR SRy e SATRR® 2.765 per cent.
Lead sulphide............ 1.165 per cent.

O RO S D I O R tags tans fhasrhasitaninseetrareisnsosil dr baoessashipearsnsan anasnonsvanse 5.189 per cent.
09.146
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Deducting the last three constituents as not belonging properly
to the slag, the true slag will be found by calculation to have the fol-
lowing composition and oxygen ratios:

Per cent. Per cent. Oxygen of silica
constituents. Oxygen. to oxygen of bases.

o e 27,252 =  14.53 = 14,53

LIl B ovrinsesovanstavurssovanssswesinssssssns 6.811 = 1.94)

Nagnesifssseseosnsers SRS RR SRR 1172 = 0.47 |

ATUMING w5555 vsssninsssvasinsmamvossasinses 0401 = 0.19 = 8.72

Z1InG 0X1AR. siiiviivsississarsansssrssnnmbonss 11.483 = 2.23J

Liead 0X1Aei i immwrsrirsrorsasnsnsnnenssis 52.910 = 3.89

or about 8 to 5, and showing, therefore, a mixture of singulo- and
bi-silicate, with nearly 53 per cent. of lead oxide [=50 per cent.
metallic lead]. This composition would seem to indicate that the
slag was formed with greater corrosion of ‘the furnace lining, but with
less consumption of fuel than the Granby slag; but, on the other
hand, it would be more apt to entangle metallic lead, being somewhat
thick-flowing, congealing more rapidly and of high specific gravity.
The original slag contains also more matte, and is less clean than the
first described.

The slag-furnace at Hopewell is three feet in height, with a hori-
zontal section of 2 by 2} feet. Wood is used for fuel, and the hearth
residues are fluxed with some black slag from preceding operations in
the slag-furnace. The black slag shows:

Per cent.

oxygen.
S oo oo TS0 Ao SRR 24.589 per cent. = 1309 = 13.09
JULD0E seissvasnnsnsassvsinmasusrabnsrsaronsebsantsshss 9.896 per cent. = 2.83)
MBSNESIS soverivasvsissavnizrnisssrsnsvssisssessnaen 2.773 per cent. = 111 ‘
AN s i cnsrnsuiissnanrsissnstoninns 4s .385 per cent. = 0.18

. + 8.25
Berrots 0Xideu. c. wvs wossinssissssmisoisasmanses 2.039 per cent. = 0.45
VALICES S (s [C R P 1.619 per cent. = 0.22
EEGET (b 8 oo s i M e SR 47.920 per cent. = 3.36J
Rerrous BUlphide ... vsrsvmssserspvsssrsponese 9.399 per cent.
99 570

Besides traces of copper oxide. It contains 43.56 per cent. metallic
lead, and is, therefore, somewhat cleaner then the preceding; but, like
the latter, contains nearly ten per cent. of matte. The oxygen ratio is
about 9 to 6, so that the slag is even more basic than that from
Joplin.

At the Valle works, 5,000 pounds residues are run through the
slag-furnace in a twelve-hour shift, with the production of 18 pigs (of
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60 pounds each) of slag lead of the brand “Phoenix.” The furnace
yield is, therefore, a little more than 20 per cent. The furnace is run
with charcoal, and slag from the same furnace is used for flux. The
slag gives, on analysis:

Per cent. Oxygen of silica
oxygen. to oxygen of bases.

L o e 422 = 10.89 = 10.89

TII10 siesieisnsuvaborss ; == 1.78)

Magnesia ......oe0 o0 : — 0.35

Ferrous oxide == 3.47

: t 14,72

ATUNINR verdissionesmevsmvsusssniasehvassnessess = 2.44

FANC OXIAC, vovuensvirssensssavanyassasssrannsss — 5.61 ‘

8 OXIdeu s cnvvissenssinsseneanicivassarnns = 1.37

Lead sulphiate.. .ceissensssassessnesissnes 3.779

Cuprous sulphide ... o eecissesssasine 0.319

with traces of arsenic and antimony. The oxygen ratio of 1to 1.5
nearly, indicates a highly basic slag, or sub-silicate with lesslead than
any slag described, and with a proportional increase in ferrous and
zinc oxides. Such a slag should run in a thin stream, and congeal
very rapidly, and is very likely from its high specific gravity, to
enclose metal. Besides it must be very destructive to the furnace
lining, necessitating much more frequent repairs than those previously
described. It is stated above that the run of the furnace producing
this slag is but twelve hours, and only four thousand pounds residues.

The slag lead of the Valle furnace gives on analysis, the follow-
ing composition :

ALYONIC o oieaesnorssnriesssunsssssinenssssivrasarns e e e 0.01556 per cent

Antimony 0.13365 per cent.

Silver 0.00525 per cent.
Copper % .... 0.09323 per cent.
EON . soissaerssnesnnsy ... 0.00470 per cent.
LIMYCLos 57 Trecssutsestoss anivhginecisnse chunesitavhnns setuii (T oTAS 1S ANCOANIHUPES VR P Lh e N 0.00235 per cent.
Lead, by AIFereD o seisissiwninsisissesssssussorisapivrsizessnrensmans vhevrraiaeraests 99.74536 per cent.
100.00000

In all furnaces of the cupola form, the ashes of the fuel become
constituents of the slag. Coke ashes contain from 55 to 65 per cent.
of silica, and have alumina and ferric oxides as their chief bases, be-
sides containing lime, magnesia, manganic oxide, and the alkalis.
The oxygen ratio of the acid and bases is very nearly that of a bi-
silicate, while the great variety of bases makes it a slag of somewhat
ready fusibility. The ashes of charcoal on the other hand, contain
but small amounts of silica, but are rich in bases such as the alkalis
and lime. The alkalis have not been determined in any of the fore-
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going analysis of elags; they were but small in amount, and would
be of no significance from a technical standpoint.

SPECIAL CUPOLA METHOD AT MINE LA MOTTE.

The fact that the hearth residues at Mine la Motte are notably
nickeliferous, induces a modification of the slag methods above
described, which has for its object the extraction of the lead and the
simulfaneous production of a matte, in which the nickel shall be con-
centrated in amount. Besides, some of the ore deposits which are
worked at that property, yield ores sufficiently rich in nickel to be
passed at once to this treatment, either in admixture with the hearth
residues or separately.

The process practiced belongs to the class of true cupola methods,
and is the only instance offered in the State. Two forms of furnaces
have been used, one with a circular and the other with a trapezoidal
section, the latter being the form in use at present.

The circular cupola is 3 feet diameter, tuyeres, 8 inches above
hearth plate; height from tuyeres to throat, 12 feet. The so-called
square cupola is 28 inches wide in front, 42 inches at the back and 36
inches deep. Three tuyeres, diameter 2§ inches, enter the back at a
height of 11 inches above the hearth plate. From the tuyeres to the
throat, the height is 11 feet. The usual pressure of the blast used is
10 ounces. The sole of the furnace is a mixture of one volume of
coke with two of clay.

The shifts run are twelve hours duration, with five men to a shift.
Fuel is coke, either from Pittsburgh or from Missouri coal, and is used
in the proportion of one Pittsburgh coke to six of ore or residue, or
one of Missouri coke to five of ore or residue. The ore or residue
charges are about 150 1bs. each, and seven or eight are usually charged
per hour. The flux is a hematite from the Iron Mountain region,
with a composition as under:

3O G B o o e e b T o e Soor o dirtor e B ot 94.545 per cent.
AR oeotacviaeearisressaisnnssvesssesiansesssssss sssserssendsseriorstoveerssnsvssosersns 3.922 per cent.
N TRl L a i iieant s stsvaesisianrnctiaviresssaansiansersernessansispasesspieescnne 0.401 per cent.
oMM Eiacrssinssasssisvasnnrsvsnssinomeasnssnsosssonsonssnasssynsnssssvsassenaisovnsassnsssvnsrosans 0.129 per cent.
I ICH (s cssnvussnoonyus sstvsa's, s earungiens sannbisnshitesbtctosrantresvanatortossseiussaseseasaasisy 1.182 per cent.

100.179 per cent.

There seems to be no regular or definite amount of flux used, it
being proportioned to the demands of the working of the furnace, as
pointed out by the experience of the workmen.

A twelve hour poste represents the treatment of 12,600 1bs. ore,
and consumption of 1,800 pounds of Pittsburgh coke. A ton of ore
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requires therefore, 206 pounds fuel, and at the rate of 0.8 days labor.

It may be mentioned in this connection, that the treatment for
the production of matte is largely experimental at present, especially
in the direction of the form of furnace best adapted to the work. At
the present writing other forms are being erected.

The production of a twelve hour shift is 63 pigs, or 5,080 pounds
metal, (giving for the furnace yield of the residue 40.32 per cent), and
1,750 pounds of first matte, besides slag.

The slag lead shows the following composition on analysis:

ATTONIC .o s srorsvaersassnsnsisssnssersass eisssisssssuortenssssarsissossisbasassalosasss 0.00125 per cent.
ADINODY < civerssesssanssssssssvisnseivonsvsiisse S ANR YR TS RASR S PRERA SN S TSR SAR RN S S e R AR 0.00119 per cent.
SHLVOE, o cenvishiosresanversvens O O A O e o OO e 0.00564 per cent.

0.08544 per cent.
0.00334 per cent.
0.00438 per cent.
0.00519 per cent.
LieaU DY AITICPOII08: c1s cabasreaseshensensasrsaossns et e OO E U 09.89337 per cent.

100.00000 per cent.

The first matte is composed as under:

BENCR ¢ sirssa0vinn seressansasinestonsesshtntrsmsmsos o0 4073 FoNeRRTEELLIS N3 04 4ERHRLARS STORRRTHS Y 19.755 per cent.
A G T T 8.549 per cent.
DU €L sxinvssassemsivisianssassennsavonsatss «+ eeeeeres 11,931 per cent.
DIARTIOBIA. oo vorssnisrrsnssrssavnnnessrsreesssssssssassssnsnevsnnbsinssassasaarnatssssevssssonse 2,701 per cent.

ey s LN o e e P R e A e e e e Y e 0.328 per cent.
Al=Ferrous sulphide. . ccisisesssssrissasrrsenssssossserevsvassonss Ry S 26.133)
Ferrous sulphide......... e R e R R SO T e T 13.861
Nickel 8ulphidesuiesseusisssosmssscsisasivesisomionssssensssosssvarssuonnsssinnas . 3.387
Cobalt SUIPRIAC..eeererressrreeesraessneersanesrasesssaneesessosansases R e 1.842 + Matte
Lead sulphide...... 1.404 | PrOper
Copper sulphide......ccoesiercesisnees ase 4720
ZINC SUIPHIAC e ceereecssesserereiser o snvscssesasersascsasesssasonessstsosssasessssessassess 423

100.095

The matte contains 2.196 per cent. nickel, and 1.194 per cent.
cobalt. Minger’s determinations gave 2.486 nickel and 1.195 cobalt.

William C. Minger, in this laboratory, determines the slag to have
the following rational composition, (including some mechanically

mixed matte):
BIHIOR oo vacn vus v nusneptnsbysavass soanis sARRIRSARSTRESN 1 THESS N SR TS ISR VTR SOEARS SR CSE SR SIAIRNE 53.435 per cent.

AN ¢iaciovenssaisevsmusssvissros s dsansednonisssrsanssnsssssrasissnssassiossasssanesssande 6 219 per cent.
FiTIEE o s ee s oo Palit s P tuoeR enasBessvs Shesvas SmomnasseniEpessitiatatssines se ST era s 15.046 per cent.
VL RZTORIN o5 seansussisasassrivsnsres Vamesleninnetinsaresshnansarssoees 3islsvhaivebracnsrnesvrnea 8.633 per cent.
POtasBa < oersiverns ..o 0.708 per cent.

Ferrous oxide 0.988 per cent.
Cobalt and nickel sulphides....... ... «ssee  0.793 per cent.
AL T D e rer b AR e R B ik s Yoncs SencRanl casycFatana .o 0.436 per cent.
DI errous BUIDNIAR. o icisiessrsssaszasenses: ssvsssssmsussorssnssrsossons 13.576 per cent.

09,834 per cent.
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After deducting the mechanically enclosed sulphides, it will be
found on calculation, that the oxygen of the acid and bases stand to
each other as 10 (nearly) to 4.5,and the slag is nearly a true bi-silicate.
The small amount of ferrous oxide is unaccountable, unless the run
prodacing this slag has been made with slag from the same furnace
as flux, and with but little hematite. The absence of lead oxide
among the bases is also noticeable.

The slagis thrown aside, excepting on occasions when its presence
is deemed necessary in the charge.

The first matte is roasted in heaps, containing from fifty to seventy-
five thousand pounds. The time required for roasting is from four to
six weeks, and the fuel consumed is 5 cords of wood and 300 bushels
of charcoal. The roasted matte has the annexed composition:

NICKOL SUIDBALE G corcsurascursasssnsnssicinssivsstsrisss oasnsssassstssaonesnssssvuns seaeevisnerersriresssss 0.186
Limie BUlDRALe. ...cuussessrissssensrpnanssasssaissssissesssosse svariNseeRILYSEERTISVI LIRSS SR CORUONS eeer D.442
RO O R D AR s s o s Nt ve s s ovs s amasr i sdaseasaRagmr A sosRaT RS e seRaT s sTems bR Toatrivase 1.338
BIHICH. e svsosee ‘ 7.804
Alumina. 2.221
N R R N 05 Fi e rsessaiesmnbensnorstsonsanensnias nimanensnnams sk sEEEHRS L3RS 2 HENe ERVSNTT momn s bhs bsn 5.631
CODAL BRI PRTAC, soesssnnsisesiossssssessssasssorsstenyssisane sNEvoesEVEOE s EFp o ORISR ey RN a SN ip 3.390
(@R av ey g Y11 (Y S R e R o e L e e i e i E O e L e 1.908
Diferrous sulphide......c.ccouvueee. AoA kiR asun T s RN N SRS RS ST NSOV R AR S s S e AAR RN SRR AR NSRS S 31.041

Tetra-ferrous sulphide
PP G ORITO R s cavssverisssteossnnnssshnsosrosranseionnspsesemntess s rritatvbsarsashrestashanssvenstssninresses

The roasted product is passed to a second smelting in a cupola
furnace, giving a concentrated matte and slag. The second or con-
centrated matte has been analyzed with the following result:

Nickel sulphide. . vwewvisinivassss AR R AR AR SR SRR S NN MO S ST e 8.310 per cent.

Cobalt sulphide....... 3.424 per cent.
Cuprous sulphide.... s .371 per cent.
Zingrsulphide. ot Stassccatrastirannnansavensearasnsanmassessnsasrase ,930 per cent,
Tetra-Terrous SUIPHIde. . .ccccovsssisississsisssinsssrnssorervsiorsnvesusasassasspossonsuss 20.5C1 per cent.
Diferrous sulphide................ LSy oat s o ba s dar v s aenes Vanu aanm e mr e Shak s e ORI GO DO OGS
DIHICA e iesrisvcnsrivescnissspseessaassvssisrs soasrsrsanonssssvasssromisssasnvsrasssersasernenston .884 per cent,
Lime........ 4.653 per cent.

Alumina.... 2.659 per cent.
NERBICEIA. . oh sidesvaiinsergnsyontumeusnsbaievasinss s bt snesyrns INeasressArehsvsnhesueusanseseen .776 per cent.

100.387 per cent.

It contains 5.338 per cent. nickel, and 2.220 per cent. cobalt. With
this matte there is a further treatment, consisting in two roastings
and a cupola smelting, which yields, finally, a concentrated matte,
which is claimed to yield from 10 to 18 per cent. nickel and cobalt,
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and which is passed to market. The flux used is a silicious limestone
and some hematite.

The further separation of the nickel compounds and the produc-
tion of commercial nickel is carried on at Camden, New Jersey, and
at some European localities, among which may be named Birming-
ham, England. The processes are complicated and usually kept
secret. They have no special interest in this connection, since they
form no part of the industry of Missouri.

The following will exhibit the work of the furnace at Mine la
Motte for six weeks (ending as below) in the year 1875 :

Date. 5 Mineral delivered Pigs produced Matte
to furnaces—Ibs. (80 Ibs. each.) produced—Ibs.
November 20.....cccivereanee 216,071 1,750 18,000
November 27......cceceeeueee 198,214 1,497 10,000 -
December 4....cceosessises 180, 356 1,265 18, 000
December 11...... csessss 162, 500 1,302 3,000
December 18...vsiviranssss 225,893 1,824 16,000
December 23..... ccccueeenees 191,963 1,571 15,000

Each one thousand of mineral is really 1120 pounds, or a “ miner’s
thousand.” The matte is all first run—not concentrated.

In the same period, the following number of cars of vein-matkter
were crushed, producing the accompanying weights of clean or
dressed mineral:

Date. No. cars Clean mineral

crushed. produced—Ibs.
NOVemDbEr B0:: iz swrisssvsrisivesasaviosssasassesise Sesinidene 229 77,492
November 27.....c.cc000000 187 220,908
December 4.i..cseveeessees 217 158,806
December Il..iceeneoess 212 75,228
December 18.....caacsen 207 237,186
DeCenDEr 2. o irves sussareasesivsesnarssasssasisssasasansssns 162 232, 360

The cars for transporting the ore from the mines to the dressing
works, carry from two to five tons, and are moved by gravity.

The capacity of the reduction works is not adequate lo the hand-
ling of the ore produced by the mines, the latter accumulating rapidly.
The metallurgical processes and apparatus are hardly settled upon,.
the work being, as before stated, largely experimental.



CHAPTER III.

ECONOMICAL CONSIDERATIONS OF THE LEAD EXTRAC-
TION METHODS.

The difficulty of reaching correct conclusions respecting the eco-
momics of metallurgical operations, where work is conducted empiri-
cally more than in accordance with technical principles, is almost
unsurmountable. At the best, only approximations can be made;
and for these, even, many of the data are necessarily derived from
sources which are not and cannot be positive, since they are often
merely loose estimates based on judgment or prejudice, and uncon-
trolled by strict business system. Where the disposition to impart
information exists, (and the writer would here state that in nearly all
cases, in this State, he has found a most commendable willingness to
furnish information cencerning the operation of lead furnaces, which
he fully appreciates, and for which he returns his sincere thanks,)
there is not always the ability to furnish it in the detail which is
necessary to reach even close approximations.

It is a matter of serious question whether the economical condi-
tions of lead smelting in Missouri have ever been examined to the
extent which the importance of the subject warrants. Abundant
distribution of ores of great purity and of high grade, simplifies in this
State, what is otherwise a complex metallurgical problem; cheap
and abundant fuel and labor—the latter, not infrequently, far from
being skilled, but still regarded as adequate to the mechanical opera-
tions of a reverberatory or a hearth furnace—leave abundant margin
for profit, engendering the belief that the best possible is being done
with the business, and preventing a consideration of those sources of
possible wastage, which, if examined, might lead to improvement and
thence to increased financial remuneration.

In attempting the following analysis of the surroundings of lead
smelting in Missouri, and the comparison of these with those obtained
elsewhere, we are met at the outset with the difficulty that no one
establishment has furnished full particulars. Hence we have been
forced to consider no one furnace, but to average, as it were, the
-details and results of all those of which we have been able to gather
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any particulars, and which we have detajled in our illustration given
in the preceding section. The conclusions reached are, therefore, not
those for any special establishment, but they may be of some value
in relation to the general aspects of lead business, though even for
this they cannot be positive. It will, therefore, be understood that
they are not put forward as absolutely correct, but only as such close

approximations as could be made from the data procurable.
It is proposed to examine into value of the reverberatory method

as practiced—disregarding the few examples of the Flintshire now in
use—in comparison with those of other localities; to compare in the
same manner the results of the hearth smeltings among themselves,
and finally to inquire which of the two methods does give or can be
made to give the best results with the present economical surround-
ings in Missouri.

REvErRBERATORY METHODS.—The illustrations of the reverberatory
method which have been given are collected in the following table,
in which are given the size; the weight of the charge in pouuds;
time in hours required for the elaboration of the charge and the fuel
consumed for the same. From the latter have been calculated the
fuel and labor required to a ton (of 2,000 pounds) of ore, together
with the mean results of the twelve instances given:

Recapitulation of Results with Reverberatory Method in Missouri Furnaces.

3 oA| =m™

zE 2k 2 |B| 83| %85| &

£8 |28 | & 5[] 85| &

NAMES. el 3o % = @ : a3 5

=S | =g Yo =) ge o :,) o

gx|88| § |5| 87| 38| ¢

n Al : 3 n 1 S (
1. Lone BlMuieies sesvensanssossorssonefisonsssss reneanes 1,500 | 8| 08 1.20 2.62
2, DAAE COUNEYarrerrererres cooverrrrnres orsereres L. 1,200 | S| 04?| 066 8.2
3. Pioneer 9.15 | 1,800 ; 12 | 0.75 | 0.84 1.66
.. HaplOm wesecyissinsnscsiserersnesssoaransasivas 10 | 1,500 | 12 | 0.63 | 0.84 2.00
5. GUM SPLING erreerreeceerereersenssersesees|srsseesasbassesans 1,500 | 24| 125 | 1.66| 4.00
8., BUuffalo. scscissassssessscossossonvassisasssssfsssvessontovosesens 1S BOORISLIRRL, (eranastinssraerns 2.00
7 R s e FE A L B O0 S B vt eessnsies 1.31
8. Wyan Bpring.cc ecsoampisone vaserenne 525 | 12 (1,800 | 24 | 1.13 | 1.26 3.33
9, Bonds..cisniscice sessssesussrsissanissnsass 32 18 | 1,500 | 24| 075 | 1.00 4.00
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Size and Weight of Charge.—The mean area of the hearths of rever-
beratories in the above list is 35.66 square feet; on this hearth is
charged an average weight of about sixteen hundred pounds of ore,
which as far as can be ascertained, has an assay value of 78 per cent.
metallic lead. The lead furnace (Flintshire) at Bagilt, near Holy-
well, Flintshire, from the dimensions given by Percy,* has a hearth
area of 90.25 square feet, and is charged with 2,352 pounds of ore (with
draughtage calculated to cover the moisture of the ore,) with an
assay value of from 75 to 80 per cent.lead (say 77.5.) A furnace of
similar style, cited by Rivot,t has a hearth area of 86.5sq. feet with a
charge of one ton (2,240 pounds) of 78 per cent. ore. The Bleiberg
furnace, which approaches more closely the ordinary air furnace in
use in this State, both as respects size, and in regard to the method
of work, has, according to Rivot,} a hearth area of 54.5 square feet,
with a charge of 456 pounds, yielding, by fire assay, 65 to 72 per cent.
metallic lead (say, 68.5.)

The fire boxes of the several furnaces named above are as follows :

MIER0UTEH ROVErDEPRTOTICR  covsivssossomssrnssisassssornsosvisnisnismsisnsens sonsssbmarasy 18.37 square feet.
Flintshire ot Bapgilb......aivousiesssssnsnisasioscasnshsssssusssestronsssrsseserssnsiarssse 88.25 square feet.
TR b B S R R S e S e e e e T B 9.70 gquare feet.
BICIDETE .o/ caoveranint s susevarsivsnansssesssaiorsispassasevessiiasesmssoasnboresssssisasasvnsns 6.84 square feet.

From which the following proportions between the areas of the
fire box and hearth are established:

MIIBBOUTI sisiasrmiirissnsinsevissrsnasnsatinevserorissssons eissessoshinissssssrsnassssnicrosohilsssismansvisve 1:2.6
R ESITO .« oa i einers s oninss somasaacanssbrves N EEN oA A AP RO AN SHN RS VEN IR S e R uisia s s R RS e e NS R bndhiss 1:8.
Rhintehire. ... cvcseesranes P e 1:9.
BIIDETE L viouessescenssninossiossnpersssosssvesiisaasstsastsssnnsenssnnsuansybesss s dsnurissviensearspeunss ssoress 1:8.

Fuel consumption: In the treatment of one ton of ore the Mis-
souri air furnaces consume on an average 1.13 cords of wood. A cord
of oak wood of the mixed varieties delivered to the furnaces and as
usually piled, weighs about 3,800 pounds. In smelting one ton of ore
there are, therefore, required very nearly 4,300 pounds of wood. The
two examples of the English furnaces that we have selected require,
respectively, 1,333 and 1,050 pounds of good quality coal fer the ton
(of 2,000 lbs.) of ore put in treatment. Karsten estimates that, in
reverberatory effect, one part by weight of coal is equal to 2.6 parts
by weight of good wood (probably too low an estimate for a compari-
son between the good quality English coal and the imperfectly sea-

*Metallurgy of Lead, pp. 222, et seq.
tTraite de Metallurgie, 11., pp. 319, et seq.
11tid, pp. 299, et seq.
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soned mixed woods furnished the furnaces in Missouri), on which
basis the weights of coal named will be equal to 3,466 and 2,730
pounds of wood respectively. The Bleiberg furnace consumed 32,000
pounds of well seasoned fir-wood.*

In su far as the consumption of fuel to a given weight of ore
treated is concerned, better results are ob‘ained with the foreign
furnaces than with those worked here, and in those furnaces, it will
be remembered, the hearth areas are about eight times greater than
the fire box areas. The yield of lead will also influence these results.

Labor: The table gives as a mean amount of labor required for
the treatment of one ton of ore in the Missouri air furnaces, 2.57 days
—skilled and ordinary labor both included. The two Flintshire fur-
naces require of all kinds of labor, and for the ton of ore, 1.36 days,
while the Bleiberg necessitates 3.98 days, this latter being increased
by the fact that the residues are also worked up in the same furnace,
and their treatment is included in the cost of the ore smelting.

The furnaces are, therefore, more expensive in labor, demanding
nearly twice as much of this item of cost as the large Englih fur-
naces, though not so much as the Carinthian, in which the whole
method of treatment is shaped rather to economy of fuel than saving
of labor. The Flintshire furnaces look rather to economy in expen-
diture of labor than to saving in cost of fuel. To be in strict accord
with the conditions surrounding metallurgical industry in this State,
expenditure of fuel should be subordinated to expenditure of labor.

Furnace yield of ore: The average of the ore put in treatment
and handled in the manner we have described, cannot have a furnace
vield greater than 63 per cent., though this point is difficult to reach
with much precision. One ton of ore would yield 1,260 pounds of
metal against 1,560 pounds determined by assay to existin it. The
amount obtained is then about 80 per cent. of the assay value of the
ore. A charge of 21 cwts. of good Flintshire ore yields about 144 cwt.
of lead, of which 91 per cent. is obtained directly from the ore, and 9
per cent. from slag, etc., according to Percy, or 1,381 pounds to the
nett ton, equivalent to 62.84 per cent. yield from the ore. The treat-
ment therefore recovers 81.6 per cent. of the lead, which fire assay
shows to existin the ore. The example given by Rivot, shows a
recovery in the reverberatory of 80 per cent. of the lead existing in
the ore, while the Bleiberg furnaces give a 60 per cent result, corres-
ponding to 87.6 of the assay value of the ore,

The loss in treatment, from all sources, in the several practices of
reverberatory smelting named are 20, 18.4, 20 and 12.4 per cent, respec-

*The results are obtained from the several authorities mentioned, calculations
being made to reduce to the ton of 2,000 lbs.
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tively, of the amount of lead which fire assay shows to exist in the
several lots of mineral put in treatment. The Bleiberg practice in-
cludes a residue treatment in the same furnace by the same vorkmen
and is therefore much less than the other, and is hardly comparable.
The others it will be seen differ but slightly among themselve, and
may be, for all practical purposes, regarded as the same for both the
ordinary Missouri air-furnace and the Flintshire furnaces.

The examples of English smelting show that the per centage of
residue yielded by a charge of ore, range between 11§ and 25, with a
mean of 17.3, and that the assay values of those so-called slags are
between 40 per cent. and 554 per cent. with a mean of 51 per cent., as
determined by crucible assay. The mean composition of the twelve
samples of residue, the results of the analyses of which have been
given on preceding pages, so far as the lead compounds are con-
cerned, is as follows:

L RO BRI DRI Gt cisstassivinns vieasvos vanswssisesss sasnsnianssvs ssssnt sosasrsRvavavansswss 29.42 per cent.

3BT e SR o oo OO OO0 AR R S T o0 o T 2.89 per cent.

Tread (OXIAC  suescusissicnsmiersnssrmansevarstsnansentesissasesssianpavesssssesssssnaprossonsoss 39.74 per cent.
Metallic Teaes:arsasessivsersersresisssncisssssicnivassostassonsassssssonss . 506.88

These estimations having been made inthe humid way are higher
by about five per cent. than results which would have been reached
by the most carefully conducted dry assays. The mean amount of
lead in our slags, therefore, does not differ greatly from the average
metallic content of the residue from the English reverberatories.
Henceit may safely be assumed that the amount of residue drawn from
the charge of our air-furnaces is about the same as that drawn from
Flintshire, namely, about seventeen per cent. of the weight intro-
duced.

These figures show that of the total lead value of our ores, 80 per
cent. isrecovered in thereverboratory furnance, 11.25 per cent. passes
into the residue, from which, at those cases where slag-lead smelting
practiced it is partly recovered as slag lead, and 8.75 per cent. is lost,
chiefly in fume and in furnace bottoms.

So far then, in the common Missouri reverberatory practice, the
results are equal to the best English examples, but they are not at-
tained with the same regard to economy in labor and fuel. The dif-
ference in these important points must be looked for either in the
form of the apparatus used for treatment, or in the capacity of the
workmen, for these can be the only variables in the treatment of simi-
lar ores in different furnaces and with workmen of different energies.*

* This point is well illustrated by Moisenet. ZTraitment de la Galene au four Gal-
lois, Ann. des mines, Tome 1, 1860.
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Representing the weight of a charge in pounds by ¢, the number of
hours required for its elaboration by ¢, and the weight of ore treated
in twelve hours, that is to say the activity of the furnace, by w, then
w=12 %, and the following values will be obtained for w in the sev-

eral furnaces we have been comparing:

Value ‘Weight treated per

of w. man per 12 hours.
B B b 0 T OO0 o RO 3795 1897
MASBOUDE. covsersannsoss wssrsnasunsasnsssvssiuesvsssanasanseessnnssn 1800 900
BICIDOTE et it iarcasimsasvaecarassisnssranyensvasacesyyasnsansies 475 237

The smelter at the English furnaces treats, therefore, in a given
time, more than twice as much ore as the American and eight times as
much as the German smelter. All this difference cannot be accounted
for reasonably by the difference of energy of the workmen at the
different localities, but must be looked for evidently in the construc-
tion of the furnaces. :

Examining the proportions existing between the hearth and fire-
box areas of the different furnaces which have been put in compari-
son, it will be seen that our air-furnaces have much less hearth sur-
face in proportion to the surface of the horizontal section of the com-
bustion chamber than any of the others. A remedy for the apparent
difference between the working effects of the English and American
smelter may be found in an increase of the size of the hearth till the
ratio between the two areas approaches more closely that obtaining
in the cases of the foreign furnaces, whereby the charge could be
either ircreased in weight, or this remaining constant, a thiner
layer would be spread over the sole. The effect of this would be more
thorough oxidation and ashortening of this period as well as that of the
reaction proper, by which the charge would be as thoroughly worked
off in a shorter time, and the furnace activity be thereby increased.
This view, though hypothetical, would seem to be warranted by those
experiences cited elsewhere, and may therefore be worthy of atten-
tion from those who may appreciate the importance of decreasing the
expenditure for labor required for the production of lead. It is also,
strengthened by what is shown in the composition of the residues,
these latter showing an average of 29.42 per cent. of lead sulphide or
unchanged ore, and only 2.89 per cent. of lead sulphate, showing that
oxidation has not been thorough, owing, possibly,to a too highly
heated hearth and a consequent partial fusion of the ore. With such
conditions rapid elaboration of a charge is impossible. Tookey’s
results* show for the residues or gray slag from the Flintshire furnace

* Percy, loc. cit., page 235.
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0.9 per cent. sulphide, and 9.85 of lead sulphate. It may be added
that in these residues nearly all the silica was found to exist in combi-
nation as asilicate decomposable by acid with the separation of gelat-
inous silica. It is most probably in union with lead oxide, a condition
which would imply considerable action of the charge on the furnace
lining, also a result of the too elevated temperature of the hearth,
for the average ores are hardly silicious enough to account for this
silicate of lead.

There being so many other items entering into the total expenses
of furnace operations, it is deémed inadvisable to attempt, with the
data at hand, a summing up of the cost of treatment. The amounts
of the two chief items, labor and fuel, have been indicated and will
be found to be very close to the condition realized at the Missouri
furnaces. The items of wear and tear and interest are exceedingly
variable, and besides could not be reached with even approximate
accuracy.

Hearth Methods—Two classes of ore hearths are in use; those
with a single tuyere, and those larger and with three tuyeres, or, as
we have distinguished them, the older and the newer patterns.

The accompanying statement of the results of the illustration
of hearth methods includes the (calculated) amounts of labor and
fuel expended in the treatment of one ton of ore (2,000 pounds). In
the case of the Valle hearths the fuel includes the estimated charcoal
corresponding to one-twentieth of a cord of wood.

RECAPITULATION OF RESULT WITH HEARTH METHODS.

Charcoal | Labor per| Charcoal
NAME. No. Tuy. %23%’;5_ (I;:;,):r— E_e}x)'ucsl;;xige}‘ton—-dag's Bﬁglfglns_
Granby......coeeerens 3 3000 3 9.2 2.0 6.13
Lone Elm............ 3 3000 | 3 150 20 10.00
La Motte.....cccccees 3 3200 2.5 8.3 1.56 5.19
O'BEI6N....cvsvsavansss 1 2000 3 ? 3.0 ?
Hopewell......coe... 1 2781 3 ? 2.2 ?
Perry cicieccssececisnns 1 3000 3 10.0 2.0 6.68
NV alle.coissssciamsarsss 1 3500 3 9.3 b 5.06

Comparing together the results of the old and new forms it will
be seen that the former consumes 5.84 bushels of charcoal per ton,
while the latter requires 7.44 bushels. But this increased consump-
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tion of charcoal which the three tuyere furnaces show, and which
would be naturally expected, is oftlset by the diminished amount of
labor, the new form requiring1.85 dayslabor, against 2.22 days labor
in the treatment of one ton ore in the hearth with the single tuyere.
The items of fuel do not include any consumed for the blowing
engines.

There are few data extant for comparing the results above given
tor the single tuyere American hearth, with those at any other local-
ity in this country. The works on metallurgy contain statements of
the cost of hearth treatment at Rossie, N. Y., which show a fuel con-
sumption of 0.2 cord of wood per ton of ore, corresponding to a some-
what greater number of bushels of charcoal than that given above.

The figures we have collected show a mean yield of the ore in all
the hearths of about 67 per cent. of the ore put in treatment, which
has probably an assay value of 78 per cent. The amount of lead
saved is 86 per cent. of the assay value. The Minela Motte results
give for the yeld of residue 13.5 per cent. of the ore treated, or 270
pounds weight per ton of ore. The average composition of these resi-
dues we find to be as follows:

BT DT F TV [t ey S oot o RS SRR L B e e el 23.86 per cent.

F68 0 SUIDIATE . ivissscins cansisnasassvssaiissssssetsuunrose sssssissssissnissrassisrorianisnsse 1.83 per cent.

P T S vt et B B o O A DT o e e ) 28.60 per cent.
Total "Metallle 1ead. o iinisssessisussussresssnsnsssonspsussssivissamsrunsaanssons 48.8

The total lead is the result of determinations, all made by humid
methods, and are at least five per cent. excessive over the resulis by
fire assays, so that the assay value of the residues would be, say, 45
per cent. The slags from a ton of ore would contain 121.5 1bs. of lead,
equivalent to nearly eight per cent. of the total lead shown by assay
to exist in the ore. This is partly recovered in those cases where slag
treatment is resorted to. The loss from all other sources—(fume,
dross, etc.,) is therefore four per cent. of the total content of metallic
lead.

Comparing these results with those calculated for the existing
reverberatories of the State, it is evident that, as far as the mere ope-
rations are concerned, the hearth is somewhat less expensive both in
labor and in fuel than the reverberatory. Taking the cost of these
items at $2.75 per day for the labor, $2 per cord for wood, and 12 cents
per bushel for charcoal, the costs per ton for ore treated, will be:

Labor. Fuel. Total
Reverberatory......coueeeseeces BB O T s s tes xiare s ooy P20 i a et ae $9.23
HEATIN s ssvvtsnssersnsesmensasssae 2 UBUBB caiversvudinsnssusasanesuate B2 iisssssensesinmearivassanisase (0,20

But it must be remembered that the hearth method entails addi-
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tional expenses for labor and fuel for the blast, which may be roughly
estimated at a total of $1.80 per ton of ore, which will increase the
cost of treatment to $8. Further, the much more expensive charac-
ter of the plant of the hearth, above that required for the reverbera-
tory, will increase the aggregate by the greater item of interest. On
the other hand, the wear and tear is less in the hearth, and the yield
is greater.

In spite of these offsets, there is very little difference in cost of
treatment or production now obtaining, and if improvements were
made in the dimensions of the reverberatories, the advantages would
be decidedly in favor of this method of treatment. This view is con-
firmatory of that taken by Dr. Percy (in criticising the comparative
results in treating similar ore in the reverberatory and the ore hearth
at the Greenside mines in Westmoreland, England) who states: “ The
wear and tear in ore-hearths is certainly less than in reverberatory
furnaces; but probably insufficient to cover the considerable balance
against ore-hearths, so that we may expect to see the former displace
the latter in all but few localities, where coal cannot be got at mod-
erate prices.” ¥

While on this subject, it may be interesting to call attention to
the results obtained by Mr. E. D. Peters t at the Mount Lincoln Works,
Colorado. With a reverberatory, with a hearth 15 by 9 feet, and
with two and three-fourths ton of ore for a charge, the cost of treat-
ment we find to be 1.11 days, and the fuel, 1.66 cords wood. Itisnote-
worthy that the ore was more silicious than calcareous, and therefore
of a character which, according to preconceived notions, was not
well adapted to reverberatory treatment.

The cost of slag treatment has been shown to be about 0.4 day
for the labor, 266 pounds of coke and 30 pounds of charcoal for the
ton of residue treated, independently of the cost of the wages of the
engineer and the fuel for the engine. With the same prices for labor
and charcoal that have been assumed, and with a cost of twenty-five
cents per bushel for coke, the items will aggregate $3.18.

For the ton of residues at the (K¥nglish) Flintshire furnaces, Ri-
vot’s estimate of the special expenses are :

NV OTK IO N . ssosvesoiussanennionssssos thonssis abeasssensbsnsousensvsnasnnavepnsanomsss: saynssbns sotas 1.907 days.
COKR 2 errivrersisisssnssisansanasraonsansssensanssnnennonvsbssosssissonersinsssis st iossanrssnseannanpeve 627 pounds.
Coal for blowing engine.....ccccoeiirrreaennmunsersinnnoenseesiiineriiiieieisaieeenn. 367 pounds..

At the same rates for the first two items, the expenses will aggre-
gate $9.64. The labor probably includes, however, that of the engineer

* Loc. cit., p. 285.
T Transaction Am. Inst. Mining Eng., vol. 2, pp. 810.
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and fireman. The estimated cost of the proportion of the times of
these added to the expenses above given for the Missouri slag furnaces
will give a total of $4.28.

As was stated, the system practiced in this State is an improve-
ment oyer that obtaining in the north of England; the expenses in
treatment of the residues being scarcely half as great as those for
the English method of work. The yield of lead is, however, greater in
the latter than in the Missouri, this producing about 23 per cent. lead
on the average, while that gives 35 per cent. The difference in the
cost is lessened when assessed on the ton of slag lead produced. The
costs are then as $18.60 to $27.68.

This reduced cost in treatment will show that in the plan of resi-
due treatment practiced in Missouri, the wastage of lead in the slag
is more apparent than real. The value of the lead is more than com-
pensated for in the reductions in the costs of labor and fuel, to say
nothing of the additional expense of flux. Itisprobably morenearly
in accordance with the conditions of our local metallurgy than any
of the present plans of direct treatment of the ore.

The details we have given enable us to calculate with some
approximate accuracy at least the special expenses attendant upon
the complete treatment of a ton of ore, including the residue as well
as those necessary to the production of a ton of metal, including that
from the residue. These will be found to be as under:

Reverberatory treatment of one ton mineral.....ccccceieacieereneciiniinieceraniieneiieannenee. $9 23
Slag treatment of 340 pounds TESIAME. . i cvssrsssornssnsssvsmanssnsonsssussnosaranvssissassnsnsns 72
OEAL 25 vavasosnnssmnnssnniansaasss s5asnssnanisns ot sarh FRRFEATARSHIEAO AT S AL EEaTEsR aLa PR OIS S AN $9 95
The yield will be :
Trom the TeVerDETatORY . . nsecisisnisrusseissassnnassovosronsesnssnvasssabarvarasivne 1260 pounds lead.
From the SIAZ comcsinassssacsssssissssnsnsssssssnssssrsssssssonssavssvssssnnssspssiorssenss 78 pounds lead..
Total 1o8d TeRONBIR. . vesrirersenessini asnessriraisveserasssrsrsarissnunsasiorssrses 1338 pounds.

or 66.6 per cent. of the ore,equivalent to 86.8 per cent. (nearly) of the:
assay value of the lead. The costof one ton of lead is therefore $14.88,.
exclusive of the general expenses of the establishment.

The apparent loss of lead from all sources, according to these cal-
culations, is 13.2 per cent., while the real loss, taking into account the
actual value of ore in lead, determined by exact analytical processes,,
cannot be less than seventeen per cent. of the metal. This difference
between the real and apparent loss is certainly all assessable on vol-
atilization, but does not cover the full wastage from that cause. The
attention of smelting establishments in the State should be directed
to this loss and more adequate means be taken to provide against it.
At present the waste is almost entirely neglected in Missouri.
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By including the cost of residue treatment, we are in condition to
make a more just comparison of the costs of treatment in the Mis-
souri air-furnace and the Bleiberg form, which it will be remembered
includes a working of the slags in the same furnace. With the
assumed prices for labor and fuel the aggregate of expenses for the
Bleiberg furnace will be found to be $12.62 per ton of ore, yielding in
the furnace 60 per cent., or twelve hundred poundsof metal. The cost
of production is, therefore, $21 per ton of resulting metal. The yield
is 87.6 per cent. of the assay value of the lead in the ore. Kvidently
the elaborate and close work of the Carinthian furnace, expending
such an excessive amount of labor, is not adapted for profitable em-
ployment in this State, and cannot compete with our present waste-
ful system with existing high prices of labor, though relatively cheap
-fuel can be obtained.

These estimates confirm the views that have been advanced
respecting the reverberatory system practiced in Missouri. It is evi-
dent from them that all that remains to be done is to increase the
activity of the air-furnaces, which result can be satisfactorily reached
-only by increasing the size of the hearths. If the reader will refer to
the recent reverberatory experience in Colorado, noted in this sec-
tion, he will find that the labor per ton of ore is reduced to 1.11 days,
while the fuel is only 1.66 cords, by having a hearth with 142
square feet area, which accommodates two and three-quarters tons of
-ore at a charge, Obviously a step in the right direction is being made
by the introduction in this State of turnaces modeled more upon the
type of the Flintshire or English reverberatories, which we have seen
give suth excellent results. The Granby furnaces of this pattern, the
new furnace at the Des Loge works, and that at the Frumet, appear to
us, on theoretical grounds, to be a decided advance toward greater
-economy of treatment, though it is to be regretted that,through want
of data, we have not been able to examine into this matter as thor-
oughly as the importance of the subject demands.

ADAPTABILITY OF MISSOURI LEAD TO CERTAIN INDUSTRIAL USES:

The character of the ores of lead and the metallurgical treatment
that they receive, result in the production of a metal which experi-
ence has shown is well adapted to the manufacture of white lead,
Lead suitable for conversion into this impoitant product is usually
denominated “soft lead” ; it must be capable of being rapidly corroded,
that is, of being converted into basic carbonate of lead, under the con-
ditions to which it is exposed in the stack, and of yielding a product
which is of pure white color. Commonly in the history of the white-
lead manufacture in the eastern states, the preference has been given
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to imported leads, more especially to those of continental Europe.
These have generally resulted from three fining of more impure or work
leads, incidental to the extraction of silver. The process now usually
adopted. for this latter purpose, consists in melting the silver-bearing
Jead with metallic zinc, whereby the silver is largely alloyed with
the zine, from which it is separated by distillation or otherwise. The
details of the process are not necessary in a report of this character;
but they result in the production of leads of remarkable purity, which
have been and are still, deservedly in high repute among white lead
corroders.

Missouri leads are not of a character to warrant any such treat-
ment—not being as we have seen, argentiferous. Nevertheless they
have given excellent results on corrosions, both in respect to degree
of corrodibility and to character of product, and have been long used
among white lead manufacturers in St. Louis. Since the beginning
of the year 1875, they have also found their way into eastern markets,
coming into successful competition with well established European
brands, and in fact, largely displacing them. This has been effected
in the face of difficulties arising from or encouraged by prejudice,
and from the fact that, though the Missouri leads were generally of
lower market rates, manufacturers are not disposed to change the
routine of their process, or are fearful of destroying what may have
been recognized as a distinguishing feature of their product.

Recognizing the value of Missouri lead as a raw material for
white lead manufacture, the writer of this report, as early as May
1875, called attention to the matter in the following introduction to a
paper on the composition of Missouri leads:

For the purpose of White Lead corrosion, some of the brands of
European leads have secured a prominence, and are preferred, not-
withstanding their relatively high prices. How far this preference is
justified by the inherent qualities of the lead, evidenced in the results
of corrosion obtained, or how far it may be the result of a prejudice»
perhaps, created and fostered by trade manipulations, are questions
difficult of settlement. The imported and prized leads are generally
the products of refining processes to which the Missouri metal cannot
be economically submitted because unwarranted by a sufficient
amount of silver. On the other hand, the established purity of the
ores of the lead districts of Missouri should admit of the production
of a metal which by a simple process of so-called refining and im-
proving, orrather softening, ought to approximate at least to the
purity of the much prized imported brands. The circulation, there-
fore, of correct knowledge of the composition of the pig leads pro-
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duced from the ores of the great lead area of the Mississippi Valley
regions must be of value if they should be able to show that much of
the prejudice against the domestic and in favor of the foreign lead, is
ill-founded or is based only (as may be the case with white lead
manufactures) on traditional results of corrosions obtained. On this
point a recent writer on the metallurgy of lead* gives the following :
“The best white lead, i. e., the whitest, was supposed by many to be
made from what is known in the market as ‘W. B. selected and re-
fined pig lead,” (the initials being those of Walter Blackett, the pro-
ducer, and now applying equally to the name of his successor, Went-
worth Beaumont.) This pig lead is the produce of certain mines on
the Greenwich Hospital estate, in the north of England, which are
leased to Mr. Beaumont. It fetched a higher price to the amount of
from 5 p. ¢. to 74 p. c. than any other pig lead. So great was the
prepossession in favor of this pig lead for the mauufacture of white
lead, that attempts to persuade London manufacturers to make a trial
of the best and purest soft lead from other sources were fruitless,
notwithstanding it was offered at about 30 s. per ton, i. e., 74 p. c. less
than W. B. lead. Commercial competition, however, seems at length
to be uprooting prejudices which, as in the case in question, have
probably no better foundation than traditional credulity. Itis to be
hoped that now-a-days the world is growing wiser, and will judge an
article of manufacture by its quality and not by its pedigree. Many
illusions connected with articles of manufacture have been dispelled,
in recent years, with much gain to the public, and possibly it will be
found that plenty of lead is produced in Great Britain and elsewhere,
quite as suitable for conversion into white lead as that beuring the
mark ‘W. B. selected and refined.””

Since the analytical results which were introduced by these re-
marks were made public,the prejudice against our leads has disappeared
very rapidly before a knowledge of their composition; but it may not
be out of place in a report of this character to go further into a con-
sideration of this important subject.

Of the foreign metals present, copper, iron and nickel forming
colored compounds may be regarded as those which may most
seriously impair the color of the white lead. But it cannot be ad-
mitted that the minute amounts of these metals which are present in
any softlead, or in any lead which would be selected by an experienced
corroder, would be powerful enough to affect color to the unlimited ex-
tent which has been claimed for them. Their potency is greatly over-
rated in this respect. In fact the whole matter of impaired color of

* Percy’s Metallurgy, p. 508.
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corrison is one which is by no means settled. The rose tint frequently
noticed was ascribed to copper oxide, and to iron oxide, but in 1869,
W. Baker claimed that it should be ascribed to silver, which, if present
to the extent of 1-13 of an ounce to the centner of the corroded lead,
would tint the whole product of white lead.* Bannow and Kramert
ascribe the same coloring to the presence of lead suboxide formed by
imperfect ventilation of the stack during the corrosion period. Lor-
scheid,f to the same compound existing through insuflicient carbonic
acid in the stack.

The annexed table includes all the results of the analyses which
have been given on the preceding pages, together with results of
analytical investigations into the composition of some other American
leads and a few produced at foreign establishments. The latter are
all well known and favorite brands. The leads from Missouri furnaces,
it will be seen, are of average purity with those others that are given.
They contain no bismuth, but have the other foreign matters present
in no greater amounts than the favorite brands.

* Phil. Magazine, May 1869, p. 324.
+ Jahresbericht fiir Technologie, 1872.
1 Ibid. 1873.
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TABLE showing the Composition of Commercial Leads produced in Missouri,

BRAND. FURNACE METHOD. ANALYST.
SEYRBOYE oo sasions icvieivnsis ieiuisiossaarasiing Reverberatory (Flintshire) .......... This Report .... .. sepiens
GrANDY v os sumnassah v Reverberatory (ordinary).... 54 .
Tone Elm....c.caives L o ae SR e aseyanis
Dade County ........... e 2 L o
b5 () (] e 8 L EEL L Sinraaaa
1T O S R A s, £t £ e e R e
BIAlG AT ST o (s e B8 e
PR o v ia vy sosrsimibisiass i aturaie 5 8 SE e o i
Wyan SPring. e e . e B e R G
BoNaAE i o st seeiissian 5 L L W e e
Linn Creek. S e e aa e e
St. Joe ... ) be
Frumet .. S &
Frumet .. SO R e .| Chauvenet and Blair ....
Granby. . HeaPth. ..cccovs o summmniesmasisios .| This Report.......
Hopewell.. O eIy Y g T e o
Perry.. Sy e L s M T YO b
Vallé (V irnace) . & i
Rozier (Vall¢ Furnace) . (s He
Mine la Motte.......... sivalncese o e
GIUBON o o 4o is sk s eimian dia s nls Cupola. ..... fi
Pheenix (Vallé Furnace). .. 2 il g 4
Mine i la Moble . i i siciisese R A o (1
St. Louis Smelting and Refining Co..| Refined from Territorial Work Lead. “*
Pittsburg (@) ..oceeveverniniiniiniann. Refined from Territqrial Work Lead.| Dr. Wuth........ AR
Lantenthal (B) .. .. coxenoivmoson sesms s Refined from Clausthal Lead ....... QDG % e 3 ermiisin o3 Bt
Lantenthinl’ (). s psionesiwis e Refined from Clausthal Lead (1870) ..| Schollmeyer ............
ANEnU (@) s vosnernsormn sorvsing. ol Refined from Clausthal Lead (1871) ..| Hampe ..................

Pontifex & Wood
W. B —best selected
Stolberg
Eschweiler Company
Pirath & Jung, Commern

Real Compania, Asturania
Herbst & Co., Call—18067..............

Mechernich—1869.......c0000eveiusenss

a—Cited by Eilers, Trans. Am, Inst, Mining Eng., Vol. 1II, p.
d—Ib., p. 454—produced by poling lead obtained in the treatment of

Raymond’s Report, 1874, p. 445.

322,

rich foreign silver ores and dressed lead oves of the Upper Harz.

Laboratory at Clu\‘1§thnl.
o

e

Fresenius
“

b and ¢—Cited by Eilers,
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together with Results of Analyses of some other Domestic and Foreign Brands.

g = = & o & g = 5 g
2 = 173 Z = “ = = <% =
- = (< . =
i g g E 2 5 ; 5 Nickel. Z. ?3.:'
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It is not unreasonable to believe that the cause assigned by Messrs.
Bannow and Krimer, or something analagous to it, is adequate to
account for the impaired quality—much more so than are the minute
quantities of the foreign metals—and that most cases of tinted cor-
rosions made from soft leads may be referred to internal conditions of
the white lead stacks. If this view be correct, then much of the virtue
-claimed for extraordinary freedom from impurities disappears so far
as the color of the white lead is concerned, or if still existant, finds its
-cause of existence in trade prejudices ormanipulations, which deterred
manufacturers from changing to any lead which diflered, however
slightly, in composition from that which they had been accustomed to
employ.

The maximum amount of these coloring metals which may exist
in a lead without impairing the quality of the white lead made there-
from, has not been fixed, but any iead, which would yield a product
colored, say, greenish from copper compounds, would not be a soft or
corroding lead. Doubtless this limit is passed in the slag leads of
Missouri, (mean amount of copper, .06944 per cent.), but it is not
reached in the reverberatory leads from southwestern and central
ores, (with .01329 per cent. copper) for many of these have been prac-
tically tried, and besides their mean amount of copper is not much
greater than the mean result of six leads analyzed by Fresenius
(with .01046 copper) all of which are recognized and employ ed assoft
corrodable leads. If the one gives an uncolored product, then the
other set may reasonably be expected to give the same under similar
conditions of corrosion.

The result of analysis of the lead of the St. Louis Smelting and
Refining Company prepared in refining the work, lead from territorial
ores, shows upwards of 0.02 of copper, and this lead has given most
satisfactory results with both St. Louis and eastern corroders.

Instances of practical experiences such as these, must carry con-
viction that either these small per centage of certain metals do not
work with prejudice to the color of the white lead, or that preposses-
sion in favor of certain brands of lead has been created and sustained
by commercial operations, and are not warranted by sufficient dif-
ferences in composition.

Differences in favor of or against a brand of lead, when such
small amounts are taken into consideration, may readily arise {rom
errors inherent even in the most carefully conducted analytiocal
investigations into their composition, or from variations in drawing
samples for analysis. On this last point Schweitzer* found in the

* American Chemist, June, 1876 ; p. 4567.
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same pig of lead, by cupelling, seventeen samples from different parts,
amounts of silver ranging between 79.83 ounces to the ton and 104.93
ounces.

The other foreign metals may affect the corrodibility of the lead
but on this score the knowledge with regard to the small amounts
existing in soft leads is but little more extended or certain than in
respect to the coloring power of the metals already named. Much
that has been ascribed to difference in composition of the leads
corroded is, without doubt, to be traced really to conditions of tem-
perature and of the atmosphere in the stacks. These are matters
upon which there is little if any information. It is within the expe-
rience of every manufacturer that differences in the percentage of
metal corroded are as great for the same metal ir: different or even in
the same stack as for different leads in separate corrosion heaps. Till
more knowledge is obtained in regard to the thermal conditions of cor-
rosions and the composition of the atmospheres of the stacks, this
point must remain in obscurity, or be—unphilosophically it would
seem—charged to minute variations in the amounts of a given foreign
metal in the lead.

Antimony is generally regarded as prejudicial and bismuth favor-
able to rapid and thorough corrosion. The latter is rapidly oxidized
if intimately mixea with the lead, but if concentrated in parts of the
buckles (as may happen in casting) it oxidizes slowly itself, and pre-
vents or retards further corrosion of the lead.* The presence of bis-
muth (0.03559 per cent.) in the lead of the St. Louis Smelting and
Refining Company may account for the favor with which this lead has
been received, and also for the prejudice in favor of certain European
brands.

On the other hand, the extended and carefully conducted experi-
ments of Hampe with Hartz and other brands of lead of recognized
purity, and with prepared alloys of bismuth and lead, simultaneously
corroded at the Hartz Lead Works at Osterode, do not support this view
of this action of bismuth. Neither do they substantiate the opinion
generally advanced that the bismuth compounds impart a tinge of
gray to the white lead, which, though disappearing on grinding and
levigation, nevertheless, cause the white lead to turn yellow in the
dark.t

Some diversity of opinion exists concerning the action of anti-

* Endeman on Bismuth in lead in the Manufacture of White Lead. American
Chemist, June, 1876.
T A translation of Hampe’s paper (by Prime) can be foand in American Chemist,
June, 1875.
¢ R—7
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mony. This metal is generally regarded as retarding corrosion in
white lead stacks. Hasenclever t shows that it has such effect in the
lead pans used for evaporating sulphuric acid. The rapid wear of
such pans is due to the greater purity of the metallic lead ; antimo-
nial lead lasts much longer. On the other hand, common experience
with metallic constructions shows that small amounts of foreign met-
als hasten oxidation.

On the whole, the subject of the conversion of lead into white
lead by the so-called Dutch method is butlittle understood, and many
so-called explanations of unsatisfactory results are the vaguest
hypotheses. The experiences of eastern corroders have been fully as
satisfactory with the Missouri soft leads as with European leads
longer in use. .

Manufacturers generally hold that the residual blue lead, or ker-
nels remaining uncorroded, contain the foreign metals of the lead in
increased amount. 'This reputed concentration has not been estab-
lished, and the matter is one not easily settled. Hampe writes con-
cerning this: “ Finally, with regard to the frequently imputed en-
richment of the foreign metals in the metallic residue (the so-called
lead kernels) obtained in the preparation of white lead, it is impossi-
ble to give a definite answer to this from the following analyses. It
must, however, be borne in mind that such pure leads are not well
adapted to settle this question, since the differences are so small that
it is impossible to say whether they are essential, or whether they are
due to the uncertainty caused by the taking of samples for analysis
from the residues. An enrichment of the bismuth in the finely
divided lead was found only in the bismuth alloys after separating
the residues from the white lead by washing.”

The result of our analysis of a sample of unwashed white lead
manufactured in St. Louis is given below, (II), as well as the compo-
sition of the lead from which it was corroded, (I), and of the blue
lead or kernel separated from the same (III). The foreign metals
only are given.

Missouri Lead and Products.

i 5. IL 041
ATBRNIC ccrsarisussaons sessersvssosssssanssssressonsssanssssosssarisunessossrarsnsses 0.00019 None. 0.00217
ANTHYIOIIY oveveavesnsosersnssnssunessrssnsnssnsenrosssssasanarinsssssissvsssshassss 0.00198 0.00076 0.00158
BILVEE. «ossussausrssssnossissasvans ssvsonisarovssnnsssssnvesssss vepsisstsusnsssssssinn 0.00045 0.00034 0.00050
COPPEYL v usiseasenennarsssnas sassussessrsnsinsssensenssranstonsessasisaisanssssasvss 0.00479 0.0092G 0.01381
TEON oeicriounnsasneensarcomanisnsmrhsnnerissbsovaanings sshunsssvsapebpeshnsenesaasone 0.09020 0.00085 0.00315
A O e it s s biehs koks hunsaeges dasresias vin saeszsatsmne 0.00142 0.00035 0.00770
HOKCL v cerins v cevnisnensssnsssvsssiass s sinsosransuhsasvossesssiesemmarsers s 0.00047 0.00007 0.00055

A _TBerg and Huettenmann. _L;l}llllg. Nov. 30, 1872 ; quoted by Hampe (as above.)
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Some of the results obtained by Hampe in the experiments above
alluded to, are appended for comparison.

LavuTenTHAL ProDUCTS (Hampe.)

. 1L
Oxidation  Kernel from
Original.  'White Lead. Oxidation.

ISR cvt sonnisvharsvassanssdnsentinvan assshazsKesnen 0.008498 0.006276 0.011091
I OP PO U s sesvserncanansnssssssdinseannsinesiisss Sossdtabes 0.000954 0.000431 0.001149
ADLIMON Viesconsnsiovssuinssasaionsonnisnosiessisnasssng 0.001184 0.000903 0.001334
TRl e e e e e e B 0.000500 0.000500 not est.
LrON eivess 0.004930 0.000728 trace.
ZINC cueiermmassrorssasssnissncssomisnsssassanssanssantsaress 0.000361 0.000128
RiCkelam, i e, trace. }t
SiLrsiaN Propucts (Hampe.)
COPPeLasieccssssarees 0.0012 0.000566 0.000938
Bismuth...ciceeenice trace. trace. trace.
Cadminm.svesscssess 0.00046 0.000360 0.000500
Antimony - 0.00131 0.000444 0.001388
SIIVer. -cciseansoisrsnies 93 sSeRRsEa TR SRSy SRS TR SR 0.000166 0.000130 0.000166
B e drrrmmrig T T r T T T L T VT Y 0.00120 0.000903 0.000360
ZANCrivessrininssivsirasarvissivinssavasrshsiavenisasnsouss 0.00035 0.000257 0.00031

MecuerNicH Propucts (Hampe.)

BISIBEN ss-ssvscsssnncinssnenrissnosossns srensavsssinvaves 0.00022 0.000197 0.00024

Copper...... 0.00051 0.000408 0.000411
Cadmium . 0.00037 0.000200 0.000450
Antimony..... 0.00320 0,002218 0.00310
Siiver........ 0.00032 0.000300 0.00038
BEONiiservonsesanensssssassarssrsssrsnsaeveinissiasanssins 0.00075 0.000937 0.000634
ZING riis sliirsativant omninsassarsinskensanesssistesass 0.00052 0.000337 0.00020

WHITE LEAD MANUFACTURE IN ST. Louis.—The census of 1870 makes
no mention of this industry in St. Louis, though the business had then
attained such magnitude that the value of the product is estimated by
Mr. Cobb to have exceeded one and three-quarter millions of dollars.
In 1875 the production was, according to the best estimates, 11,200
tons, an increase of about ten per cent. over that of 1874. According
to the reports of the St. Louis Exchange, the white lead industry in
1875 had the following status in St. Louis:

Number of estabHSRIMENTS. .. o srusivivasssivessaannsansintsassnenssenssssnsnsrisoassiisaesnsistrsesnn 6
T R T L n e A b i e i L S P e e T $2, 033, 000
Uost of raw MBLer alE. .. coiiiisissscrmissssissssessisitnsssnorsasasiosnenssossesssss Seseavraveet 1,196,000
Value of product.............. . CRPAAOAESkESN Caxxrisesssissnsuashnrastereassesennnereritited 3,292, 500

Litharge and red lead or minium (oxides of lead) are incidental
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products of the white lead establishments. They find consumption in
a number of industrial operations, notably in the manufactu re of glass
and in connection with the painter’s trade.

For glass-making purposes, the lead oxides must be as free as possi-
ble from those foreign oxides which have coloring properties, especially
oxide oi copper. In the English markets the red-lead from Snailbeach
metal finds preference among glass-makers, and brings, by five per
cent., a higher price in the market. It contains from 0.0021 to 0.0065
of copper, the mean of five results by Percy. being 0.00492 per cent.
No nickel or cobalt were detected, though especially sought after.

The following determination of the amounts of foreign metals in
a sample produced in St. Louis, from Missouri lead, will be of interest
in this connection as well as of value as collateral testimony bearing
on the questions of the amount and effects of the impurities in Mis-
souri soft leads:

Foreign Metals in Red Lead from Missouri Metal.

Per cent..
TEOTI (s voroneessarnsnnnsanesenssveessstosertonhsssnssssrassessanssinenrsasnabossssahbotesrosassssassirssvetsasssdy 0.10640
LA, 5 visessusinssssiiorrarensssssasassnassnnnssoarssessshianssssssbbonssosanannsrspassensissnhvn oey nussrosunes 0.04460
CODDOT s 1suecrsnsersursrvsseussensersisnssrsssersnissoriossnseressysttssseorseninssrsayestosvassrssnnnonnssonss 0.00207
ADB IO Y oo 57 s rinrsersrsamessvinsnsssss s srantsn suesr s s s s st eisiVesassensarsforsmnevsinsstssatss vasasng 0.00920

besides fraces (in one hundred grammes) of arsenic and cadmium.

The growing favor that Missouri soft lead is finding among the
corroders of the eastern cities is shown by the fact of the increase
of shipments of lead eastward during the last three years. In 1873
the shipments exceeded those of 1872 by 153,178 pigs; 1874 showed an
increase in the same direction over 1873 of 2,498 pigs, while the
amount of 1875 exceeded that of 1874 by 102,135 pigs.

Lead for Mechanical purposes : Mr.Henry Cobb* estimates that
from 1858 to 1873, the St. Louis shot tower, produced $9,000,000 worth
of its product, with an annual production of nearly $600,000.

According to the same writer, there are two establishments for
pipe and sheet lead in St. Louis, yielding products with an annual
value of $200,000.

While for mechanical purposes, such extraordinary purity of the
lead is not expected, yet, excepting for certain special alloys, (solders,
type metal, shot,) the most satisfactory results are, of course, realized
by leads of high grade. The question of the corrodibility of lead pipe
and the influence on health and comfort by the water it conducts, are
intimately connected with the purity of the lead. Dr. Paul Schweitzert

*Appendix A—Broadhead’s Rc:p;)r;t’,“[_)age 684.
tAmerican Chemist, June, 1870.
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of the University of Missouri, found in one gallon of filtered water,
which had stood in lead pipe for one month—the waler being rain
water, collected in zinc-lined tank :

1.079 grains metallic zinc.

0.537 grains metallic iron.

2.503 grains metallic lead.

0.082 grains metallic copper.

0.049 grains metallic arsenic.
The pipe was evidently made from an inferior quality of lead.

The purest soft lead obtained directly from the ores produces the
sheet lead best adapted for sulphuric acid chambers, resisting corro-
sion better, and being, therefore, more durable. The soft lead is gen-
erally selected for sheet purposes; hard leads are preferred by manu-
facturers for making pipes—antimony being sometimes added. What
grounds, beyond prejudice, are held for such practice cannot be
given.
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ZINC INDUSTRY OF MISSOURI.

The distribution of the ores of zinc in Missouri may be regarded
as co-extensive with that of the lead ores, especially in the south-
western and southeastern regions. Three mineralogical species con-
stitute the great bulk of the ores, viz: Sphalerite or blende, cala-
mine and Smithsonite. The ratio of the annual production of these
by the Missouri mines, may be estimated to be as follows: Blende :
calamine: Smithonite=100: 138:130. The blende is produced chiefly
by the mines of Jasper county, and in less amount by those of
Newton; the calamine ores by Newton, Dade and the southeastern
region, in the order of abundance, while Dade county leads in Smith-
sonite ores, followed by the southeastern lead mines.

SpHALERITE (Glocker), commonly called blende, and by the miners
“black jack,” is zinc sulphide, and contains by theory, 67 per cent.
zinc and 33 per cent. sulphur. A

Its crystalline forms belong to the isometric system with a dodec-
ahedral cleavage. Frequently itis compact and massive; sometimes
fibrous and radiated ; occasionally in botryoidal and other imitative
shapes.

The colors are commonly brown, yellow and black, and occasion-
ally green. When pure, yellow or white. Hardness from 3.5 to 4.
Specific gravity 3.9 to 4.2. A cubic foot of solid blende, therefore
weighs from 243 to 262 pounds.

The southwestern lead mines furnish, commonly, either a coarsely
crystalline variety, with broad cleavage faces and of either yellowish
or brown color, occasionally dark and nearly black; or a granular
variety, frequently of an adamantine lustre,and with a light yellow or
brown, and not infrequently a red color.

In the central region sphalerite has not been found in sufficient
quantities to have become a commercial article. It is there generally
noticed, according to Schmidt,* as dark green, yellow or red crystal-
line specks, or as agglomerations of crystals between broken chert

* Broadhead’s report, page 508.
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(at the Eureka diggings, Cole county), or surrounds by barite (Coffin
Springs, Morgan); as well-developed twin-crystals, translucent and of
an amber yellow color,in black clay (Stocker’s diggings, Morgan), and
with galenite in contact with barite (Collins’ diggings, Cooper.)

Three varieties of sphalerite are admitted by Dana. These are:
(1)—The ordinary, containing little or no iron; colers, white to yel-
lowish brown, sometimes black; (2)—Marmatite, the ferriferous
variety, with a dark brown to black color, and with the proportion of
the iron sulphide to the zinc sulphide, ranging from 1 to 5 up to 1 to
2; (8)—Przibramite, a variety carrying cadmium, always less, how-
ever, than five per cent. in amount.

The following are analyses of sphalerite from Missouri localities :

L 1l III. 1137 V.
BINB. . s e rirnsanisstiaionnedbissnsenissas 61.934 61.963 64.67 65.920 64.870
TEON sseesvsonenssnsssssscnsninsranenses 0.788 0.588 053 0.320 0.370
Cad NI, cseerriniensionssusassininins trace NOBORIE s 0.509 0.723
CODPPEL:. . cvsrsssasesisemsesinnisassaisssis 0.043 NOME@ cesesosss  wovsssses  sessessee
ANTINONY o5 caiavesraisnsssnssiavssosras 0.002 NIONE ssssecass  sesssenss  sesesesss
SUIPHUY. ....coueecesnesner Kesatsanmcs 31.269 not est.  not est. not est. not est,
Oalamine v iciscomssrsssaasssrvivonse 8808 cisissssi) | sasesssws | sassaswes | eeivsheve
GAORTC.  rsvaassanecineonasrosaisossesee 2.552 not est. 2.05 0.25 141

No.I—From Newton county, analysed in this laboratory; con-
tained some intermixed calamine which was calculated from the
silicic acid, (see Report A, p.15.) II—From Jasper county. IILIV
and V analysed by Chauvenet; first, from Bellew shaft, Granby;
second, from Porter’s diggings, Joplin ; third, from Leadville.

Blende is usually silver bearing. If it occurs in association with
galenite, there is commonly more silver in the sphalerite than in the
galena. Malaguti and Durocher’s,* researches show that most blendes
contain small amounts of silver, up to 0.88 per cent., which cannot
originate in the associated galenite. The Missouri blendes are nof
more argentiferous than are the galenas. Blendesfound in gold-bear-
ing districts, and even elsewhere, are auriferous to a greater or less
extent.

CALAMINE (Smithson) is hydrous zinc silicate, with the following
theoretical composition: Silica, 25.0; zinc oxide, 67.5, (containing
metallic zinc, 44.2); water, 7.5.

Its common crystalline forms are hemihedral forms of the ortho-
rhombic system. More frequently granular and massive ; also fibrous,
mammillated, botryoidal and stalactitic. Frequent colors, white and
yellowish and brown; lustre, vitreous; hardness, 45 to 5. Specific

* Annales des Mines, 1855.
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gravity, 3.43 to 3.49, a cubic foot of the solid mineral, therefore, weigh-

ing from 214 to 218 pounds.
The mineral is decomposable by the mineral acids, the silicic acid

separating as a gelatinous mass.
The following are the results of analyses of calamine from locali-

ties in this State :

I 105 TIl; IV. Ve

S GG G b e R R e 25.489 27.51 26.83 23.32 24.264
ZADC OXIACocssvevsssivsavsnarsssisnierinsassnes 66.813 63.05 66.37 67.15 66.347
FOITIC OXIAC. cacsnssvssssssnnssiorsrsncassasns 1.114 1.22 0.65 0.61 1.785
) BST33 vy s Sl ey e trace. 1.21 trace.  uaiiess 0.078
IWVATET ceiuichonsinsnserns TGS WEe e AT EAN BRI 7.502 7.10 6.46 8.59 7.705
100.918 100.09 100 31 99.57 100.179

Metallic Zine..ersssssansrvossssonsas 53.62 50.37 52.97 53.95 53.25

I. By C. R. Winters in this laboratory ; II, III and IV, by Chau-
venet, (Broadhead’s Report, page 393.) All the specimens analyzed
were of the fine-grained, sub-crystalline variety, mixed with streaks
of the crystalline variety, and were all from shafts at Granby. V,
from Valle diggings, analyzed under my instruction by L. R. Grabill.

SumrtusonNiTe (Beudant,) chemically,is zinc carbonate, and hasthe
following theoretical composition: zinc oxide, 64.8; carbonic acid,
35.2. The zinc carbonate is generally replaced by more or less of the
isomorphous compounds, ferrous carbonate, manganous carbonate,
calcic carbonate and magnesic carbonate. The pure mineral would
contain by theory 51.6 per cent. metallic zinc.

When crystallized its forms belong to the hexagonal system. Its
common modes of occurrence are as earthy masses, stalactitic, crys-
talline incrustations, reniform or botryoidal. Color, white, often with
a grayish or greenish tint; more commonly brownish, owing to the
presence of ferric oxide resulting from the oxidation of ferrous carbo-
nate.

Hardness, 5; specific gravity, 4 to 4.45. A cubic foot will weigh
from 250 to 276 pounds.

Several varieties, depending on differences in amounts of foreign
carbonates are recognized, but the separation of the varieties is not
very complete or definite. The following are given by Dana: (1) Con-
taining less than four per cent. of any other carbonate and without
copper; (2) Ferriferous, containing more than twenty per cent. of fer-
rous carbonate (zznceisenspath, the capnite of Breithaupt); (3) man-
gantferous, containing upwards of five per cent. manganous carbo-
nate; (4) cupriferous, (the Herrerite of Del Rio) a specimen of
which from Abarradon, Mexico, gave Genth, 1.48 of cuprous carbo-
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nate, and 93.74 of zinc carbpnate, besides manganous, calcic and mag-
nesic carbonates.

The following are the results of analysis of some specimens from
Missouri :

I 1L IIL. IV. V.

Zine carbonaten . iseveseiimsivisicssnd 83.000 98.440 97.60 98.057 93.87
Ferrous carbonate............euevvunennns 1.932 4.040 e none. 1.04
Caleic earbonate . .iviviecssesasusorsees . 0.803 1628 = . 0.525 2.28
Magnesic carbunate......c.cceveennnnnees 0.861 0.454 ... 0.489 .70
Ferric oxide............ e, 3.046 0,800 1.21 none. 2.09
Alumina...... 2.578 D:268L none. ...
Silica........ see 7.390 0.477 1.22 0.902 .84
N e e e e B e 0.1656 nil. nil. Nl
99.770 100.277 100 03 99.973 100.82

Metallie ZIne i iairessarayrnss 43.019 48.618 SEEA e e

No. I, from a shaft in Dade county, 12 feet below the surface, ana-
lyzed in this laboratory by Mr. Jas. A. Pack; No. II, from same shaft
at 35 feet depth, analyzed in the laboratory by A. H. Ohmann-Dumes-
nil: No. III, from Hardshaftdiggings, Granby, by Chauvenet, (Broad-
head’s Report, 894;) No. 1V, white, massive, from Taney county, by
the writer; No. V, from Washington county, Valle mines, by the
writer,

VI. VIIL YIII. X,
Zi00, CATDORNAEON . sosssrunersasssrinssoonponosnnsnsninns 90.081 89.538 90.287 91.557
Ferrous carbonate... 0.101 2.694 0.656
Calcic carbonate......... .... 3.343 2.030 2.6567
Magnesic carbonate.. ..... 2.736 2268 2.318
Ferric oxide....ccccavesvesens i
AR e L L, SRR 8.627 1.467 1.389
S e e s X 0.600 1.492 trace.
WWBECE coniacecreeaasnssnssiaussasiesinereissssaovansvismsbissny swosin | wenses | wsesss 1.086
ZANC ST PRIBER G iisvsurprnsevsssssinnesnsonsessnnedsiss 0.597 0961 i asses
100.233 100.806 100.138 99.555
Metallic ZINC: iiosovisscsnsiisnannsansinnsrnession 47.23 47.20 47.02 47.62

VI, from Hopewell, Washington county ; VII, from Mine la Motte ;
VIII, from St.Joe mines, analyzed in this laboratory by W. R. Brown;
IX, from Granby, contains a little hydrozincite intermixed.

HyproziNciTe (Kenngott,) or -hydrous zinc carbonate, contains:
zinc oxide, 75.3, (metallic zinc, 60.4;) carbonic acid, 13.6 ; water, 11.1.
Though noticed at a number of Missouri localities it is, so far as quan-
tity is concerned, of very subordinate importance as an ore of zinc.
It is found at the Crabtree diggings (Granby) containing calamine;*

*Schmidt loc. cit., page 394.
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and Gaget notes its occurrence at the Valle mines as an incrustation
on Smithsonite.

This mineral is the zinc-bloom of some writers and the Marionite
of Elderhorst, who notest its occurrence in Marion county, Arkansas.

The following two species of zinc-bearing minerals are found in
small quantities, but are of no significance from a technical stand-
point:

BuraTITE, 2 hydrous zinc carbonate containing copper oxide, (zinc
oxide, 44.7; copper oxide, 29.2; water, 9.9: carbonic acid 16.2=100,) is
found as a coating on zinc ores, at the southwestern mines, notably at
those of Oronogo, Jasper county.’

GOSLARITE is found in solution in the mine waters from Oronogo,
resulting from the oxidation of sphalerite (see Report A, page 25.)

The following species, which at some localities are important
sources of zinc, have not been noticed at Missouri localities :

Zincite (Haidinger): Zinc oxide, contains by theory, 80.26 per
cent. metallic zinc.

Franklinite (Berthier): Is composed of ferrous, manganous and
zinc oxides combined with ferric and manganic oxides with from 17
to 25 zinc oxide. It occurs abundantly in association with the last
named species at Stirling Hill and other localities in northern New
Jersey.

Williamite (Levy): Is zinc silicate with 72.9 per cent. zinc oxide
(= 58.5 metallic zinc) and 27.1 per cent. silicic acid.

GENERAL METALLURGY OF ZINC.

The fact that metallic zinc volatilizes at a temperature below that
which is necessary to reduce zinc oxide, renders all methods for its
extraction necessarily those of distillation, for it must be obvious
that under such conditions, collections of the metal by liquification
or fusion is impossible.

The reducing agent employed in practice is carbon, in the form
of coal dust. The products of the reduction are, therefore, mainly
carbonic acid and zinc vapor. At a temperature slightly below that
at which zinc vapor may be condensed into liquid metal, the carbonic
acid may act as an oxidizing agent on the zinc, producing carbonic
oxide and zinc oxide again. Hence, to prevent the zinc from revert-
ing to the condition in which it existed in the retort, viz: Zinc oxide,
it is necessary to conduct the vapor into a suitably cooled receiver,
which must be of small proportions in comparison with the volume

tBroadhead’s Report, 610.
1First Report, Geol. Survey, Arkansas, 1858, pp. 153 and 154.
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of the retort or apparatus in which the reduction and volatiliza-
tion of the zinc takes place. By properly proportioning the size of
the condenser or receiver, the amount of reproduced oxide of zinc
may be reduced to a minimum, though in practice some is always
produced. :

Carbonic acid is a necessary product of the reaction which forms
the zinc vapor, and as it is in great volume, objectionable in so far as
it may, at the proper temperature, reoxidize the zine, effort should
be made in practice to reduce its amount as nearly as possible to
that which will be formed by the reduction. If, therefore, the ore
contains carbonic acid it should be submitted to a preliminary cal-
cination (in a kiln or a reverberatory furnace.) Water also oxidizes
zinc vapor, at certain ranges of temperature, so that a calcination is
also advantageous in order that the loss of zinc by reoxidation may
be reduced to the minimum possible in practice.

In the case of blende ores it is necessary to submit the ore to a
preliminary oxidizing roasting to convert the zinc sulphide into zinc
oxide. In such a roasting zinc sulphate is always produced, and as
this compound requires a bright red heat for its decomposition (into
zinc oxide and sulphuric acid) the expenditure of fuel in such roast-
ings is sensibly increased. While blende ores are richer in zinc than
are the oxidized ores (excepting zincite) their treatment is more expen-
sive than is that of the latter, and they must therefore rate at lower
price in the market than the calamine or smithsonite ores. Kerl
states that at Borbeck and Oberhausen 128 pounds of coal are re-
quired to roast sufficient blende to produce one hundred pounds of
zine, while for the calcination of enough calamine ore (mixed silicate
and carbonate) to produce the same amount of metal only 13 to 15
pounds of coal are consumed.

The distilling and condensing vessels are made of refractory clay,
which must be of high quality. Asthese vessels are subject to a some-
what rapid wear through scorification and accidental breakage, an’
abundant and convenient supply of good clay is necessary to all zinc
establishments. In fact the quality of the clay and its abundance
influence to no slight extent the minor characteristics of the zinc
extraction processes.

All the methods employed in practical extraction are based on
the general principles already enunciated. The variations are in the
forms of the apparatus and the furnaces induced by local considera-
tions, such as the relative values of ore, coal and clay and the greater
-or less skill of the operatives. Three methods are recognized, deriv-
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ing their names from the countries in which they have been most
successfully conducted. They are,

The English method.
The Silesian method.
The Belgian method.

The first is not so extensively practiced as formerly, having been
supplanted by the others. The Belgian method with minor modifica-
tions is employed in this country, and is therefore the only method
which need be considered in this connection.

In this plan of treatment the distilling vessel or retort is cylin-
drical and closed at one end. The usual dimensions are as follows:

TR0 O Tt 10 ot vh careanssesionronrinis siyracssinessinnsssannesmrsssasrasntsssrenstonantyrinsaesons 39} inches.
INtRTIOr QIAMIBLEY . sivissstssnssisasrsasiossainssennssonrssssnpatasesnsavenavsssnnsmesssesieisssnsesssns 6} inches.
TTHIOKNEES Of WRIIE seeesiaseusissirriressosssrrvasssssisssassastssabnsisavasensssivsnsoersonssaasesssss 1} inches.
Thickness of DOBIOM. ... ucsiisissasossssnssssasasansassssssssonsrsssnnsinsnsassassnsmrsssnvesasoss 2} inches.
OApAcltyiin CUDIC INCHER L. isviicissarevosisasstsrasassssonsstosansersraoristnssashnssasnesssaezest 1294.

A number of these retorts are arranged in rows in a furnace in
such a manner that the open end slopes slightly down wards and out-
wards. The combustion chamber of the furnace is fed with coal for
the production of sufficient heat around and in the retorts to produce
the temperature necessary for the reducing action of the carbon on
the zinc oxide above mentioned, an intimate mixture of the calcined
ore and coal (both in the state of powder) having been introduced
through the open end of each retort. The lower row or the lower
two rows of retorts are usually kept empty during the working
of the furnace, as they are in position to receive too much heat.
The retorts thus used to break the heat are technically called ¢ can-
ons.” The upper rows of retorts, where the temperature is less, is
charged usually with mixed coal and the dross and other products of
the works rich in zinc. The furnaces are commonly built back to
back in blocks of four.

The retorts are charged with a mixture of the calcined ore, two
parts; with non-caking coal, one part. About forty pounds of the
mixture constitutes a charge for each retort. After the charging, the
receivers or condensers are attached to the open or outer end of the
retort and properly luted. The receivers are of clay and have the
form of the frustum of a cone, with the following dimensions :

IR BLETLALIDARD devietiesecasuncinsedssssarsonsssnensss ssnsvhnsyassssssiers iy nasnasinssnssisassns 3} inches.
DA RLET AL TOD!, to sntvivercsnsstinsarsssnasnosisensssnutinnansnsicsasaensntuess saassabsrempnss itrs 2 inches.
B pera Ul e It o L hrvecss covabansvessesserassarsesriesasiasstanes 14} inches.

b T o 1 0 T v e e e 1} to } inches.
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The capacity of the receivers, calculated from these dimensions,
isabout eighty cubic inches, so that the volumes of the retorts and the
receivers are to each other as 16 to 1. The object of the relatively
small condenser, as before stated, is to reduce the oxidation of the
zinc vapor by the carbonic acid, to the smallest possible limit. Some
zinc oxide, however, forms, and most of it is collected by attaching to
the small or outer end of the rezeiver, sheetiron cones, tapering to a -
small opening, which are known as prolongs.

The charge is worked off in twelve hours, when the receivers are
detached, the residue withdrawn from the retorts and a fresh charge
introduced. The upper retorts, or those charged -with the rich zinc
dust and dross, and situated in the less highly heated parts of the fur-
nace, are charged but once in twenty-four hours.

The wear of the retorts adds very considerably to the expenses of
zinc production by the Belgian methods. It is customary to estimate
that the consumption of raw materials is, for ore, 35 per cent.; for
coal, including both fuel and the reducing agent, 50 per cent.; and for
clay, 15 per cent. These figures are not widely different from those
obtained in practice with careful management, and will show that
the average life of a retort cannot be much longer than twelve days,
or, say through from twenty to twenty-five charges.

The durability of the distilling vessels is largely influenced by
the character of the ore putin treatment. Oxide of iron and oxide of
lead cause more rapid wear of retorts, from their disposition to form,
at high temperatures, fusible compounds with silica. Proper mixing
of acidic and basic ores will obviate this difficulty, to some extent, in
the case of the iron compounds; lead is prejudicial to a greater
extent, and its injurious effects are not so readily controlled.

The character of the ore, in respect to the presence or absence of
certain foreign matters, influences also the character of the metallic
zinc produced. Among the substances which operate injuriously in
this way, may be named: arsenic, antimony and lead.

ZINC PRODUCTION IN MISSOURI.

The inauguration of the manufacture of speltre, or metallic zinc,
dates back only to 1867, it having been produced in that year by Mr.
Geo. Hesselmeyer at Potosi. Two years subsequently the works at
Carondelet were put in operation. Three establishments at Carondelet
now consume annually about fifteen thousand tons of Missouri zinc
ore, the remainder of the production of the mines finding consump-
tion outside the State, chiefly at La Salle, Illinois.

Carondelet is advantageously located for the site of zinc produc-
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ing establishments, both as regards coal and clay; besides, the ore is
within easy access, either over the Iron Mountain or the Atlantic and
Pacific Railroads. The clays from the vicinity of Cheltenham are of good
quality as regards refractory properties, and make distilling ves-
sels which have even more than the average durability of similar ves-
sels. The character of the Cheltenham clays are indicated by the
following analyses of the samples A.and B, the latter (not complete)
was freed from moisture before analysis:

Sand and undecomposed SIliCALeS evesecscesasersssssessansressssans oses ssvassassses 13.972}

56.137
SHHCIa 8CLdl.iocinvosiimneisessssivssiiinsiovsesesiisssomietonss s iriasyanscosnshssonseresivessn
A R R i vonsenssshs Hhntstanensh nr e AL T ARV SRS VR LTSt (RS AVTN SRR ES S o ms 30. 32.515
A OTTI0 OX IO, cesnchinscssscvossntansysssassnnonasiiseedsniesestas sseuepesianessssionsandioissss . 1.020
Magnesia......... not est.
Lime......... 1.603
L T et o P O e T ST A Ty T e T O e O D) s trace.
A I O oI D A OT e (o ias 1o eutuabontsosannsenyses sassserdetunsass unsossusasssvins 9.948 10.5670
OB o ish co s ivencssonnrs imisrsssssissgspnansishvaessaonnssspsnisrsibanenshanassssose 1.806 none.

Analysis A, shows the clay to be composed of 79.6 per cent. of
plastic or true-clay material, the per centage composition of which is
silica, 49.19; alumina, 38.31; water, 12.50. This composition is not
widely different from that calculated for pure kaolinite from the
symbol Al,0O, 2 SiO,, 2H,0, requiring, silica, 46.3 ; alumina,39.8; water
13.9.

[The following notes of Dr. Adolph Schmidt (made 1872, but not
heretofore used) respecting the coal and clay mines of Parker, Russell
& Co., Oakhill, near St. Louis, are inserted in this connection.

Strata below the coal found in a boring on the Russell Mining
ground, pit No. 3, in the year 1856:

1. Blue shale, mixed with clayish nodules of iron Or€.....ccoeeiiivieeeniiiiiacnns 3 8"
B EArestone COlored DY IFON. . oreensassssrrmanissrssTnistarssasssnssiiossssnssrestssiimsensnss 1-2r
3. 'Gray; hard glates.civesadinsssssmisossvess T e e - B

e R T e oo TR e I
5. Limestone, colored by iron... -

0 IR Ol A Y L tver cisescrseaninrrssansnsiosears

7. Layer of imperfect and impure coal..... —6"
8. FIRE CLAY oiiiiirerciarsrisimsismassninsassassions

G RBINE BIR O cxs ovavasseessnsosvariasssritnssssss O T T e T T s e 510"
B0: - Brown BIRLE...cvvssssis cssssevssspsasissassssvustonnsensassssanssonssssmavesessanassssnssannsosvsesase 1" 4"
B Y e i e e e T T L e T O T S Y L A O o A 1'10”
12, Sandstone in layers, shaly, MiCaACEOUS......c.eurrrenersseresrrraaenane A e e
13. White sandstone. . 6 63"
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The section to this point has been found correct and agreeing
with the shafts sunk to mine the clay. * % % &

The fire clay is irregularly stratified, wavy formation, and is only
found at one single place in the whole property, where it seems to
have a mere local development. It is not known between which of
the regular strata the clay lies, because this shaft has been dug
through old mining materials. Where the clay was found, no coal was
found.

The clay looks gray, owing to an admixture of organic matter,
but becomes white on burning. Itis the exclusive material for a
large manufactory of good fire brick, which the company is work-
ing on this ground*.

Analysis of this clay, made by Chauvenet & Blair, of St. Louis:
Hygroscopic water........... T T e T O L A S T SSirvesse 2.96 per cent.

‘Water of composition, and organic matter 7.27 per cent,
Silica... ... 64.32 per cent.
Alaming....cossenieensisancs T e R T P caadabsanarr «o 22,82 per cent.
110G 981005 8§ U TR Mt o B g . « 1.75 per cent.
0.45 per cent.
0.12 per cent.
0.54 per cent.

Potaslliicossesisrssesmssspasenesve essueaveiEn g SUSURTSARRRAS: KORNNETRONUOR AN svauseIehes weeeesme  0.23 per cent.
Sulphnrt. s, stesseteaisnabenaen wReeceisesarsus G o oy Fhaearad Unasees .. 0.12 per cent.
Phorphoric acid. ..cxmavmniasemsivavansmees ceunaatse Fessene sebaRbaauaToN SeEasreaeR . 0.00 per cent.

100.58 per eent.]

A sample, recently analyzed in this laboratory, showed a less
amount of silica and more alumina. The result was, as follows, (mate-
rial dried at 102° C.):

BIliCIC ACI e ocierirsierensuracrotssisnsservernsiaessenersssrasensossurastmrarsasssseavances 52.846 per cent.
ANUDNDR s iriaeescasisnenssensssassis eosraeassaan O T 1 Ty O e L T gL e . 34.214 per cent,
Rerrous 0X100. euss eeinsaeys nrecrssssse evanssrsssosassen TS 0.665 per cent.

* Reference has been made, in the chapter on lead smelting, to the use of the fire
bricks made from the clays of this vicinity, for linings for the reverberatories. The
composition of two different specimens have been determined by Mr. James A. Pack
and Mr. L. R. Grabill, under my direction. The results are as under:

Taclede. Mitchell

(Pack.) (Grabill.)
o L T [ B o e S 56.307 per cent. 60.394 per cent.
UATAIOIB . o hee e inion o6 evianie s b e s onpdie s 35.275 per cent. 35.900 per cent.

0.316 per cent. 1.404 per cent

0.088 per cent.

8 R S e e 3.560 per cent.

Potassa
e R T

§ 0.925 per cent.

99.887

3.316 per cent.

0.741 per cent.
0.732 per cent,
0.745 per cent.
0.247 per cent.

100.192
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1.001 per cent.

T s c e voriitatane ssussesssiusantyensnsshasassanneseesssesesrensisstlinbassinsssnsssrnsussmate
MABTNCBIN e rsvesesvonss arsaranssinsaisaseamsornssssassssanistssss inaisnsansrsssmrionsans 0.763 per cent.
P OURBBR v iusrasssssasssrssnssuvunsnnerins sussansvas dsernenss ersmipnis suneabavesiairasssassnesas 0.084 per cent.
SO 35 Tisrinsassssanstevsnrasrsssapovivsesstsaisaanssonssessaesssynes T L R 0.033 per cent.
Water and Organic MALLET: . oceciyinassssnsesassonsesrhasvoniesssmansusenarsssissons 10 838 per cent.

100 444

This analysis expresses the composition of the clay as a whole,
without drawing the distinction between the plastic portion or the
true clay and the mechanically intermixed silicates and sand. It
will be noticed from this and the preceding analytical results that
the clays are free from injurious amounts of those substances (lime,
magnesia, ferric oxide and the alkalis) which impair the refractory
properties of the clays. The best Stourbridge clay gives silica, 63.30;
alumina, 23.30; lime, 0.73; ferrous oxide, 1.80; water and organic
matters, 10.30 (Percy); the finest china clay, kaolinite, from Cornwall,
according to the same authority, has the following composition : Silica
46.29 ; alumina, 40.09 ; lime, 0.50 ; ferrous oxide, 0.27; combined water,
12.67 (sample freed from hygroscopic water before analysis).

For the purposes of the Carondelet zinc establishments, the St.
Louis county clays are tempered by mixing with chamotte of old
retorts, freed as far as practicable from the residue of previous distil-
lations. The usual mixture is two of clay toone of chamotte. The dis-
tilling vessels prepared from this mixture are, as before stated, of
excellent quality, and, as far as ordinary wear and tear are concerned,
will last through at least twenty-eight charges.

The ores are calcined for purposes of removing carbonic acid
and water, the calcination being generally effected in kilns. It is
impossible for us to reach the average composition of the ores used
at the several works without a large series of analyses, especially
since the ores are from so many different sources and vary greatly,
both in mineralogical compositivn and grade. Below are given the
results of three analyses of samples of the calcined ores after crush-
ing. The results were obtained under my direction by Mr. G. A. Dun-
can (I) and John W. Pack (IIand III)—the first and second being sam-
ples from the Missouri Company’s works, and the third from the Mar-
tindale works. The results may serve to give someidea of the charac-
ter of the material put in {reatment, and indicate that I and II were
more largely carbonate ore, and that III had a larger amount of cala-

mine.

I 15 III.
SHICIE REIAEn Tty aeesssnvsinssvsniirsiasasas saveirsiiss svassvassnsisvane 10.280 10.210 20.447
A ST 415 ey TR O SRt B e U SR T 75.240 75.360 70.039

Ferric oxide and Alumina........... T TT 1.909 2,120 0.527
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13 IL. IIL.

Manganous oxide.... 1.650
T oot e o vy 4 4.430 0.285
MAPNERIS. cuessasesssssssonsossns oo B 3.250 0.084
ATBENIC cserrvesrrisne trace 0.540
ANBMONY-. csersrsssscsssssssenss: ssvsnes oo A S D e 0.280 0.289 trace
Oarbonic BCld. i iereesssassaessaverernsain srseinssesnassssasinsssaionss 3.090 3.5620 trace
SUIDRNIL v o it sraswsrveressnnentonsossssarossnssbosssasonnsansnsussarse wunpussval  ebessinst 0.349

100.163 100.829 101.271
T T ) A T e o D e R Ly T L O T S Ty T 60.387 60.483 56.213

All the samples contained faint traces of lead and copper oxides;
number III evidently had some blende. The average loss in calcina-
tion, estimated by the increase of zinc oxide, must be from 22 to 24
per cent. of the original weight of the raw ore.

The coals used are usually exploited in the Illinois coal fields,
which are within convenient access of the furnaces at Carondelet.
Forty-five pounds calcined ore, which has been crushed after calcina-
tion, are mixed with one-half the volume of coal, and the mixture
constitutes a charge for a retort. The yield is about seventy per cent.
of the theory, but of the thirty per cent. wastage, a portion is recov-
ered by treatment in the upper retorts of the various furnaces of the
zinc dust, drippings and skimmings. The ratio of production of these
rich products, as nearly as can be ascertained, is about one of dust to
three of skimmings and drippings. They show, according to the
analysis of Mr. Pack, the following composition :

TN (o covecovistorsnnnutvsieacessassebsorineisshsvisstasnansnanseanntisssshannbanvaranesissel sinns 75.899 per cent.
ANUMONY e otieinesviaredeanessnseanaca st stssraltasssspsyeasnerasenyssossonsaisassssrosssn 7 0.872 per cent.
ATSENIC cevecsensssoenses B O res e 0.321 per cent.
Lead and Copper.. traces.

JEOT s sorsusunssnsonmasansnvetsannnion rveensnsinisnssnabnsernsnsessnsssress «e  2.0562 per cent.
R DD oo er s catinevanestantenentopnperenibostincnnsamasaraivarsererts .. 1.221 per cent.
Sulphur.......... SvssseuassenuinseR reH TR A AR RS ..= 0.026 per cent.
Oxygen in combination with metals......cceeerernriennnncraraenannnne ... 11.398 per eent.
Sand, Bb0..cveeisivesasesussssnrsnsnssnnsissvasasssasssrsssesensnnsssserraTaeaTassrFIsOOHOEERRS 9.608 per cent.

100.797

The specimen analyzed was from the Martindale works. The
oxygen corresponds to 57.740 per cent. of oxide of zinc.

Another source of loss isin the unvolatilized zinc remaining in the
retorts along with the non-volatile matters of the ore and the ashes of
the coal. The amount of waste from this source is, of course, exceed-
ingly variable. A specimen of old retort with adhering scoria gave
4.152 per cent. zinec, besides 0.1510, lead; copper, a trace; arsenic,
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0.4348; antimony, 0.9488; sulphur, 0.8560 ; and iron, 2.2774 per cent.
The latter, probably, in part as oxide and belonging to the clay and
ashes.

The loss from this and all other sources, is estimated to be about
twelve per cent. of the zinc produced.

The Martindale Zinc Works has two bloeks of four furnaces each;
in all eight furnaces with 108 retorts each, or 864 retorts.

Carondelet works has 88 retorts to a furnace, and six furnaces.
The number of retorts is therefore 528.

The Missouri Company’s furnaces have 74 retorts each, giving for
the four furnaces 296 retorts.

The total production of these furnaces for the year 1875, was
4,650 tons of spelter.

The zinc produced by these works was analyzed in 1874, by Mr.
John Pack, under my personal supervision and instruction. His
results are appended. No.I being from the Missouri Company’s works,
and No. II from the Martindale :

i 1L
SRIDHUT - ciiiesssssavassssavssensisasass sisnasossssssssavsstrnosasssssvassisvesssyaserasne L0035 L0741
BIHBR v cativirsrserssntsiasrsersiivatasasnnios sy inTUrins s sRs kIR TR L1 ¥ e b samsaEs S esosss st 1346 1374
CIRTNION) s 5xvsseraonsnssarsivassnonassashussisayaneasnssissnssasssnsns odatasessapins ossans w 1070 .0006
B 68 Ve (s Sy T Y T e T L A e 0 0 B TP O o C A 7173 2863
A oo cx s naensnneansusstsns s s bussinan s sssans s BARS IR RO TR LRSS IRANE R SUINCETE SRS AN 1001 .0061
CODPDEr «.cc.iriisen B S O S GO J e e w1123 .0018
A RO B0 s, vesesouns snenssianeeass RIS eI FEoNRRIRL PR ESRTSRARSE P GRS ALY ERFSUAA TSR RN TS .0603 .0590
ANIMONY : ssrsesnsasssoasasisssassorosssasaasssonarsnsnsnsssessasssssassvasssassnsssess .0249 none
100, D UUOTONTE  sassreter e versisncnnssksrrsassasrsisarbiesisvratsarasersstinsies 08.6995 09.4347

00,0000 100.0000

MANUFACTURE OF ZINC WHITE IN MISSOURI.

The use of Zinc White, or oxide, as a substitute for white lead,
seems to have been suggested in 1845, by Leclerc in I'rance, and for
the discovery, the Montaigne medal was awarded him by the French
Academy. The earlier methods employed for its production necessi-
tated the reduction of the ore to spelter, and the subsequent burning
of this zinc metal in a separate vessel, by which it was converted into
oxide. In the years 1847 and 1848, English patents, numbers 12,001
and 11,846 were issued to Rochaz* and to Newtont for improved
methods in the manufacture of pigments in the direction of * treating

*Newton’s London Journal, Conjoined Series, vol. 43, pages 246 et seq.
t1bid. pp. 256 et seq.
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zinc ores and manufacturing of oxide of zinc.” The novel features in
these improvements consisted in the reduction of the ore and the
oxidation of the zinc in an apparatus furnished with a coercitive
blast.

The manufacture in this country began at the New Jersey Zinc
Works in 1850, and was done by what is known as the direct method,
that is, from the ore without the separate or distinct production of
the metal, and was the first successful issue, on a practical scale, of
the attempts at this manufacture. The practice then in use, consisted
in firing the ore interstratified with fuel in heaps; suddenly cooling
with water for facilitating the subsequent crushing in a stamp-mill;
mixing the crushed ore with about forty per cent. of its weight of
coal; charging into a muflle furnace, and collecting the resulting
oxide in a suitable apparatus.

This method of manufacture was continued with varying success
till sometime in the year 1855, when the process, now used univer-
sally in this country, and generally known by the name of its inventor
and patentee, Wetherill, was substituted for it. The Washington
County Zinc Company, near Hopewell, manufactured oxide under the
extension of this patent, using ores produced in this State, and though
not in operation at the present writing (February, 1876,) the cause of
the suspension of the operations is certainly not to be sought for in
technical reasons. The works and the mode of production are there-
fore entitled to consideration in a report of this character. the more
especially since the ores of zinc are so abundant in the State, and the
product has intrinsic value as a legitimate substitute for white lead in
certain applications.

The furnace used is a Jow-arched chamber, the sole or bottom of
which is formed of wide grate bars, placed contiguously, and provided
with numerous conical perforations. Below these bars is an air cham-
ber which is supplied with a low pressure blast, from a centrifugal
blower. The arch of the upper chamber has two openings, one con-
necting with the stack and the other connecting by means of an iron
pipe with the apparatus for condensation of the oxide. Both of these
openings are so arranged as to be closed at will, and as the stages of
the operations require. Through the shell and on each side of the
furnace, and at the lével of the grate bars are several openings or
work doors, which give access to the upper chamber for the purpose
of charging and discharging and of manipulating the charge. These
openings are closed, when necessary, by banking up ashes or loam
around them.

The furnace is operated by first spreading a layer of bedding coal
over the grate bars and igniting the same, the combustion being aided
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by the blast from the air chamber beneath. Upon this is spread a
layer of crushed ore intimately mixed with fine coal or dust for
reducing purposes. As soon as this layer becomes sufficiently heated
to effect the reduction of the oxide of zinc—indicated by the peculiar
blueish-green flame of burning zinc appearing—the flue connecting
with the stack which has been opened is closed, and that leading to
the condensing apparatus is opened, at the same time the work doors
are closed up by banking the ashes around the openings. The process
is aided by frequent rabblings or stirrings, and is terminated when
the zinc flame is no longer to be seen—usually after the lapse of from
four to six hours. The scoriaceous mass or residuum is now with-
drawn, a fresh layer of bedding coal is introduced and ignited either
by the sufficient heat of the grate bars, or by some of the residue
which is, for that purpose, allowed to remain on the sole of the fur-
nace, and the operations repeated as above.

The furnaces are usually built in blocks ; a flue of brick connects
them with a sheet iron pipe four feet in diameter, which opens into a
brick chamber or tower, where the oxide meets with water to aid in
condensation and thence passes into bags of strong cotton fabric,
where the oxide is collected, and the gaseous products of the furnace
filter through the pores of the bags into the exterior atmosphere.
The draft of the furnace is aided by an exhaust fan placed intermedi-
ate to the furnace and the bags.

The method of collection in bags was early introduced at the
New Jersey works, and has been found to be the only effective means.
It is capable of extension for the collection of other valuable metal-
lurgical products, such as fume, and has hardly received the attention
that its simplicity and thoroughness warrant.*

The rationale of the operation is not difficult to understand.
The reduction of the oxide of the zinc ore is effected by carbonic oxide,
the products of the action being carbonic acid and metallic zinc, the
latter in the state of vapor. At a temperature somewhat less than
that necessary for the reduction, which condition would be found in
the upper part of the charge, the vapor of zinc will burn in an atmos-
phere of carbonic acid, producing carbonic oxidé and zinc oxide.
The reduction of the ore and the combustion of the zinc vapor there-
from go on almost par: passu, observations showing that almost all
the oxidation is effected previously to the zinc leaving the charge and
not in the space of the chamber above the charge. When this latter
does take place there is produced and collected in the flues, a larger
amount of so-called blue-powder, a mixture of finely divided metallic

*On this point see the author on Loss by Volatilization, Jour. Franklin Institute,
Feb., 1871.
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zinc and oxide. The formation of this blue powder was a serious
objection to the successful practical working of the muflle-furnace ;
when, however, the furnace now in use is charged properly the pro-
duction of this substance is reduced to a minimum.

Blende-bearing ores should be roasted before treatment. Gener-
ally, such roasting is done in a reverberatory with a double sole. If
galenite is present in the ores it is largely carried over by the specifi-
cally light oxide of zinc, and appears in the product chiefly as lead
oxide or lead sulphate. At the Keystone Zinc Works, near Tyrone,
Pennsylvania, galeniferous zinc ores, containing from six to twelve
per cent. lead, were treated by this process, and the so-called Bartlett
white lead was made in a similar manner by burning the mixture of
galena and blende from the buddles of the Silver Hill mine, Davidson
county, South Carolina. The annexed analyses of these products by
the author* are introduced for illustrating the volatility of lead under
the circumstances discussed :

I{eystone Oxide. “Bartlett White Lead.””

NG OXAAB, s ininetessrnseanrabantohastydavasayhss 78.246 72.083
LR OXIAC.: «ocomvirsnvasvirservsiashssssmossisimnmsl | ereverss 0.274
ANIONY X AE e trsasrese isssverissaarsbval | Gisssanss trace.
Terric OXIAe s isamsisrecimssrssansrsnarsiosrarve) | issewssse . ' trace.
FieAd Ul PBAte . vicoarsiiciniasansdivasessnivonnon 25.084 23.968
Zinc sulphate.... 0.574 0.810
Zine ORIOTIOE S sveosserariivansasnseresarsnvasnansd. | Fevashses . 0.839
FELrI0 CHIOTIOE wicvsisianesonsorosomosansossnansoss. | sevavorss 0.071
Antimony chloridea cisrivmassssnnssasnoiors.  wsssvaves trace.
Cadminm, ehloride. . scoriasssvrerinmsrvansssosse sesassese 0.256
Caditm SuIPHAE. ciicomivneis assssverssrvess: sive QARG T S e
CalGIC/ORTDODALE o v oisurmassnnessmsssasyeistsaovss 07290 e

A process for converting lead ores into a paint material suscepti-
ble of taking the place of white lead, by a method similar to that
described above has recently been patented.t The product is unex-
ceptionable in color, and mixes readily with oil. Some recent analyses
by the writer show the following to be the compositions of two sam-
ples prepared by this method of burning, with slight differences, how--
ever, in the modes of collection, “A” being condensed without,and
“B” by use of water:

A. B.
AN G B DA it vaenioe cocnes samnbanavas soass ssrssEssssshiss sodssuarisntonapenisasis 0.4112 0.3488%
Ferric Ruliphabe (o viacicsersninsensirissssnosamn O O e CEHOR A reeae

* Watt’s Dictionary of Chemistry, Il supplement, page 725, from Chemical News,
XXIII, 236. :

+ Now in use at Lone Elm, Joplin, in connection with the hearths, for the con-
densation of fume.
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A. B.
T N IR S0 18, 5o U e saeannsasns sal o8 sebsntsionsvasenentannsiossserahsennatsvhTess it 0.0151 0.0045-
T80 BUIDHATE ariecvssssanisscrsnssatrsnsssmses isesssssanss SHRoIH53F 47457 Honss ¥nnnars 38.9874  39.5008
b TG T i e vt s SO o T S Ry i T e Ty r o ey B 29822 17.9145
J2080 OXNAB |+ deisvsvacasressrsvivnsnsnsinsetsssssranssutntsvasssassessiisnssnstinrennnesion 53 3813  37.3707
ZIN0 OXIAE e, conessatsrsssnssssinssssanisssrsssssinasonuasvsstessersshisasasyssasviastosnssss 4.2938 4.6441
Ferric oxide.. ........ A T T R e RS T Dt s LT Fiis e ath sen 0 0551 0.1104
Y e PO L e 0.0091 0.0221
Organic matter, chiefly fibre from bag.........ceerveerviciinrricicecnranncnnas 0.0045 0.0024

100.1307 99.9188

The quantity of residue left on the grate bars after proper burning
of the zinc ore by the Wetherill processis about equal in weight to the
weight of the ore introduced. Itis ascoriaceous mixture of the foreign
matters ot the ore, ashes of coal, unconsumed coal, and some oxide of
zinc. Its quality inrespect to the amount of this latter has been found
to range between 2.5 per cent. and 22 per cent, being always smaller
when the charges are of small depth, and greater as the charges are
increased in thickness. The thickness of the charge spread over the
bedding coal is usually from four to six inches, at both the Lehigh,
(Pennsylvania,) and the New Jersey, (Newark,) works, and the
amount of oxide in the residue under such conditions of charging and
working never exceeds four per cent. Any notableincrease in thick-
ness is accompanied by increased wastage of oxide in the residue,
irrespective of the time that may be given, after certain limits, to
the elaboration of the charge, so that economy in both time and zinc
is secured by thin charges. Hence the necessity of crushed ore and
dust coal for the charge, and of small coal (usually chestnut size) for
the bedding fuel.

The greater energy of blast which would be required for thicker
charges might also cause a greater calorific intensity resulting, in
interference with the proper reactions, and possibly causing, also, a
slagging or semi-fusion of the charge, interfering with the disen-
gagements of zinc vapor.

The effect of adding to the depth of charge in the Wetherill fur-
nace, is illustrated in the annexed table * of results of analyses of

* Condensed from testimony and argument in Wetherill vs. the N. J. Zinc Coe
Philadelphia, 1871.



122 ZINC ORES AND PRODUCTS.

the residues of certain experimental charges in the New Jersey fur-
naces :

TraickNEss or | Time or Work- | PEr CENT. oF OXIDE
CHARGE. ING. IN RESIDUE. ANALYST.
‘6 to 8 inches......... B honr8a...coounens| 2:08 per centb ... coesnes T. C. Garrett.
6 to 8 inches......... 6] HOUTBL...covsnavers 1.20 per cenbi.ceeercsenss Author.
‘6 to 8 inches......... G HOUTReesovvenesanns 3:203 per cent ..........| Author.
9.76 per cent ..covivnees Charles Roepper.
7% inches........| 14 hours........... 10.54 per cent .......... Author.
. 8.06 per cent w...covoes T. C. Garrett.
No measure......... 5} hours............ 6.49 per cent ....cceoneen Charles Roepper.
No measure......... 11 hours............ 6.57 per cent ............ Charles Roepper.
14 inches....... 8 HOULE., cves seress 7956 per cend ..covevioees Charles Roepper.
14 to 17 inches..... 134 hOULSisc.ressss 8.05 per cent ......oeeees Charles Roepper.
16 to 19 inches...... 28 hoUrs ..ol 18.05 per cent ...ccecoenss Charles Roepper.
16 to 19 inches...... 28 hours............ 10.45 per cent............ Author.
16 to 19 inches...... 28 hours ......cece.. 10.28 per cent ...occconnss Author.

The New Jersey Company works ore of high grade containing a
large proportion of willemite, zincite and the zinciferous iron ore,
Franklinite. The last named species is rich also in manganese, so that
the residue is notably both iron and manganese bearing, and is used
for mixing with iron ores for treatment in the blast furnace for the
manufacture of an excellent quality of spiegeleisen. Experience has
shown that where the residues contain more than four per cent.
oxide of zinc they are not adapted to blast furnace treatment, and
their introduction results in serious and expensive disadvantage to
the charge in the furnace, so that the profitable utilization of this
valuable matter depends on the close working of the oxide furnaces.
The Lehigh Company works under the double disadvantage of start-
ing with lower grade ores, and of producing a residue which cannot
be utilized, and is therefore forced to clean up the charge as closely
as is practicable. The Missouri Company has not run its residue
down as cleanly as that of either of the above named establishments,
probably‘on the grounds of starting with rich ores and of economy in
fuel, but whether the practice has, in reality, been subservient to
increase of profit is a poin? still open to demonstration.

The Hopewell furnaces are eight in number, built in one block,
each with a hearth of 4.5 feet by 6 feet, and with a height of 27 inches
from the grate bars to the centre of the arch. - The bedding coal for



ZINC ORES AND PRODUCTS. 123

a charge is about 250 pounds weight of Pennsylvania anthracite spread
evenly over the grate surface and giving therefore a thickness of one
and a half inches. The charge proper consists of 400 pounds ore and
200 pounds of small coal and dust thoroughly mixed before introduc-
tion. The coal is mixed Pennsylvania anthracite and that from
Spadra, Arkansas. The ore comes chiefly from the Washington county
lead mines, and contained occasionally a small amount of galenite.
Sometimes Dade county smithsonite was employed. A representa-
tive lot of specimens gave the following result on analysis:

53.997 per cent.
4.263 per cent.
.. 0.632 per cent.
1.039 per cent.

L0, covicavissssinsiosssonmennsnintnns TR G e DO AT LTI 0 D L 2.393 per cent.
MERRTIORIA nvessresnersneseisessesstohssnsassiaesrunsehesonsnsissensuessthssrissses ioonsunst abrasiy 1.546 per cent.
LB OXTAO Keterions sruascevseeresssqivesneassasessih isisos saF ARR s 153300 5as R sntip AP A rtesaand trace.
UBDFIC OG0 cuts voanvainssnsssvamiisesins savensnvsaskanssansassnssssassussansensisasyiannesvin 0.052 per cent.
CHA IR DXIAC, 0 tesese sestessortansssn tosanmeaiiesvassenssa oot Fath i3 S5 suruaaparesbunuss 0.173 per cent.
ANUMONY OXIAC:. s sasunsisvessnessssentons svassrsssssssssntssismesssssessasrsssvrsmsiinssss 0.170 per cent.
CAYDONIC ACIAL. iiostnesvansssssisisessorsnnssresnssass dossbassntoisssssnasisnaosanesbaranhanhbas 24,302 per cent.
S e e e A e AN e e e S e e e e 8.510 per cent.
Y7 O R P e CvenshebeesEevaarehen 2.414 per cent.
5183001131 1 A RO B S S R SR R SR AR DO PP 0.242 per cent.
99.633

1t is evident from this result that the ore is a mixture of about
two-thirds smithsonite and one-third calamine, containing, however,
a fractional per centage of blende and foreign sulphides.

The charge indicated required nearly six hours for its elaboration.
The ore yielded a little more than thirty per cent. of oxide, leaving
therefore as stated above, a large part of the zinc in the residue. This
is confirmed by the annexed result of analysis of the residue:

ZING ORI e sernerassissnuseersisneisssnsnsasnssiasssassentngssssontssiniesesayessansassansasak 25.426 per cent.
Ferrous oXide.....c.coeseseescscereccs . 12.528 per cent.
Alaming ...osieseneassess 4.247 per cent.
LiMe...... ~oonasvsasense 5.311 per cent.
Magnesia......cxe susssesass 1.692 per cent.

Ferrous sulphide 8.723 per cent.

Cuprous sulphide ... 0.175 per cent.
SHI08 0 cunessnanicanorsnsvases . ... 31.740 per cent.

10.040 per cent-

CArbBODACEOUS NRELOTE: cviivecciverivessisvssssissssvvnnsiseserstrirssovressininserssrsinssen

09.882 per cent.

The quality of the oxide varies widely according to the foreign
matters in the ore, being influenced to the greatest degree by the lead
and the sulphur. Several brands of the oxide have been produced
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the character of each being indicated by the analytical results given
below :

) 4 II. IIT. 1V.
ZINC BUIPNAT civcissiisicarsssamsizesnsasraissnssssnsaseasancs 1.153 0.203 1.001 0.824
Caleic sulphate ... 0.008 0.041 0.080 0.011
Liea 0" SUIPRRTIG: civisaees srorinsssrisnasenssnnsnarosrissanssy 4.970 3.243 1.271 0.249
T26a OXIABY . ioivces: vonvmea sveviorernehssisnsinisiyatshasnes 1.047 4.698 0.399 0.814
COpRErioOXIae.. . i it rihnieiristerreiasionsioy. kessiins 0.063 0.186 0.043 0.021
Ferric oxide trace trace trace
Zinc oxide, by difference 2. 91.729 97.206 08.081

I is “Star No. 1;” II, *“Star No. 2;” III, “Star No. 3;” IV>
¢ Oxide.”

Two samples produced entirely from Dade county ores, were
analyzed under my directionsby Mr. P. E. Blow, and the results were
published in the Report of the Curators of the State University for
the year ending June, 1875. These results are reproduced below :

V. VI
Zinc sulphate............ T e 0.3001 0.4998 per cent.
Caleio BRIPRALE..oiicisricsnsisesmsasionsasarsnsinsssnsssessisaiossansns 0.1114 0.1400 per cent.
IR d I BULRLE & 5t s fesr e is sl sararoturansinannenassrsinsisatos aupbassns 0 2024 per cent.
Zine ChIOTIAR, «civuereissssasssasensnssssusmssesusanssnsassbssseinssssassensss 0.0948 traces
ad niim ChIOTIA0l. . iritruniertsancesvsieseessanssnsinissaapnyssssives 0.9446 traces
Lead sulphate 0.0042 per cent.
Lead oxide........ o 0 1.1488 per cent.
Herric 0X1de isisesicenvions : 0.0976 per cent.

Zinc oxide; by AIferenCe; .o vusrasrsstessanionisninssovivssanesessns 97.9979 97.9062 per cent.

100.0000 100.0000 per cent’

V was of good color and body; VI was somewhat *“ off color,”
having a decided buff tint and marked impure. The ore from which
they were produced contained 0.842 per cent. cadmium oxide.

While the works were in operation, they consumed annually three
thousand tons of ore and twenty- seven hundred tons of coal for all
purposes. The product was from eight hundred to a thousand tons of
oxide of the various grades.

The chief use of zinc oxide or white is as a basis for a pigment.
It is rather more expensive than white lead, but is claimed by some
to have even better covering properties in the ratio of 13 to 10.
Further, it is not so apt to change color, retaining its pure white tint
much longer than the best white lead, and is not blackened when
exposed to emanations containing sulphurretted hydrogen. A further
and more limited use of the oxide is in the conversion of caoutchouc
into the material known as ebonite.

The shipments of oxide from Hopewell, by the Washington County
Zinc Company, amounted in 1875, to 2,446 barrels, weighing 489,000
pounds, of the several grades. The value of the shipments is given at
$44,010.
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IRON INDUSTRY OF MISSOURL.

MARAMEC FURNACE.

The Maramec furnace (T.37, R.6 W., Secs.1 and 2), owned by
the heirs of Thomas James, and operated under the management of
William James, Esq., of St. James, is the oldest establishment now in
operation in the State. Smelting work was begun at the location as
early as 1824.

The present furnace is of thimble top style, its dimensions being
given in the accompanying section (Plate I.) It has two tuyeres of
three and three-quarter inches diameter, delivering blast of three
pounds pressure. The blowing apparatus is worked by water-power, fur-
nished by the ample spring at the works. The diameter of the blower
is 4 ft. ; stroke 4 ft. 6 in.; two cylinders; number of revolutions per
minute, 16. The calculated capacity of the apparatus is 3,612 cubic
feet of air per minute ; or, with an average daily production of four-
teen tons iron, one ton of iron requires 13.86 tons of air.

The ore is furnished by the Maramec bank, near the furnace. [For
description of this deposit by Schmidt, see report of 1872, pp. 144, et.
seq. I ]. A carefully selected sample gave the following result:

R O O X G, . Los  cicireeeriansnvtonentnsansssessessannsssusurnsesibenesaiiasssaniis 73.365 per cent.
PEEFOUS OXTAR. viiviision- noinssaunssisnsasssassrvessrssssiossonsonisssrsssnsasnass 2.237 per cent
ATUINING. 5 viscrensrvssevees ivasnssavs catnsimseasinsrsnnnnss s ersns cossansnsiare 7.534 per cent
MAGNCBIR. i 1vaessssenssnnssmsessnnsiihnesasss sty Essassars ST b anssnisssssssss 2.044 per cent
TilIN81 s nsveciniessasvpsnnenissicnsnnusnsonsssan 4nssssisanessananonsrersnvssonisvaves trace.
T e Pt P R s, Foll I 14.740 per cent.
P DOSPHOTIC RCIAG e cirvsssisiessissersissmisaisnssessnisviasssinssisansenssns trace.
AT R e B A R e T e R I B e ey 0.057

99.997
O L G D e e Sty s s s veosvienmavaselass | va saod e s N Hetss e e ot 53.094 per cent.

The yield shown by the above analysis is aboutan average of that
produced by working. During the three months of December, (1874),
and January and March, (of 1875), there were required 4,472, 4,345
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and 3,926 pounds of ore, respectively, to produce one ton (2,240 pounds)
of iron, corresponding to 50.6, 51.6 and 57 per cent. yield for the ore,
or a mean of 53 per cent.

Flux: The limestone used for flux is nearly a true dolomite, as
is shown by the annexed result of analysis:

CalCIC CArDONALE. ., ccereosvirsiaiieissusdvereivarasanssn srsonassbssssssssammnins 52.611 per cent.

L O8I AT D O b e L A oTse e LN s theds havat (oo enirees 42.415 per cent.

Ferric oxide and alumina .... 1.830 per cent.

IHEOIULIE MITEEELE ... voccsooioveitinesissimmper sevassasssonansanssayassssnbnnbas 4.201 per cent.
100.557

A special examination showed it to contain 0.036 p’er cent. of sul-
phur and 0.005 of phosphoric acid (=0022 of phosphorus.)

The usual charge consists of 520 pounds ore and 100 pounds flux,
-one hundred such charges being introduced daily. In January, 1875,
1,578,280 pounds ore were run throughin 2,772 charges, and in March of
the same year, 2,006,410 pounds of ore were used in 3,562 charges, or at
the rate of 569 pounds of charge for the first and 563 pounds for the
second.

Fuel consumption : The records of the furnace show a consump-
tion of 153 bushels of charccal per ton of pig iron produced. The
charcoal contains, 8.66 per cent. ash ; 497 hygroscopic water, and 86.37
carbon. Istimating the weight per bushel to be at the rate of
eighteen pounds, 1.221 tons charcoal are required per ton of pig iron,
or 1.053 ton of pure carbon to the ton of iron.

Products: The average daily production of iron is about fifteen
tons. Taking the month of April, 1875, to represent the character of
the product, it will be found that the relative amounts of the three
grades of iron are as (No. 3),10 to10.5, (No.1) to 44 (No. 2). The
chemical composition of these several grades are found to be as be-
low: *

1. [L. III.

Carbon, graphitic 2.024 2 000 2.662
Carbon, combined 2.276 0.887 0.288
SIHICON isivvancsnseuversranisionnss 1.378 1.246 1.337
3 2 Yo RS ) B e o oo et ot O trace trace trace
BUIPIUL: o svesvasrssmmsnsosssseivessississssinsoassssssnmon sness 0.048 0.136 0.091
MADGANESC.revoneroonensessansvertunssssasorsssnssnssasiaisnsis 0.904 0.717 0.852
Iron, by difference. ... i irasrsranssisrmssamssisasate 04.370 95.010 94.770
100.000 100.000 100.000

* For methods of Analyses followed, see Fresenius Quantitative Analysis, Fourth
English Edition, pp. 658, et seq.
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From the data given above in connection with the analyses of the
raw materials used, the amount of slag produced to the ton of iron
will be found to be 0.858 ton. Of this quantity the ore contributes,
0.569 toun; the flux, 0.183 ton, and the charcoal 0.106 ton. The compo-
sition of the slag is indicated in the annexed analysis in which the
sulphur is regarded as combined with a part of the calcium into cal-
.cium sulphide.

Composition Maramec Slag.

O . siivasessasneessmsorassssersesnsissyassstestrsssenissiuasisauss atsvinvnsasssor 64.746 per cent.
7.729 per cent.
2,282 per cent.

16.973 per cent.
5.349 per cent.
1.812 per cent.
0,702 per cent.

EROSPHOTIC I0IA s oo tovharsassonsmessrsrmmsansensenssyrninesarventacasettih 0.572 per cent.

Calelum SUIPDAE: o<civsrisiscosvssesiionnins saventisssh prsssassseesssvasses 0.134 per cent.
100.299

SUIONUE 10 BlARL cisi sniveasssanisssssosansessimssretsnsrosasssvresssiotsisissios 0.059 per cent.

PROSPHOENS I BI&AZ oiciurvessrssassesnosrorcavasasessasarensasasasasissssisssss 0.249 per cent.

The percentage of oxygen of the silica is 34.53, and that of the
bases, 11.68, giving a ratio of 1 to 3 (nearly) and constituling, there-
fore, an acid silicate.

Combining the results of the operation of the furnace with further
details furnished by the chemical investigations, the distribution of
the raw materials—solid and gaseous—entering into the produclion
of one ton of average pig iron at the Maramec furnace, may be ascer-
tained with sufficient accuracy to form the basis for calculations con-
cerning the calorific effect of the fuel. The raw materials are ore,
flux, charcoal and air, and the products are pig-iron, slag and the gases
escaping from the tunnel-head. Tabulated, the relations of these fac-
tors and products.will stand as follows, the calculations being made
to the ton of iron produced:

Iron. Slag. Gases.
OreE, 1.966 tons, containing :

ILO D sssernesnvsrsserssnnrsess 0:960 siises | casees

Ferric oxide........ ssss 171
OXFLODrcrsivssnosrisavirassi  gusess | gswss 0.415
Ferrous 0Xiteie..ccosssesss  asense 0.048 .ceee

Ferrous oxide......... 0054
O VOl aes et iesonsteraes] » * laireaulie bt iolareh 0.006
[(BIHEON - cseeessopsonssnsarens 0.0100 s | e

|

Bllicaci i s 0:600 O XTEON e csasatessresazvvass: It siwsss) | aseria 0.010
Bllien, s vcerssisvsararsss. | | wvivss 04800 | s
LM and AZTIERIAL .o ssesersuveusmassssssesasasiraentes goce © edaise 0041  couns

G R—9



130 THE CHARCOAL IRON INDUSTRY.

Frux, 0.339 tons containing :

e e o i P e T ey e e e et 0014 ...,
LA IO, o ey e ciusasestrnntonssiasnitatssaiatssainbersiassinivaspstine) | asiusy 000 RS s
MAINEBIA weeosnriassascvivicssisorinbissmonnsasansssasssinpsarbasosanssi  sovens 0069 = ...
Carbonic acid ....... BasvssASEeisasEssAsRrAL RSN TR o Eeveeronssaninhasl || seesast 1 aseee 0.154

CHARCOAL, 1.22] tons containing :

AT D OTE e care s rastanes ssantins Sotsbennsnsosaein s aronber Exsaesirvass 0.030 ... 1.024
Y D o e e e e i aavda i nronmaPasenhahs s orantnsateiinn aess sesnes 0.061
Y O e B e L oT T v 0100  seees

Y Ol s S eaisid s earvrasonr Ra st s ssteran intstedabisscssstininer) | Bicien | atiae 3.200
INIEEO D ONcvanssestsnasiasosannssosssruasnsonsisnssnssneinnssruiorsts . Masash, | adewes 10.590
MOIBEUTE ¥ iinsissinse ssavsavrmsosrrmrmonsinassssnrnrsorsnstssusan  epsves: | awes 0.077

If in this blast furnace the total carbon of the charcoal was burned
to its maximum of oxidation, that is, o carbonic acid, the amount of
heat developed would be 8,484 ton wnzts of heat, orin other words,its
calorific power would be enough to raise the temperature of 8,484 tons
of water from 0° to 1° centigrade. But such calorific power cannot
be realized in blast furnace practice, for the gases escaping from the
tunnel head of any furnace are mixtures of carbonic acid and carbonic
oxide, and indicate, therefore,.a more or less perfect combustion, so
far as the heat production is concerned, according to the preponder-
ance of the one or the other. Hence, the ratio of these two escaping
cases when determined, gives an index to the working of the furnace,
considered in respect to its fuel consumption. This ratio of CO (car-
bonic exide) to CO, (carbonic acid), Grunert fixes as 1 to 1.217 in an
ideally perfect working coke furnace; it is always less in charcoal
furnaces, for reasons noted hereafter, and in the great furnaces of the
Cleveland ore district, when in good condition, it is generally between
0.5 and 0.7, and for bad working 0.35 to 0.40.

If the final product were carbonic oxide alone,the number of heat
units produced by an unit of carbon would be 2,473, so that the calo-
rific power produced in the furnace musl stand somewhere between
this number and 8,080—the number produced by the complete com-
bustion of carbon into carbonic acid—and will vary accordingly as
there is more or less of the one or of the other of these two compounds
of carbon and oxygen produced. The reason that neither the maxi-
mum nor the minimum amount of heat is-not obtained will be obvious

* Moisture, estimated at 75 per cent. of saturation, and saturated air contains 0.75
of water.
t Blast Furrace Studies, p.'15.; Translation.



THE CHARCOAL IRON INDUSTRY. 131

from an examination of the reactions necessary in the furnace to pro-
duce the iron.

“In every furnace of this type,” says Gruner,* there are two con-
trary currents in motion, and reacting the one upon the other—a
gaseous current ascending, the temperature of which is at first very
high, and decreases very gradually till it quits the furnace at the
tunnel head or top; and a solid descending current composed of the
ores, the fluxes and the fuel, the temperature of which goes on in-
creasing always under ths action of the gaseous current in the oppo-
site direction. Of these two currents, the one is slow, the other very
rapid. The solid materials of the charges rarely descend with a greater
speed than 20 inches per hour, whilst the gases pass upwards with a
velocity of 20 inches per second. * s * The air blown into
the furnace at the tuyeresis almost instantly transformed into carbonic
oxide,t and this gas, in its passage up the body of the furnace, acts
more or less directly in reducing ores—that is to say with or without
the aid of solid carbon. The reduction of the oxide of iron may take
place in three ways:

1. 3CO+F91 O:y S 3003+2Fe.
2. 3C+2Fe;01=3002—|—4F9.
3. 3C+4 Fe, 0, =3CO + 2Fe.

It may at once be remarked that the first two ways of reduction
are not in fact realizable, if we adopt the proportions giyen in the
formulas. In these conditions the metallic iron would be partially
reoxidized by the carbonic acid. We know by the experiments of M.
Debray, confirmed by Mr. Lowthian Bell, that in presence of equal
volumes of carbonic oxide (CO) and carbonic acid (CO,) peroxide of
iron (Fe, O,;) and metallic iron (Fe) are both brought to the state of
protoxide (Fe O). But these two first modes of reduction are impos-
gible taken singly ; they generally help, with the third mode, in pro-
ducing the final result, and in fact, the gases taken at the furnace top
are always composed of a mixture of CO and CO,. According as the
one or the other mode of reduction has the greater share in the final

* Ib. pp. et seq.

+ I may add here that the excellent authority of Tunner is against the assumption
that carbonic oxide alone is present in the lower part of the furnace, or that, in fact
there is any part of the furnace which does not contain both carbonic acid and carbonic
oxide in varying proportions, dependent on various conditions. Consult in this con-
nection Prime’s translation of Akerman’s Researches on the Consumption of Heat in the
Blast-furnace Process. Transactions Am. Inst. Mining Engineers, Vol. I, pp. 426,
et. seq.
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result, the proportion of CO or CO, in the gases taken at the furnace
top is the greater. But it is very easy to show that these three modes
of reduction require very different quantities of caloric; and in this
point of view—that is, in reference to the consumption of fuel—it is
not a matter of indifference which of these reactions takes place in
blast furnaces.”

The calorific effect of each of these reactions is made up of the
amount of heat absorbed and the amount given off. The first is con-
stant for all those reactions, being exactly the amount of heat which
an unit of oxygen would produce in burning iron to Fe,O,, but work-
ing in the opposite direction that is being absorbed by reduction
instead of liberated by oxidation. It has never been determined
rigorously, but is generally estimated to be about 4,500 heat units.
The second, that is the amount of heat given off, is variable, being for
the first reaction 4,205 units, for the second 3,030 units, and for the
third 1,855 units for each unit of oxygen removed by the carbonic
oxide or the carbon. Comparing these variables with the constant, it
will be seen that in the first reaction the heat liberated by the com-
bustion of the carbonic oxide into carbonic acid by the oxygen of the
Fe,0, is almost equal to that absorbed by the reduction of the Fe,O,
to 2 Fe, while in the other reactions in which the reduction is effected
by solid carbon, (in the one case oxidized by the change to CO,, and
in the other, to CO), the heat absorbed is greater by about 1,500 and
2,600 units, respectively. In other words, to effect a reduction by solid
carbon, the amount of the latter must be increased over the amount
required in the form of carbonic oxide, and the amount of increase is
relatively greater as carbonic oxide or carbonic acid is the final pro-
duct. Representing the amount of carbon required to effect the reduc-
tion by carbonic oxide by unity, the solid carbon burned to carbonic
acid (reaction 2) becomes 1.55, and to be burned to carbonic oxide,
(reaction 3), it must be increased to 2.33.

The ideally perfect furnace considers the reduction by carbonic
oxide only, and regards the final products as carbonic oxide and car-
bonic acid in the proportion of one weight of the first to 1.217 of the
latter. For one unit of pig iron produced there will be consumed
0.880 of carbon, producing 1.408 of carbonic acid and 1.157 of carbonic
oxide. If the relation between the two forms of oxidation of the
carbon in the gases escaping from the tunnel head be the index of
the effectiveness of the fuel in the furnace, analysis of these gases
will give the required knowledge with all necessary exactness. But
the performance of this analytical work is certainly not easy, nor is
its execution at iron establishments generally provided for. In by far
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the larger number of cases the determination of the ratio of the
furnaces, gases can only be arrived at by calculations, which being
based on so many assumed positions, necessarily lead only to approxi-
mations, interesting in a theoretical view, but without the element of
certainly to give them any great practical significance. Nevertheless,
these calculations are at present the only guide that we have to
knowledge of how far the furnaces in this State are proportioned and
governed in order to secure economy in the consumption of fuel.

The distribution of materials given on a preceding page, in con-
nection with certain data, established by Bell, Akermann, Gruner and
others, enable us to reach the following approximation to the amount
of ton-units of heat necessary and required to produce one ton of iron
in the Maramec furnace:

Reduction of iron from oxide [0.960 ton X 1780 units a] 1,708 ton H-U

Carbon HOPregnABION .. oceessissrsisamssnvassisusasase [ .030 X 2467 b] " ¢
Expulsion of carbonic acid from limestone..... [0.339 X 370 c] 125 £
Decomposition of carbonic acid from limestone [0.154 X3200 d] 493 st
Decomposition of water from blast and

CDAPCOR] suessunccinnssassnss Srsvassztssaanasossnssuomen [0.015 X 20638 e] 444
Reduction of silicon from silica.....cccceevvireninniae [0.010  Xx7830 f] 7 b
Fasion of PIEIron. . cvmissssssssrsansissnsmisinsreserss [1.000 X 330g] 330 £
FRsion; of Slagic.iieuinsainysraasnsasssnsesanssnsssessoses [0.858 X 650 h] 472 3
Heat transmitted through furnace walls K........ccovvumurimnniiiniiiiiiiinisicineenns 113 ¢
Hesat carried off In the tuyere Waler L. i crisusisssissisinssssssinssinssinisassvos 14 g8
Heat carried off by gases from tunnel head mM.....ocooivinniisenarseessacersanaccese 563 £

Total units of heat per ton of iron........c.ceevuviuinns fiassussnserssasansonses 4,404 <5

To produce this amount of heat there were consumed 1.052 tons
of carbon, burning in such a manner 31 per cent. should form carbonic
acid and 69 per cent. should be converted into carbonic oxide, and
the resulting gases will be 8—82=O.712; while the calorific power,
represented by the heat consumption, will be 76 per cent. of that
possible for the same amount of carbon if burned as in the ideal
furnace. It may be well to mention in this connection, that the
activity of furnaces varies greatly with the character of the fuel and
the ore. Reference will be made to some of the peculiarities of
charcoal furnaces in comparison with those using coke in treating of
some of the hot blast charcoal furnaces of this State.

a—Bell’s number ; b—Bell; c—Bell ; d—Bell ; e—Akermann ; 34,462 is the usual
number given for calorific power of hydrogen, but this factor includes the deduction
for heat absorbed in converting 9 units of water (formed from one unite of hydrogen)
into steam [34,462—(9x536)=29,638 ; f—Akermann; g—Bell ; h—Bell ; k—Akermann ;
l—Akermann ; m—AKkermann.



134 THE CHARCOAL IRON INDUSTRY.

Bloomery at the Maramec Works: The bloomery has eight fires,
each running eight charges per day, of from 12 to 14 hours; one three-
ton trip-hammer serves all the fires. The tuyere enters the fire about
1} inches; its diameter is 1} inches; the bottom plates are not cooled,
but rest on the ground, and last from ome to three months.

A charge is 280 pounds of pig iron, 2-5 being white or mottled
iron and 3-5 gray iron. A charge gives a loop of 246 pounds, which
is hammered into two blooms (1201bs. each) at each heat, without any
reheating. Eighty bushels of charcoal are required per ton
(2,464 pounds) of bloom produced. Each fire requires two hands, and
makes only one turn per day.

The power for the blowing engine is furnished by the spring.
There are two vertical cylinders, 6 feet 2 inches in diameter; length
of stroke, 4} feet; number of revolutions, 14 per minute.

The total production averages one hundred tons of blooms per
month, in winter time, and somewhat less in summer.

OZARK FURNACE.
[Skc. 21, 1. 37, R. 9 ; PueLrs COUNTY.]

This furnace was built in 1874, but owing to the depression of the
iron industry throughout the country, was blown out in the spring of
1875.* (For form and dimensions sce plate 2.) While running it used
a mixture of equal weights of ores from the Beaver. t (8.4 Sec. 33,
T. 37, R. 8 W., Phelps county), the Hancock, (Sec. 14, T. 88, R. 12 W.,
Miller county), and the St. James banks. The composition of these
ores isindicated by the annexed results qf analyses by Mr. Hare :

Beaver Ore. St. James Ore. Hancock Ore.

Fernic 0Xide suseeciisisssssesses ssussvasinssnns 91.612 73.604 79.487
B LT T Aol ls % Set e Feavos dun ot dens's susEaleves st s 3.800 2.608 5.229
Manganous OXIAe...cccceveacennis seoensvasrserss  sssvasses  essavesss 0.081
TI00 . it ti5scarovantinsnsnssarsnasasesosnssssasanss 0.384 12.402 0.174
MADDBBResswarssrsssssmavosnsal passsvorsassoaonsost 0.221 4.803 0.290
Silica 3.853 6.491 11.941
Phosphiorie acid....ciccessimmasssrovss . conavan 0.156 0.230 0.074
SULPIII e ciraorsssinesrsanssnssasanssssstasasessogts 0.151 0.214 0.073
VALY nocasessnsasinvisnsisrassossesssnrosasaanarsanss  jaissessess | seavsases not est.

100.352 100.177 97.298
MetalliciIPan .o csess vonsisasussussssarinass savss (4 128 51.523 55.606
PhOSPDOTUS iusissresirrussiseren soenvins sorosens 0.0671 0.1004 0.0323

* The Ozark furnace resumed work during May, 1877.
+ For description (Schmidt) see report, 1872, 148.
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According to estimates made at the time the furnace was
in blast, 1,502 tons of ore made one ton of iron. To this were
added 0.175 tons of magnesian limestone for flux, (= 12 per cent. of
the weight of the ore) which contained the following constituents,
centessimally expressed :

2 OF 8 L I T 8 T e oot S 0 O o 00 e Y e s ey v re ey deree orre
MAPRERIC CAPDOTINLCH: cos vesssessiosasssssrssasnssassnsmnrmssnsssshessnssnnsiosmssssnsasrisarssssvonssass
Ferric oxide and alumina

Insoluble Matters.. . cimsssssussisss
DT R LSRR S e ms i e e e e e P st i B oot

Special examination for phosphoric acid, showed 0.004 per cent.
(= 0.0017 phosphorus.) The sulphuris 0.0485 per cent.

The charcoal was used in the proportion of 0.762 tons per ton of
iron made. The blast was heated to the temperature of melting lead
(325°C.) and entered the furnace by two tuyeres.

The iron contained :

LIBEDON - cavsor: s5virsnsnncerinsastvessssshssinavabana 00 sheTsonmmsassasaisssstsrvanoreosasiross 2.6588 per cent.
S T e ey Bt o OO O A A e O AT G 0.4199 per cent.
M ANG ANGRE: 3 is7soessessiserasnivassass sassrispsnramsnissnsnonsssssnssnnssresnssrnyosssns 0.5713 per cent.
P HOBDNOTMS s wesressrerssssssnsssrrarsassesssasaanensrasansassas 0.0066 per cent.
SUHPRUIY 5rai0adtaborsvesrsnsssansiass sashasnsiassos 0.0440 per cent.

06.2994 per cent.
100.0000 per cent.

Iron, by difference.

The distribution of the materials show that the slag-forming sub-
stances amounted to 0.528 ton per ton of Iron. The mean of two analy-
ses gives the following composition to the slag:

Ozark Slag.

BIBA. coversvviseassssrensyovesssvnssusisaseonssniss T o ..48.928
A T e e et trerh tonn cpreenr thamoraiaksasbRees A OOy O 3 O e G X T T 16.617
FOLTOURIOXIAR isrrnrsvsrissersivens sonorortsarsieassiuesanssanisnesnesnsss s5esonarsviinsnsersinuneopsesnumise 2.573
G D B S as e s e saavsnes (v Eveaer At Eo AR SRS suusans Latpssnbnrbussnn vesvaaront iy vsaanevnaiirestohRsstebpinvens 27.895
MAGHERIA cix v vt svsiissssvrisissssines sissnsusss aohrevessarassss T T T e T T T viash 0.865
Potassa and soda.........
Calcium sulphide =
PHOSPHOLICACIA <o sssnesrisnvesnisrsninnnssnsssssises arsssssnasshsssnearssssiaesssseasesessssibsissanntnans . 0.078
99.625
0 e e e e 0.2005
EROSPROTUS i1ssosserssssrivsvansansivessvsssnssesnsnosnsusassorsosness ssssnssshsnsyssssasuksnssnsnarisusnescon 0.0340

The oxygen ratio of silica to the bases is about 1§ to 1 (more
exactly 26 to 17), showing the slag to consist of a bi-silicate in mix-
ture with a singulo-silicate.
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The difficulties attendant upon bringing the opening work of a
furnace into a fair or satisfactory condition had hardly been over-
come in the instance of the Ozark furnace before it was put out of
blast. No statement of its working effect could therefore be just,
and comparisons based upon the fuel consumption and produce of
iron would result only in erroneous conclusions. The furnace is
owned by the Ozark Iron Company, and was built and operated under
the general management of William James, Esq., of St. James. The
character of the work upon the furnace and upon the other improve-
ments of the estate is most substantial.

SCOTIA IRON WORKS.

(N. E, }, Sec. 1, T. 38, R. 3 W., Crawrorp COUNTY.)

The furnace is located eight miles sontheast from Leasburg, its
station and depot on the Atlantic & Pacific Railroad. It was erected
in 1849, and has made a most creditable record in respect to its pro-
duction and the quality of its iron.

It is of the open top form with two tuyeres (4 inches in diameter),
the blast having a pressure of from two and a half to three pounds,.
and a temperature of from 500° tu 600° Fah. (say 825° Cent., or about
the melting point of lead). The hearth is of fine sandstone quarried
near Leasburg, standing a campaign of about six months duration.

The blast is furnished by a steam blowing-engine with a steam:
cylinder of twenty-nine inches diameter. The blast cylinders are
two in number, each four feet diameter, and with six feet stroke.
EKighteen to twenty revolutions are made per minute. The daily
work is therefore 4,127,000 cubic feet of air. The blast is heated by
passing thirty syphon pipes, in two rows of fifteen each, entering by
eight pipes and returning by seven.

The ores are calcined in heaps of fifteen feet height, and twenty
by sixty feet base, holding about one thousand tons. The heaps burn
three weeks. A sample each of raw and roasted ores gave as follows
(each mean of two analyses):

Raw Ore. Calcined.
Forric 0Xide vy isesesssessoriscrnoasonisssnssysvessans D055 i ccvursisraoermiireessqiuessssmsoninmnasse 83.305
FePrOHsOXIAE. . ccarsts aiieesnrinatrmnensucsionnsos B e e TR e - vveue smees 10.5138
A TOINENA oo issrnensnsosros crsssivvesacsinasnasnressnsns 0,845,505 civesssnivasiampsvasssassssnsaesassvin 0.557
Manganolis OXife.....o. v cesersavessssserssnssvass 708 L - e s een ik anda es eRsras e inas 0.2385
TAME cisvscosnmoiasiorrinsassassasnrsoras cesvsssassnnss EX000 it ssnsesissessnnasyoshisssposnaesnsnivonise trace
MAZOETIR conuesssossssrensororescassssane) conssnssnvsnoss 0.018:...c0icnunsisnasssnssansnanas Gessasssesaens 0.974
BIIICa i rasscansncisrinsivmesss setnms iarsasiansvinriin 5,861 cvssanssansiasnnis O O e R 5.082
SUIPHIIE soivneasasssessvesissasironnnsavssasscasarsanasass 0:046. i ionivaressrnsoninsiscrnbsesisesstsapaassae 0.031
PHORPHOPIC ACIH usssssesssinscasisinssasnssuassasars 0:07 8. 555050 svesssussaonsesnsunemsesnsavassnnes 0.174.

100.415 100.87F
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The metallic iron in the samples analyzed is 66.61 per cent. for
the raw, and 66.491 for the calcined, and the amounts of phosphorus
are 0.0327 and 0.0759 respectively.

[*The ore frequently melts in the interior of heaps and runs or
drops down, forming beautiful stalactites, often with a velvet-like
crystalline, dark surface.” Schmidt’s notes, 1872.]

Fluzx: The limestone used in the furnace, is from the third mag-
nesian formation, and is quarried on a level with the tunnel head, a
few yards back of the furnace. It is less magnesian or dolomitic
than other belts of the same formation examined, and contains:

I O10 CATDONALE 52 5s 5 rsvswess o nrasasiarss ts e rasvaetteasriarssssnpnnnsninss S aeviss 84.078 per cent.

Magnesic 0arbonale: ..ccusessesssesvaresnsisarnesssassensossorssssaossssesssoessansnsonansson 12.654 per cent.

B B I O O X (L et s coha nas s 25 ra s A eV ST AN BeR o S e MR RS RARY SRR S o m iAo wes e was WE o e PSR e ot 0.423 per cent.

AN s 15000 csanssssonscrusnasensesonsiasmsonsasassresesesastrsnbansasissvinsessaaranisavonons 0.564 per cent.

O O DI TN REOPEG aeaeanciceiod, Soosseriastvostannsbrereoett dusitsten serensssarvaestoisoatse 2.565 per cent.
100.284

Besides 0.046 per cent. of sulphur, possibly as pyrites, and a faint
trace of phosphoric acid. To every 850 pounds of ore in a charge, 80
pounds of Jimestone are added, the flux being upwards of nine per
cent. of the ore.

Fuel: The wood for charring cuts at an average rate of twenty-
five cords from the acre; the cost of chopping is sixty cents per cord,
the latter yielding in the heaps from thirty-five to forty bushels of
charcoal. Iive cents per bushel is paid for charring, deducting, how-
ever, the cost of cutting the wood. A heap contains from forty to
fifty cords; burns from eight to ten days, and cools five or six days.

The wood is mostly oak and hickory; the charcoal has four per
cent. ash and about the same amount of hygroscopic water. Twenty
bushels (say, 360 pounds*) are added with a charge, or, with an aver-
age daily production of 20.2 tons of pig, the consumption of coal is
0.9115 tons per ton of iron made.

Products: The tour qualities of pzg made are No. 1 (73 per cent.
of the total production), No. 2 (16 per cent.), No. 3 (8 per cent.), and
No. 1 (3 per cent.). Most of the iron is used in St. Louis; the No. 2
is sold for car-wheel foundry purposes, and the white is utilized at
the bloomeries of South St. Louis. The general grades show the fol-
lowing amounts of foreign matters:

I Mottled. 3 White.
SO, . sinss e 0.8260 - 0.541 0.768 1.180
Manganese...cceessses 0.2419 0.374 0.273 0.266
BUIPBULS i s siwhacsass 0.0256 0048 . G 0.047
Phosphorus............ trace. trace. trace. trace.

*The coal at the Scotia pmpei‘ty weighs more than eighteen pounds per bushel,
as there is less admixture of poplar woods used ; the weight is still used in this for
sake of uniformity.



138 THE CHARCOAL IRON INDUSTRY.

In making one ton of pig 0.716 ton of‘slag is produced, the con-
stituents of which, according to our analyses, are:

SHTICH s nsvscrnireassasnsontoseisassovecissasinssssssonssasers sressieasorbn sesamasors aversntnesmnn 51.676 per cent.
D U T oy (e tsisnenstuumenents eisehasoaeansaassensopes s seressys arveesasnannch saecavavsseanaie 6.437 per cent.
T OUB ORIt ces verstesyistintotsrs s osacrnnnus i s becasorisne rtastasiasaen sensevsFsssas 0.871 per cent.

L e e e . L Iy 22,065 per cent.
MARNERI s visessnicssonssusinsonsssnssivisninsvosesanstssslpsenssnsansennn IRt s R 16.899 per cent.

DO oo sermmenerenunonennsossnssess (assony sy LAY RRESFETI AT TINSE R SFSE ISRV S RSB SRS st 1.008 per cent.

N o oo O P T T T X L e e EE T e 0.652 per cent.

Oaleium: sulphide.iiesisismaseinar i T T e o T T s e e T 0.159 per cent.

Phosphoric aeld ...c.comsovsmsveonersusmnsisessns S T LT BT Ly ) 0.311 per cent.
99.673

B2 IYOBPHOTUS oxeesnuessoyasrasnvsvesensisiatssirnssrnsnssbssesins sassbrsinsenstonhs banstosavinssth 0.136

SUIPHOL sivivsscsnnvescesvareasesirsaisrarasssase St ansensnsstanses AP CResiehante ooy T naviont 0.076

The oxygen of the bases is 16.44; that of the silica is 27.56, giving
ratio of 1:1.7 nearly, and showing as a mixture of bi- and singulo-sili-
cates.

The foregoing figures give the following distribution of the raw
material for the production of one ton of pig,in the Scotia furnace :

‘Ore 1,855 tons, containing Iron. Slag. Gas.
PN cae e tsr o sararteinestacnsrarrarevanranson CrrofeeTeee Di9sd e s
OX Y RO cusissnarssssissvsnssssisnsopnssnsntomissssssaisnsssn  sassrs | o lweess 0.309
FErrONS OXIUR . cciesetitvcs eaneassnrnssanisnrsusesassnvsl  hivruse 07500
O X YR EN icicisvasesssssosissurssssinareravisssiseenorasorsss)  asasst 0| sseess 0.007
BITEON vsuuxerosessrrnnsmrcareunes chieRyeRaNTeEisRes [100) B R
) Xy BT i3ssazsasnnsaturnzossensesses Veren Gy G 011
Silica, alumina, magnesia, etC...ccisesssesssesiesees  sovues 0349 e

Flux, 0.175 tons, containing:

O e e ie st rsstasranssnne s nssasnntr nbsasasnssveoonstinsvallictrsss 0.006 ...
Limesesoses GasiasuearranE davsRaiaky stsesrsar ssasenens sissnessss  wewRy 0.088 e
Magnesia......... iasseravansaasapresssestranssyeasinsanshsres  (sveses QOLTR s
T 4 0 11 ) o B P T 0.076

‘Charcoal. 0.9115 tons, containing :

CATDON vorerivessosrysserassssen s ssnmegaubrinsnasensysvens 0,086 = e 0.753
D1 Ty P L g S o U o e 0.036 ...
MOIBEOLC v iasssanrussssssnssinssivearvraviriimessssansorsosonpns. Sevssni  mssase 0.045

Air, 7.604 tong, containing :

OXPEON ccuvsavearsanssersussissssissasasasmiassctonsvnsssasmnsn  wgases | | issasss 1.750
N O O IR R ervessstuves Mecostanessantansaal Mansensl B0 Liiiorey 5.811
MOIBEUDE cecveevoscosinsusssnmressovisvsssns diseniensiusenisne  gsmsse | isewees 0.043

By using the same factors employed for the calculation of the
Maramec, with the new variables given in the above, the number of
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THE CHARCOAL IRON INDUSTRY. 139

ton units of heat necessary in the Scotia furnace may be approxi-
mated closely enough for purposes of comparison :

Ton units of heat necessary :
For reduction of the iron....
** earbon: iMpPregnation. .csssicurssrsevssasasssssisavasss
Expulsion of carbonic acid from limestone.......ccccceveeerenienreennnerinannnnns
Decomposition £ R evtsvh (cAsuashdnrstninnersesesnassaonoonsons
Decomposition of water from blast and ¢harcoal........ccouveeeeeevineirrucciiesnnnens

“ L T e B P

R £ BIAR. . ecemrsrisanstersonsnessnsivasas
Transmission through the furnace walls...
Curried off in the TUYere Watal.cusesinsisarsrssarsmssisasnssssrissnssssssssarmsssssnsssenvses

& S e T e T B oo L e et oo e

In this case the hot blast furnishes: )
7.604 tons X 325° x 0.239 — 586

LIBRVINIT, .o veensnerascrsnssorsressesiannrsssousasinsvashorssssssaissersnassssosssssnsrasomsuonasonsyusnsvass 2993

to be furnished by the fuel in the furnace. If 24 per cent. of the car-
bon of the fuel were burned to carbonic acid, and 76 per cent. burned
to carbonic oxide, this calorific power would be produced, while if
the same quantity of carbon were consumed in the propotions given
by Gruner for the carbon burned to carbonic acid and oxide, there
would be produced 3.184 ton units. The necessary heat is therefore
94 per cent. of the ideally possible.

The record of the results reached by this furnace are confirma-
tory of the view that the fuel consumption must approach very closely
to the possible minimum. (For dimensions, etc., see plate 1.)

MIDLAND FURNACE.

(SEc. 2, T.37, R. 4 W., CRawrOrRD COUNTY.)

The Midland furnace was putin blast April 10, 1875. From the
accompanying section [Plate 2] it will be seen that in its construc-
tion there are features differing from those ordinarily obtaining in
the charcoal furnaces of this State; but the campaign was too short to
determine how far these novelties were advantageous.*

The ore used was mined at the Ferguson bank (SW} Sec. 18, T. 34,
R. 5 W.) near’Salem, Dent county. The mean of two analyses (after

* This furnace has again gone into operation after changing form to that of the
Scotia. Work was resumed in April of the present year (1877).
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calculating the small amount of ferrous to ferric oxide) gave the
following composition for the ore:

BEEPIC OXIAC, it cavensrsrsrsrissniarsiveyasossyrssasssssssessssonsmisrstsanisasesns sesziis 81.942 per cent.
L O e e o o T 1 o e e O e T P 2 T s T e 8.760 per cent.
SO Lo doisnnsnnsivathanasoass vasauracosmsnsnensaiessssanaisssassnssvokponnssedearsisnesnsasons 7.661 per cent.
e L s T S T 0.956 per cent.
MATRERIR c.vivessniascsvsisesisressisnesnsrssasersasissnsss ionbevasssssnbsomsssesmsesrsrssiran 0.964 per cent.
SUIPBUT (iosieseorsssseases 0.038 per cent.
Phosphoric acid 0.173 per cent.
100.494
M b e P OYN ol e evs Fhnansasantscanssante nas rerbones s sssesnshrsravsrsisssnstorrenshsns 57.36 per cent.
PNOBDROTIIE ivvsnusmunsssnmvsinnsssvensissntesysinesrrstoissssingss Vsauherasssesssesvasinesy 0.056 per cent.

The Auz is a magnesian limestone containing :

OA1CIC CATDONALE . cisiirsaincasesasrssrsssiossarsrnssssssesshssssnsisnmsasersssnssanoapsasscsnsbonsseansons
Magnesia carbonate
Ferric oxide and alumina.
RO e A R e e T e E e S tesre es ce e e s cavourss

besides 0.028 of sulphur and 0.050 of phosphoric acid (equivalent to
0.022 of phosphorus).

The Charcoal contained 4.97 per cent. moisture, and 8.65 of ash
matters. The charge consisted of 48 bushels coal (say 864 pounds),
1,500 pounds ore and 450 pounds limestone (=30 per cent. of the ore).
The average run of pig was twenty-two tons daily, and the consump-
tion of raw materials per ton of produced iron was about 1.737 tons
ore, 0.522 ton flux,1.171 tons charcoal and 9.560 tons air. The blowing
cylinder is five feet in diameter, with a four feet stroke ; the number
of revolutions per minute is 25. The blast left the tuyeres (four in
number) with a pressure of 2} pounds; hot blast was used, the tem-
perature being, probably, about 325° C.

In a specimen of this pig we found:

Graphifie earhoniic, i orsmissiemmsissmrsssnsssaissesssvsissisnssrssssoassosensssssponses 2.780
Combined carbon 0.360
SHCON cissecsessivesvissivocssissorivisnovsdasaenes sossspussastsasasressmnnrasssi erevnnl sonassons 0.566
MARTANERE hoiaviacaviionssrsprassnsiubsrinsossnbsehossssessraainspsiss Ry o T 0.673
PhOBDNOPIG . susasvsrsrnserssnsisssnssissornssasisssasvorsssins dobasassonassannsoossnsas oskens trace.
STIPIIEY | i cicer cssarnssunsssarnnstsns snsiessssnonriasusnantsivacsistsntusesssonsassssscysnsore 0.028
Iron, by QIOreNCe. .. ic s carss sinesosansssssnessesinssras oramssisessarisnrsseararmnsssss 95.593

100.000

A specimen of the slag, taken at the same time, gave a per cent-
age composition as under:

Stlter s wiaiee.
ATADOEIA s ovesenusmsssisesinasase s its siassionasasmbossasis vorneosisuonsseissevssbssvasaneuians
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2.813
30.203
0.243
0.537
0.446
e D R D Bl s i SR uonsvaasswrn ssvss dessnsortsnsobosws theihanslnannesatrass 0.322
PHOBDHOTIE BRI cvsiecnvesoes snerorshenabsshesyaniaresissenssntarsssssnssnbnnsssastossnies 0.306

99.184

PHOSPNOTOUS w.«saivssnissusssssssassauyssarsonsnsassasssssssonsssustsssnssssosrsasusausssvias 0.133
BURIPHULG: ccsasvansresssaniimsssasares ssosinsssnsnssosisssssnivesaurssanstsonssssimmnsssnsssnss 0.143

The silica contains 22.221 of oxygen, and the aggregate of oxygen
in the bases is 18.556; giving a ratio of 1 1-5 to 1, and shoewing the slag
to be composed of singulo and bisilicates in the proportion of two of
the former to one of the latter [or 2 (2 RO SiO,) + RO SiO,]. The
production of slag per ton of iron would be by calculation 0.674 ton.

We have fewer figures for arriving at the heat requirements of
the Midland furnace than for the others, but from the data above
given the following may be calculated and will be approximately
correct :

DISTRIBUTION OF MATERIALS IN THE MIDLAND FURNACE.

(Per ton of pig iron made.)

Iron. Slag. Gas.
Ore, 1.737 tons, containing :

OXygeDe.ceeeeee Vadr eerh i TaiReesstsssravrsyssstysesnessssall | Lsranvsi i asuzsY 0.411

OXygen.occeesersonsss : S e 0.006
S S A el

Alumina
...... 0.303 RS

Magnesia.....cocoiasssscrvnssnssivensisososses

Flux, 0.522 tons, containing :
BIIICR cecss essnsnsasnsarsssnessasasesssasasasassnpaversssense

MAgnesia oo e seirisoasiissasersavnssnserayssnsing 5
Garbonie atideccimvsisiamsisrmssmmmnsrnbrmosnaotnis  Gavessl | leniens 0.220

Charcoal, 1.171 tons, containing :
D O N e eV in e sentanssnsaassvstessonsneney 00800 s 0.982
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Uorresponding to this distribution of materials, and with the con-
stants used before, we find :

‘Doni units 0f Neat NeCLSEATY .. cixrrsrsesissssslinrsrarasnnssaissssensssrsassnnnsanh 1o 4,260
From which deduct units furnished by blast........cocereeruvvnnnnn. evtoarsvaiee 743
Leaving to be furnished by 0.982 ton carbon of fuel.......ceceeveenns 3,617

Of the given amount of carbon, 19 per cent. must be burned to
carbonic acid, and 81 per cent. to carbonic oxide to produce the above
named heat-units to be furnished by the fuel. If the carbon were
burned as in the ideally perfect consumption, 4818 heat units would
be produced, and the amount actually necessary is 73 per cent. of this

ideal.

MOSELLE FURNACE.
(Sec.-14, T, 42, R. 1 E., FRANKLIN COUNTY.)

This furnace was built in 1857, and is owned by Messrs. I. H. Brown
& Co., of Youngstown, Ohio. Itis located within three-fourths of a
mile of Moselle Station, on the line of the Atlantic & Pacific Railroad.
[For dimensions, etc., see plate 1.]

The ore used was mostly from the Benton Creek Bank,in Craw-
ford county, (Sec. 32, T. 36, R. 5 W.), on the line of the Salem & Little
Rock Railroad, (Description of this deposit is to be found in Report
of 1872, pp. 134, ¢t seg.) Some limonite ore from a deposit in the
vicinity of and belonging to the furnace company, is also used. The
tollowing are the results of analyses of these ores:

Hematite. Limonite.

HOITIC OXIAE vcitsrivsssavisssraversrvsasradssiases 92.486 73.766
FEITOUB OXIAG s rrvosenicsssrraisssrssrsaintavas 3.598 2.551
ARG R v as v arnerr senearasroarwoenssnsnssronk 0.916 53879
B £ - trace. 1.116
3 E T T O e e P e e e e 0.639 0813
SHICR covence visesrssansaspsssssassvasvinsnsinsssspnss 3.132 5703
Sulphura..v..ee.» 0.042 Sulphuric acid...... 0.106
Phosphorie ackdei.beessssssmammisvissnssisenes 0 007
T ey i e e b e e 10 290

100.820 99.902
Metallie IT0N .. ianissasininsnsebssoizinnssisssss 67.530 53.630
S D BT e e 01042 0.113
B HOBPNOTT S sy ssmisssbussnvstyenisussursssisansis 0.003 None.
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The Aux is a magnesian limestone, composed as under :

(100 CATDOMALD. . .- ssussissirnsasinnsatiinasswinnssssssohtissietnansnsnansassasearansosiooeansronsconsns 53.061
Magnesic carbonate 37.122
AN g A e PO ORI @i rc-ie ot serrnarcesssts shnsmannasessssseassrnss ivessnsgessssnass 1.531
TS E o) 1on 5y v Ly DR et U el e ) S.419

100.133

It contains also, by special examination, 0.061 of sulphur and 0.015
of phosphorus (0.034 phosphoric acid). To six hundred pounds of
ore in one charge, 150 pounds of flux (or 25 per cent.) and 22 bushels
of charcoal are added. The charcoal contains 4.03 per cent. moisture
and 2.24 of ash. From one hundred to one hundred and ten charges
are made every twenty-four hours. The yield is froin seventeen to
twenty of pig iron daily, and the materials consumed per ton of iron
are 1.651 tons of ore, 0.421 ton of flux, 1.094 tons of charcoal and 6.025

tons of air.
The results of analyses of the several grades of pig iron are given

below :

No. 1: No. 2. No. 3. Mottled. White.
Carbon, graphitic,......... 1.860 2.608 1.012 0.812 0.346
Carbon, combined......... 1.683 0.632 2.604 2.021 3.338
SiHEON G sesaassanssres dsssesihs not est. 0.459 0.634 0.413 1.556
Manganese ....cceeocseesacess 0.570 trace 0.154 0.185 0.095
PhoSphorus ..c.ccesseressees trace trace trace trace 0.039
SHRIPBUT. Ciciveeossirenmsarensse 0.150 0.099 0.065 0.177 0.112
EOOT et criestentonanttsnaresellicsvaceors 96.202 95.531 . 96.392 94.614

100.000 100.000 100.000 100.000

The slag produced is, by calculation, 0.404 ton to the ton of iron,,
and gives on analysis:

AT R eovssassssazs coanaisammosnisvesansiansedsmnssssoneonersrssmavasansasssssy, arad ssisae 4.093
Ferrous. 0X108. s wsnsisseistasessnunssussransonsorsbevnasrrisnssnsansusvess 2.424
EAIMC. +ovs svivavanssnons 27.696
Magnesia..cco it iihareasiderirmasssinsssorbasssevanasers 14.737
ST D R e et B e e e e o L e e 0.781
B OLRRHR voisavemsenstasvsssonrortsnsssnvainssessasastuns csshen Assnassss abasinsesatasseoisrasave 0.650
Crlelum BUIPhIAe. eierresthsserinensesnssntssessrnsnnpisronsssysesassssasapsenassassarnsesy 0.622
[Ehosphorie ACTH: - civrirsnssismrersissnssnnsrasiosanstrcrsninusnessnssesissuassrasssase 0.277
99.999
BUIPHNT ciicciinieassossnpussotsessssassssssosvsestsnesstnsesssassssssnsssyvenssricsarassorssse 0.276 per cent.
Phosphorus 0.120 per cent.

Oxygen ratio of hages t0 /801, coscesssasseissnssmssssnusssseses Svachasarerhesrnesatd 1: 18-5 nearly.
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DISTRIBUTION OF MATERIALS.

Ore, 1.651 tons composed of:

IO vis 55 sa ooyt osivhunavendronsSusnenssl rans i biosasis nbussisuin

) X T BN os e xs s anriprsossamsnsessonesonsnsesssthenmnanvasossansnvanesl  ooens  mmests 0.308

Ferrous oxide... 0.062  iness

B b e e e e S b s e e S 0,007

BIHEOND v atsessirsatmessinsivasrassonmimsavenssvsns sesmmevssesrsssnsons. o OLD  wwwsie  ssens

Oxygen 0.015

Silica, alumina, lime, MATNESIA..cc..eereerevmeeeeriiornenes  aosses 007  wevsis

WV ALEE, 1ssenosorsssstesnsnnssasssinivesssnssonassnconssonsusnsiinpsness:  wosass  wonvss 0.075

Flux, 0.421 ton, containing :

SIHCA s vaseassersessiusmssasss T e T N 0.035 ......
0125 cesses
0076 <o
...... 0.183
...... 0998
01023 iess
...... 0.044

Air, 6.025 tons containing :

O XY RN, sserusushesesnasissrise R suvivees sosssukeraal  exeeer  Exswses 1.386

Do binels] 7ts A R RN B S SR S Tatasanspensessy, womised | entess 4,623

b e B e e R R e 0.016

The total number of heat units required per ton of iron is found
‘to be 3,805, of which the blast furnishes 464, leaving 3,341 to be pro-
duced by the fuel. If 84} per cent. of the carbon were burned to
cabonic oxide, and 15} per cent. to carbonic acid this calorific power
would result; if, however, the carbon were consumed in the propor-
tions theoretically adopted, 4,912 heat units would be produced; hence,
the number of units required is equal to 67 per cent. of the theoreti-
cally possible amount.

BOULLINGER CREEK FURNACE.

(Sec. 4. T. 39, R. 18 W; CaMDEN COUNTY.)

[For dimensions, etc., see plate III; and for character of deposits
furnishing the ores, see Schmidt, in report of 1872, 183 et seq.] The
furnace used the limonite and specular ores of the Osage riverdistrict
with an average furnace yield of sixty per cent, the ores being pre-
viously calcined. A charge consisted of 600 pounds of roasted ore,
20 bushels (360 pounds) of charcoal and from 30 to 50 pounds of lime-
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stone. The production was from 15 to 20 tons per twenty-four hours,
with a consumption of 150 bushels (1.205 tons) per ton of pig.

PILOT KNOB FURNACE.
(IRON COUNTY.)

[Plates IIL and IV.]

[Notes of Dr. Adolph Schmidt.] Roasting the ores is done with
the charcoal braze (or fine charcoal from the charring) in heaps of
thirty feet width, fifty-feet length and twenty feet height, containing
3,200 tons. The layers of ore, eighteen inches thickness, alternate
with layers of the braze of from seven to eight inches thick; the
heap burning from two to three months. A charge is made up of 22
bushels of charcoal, 760 pounds roasted ore, broken to nut size, and
consisting of three-fourths Pilot Knob and one-fourth Shepherd Moun-
tain and 17 pounds of raw limestone per hundred of ore (= 129 pounds
per charge.) In a campaign of the furnace, lasting sixteen months and
twenly-three days, there were produced 8,267 tons of pig, with the
consumption of 910,000 bushels of charcoal, or 134 bushels per ton
produced. In that time the average daily production was 16.4 tons.
The iron is very grey, looking almost like coke iron. Pilot Knob ores
do not melt as those from Shepherd Mountain, but the latter do not
make enough cinder; the best results are obtained with the mixed
ores. The pressure of the blast is from 2} to 3 pounds; the tempera-
ture is between 700° and 800° Fah., and the air enters the fur-
nace through three three-inch tuyeres. The heating of the boilers
and of the blast is done by the furnace gases; the hot blast apparatus
consisting of six rows of double pipes—one ton weight each and cast
in one piece. The blowing apparatus consists of {two upright blowing
cylinders, four feet diameter and six feet long, the pistons connected
by gearing with one horizontal steam cylinder, two feet diameter and
five feet long. TFrom six to eight revolutions per minute are made
when the pipes do not leak. (For dimensions of furnace, etc., see
plate 1V.]

IRON MOUNTAIN FURNACES,

(IRON COUNTY.)

[Plate IIL]

[Schmidt’s Notes.] The principal object of roasting is to facili-
tate the breaking of the ore, and surface ore, which is partly small
and generally easier to break, is often not roasted at all. There seems

G R—10
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to be a further advantage in the roasting, for it is claimed that a
higher daily production can be reached by the use of such ores, which
may be accounted for by the splitting up and softening by roasting,
so that less time is required for reduction and carburretting. The
roasting is done in a similar manner to that practiced at Pilot Knob.

There are two old furnaces, the western, No. 3, and the eastern,
No. 2; the first holding from one hundred and fifty to two hundred
bushels more than the other. Each has two tuyeresof 8 inches diame-
ter. The blowing engine for No. 8 furnace has two cylinders, two and
a half feet diameter each, and five feet stroke, with from 18 to 22 revo-
lutions per minute. For No. 2 there are three cylinders, two and
three-fourth feet in diameter and five feet stroke, and with from 12 to
15 revolutions per minute. The pressure of the blast for the latter is
4 to 5 inches of mercury, (2 to 2% pounds,) and for the first, 3 to 4
inches of mercury (1% to 2 pounds.)

The furnaces are now smelting only surface ores, which work
harder and make a somewhat harder iron. The charge is made up of
700 pounds of raw ore, 70 pounds limestone and 20 bushels of char-
coal, and runs gray iron. From 55 to 58 charges are made daily, giv-
ing from 18 to 20 tons pig iron. The latter is increased from 1% to 2
tons when roasted ores are used. Furnace No. 2 requires 124 bushels
of coal per ton of iron, and No. 3,119 bushels. Both furnaces run
very irregularly, making frequently mottled and white iron ; this is
especially true of No. 2 furnace.

The Iron Mountain ores require a strong blast; they are apt to
run dry, making too little cinder. The limestone used at the fur-
naces, though being magnesian and of the same general character as
that used at Pilot Knob, looks considerably purer, containing less
green clay and less red silicious matter. This may partly account for
the fact that much less of it is used in the Iron Mountain charges;
besides there are the further facts that the ores are richer and less
attention is paid to the regular production of gray iron.

IRONDALE FURNACE.
(WASHINGTON COUNTY.)

[From Dr. Schmidt’s' notes]—This furnace runs on Iron Moun-
tain ores, in mixture with limonites from the Marquand or the Corn-
wall banks in Madison county, or from Marble Hill, Stoddard county,
or from several localities within two and a half miles of the works.
The charcoal braze, of which from eight to ten per cent. are produced
in the burning,is used for roasting the ores. A furnace charge is
composed of 650 pounds roasted Iron Mountain ores, 70 pounds roasted
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limonites from the various localities, and 50 pounds limestone and 21
bushels of charcoal. One hundred and eight charges are made
per day.

The limestone is quarried close to the furnace. It is magnesian
and is rather cleaner than that used at the Pilot Knob furnace, but
not so clean as the Iron Mountain flux.

The charring is done by contract, and at distances ranging from
two to ten miles from the furnace. ~A pit contains usually about forty
cords and burns from twelve to sixteen days. A cord of wood—
chiefly oak and hickory—yields from forty to fifty bushels of charcoal.

The blowing engine has a steam cylinder twenty-two inches, and
one blast cylinder of five feet diameter, with six feet stroke. From
ten to twelve revolutions are made per minute. The pressure of the
blast is 4} inches of mercury in the engine room, and 3 inches at the
furnace (1% pounds). The heating apparatus, (which, like the boilers
is heated with the furnace gases) consists of two double ovens, con-
taining each a double row of ten pipes. or forty pipesin the full ap-
paratus. Kach pipe weighs about nineteen hundred pounds; the
pipes are cast in St. Louis. The temperature is about the melting
point of lead. (For form of pipes, dimensions and outline of furnace,
see plate III.)

The furnace has two tuyeres (3} inches diameter). A campaign
lasts from nine to fourteen months, and ends with the smelting of the
hearth stone, which is brought from the Cedar Creek quarries about
six miles distant. Four taps are made in twenty-four hours. Thereis
no stoppage at tapping, and the hearth is closed at once. The product
is 22 tons daily, and the consumption of fuel is 125 bushels of charcaal
per ton of iron made.

Attention is called to the fact that the production of iron is
usually larger in reality than the furnace records show. This arises
from the practice, in weighing each day, of noting only the thousands,
and disregarding the hundreds that are over. There is also a wide
range of values of the standards of weight, tending to complications
and somewhat confusing in calculating ratios of products to raw
materials. Infurnace practice,one ton of limestone is 2,2681bs., and the
same weight holds good for the ore and cinder; a ton of iron is 2,240
pounds, and one ton of fuel equals 2,000 pounds. In the calculations
on the preceding pages, the raw materials have been reduced to the
standard ton for pig iron (2,240 1bs). There are also great differences
in the weights of charcoal; at Iron Mountain a bushel of the coal is
estimated as weighing from 18 to 25 pounds; at Irondale from 22to 28
pounds ; at Pilot Knob from 22 to 25 pounds, while at other localities
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the weights are from between 15 and 22 pounds. In such, almost in-
extricable confusion, it was deemed best to select an uniform weight
of eighteen pounds per bushel, for making comparisons of the fuel—
consumption at the various furnaces, and reaching thereby results
which, while they may be somewhat too low for some of the furnaces,
probably are not widely different from the actual expenditures of char-
coal necessary to the production of one ton of pig iron at the Missouri
furnaces.

There are also differences in the readiness with which ores from
different localities give up their oxygen to carbonic oxide. Thus the
ores of the Atlantic and Pacific region are generally more easily
reduced than those of the Iron Mountain district, the latter allying
themselves more closely with the “strengfliissig,” and the former
coming near to the ‘‘leichtfliissig” ores of the German writers.*
While this difference certainly does make itself felt in actual furnace
experience and practice with Missouri ores, it can hardly be regarded
as sufficiently well understood or established, nor as being of sufficient
magnitude to enter as a factor in comparing the results of iron smelt-
ing in this State. Ignoring this little understood, and in reality,
trifiling difference, the differences in the results of the various furnaces
as far as regards the charcoal necessary to the production of iron
must be sought for elsewhere.

It certainly seems that the 7z7me involved in those various reac-
tions which result in the production of iron, must be only variable
where furnaces, working under similar conditions respecting ores and
fuel differ in height and other dimensions. Enlarging or diminishing
the volume of the furnace, and thereby lengthening orshortening the
period of working beyond normal limits, not yet defined, may cause
less of calorific power by making the reactions between CO and the
ore, and CO, and the carbon, less or more rapid, and thus destroy that
balance, between the finally escaping carbonic oxide and carbonic
acid, which has been bypothetically taken to represent the most
advantageous combustion of carbon possible in the blast furnace. If
the proper velocity of descent could be determined with accuracy
and rigor, the proper proportioning of the height and volume of the
furnace to the work to be done would become easier ; at present it is
known that with similar ores it must be less with coke than with char-
coal, and hence, smaller sized charcoal furnaces have relatively larger

*On this point Bell writes (Chemical Phenomena of Iron Smelting, p. 422): “If
these words are to be taken in their literal sense of comparative susceptibility to fusion,
their use, in my opinion, may lead to error. * * * The actual cause of lesser con-
sumption of combustible in small furnaces, I have conceived and described as being
d ue to difference in susceptibility of reduction, and not of fusion.””
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production than the larger apparatus necessary for coke or raw coal.
Hence, also, the reactions take place less rapidly in the latter than in
the former, and a smaller weight of charcoal is necessarily consumed
to the unit of iron than is practicable with the other fuels, while it
also follows that, the necessary heat remaining about constant for the
ton of iron however produced, more of the small weight of carbon in
the charcoal must be burnt to carbonic acid (with its 8,080 heat units)
to produce that heat effect than will be necessary with the larger
weight of carbon in the coke. This last is corroborated by the results
of analyses of gases from charcoal furnaces, always showing a much
larger per centage of carbonic acid than do those of gases from coke
furnaces.

These points connected with the rapidity of descent in the fur-
naces will, perhaps, be more evident to a non-professional reader by
an examination of the following table, which contains in the last col-
umn the number of cubic feet of furnace room concerned in the pro-
duction of one ton of iron in twenty-four hours, calculated from the
data in the fourth and fifth columns :
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MAramen ...o.o seesvesas Charcoal .c..ovevsvsvenn Cold seoxes 1,045 13.8 1.221 7%
Boulinger w.cisuussses OhaXeoal o s ceinerss Oold. .c:ee 1,030 17.5 1.205 60
Seobia.. ol v Charcoal .. i.ccossseeres Hot 1,489 20.2 0.912 74
MIAIANY ) vesievaivsses CRATcoal s seepeveesand Hot 3,435 22 1.171 156
Moselle ...cvovenen rosnes ChAarcoal s sivsvasesss Hot 1,192 17.5 1.094 64
Hamilbon cceesoomassss OBarcoal « cyssesenes b rveveill svasassain H|0 Ceranze [ Wisoraanss L agoras
Pilot Knob...c.ocemaeess Charcosl . wesavessned Hob ssvenst 1,880 16.5 1.079 118
Trondale ... oceiveees Charcoal « «ecesseses Hot 1,563 22 1.911 71
Iron Mt. NO. 8....eaves Charcoal . iceoivssesis Hot wiesr- 1,142 19 0955 60
Iron Mft. No. 2...s. -« Charcoal « scessssasss Hot wioeose 1,023 19.3 0.997 59
Mo. Furnace Co...... Coke and raw coal..| Hot ........ 6,461 2 2.875 ||  wsaves
South St. Louis ...... Coke and raw coal..| Hot ........ 5,514 35 2.457 155
Valean! v.vaassorsesstne Coke and raw coal..| Hot 6,328 33.7 2.615 187
Grand Tower ......... Coke and raw coal..| Hot 8,630 37.5 2.380 266
Blg Muddy. veessseie Coke and raw coal..| Hot w...... 8,100 33.2 2.979 243
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The last two are Illinois furnaces working on Missouri ores. The
figures for them and for all the coke furnaces are taken from the
notes of Dr. Schmidt (1872,) which were collected for the Geological
Survey but never made public.* Even af this late date these notes
possess so much value as to make them worthy of a more permanent
and more accessible form. They are therefore produced here with
but slight changes in the phraseology. The notes of the Illinois fur-
naces are omitted.

[Dr. Schmidt’s Notes on the St. Louis Industrial District.]
SOUTH ST. LOUIS IRON COMPANY.
(CARONDELET.)

[Plates V and VL]

Two blast furnaces situated a few hundred yards south of Station 2,
Carondelet.

Ores : Iron Mountain specular ore, principally; surface ore and
bank ore mixed, usually about one-third of the former, but not always
in regular proportion. No difference has been noticed between these
two kinds of ore, although the surface ore has never been run alone,
while the vein ore has. Iron Mountain ore alone works too dry, and
is therefore mixed with some brown hematite. About a year and a
half ago, Pilot Knob ore was tried, but complaints were made of the
lack of strength in the iron for foundry and for nail works. Brown
hematite was not used at that time; the mixture contained twenty-
five per cent. Pilot Knob ore. There was no considerable difference
in the yield noticed.

The brown hematites come from Southeast Missouri, from the
vicinity of Fredericktown and Marquand, on the Iron Mountain Rail-
road. The soft, red hematites from the line of the Atlantic and
Pacific Railroad are sometimes used to the amount of twenty to
twenty-five per cent. of the charge. It is preferred for softer and
purer irons. The same amount of flux is used for thered or the brown
hematites ; the latter are used only when the red is not to be had.

Coal : Brazil, Indiana coal, reaches the works by the Indianapo-
lis and St. Louis Railroad. Big Muddy coal, from Grand Tower, Illi-
nois, is brought by boat one hundred and twenty miles up the river.
When coke is to be had, it is mixed with the coal and improves the
running of the furnace on grey iron. The coke comes from Connels-

*It was the intention of the writer to have emended these notes, bringing them
down to a later period, and to have illustrated the furnaces work by analyses of the
materials and products. On account of the unfavorable condition of the iron industry
this work was so long delayed that other laboratory work took precedence, and time
did not allow its being completed to date.
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ville, and the necessity of transportation by river renders the supply
uncertain. Coke from East St. Louis is now being tried.

Blowing Engine—Old : One steam cylinder 34 inches diameter
and 7 feet stroke; the blowing cylinders, 16 inches diameter and 7 feet
stroke ; two fly-wheels, 13 tons each, 18 feet diameter. Temperature
of blast 800° to 900° Fah.; pressure, 42 pounds; pressure of steam &0
to 85 pounds; revolutions,16. New FEngines : Two, horizontal ; steam
cylinders 29 inches each; two blowing cylinders, 72 inches, each;
length of stroke, 6 feet; one fly wheel, 12 tons.

Hot Blast Apparatus : No. 1,16 feet wide, 25 feet long, with 65
syphon pipes, 12 feet high,and 5 bed pipes. There are therefore, five
systems of thirteen pipes each. No. 2, 28 feet 4 inches long, 17 feet,
8 inches wide, with 78 syphon (12 feet) and 6 bed pipes.

Results for the year ending May 81, 1872.

Number 0f ChATEES MAGE....corvicesierseosensnsreniosasesasssssssansssvasessonsaneassrvesisissasass s vy 11,065
Fuel used :
OBL cosrasiah cuns i vniressussnisrsiinnenssssensunessranensryChstaents senasavinas 18,904 tons.
CIOK ;i oveesess sriss swyvonstsavarvsia s sas Vs VAN R RS A AR Sy s ARk Vs s PanUs e 3,639 tons.
22,543 tons.
Ores used:
Iron MORBLRID. . cocscisesnarescsssarsnsssoessniessssssen Sonarsasssovenssusys ,18,113 tons.
Tehn. DrOWN BOINaEILe (e s e siriastnrarrsasissssnssassnurssbammravsisn 241 tons.
Hermitage, red hematite (A. & P. R. R).cceeveeerceceeensecsnneecens 342 tons.
—_ 13,696 tons.
R dle Cl T ers . ool et fi s sshadin sen bonayvses e eknshesnansenarasnualensentbnszan 739 tomns.
R sy s soseeesnsntsmnsasssnnsiodos sosahnsssssssons sonbEvanssinnsirosvisstsoerrsnesesnebsinansrrans 3,345 tons.
Product :
HOOROTY NG s e siashocnstass cosonsknossnsssirvassant sALA S yetnsrsnssss 2,710 tons,
HOUNAEY, N0, 2l isseivivaarcrssssssussssmessanssasshsiossrast sessrtsvavin 1,227 tons.
T O L L I i e e v o e Sl T e N E T o e
ML Aron; MNOL 1iciiieisiieacsiscensonnanstaniaverasonsesssnssvcstosvbssossnates 4,441 tons.
RO NG e o st chm eaivesmatiannoinassaersisginesssnsension 776 tons.
T L e e e e S R e 25 ‘tons.
LOTRE . coovinvsrasiorcassiasesronsrss seaatsrssssmiesissses Cyassnssnars s s s 9,179 tons.

[From the above the following are calculated: Yield of pig from
the ore, 67 per cent.; fuel consumed per ton of ore smelted, 1.6 tons ;
fuel, per ton iron produced, 2.4 tons; flux per ton of ore, 0.25 ton;
flux, per ton of iron, 0.36 ton.—C. P. W.]

[Dr. Schmidt’s notes on markets, freights, etc., are, for obvious
reasons, omitted.—C. P. W.]

Missouri Furnace Company,(Plate VIL,) July 5, 1872. Two blast
furnaces situated near Station 2, Carondelet, a few hundred feet north
of the station. One furnace running, the other in repairs. Ores:
Iron Mountain, arriving by I. M. R. R.; the cars are pushed into the
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shed, and in unloading the large pieces are separated by hand from the
fine. The coarse ore is hoisted on an incline to a Blake breaker, and
crushed to a fist size. No roasting of the ore; surface ore works
equally well with the other. Pilot Knob ores have never been
worked. Ten per cent. brown hematite, used, uncrushed.

Coal: Usually run with Big Muddy coal with one-fourth coke.
Indiana coal is used only in case of necessity, but does not make so
good quality of iron. Coal alone does not affect the quality of the iron,
but the furnace is Iiable to hang and does not run so fast as with the
mixed coal and coke, the latter giving from 30 to 45 tons of iron
against 30 to 35 tons with the coal alone. Coarse coal works almost
as fast as coke.

Connellsville or Pittsburg coke is used, reaching the works gen-
erally by barges down the Ohio. Connelsville coke weighs about 38
pounds per bushel, and the cost by river transportation is 18 cents
against 20 cents per bushel for thesame by rail. The difference in the
price is therefore $1.20 per ton , estimating 60 bushels tothe ton.

Blowing Engine, etc—One engine, two horizontal cylinders
about 6 feet by 55 feet 3 inches, directly connected with steam cylin-
der (29 inches [?]); 6 feet stroke; 25 revolutions per minute for one
furnace, or 35 for two. Steam pressure, 70 pounds, but only 40 pounds
are needed in the cylinders, the reduction being effected through
the steam valve. The boilers are six in number, each of 40 feet
length.

Hot Blast Apparatus: One system has four rows of eight or
thirty-two syphon pipes; the other, six rows of eight or forty-eight
pipes. Temperature of blast=900° Fah.; pressure 2} to 3 pounds.

Furnaces : Have eight tuyeres of four inches diameter. The two
furnaces have the same dimensions, No. 1 has, however, a closed top.

Charge : For grey iron:

Iron Mountain ore (UDCTUBhEd )c..-sosesssssssssarescssansissssaosans 2.500—3,000 pounds.

Cornwall (raw) «“ ) bt e e 2,000—3,000 pounds.

TN OEEOMO cvssveesrsavsvosnrssnosnerersrnrasnsasssressaspeeinehssssissrensan 20 per cent.

Coal and coke, 6 barrows, at 10 bushels (of 64 1bs each for coalor 85 lbs for
coke.)

The yield is 66 per cent. of iron from the ore, and the consump-
tion of fuel is from 2} to 24 tons of mixed coal and coke per ton of iron
produced.

Carondelet Iron Works, near station No. 2, Carondelet: This fur-
nace is under the same management and uses similar materials to
those used at the furnaces of the Missouri Company. It was put up
in 1852, as an experimental furnace, to test the smelting of Iron Moun-
tain ores with raw coal. The furnace has a closed front, epen top,
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and has five tuyeres, none above the tymp. Its production is from
eighteen to twenty tons daily.

The hot blast apparatus has two double rows, or about forty pipes
(Scotch pistol-pattern). Temperature of the blast 600°-700°; pres-
sure 2} pounds. Practice and results, the same as at the Missouri
Company’s furnace.

Vulean Iron Works: The two furnaces of this company are run
chiefly with Iron Mountain ore with ten per cent. puddling cinder.
Sometimes mix Pilot Knob ores and sometimes brown hematites from
Iron Mountain R. R, or Atlantic and Pacific R. R., or from Osage
river (pipe ore) or bog ore from Southern Missouri or Arkansas. The
proportion of Pilot Knob ore used is from one-sixth to one-fourth the
weight of the Ircn Mountain ore with which it is mixed.

The fuel is mixed Big Muddy and Indiana coal and Pittsburg
coke—one third of each.

Both of the existing furnaces [July 10, 1872,] are alike, and have
the dimensions indicated in the sections [plate VIII]. Each has eight
tuyeres. One larger furnace, eighty feet high and twenty feet bosh is
being built, especially for Bessemer iron, to run with coke alone, or
with coke mixed with a little raw coal.

Diameter of tuyeres, 4 inches; temperature of blast 800°; pres-
sure, 24 to 34 pounds. A

A charge is 1,500 pounds coal, 1,700 pounds coke, 3,300 pounds
crushed ore (Iron Mountain) and cinder, and 1,000 pounds (= 30 per
cent.) limestone. Forty charges are made in twenty-four hours to
each furnace. The actual production is from 70 to 80 tons of iron
from the two furnaces.

Puddling Mzll: Eighteendouble furnaces ; charge 1,050 pounds,
with five heats in eleven hours; labor, five men to a furnace; fuel,
forty bushels of Belleville, Illinois, coal to the ton of puddle bars.

For head plates for rails, the following mixture of irons is used:
1-6 Tennessee charcoal, (Wayne furnace); 1-6 Wisconsin charcoal
iron; 4 Iron Mountain charcoal, and 4 Vulean Iron.

Rail Mill, has ten heating furnaces and twenty two inch trains
with a capacity of 90 tons of finished rails in twelve hours. The en-
gine is 850 horse power.

The consumption of fuel for puddling, heating and all purposes is
eighty bushels to the ton of finished rails.

The analytical results relating to the charcoal furnaces are col-
lected on the following two pages, for convenience of reference.
They include the analyses of the fluxes employed, of the slags pro-
duced, with the oxygen ratios, and of the several grades of pig iron
manufactured.



Recapitulation of Resulls of Analyses of the Fluxes used, and the Slags and Irons produced at some Missouri Furnaces.

FLuxes oF CHARCOAL FURNACES.

| l
Furnace. Lime. Magnesia. |Carbonic Acid. 8:‘5‘{2{1’1{“}{[?: I'isl(;]&gi_e Sulphur. Phosphorus.
MATAMEC veuscisvaiisesssasaiorsnassussunsiny 20.462 20.197 44.367 1330 4201 0.036 0.0022
OZATEK . ovsirsesssusasesessnsssssssonsessnssren 31.102 19.603 56.994 0.734 3.795 0.0485 0.0017
SCOMA. cosovciciminarssssassasasinsvassinsosess 47.083 6.025 43.624 0 987 2 565 0.046 Trace
BEAIAN o0 covsiteilnssvensarsssnassansnonessens 29.081 18.510 43.210 0785 7.478 0.028 0 022
MOBOLIG ... uiv s ihvesnssnsnssossusisssonsiss 29.714 17.678 42,701 1531 8.419 0.061 0015
SLAGS FROM CHARCOAL FURNACES.
Furnace. Silica. | Alumina. F(‘)e;xi'(c])gs Lime. | Magnesia.| Soda. | Potassa.|Phosphorus. |Sulphur,| Total. | Oxygen ratio.
MATAIIE0 i atess invssovenin G4.746 7.729 2.282 16.973 5.349 1.812 | 0.702 0.249 0.059 | 100.299 |1 : 8 (nearly.)
Ay
(52700 S erplad e A S 48.928 16.617 2.573 27.895 0.855 2.202 0.034 0.2005 | 99.625 | 1 : 1}
Seotinservn.. .2 Rt obit eesund 51.676 6.437 0.871 22.065 | 16.399 1.008 | (.652 0.136 0.076 99.673 | 1 : 1.7
Midland........ o 41.675 13.439 2813 30.203 9.343 0.446 | 0.537 0.133 0.143 09.184 | 1:1.2
PEOBBLA G o2 hRsstiis ansvive 48.819 4.093 2.424 27.596 | 14.737 0.781 | 0650 0.120 0.276 99.999 |1: 1.6

1218
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iroxs FrOM CHaRCOAL FURNACES.

Graphitic Combined
Furnace. Silicon. Phosphorus. Sulphur. Manganese. Iron.
Carbon. Carbon.
Maramee No. L. anssanisinissisorssss 2.024 2.276 0.378 Trace 0.048 0.904 94.370
Maramee NO. Zuuvcrereerernsrrenenssesesens 2.000 0.887 1.246 Trace 0.136 0.717 95.010
Maramee No. 3....ccuievavsses st bRN s 2.662 0.288 1.337 Trace 0.191 0.852 94770
oo
2.6588 0.4199 0 0066 0.044 0.5713 96 2094
( 0.826 Trace 0.0256 02419 | seeesenss
l 0.541 Trace 0.043 0871 | mnsmee
Not est. Not est.
SEOLIANO. 8. 0shersissesssmmncanesrnsons R ere 0,768 Trace Not est. .273
Scotia White wieeeeen roomeaes LI e S J L 1.180 Trace 0.047 0.266
Midland........ seressecesinannysansnseseraras e 2,780 0.360 0.566 Trace 0.028 0,673
Moselle No. Lwvirssssacsrsossmrsosnss Sommooer 1.860 1.683 Not est. Trace 0.150 0570 | .eeenne
Blogelle NGB . oo s s e g 2.608 0.632 16.459 Trace 0.099 Trace 96.202
MOREIIe N Buiiis seanssspsrssnpronsssennansens 1.012 2.604 0.634 Trace 0.065 0.154 95.531
Moselle mottled........ T L 0.812 2.021 0.413 Trace 0.177 0.185 96.392
Moselle white....... L L O R ©0.346 3.338 1.556 0.039 0.112 0.095 04,514

*XYISAANT NOHMI TVODYVHD HHL

qqr



"
"

" .
- =
—n

—n =
"

" .
"

== =

"

"

i




SHANNON COUNTY

COPPER DHEHPOSITS.







B
- B
L] ll L] L] . i o B L
_
. B B B _
L] - L] B o [
- Il I 4
B
— - i =
- . o . [
" man - L] L] L] L] - LI} L] L] L] an LI LI} L] =y __ I_
_
LI} LI} LI N A ] L] LI N} " - L] - LI} L] L] L] LI} L] LI} L] L] LI
_I — LI} L] L] l_ - LI} L] " man an L] L] L]
- - - - - - i
- - = —_— " = - — - L l_ - = = = " '] l_ N "
B B s .
- B B - o o - B B R . B
" B _
LI B L] L] _l_ll _l L] L] LI L] L]
- L] L] L] L] L] L] L] L] L] L] B
- e - R B B B e
"B - IIllllI_I - === -— — - LI} L] - L] L] LI} LI} L] L] L] L] L] l_ L] B
N N ' 5 _ 1
_ B
L] ll B
D - - B B - -
a = - -~ mam - o L] -— L - a— " man L] " man B H
- - = - L
B o - B B B B B _ B _
- . - B - I - - B .
- - S - B B - B B
- - - i - - - -




T O T ¥ aciie : = e

A | ‘\g,h\ T
R e e
SRR ~\\,_ﬁ__,-__\%_¥

‘
YERTI/CAL 730"

SCALE
1 HORIZONTAL V—A"’%—E—-

T EMrilsnns tel, RegarndCaria lits o7 Crty e

PLAN ano SECTIONS or BLUE SPRINGS
PLATE IX. AN %5 of Section 20, Tonn20liange + West —~ SHANNON COUNTY.
Felocety at D K ~ 100 Feel i 29 75 Seconds



SHANNON COUNTY.

GEOGRAPHY, TOPOGRAPHY AND HYDROGRAPHY.

Shannon county, situated in the southeastern part of the State, is
bounded by the counties of Reynolds and Carter on the east, by Ore-
gon county on the south, by Howell and Texas counties on the west,
and by Dent on the north. Its northern limit is township line 32 ; its
southern, the northern line of the lower tier of sections in township
26; its western boundary is in range line 7, while easterly its outline
is irregular, but its limits are chiefly to the west of range 3. It in-
cludes twenty-six townships, and thirty-four sections, or an area of 980
square miles.

The surface of the county is broken and hilly, the hills rising
abruptly or precipitously, and rarely with an approximation to a
gentle slope from the streams. On Sec. 28, T. 30, R. 4 W., barometric
observations gave the summit a height of 350 feet above the level of
Current river, distant less than one-half mile ; in sections 9, T. 29, R. 4
W., the elevation is 400 feet above the Current.

The largest stream is the Current river, entering the county in
Sec. 5, T. 31, R. 6, and flowing with a very tortuous course, but in a
general southeast direction, enters Carter county in Sec. 16, T. 28, R.
1 west. Itis a rapid-flowing and clear stream, with a narrow fertile
valley, limited by abrupt hills, often with steep mural faces. Its
chief confluents are Barren Creek and Jack’s Fork of the Current.
Barren Creek enters Shannon county from Dent in Sec. 6, T. 31, R. 4
W., and flowing a general southerly course, discharges into the Car-
rent on Sec. 7 in the next township south, after receiving, in Sec. 33,
T. 31, R. 4, the waters of Sinking Creek. Jack’s Fork enters from
Texas county (on Sec. 31, T. 28, IR. 6,) and with a general northeast-
erly flow, joins the Current in the 8. K. } of Sec. 9, . 29, R. 3, after
receiving the waters of the Delaware and Big Shawnee creeks, both
flowing from the South.

Besides the main water courses enumerated, the county is abun-
dantly supplied with smaller streams and brooks, along the narrow
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bottoms of which excellent farming land is found. All these are
quickly flowing streams, and many of them furnish fine power, which
must eventually be utilized for the manufacture of lumber from the
heavy growths of yellow pine and other woods with which the hills
and creek bottoms are clothed. Two of these small streams are of
sufficient interest to warrant a special description.

Blue (or Round) Spring, on the northwest quarter of Sec. 20, T.
30, R. 4 west, rises in a circular sink or opening in the limestone rock.
The spring has a diameter of 84 feet, and careful soundings reached a
maximum depth of 48 feet. The water is of a pale azure blue—pos-
sitly due to the polarization of light by the finely divided limestone
or clay in suspension—and has a temperature of 58°5 Fah., that of
the air being 804°. It has a subterranean outlet through 72 feet of
limestone, after which the waters discharge themselves into Current
river, at a distance of 660 feel measured on the course of the stream
with a fall of 17 feet. The volume of water discharged by this inter-
-esting spring we may estimate from the accompanying plan and sec-
tions (from a careful survey in August, 1875,) to be not less than
425 cubic feet per second, or an available horse power of about
800. The origin of this spring must be looked for in some of the sub-
terranean water courses which are known or believed to exist in the
vicinity.

Mammoth Spring (west 4 S. E. 4, Sec. 25, T. 29, R. 5 W.) appears
near the base of an almost perpendicular bluff which has a height of
159 feet (by the barometer) above the present surface of the water in
the dam. The bluff rises by a gentle slope, 95 feet more to its sum-
mit. The water has a temperature of 57° Fah., that of the air noted
.at the same time being 80°. It has the blue tint, but not so well
marked as that of Blue Spring. A line of soundings from the base of
the blufl to the dam gave the following depths: 31 feet, 30 feet, 31
feet, 27 feet, 19 feet, 15 feet and 10 feet. The surface velocity of the
stream, determined by the time required for a float to pass an accu-
‘rately measured distance of one hundred feet, near the line of cross
section of the stream (see plan and section of Mammoth Spring,
Plate X), was 5.38 feet per second.* The volume of water discharged
must be at least 588 cubic feet per second, giving horse power.

GENERAL GEOLOGY.

Archean: This age is represented in the limits-of Shannon

county by the so-called poryphyry rocks of various textures, gener-

* The observations were 18”7, 19”7, 19”7, 19” and 18” for the one hundred feet ; mean,
18.”6. The observations and the survey of this and the Blue Spring were made chiefly
by Mr. John McGuire, a most faithful and competent assistant, who was with me in
Shannon and other counties.
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ally compact, however. They contain little or no free or visible quartz.
are highly feldspathic and generally micro-crystalline in structure, cor-
responding in these particulars to the rocks classified as porp/lyrite in
the nomenclature proposed by Naumann, the crystals notbeing large:
enough or sufficiently well-defined to place these rocks among the true:
porphyrys, as the word is understood. In fact, the term is applica-
ble only to rocks of certain structural peculiarities, not confined:
strictly to any special mineralogical composition, and is therefore apt
to cause error when used to denote the latter instead of the structu-
ral character. However, as the name porphyry has been used to.
describe certain rocks in Iron county, which are closely related, im
physicarfeatures at least, to those of Shannon county, and has there-
fore become somewhat specific in application, it is deemed best to
retain it in this connection.

The color of these rocks ranges between a reddish brown and a.
dark pink ; masses of a flesh-tint are occasionally met, and others.
with a dark liver-color are still more common. They break usually
with a smooth fracture, inclining at times to choncoidal.

The absence of distinctly crystalized feldspars in these rocks
makes the determination of their mineralogical composition some-
what difficult. A specimen with a dark brown color, showing a few
patches or specks of lighter color scattered throughout, but of very
hard and compact texture, from N. E. qr., Sec. 36, T. 29, R. 4 W,, on
being treated with hydrochloric acid yielded material amounting to
12.216 per. cent. of the rock (including 0.651 of loss by ignition, which
belonged to this portion,) which, on analysis, was found to con-
sist of :

SUICTO AT rcscasincanussnscosninsansusssnenannsearaepnasconioss] vesaehuasssassstuastssvassasees 37.27 per cent.
POTTI0 OXIA8, s cvrmsssrrssciosssavssasssssiushassionsnetssqunsavsnsssvossoriassssssnsessnsongs 42,19 per cent.
AIUMINA socsssssnsenarssessssssenssssannssrssssansossrasssssssvas sssssasssssvessssse svaeesse ) 4 20 per cent.
DG s e st sernanaens tan e vos o u Pl s S r oo PRARAAANE S PE KRS AR ET AUS LI RA ¥R TRES S S Pt eruiens 1.74 per cent.
MAGNEEIA suisersviions snssrssssvesansisssesssinransssnssanmssssssssasssssoontssssssrassasasss 4.80 per cent.
S e rmnmiornatne ponme oo o e o e 00 OO T 1.19 per eent.
POLBESR o5 xcisinivassommsonsess s esiis Iounhanssosnhioivaeres SoanstnessvsRmRaSSHIRYOTRS 30 3.12 per cent.
WRLET issavovs tuvernsivnsanbessnssnnerssnstottroassversnssaconts uoh Ceankansrsensatsbhariateny 5.38 per cent.
99 98

Giving an oxygen ratio for the bases, silica and the water of
4:45:1. Itisprobably a variety of the uncertain species, pinite,
and a product of alteration; but is interesting from the relatively
large amounts of ferric oxide and small amount of alumina. Part of
the iron may exist, however, as a mechanical mixture, and the decom-

G rR—11
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position of which this material is the result, may have been aided by
the sulphides existing in these rocks.

The portion of the rock remaining unaffected by boiling hydro-
chloric acid, was of a paler color, with a tint somewhat inclining to
purple, and after drying at steam heat, constituted §8.226 per cent. of
the original rock. It contained no water, and yielded by analysis:

SIHETC A s aserartunssssnmsasierinsssosernrensanssssassesseassessssimssehansn ssaiss bnssvs 73.11 per cent.

ATTIIHA o0 s eveiniv e vupatoderorian ciuamsoratvensevessunsekas s sbssannesaiabunnisasssas I4 26 per cent.

Pl e s e e e S s e g S R 1.08 per cent.

EHN@I i cisssnervas pmtesssss ssniivmussuntesassns serseaeubestinmaine sunssonivessaelinsbns spcs 0.31 per cent.

R T S e B R e o e o o b AR S L trace.

B0 8 cremssis coassimrasanasmeanns P PP T IS trace.

O R e e s T e e T e e 11.08 per cent.
99.84

The oxygen of the sesquioxides (alumina and ferric oxide) stands
to that of the protoxides (potassa and lime) in the ratio of 3.4 to 1,
while the ratio in the feldspars is 3 to 1. The mineral is an orthoclase
felsite, a portion of the potash having been removed by decomposi-
tion. The analytical results point to the view that the original rock
was a mixture of albite and orthoclase felsites, the latter preponder-
ating. The decomposition has been most active in the soda feldspar,
this being more readily decomposed than the potash or orthoclase
feldspar.

The bedding of this rock is obscure, and the differences in litho-
logical features and in texture are so very slight that there are great
difficulties in the way of arriving at a knowledge of the structure of
the region in question. However, on section 36, there are three par-
allel intercalations of a white quartzite rock, having a strike of
about N. 87° E—S. 37° W., and dipping S. E., 56°—determined in the
shafts and other openings on the copper deposits occurring in connec-
tion with these quartzite beds. Commencing with the most south-
easterly of these, we find it to be about twelve feet thick, and to rest
on 18 feet of a decomposed porphyry of a dark brown color, under
which is the second belt of white quartzite, resting on 130 feet of por-
phyry somewhat decomposed (sample for analysis above given was
taken from this bed). Below this is the third quartzite bed resting
on porphyry, which is of a paler color, but with a purple tint, and is
of compact and massive texture. If bedded at all, the bedding is on
a large scale.

The white quartzite from bed II, is enfilmed in patches with green
stains, probably of malachite, and yields, by analysis, 0.058 per cent.
copper (equivalent to 0.104 per cent, malachite). It, and the material
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from the other quartzite beds, contains, especially in the seams, a
white clayey material decomposable by acids, which amounts in the
case of No. II, to 15.8 per cent. of the weight of the material, and con-
tains silica, alumina, a trace of ferric oxide, lime, magnesia, soda, car-
bonic acid and water. Of the remaining 84.2 per cent. of the rock,
96.9 per cent. is silica, the three remaining per cent. being made up of
alumina, ferric oxide and lime. '

The copper deposits exploited on Sec. 36 are beneath the belts of
white quartzite, resting on felsite.

Silurtan. The rocks of the calciferous epoch make up the larger
part of the county. They rest unconformably on the porphyry, which
forms the substructure of the region, covering the latter, excepting at
few points, which were islands or peaks above the surface of the
waters of the silurian sea. The most recent member is the second
sandstone, showing on Secs. 1 and 2, T. 28, R. 5 W., with a thickness
of somewhat less than fifty feet; on Sec. 9, T. 29, R. 5, and on the road
from Blue Spring to Eminence, on Sec. 9, T. 29, R. 4, with about the
same thickness. At the last named locality its height above the
Current river is 400 feet. On section 18, T. 30, R. 4, the third magne-
sian limestone rock forms the entire hill from its base on the Current
river to its summit, 350 feet above the river.

The heavy belts of this third limestone approach very closely to
a true dolomite in the relations of the calcic and magnesic carbonates,
as shown by the following analysis:

A. B. Mean.

per cent. per cent. per cent.
Caleie carhonate. o . S L 53.313 55.216 55.264
Magnesic carbonate.. ...isssmsssessssasesioes 42.532 42,374 42.453
Ferric oxide and alumina.....cccceeieeniirecinnene 0.964 0.916 0.940
Ingoluble Mattersv v ein . inmsveseisiassrisess 1.384 1.330 1.357
100.193 09.836 100.014

Deaducting the insoluble matters and the ferric oxide and alumina
(= 2.297 per cent.) and calculating then the percentages of calcic and
magnesic carbonates, they will be found as follows:

Caleic earhonate.. seissssvsenimiensssosins A ERR SR A AN VAR ST RO AN SAS NS T 50.50 per cent.
Magnesic CATDONALE. ....uneeriserrinsmssisarsassinnsssssinsrasveananssansssssans 43.44 per cent.

whilst the molecular proportions of true dolomite require :

Caleic CArDONAtew sessersassussssrsarsesrsssasvosersansnsessparvassssansssssanss 54.35 per cent.
Magnesic CAFDOTALE. ..eureeseiversavensiarearanassssmtearassntsssstsrsnsaantorsos 45.65 per cent.

The magnesic carbonate in the specimen examined is slightly
excessive.
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ECONOMICAL GEOLOGY.

Copper. The occurrence of deposits of copper ores in the por-
phyry, and their position on Sec. 36 has already been noted. The
existence of these deposits at this locality has been known since the
vear1£30, when Joseph Slater began mining operations, which resulted
in the production of fifteen hundred tons of copper ores, it is said,
which were shipped to Swansea or smelted on the location. A period
of litigation seems to have followed, lasting until the year 1841, when
the Aberdeen (Scotland) Mining Company came in possession and
resumed work. Through what cause this company ceased operations
I am not advised, but the property came into the possession of the
Current River Mining Company, and by them transferred within the
last three years to the present owners, the Consolidated Land Com-
pany of Missouri, whose estate comprises about nine thousand acres
in Shannon county.

About the year 1841 this section of country was visited by Mr.
James T. Hodge, and his views were published in Silliman’s American
Journal [XLIII, 65.] According to Whitney,* who bases his opinion
on Hodge’s Report, the ores appear to be contact deposits between
lower silurian rocks and a reddish quartzose porphyry of azoic age.
At the time of my examination (1875), the older works were not in
condition to admit of making such an examination as would warrant
a positive opinion as to the nature of these deposits, but from the
access to them, which was permitted by the cleaning up work of the
present company, they seemed to be rather of the character of bedded
veins, coincident in strike and dip with the bedding of the porphyry,
and associated with the white quartzite above noted, as the hanging
wall. It is possible, however, that they may be classed as vertical
seggregations or vein masses (stehende stoecke, Cottat) between the
felsites proper and the white quartzites. More extended working is .
necessary before the true character of the deposits can be fixed.

The accompanying diagram (Plate XI) and section of the part of
section 36, on which the works have been concentrated, will show the
positions of the deposits and the principal shafts which have been
carried down to develop them.

The ores in the upper parts of the deposits are almost exclusively
oxidized ores, or secondary products from the sulphides. The anogene
metamorphoses which have resulted in the production of such consider-
able amounts of the carbonates and oxides from the sulphur combina-

* Metallic Wealth of the United States, 311.
t Die Lehre von den Erzlagerstaetten, pp. 191, ef. seq.
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tions, and in the simultaneous liberation of so much sulphuric acid, must
have played no minor part in the alteration of the felsites which has
been described. It may be that the beds of white quartz themselves,
possibly owe their existence to such action, they being final products
from the felsites after the elimination of the basic constituents there-
from. If these hypothetical considerations are well founded, the geog-
nostic history of the copper deposits would be made np of the following
periods: (1) formation of a fissure along a line of bedding in the por-
phyry ; (2) repletion of this fissure by sulphides of copper and iron—
these being cathogen operations—ard, (3) oxidation of the sulphides
and formation of the carbonates and oxides, with the simultaneous
production of the beds of white quartz and partial decomposition of
other beds of felsite.

The gangues are almost entirely silicious ; at times small amounts of
calcite and dolomite are found, and limonite occurs intermixed with
the carbonates of copper, and coating larger lumps of the yellow
sulphide.

The following analyses show the composition of the ‘“carbonate
- ore” from this property :

1. X TIf.

Cupric OXIe. ivicnasssssrissisnmensivin e srtananssnse 70.800 70.641 70 598
HOYTI0 OXIA00 ¢ s1avie nssusterias sarvasssreasassessarnsssonsn 3.463 4.073 3749
B (e e e e i 1.035 0.845 0.804
DEADTCRIA cvavs sariasinsvassssoviosninasasssassnunsiassansniss 0.650 0.192 0232
Oarbonic acitivesmicows srodorettonie TR SRR 16.640 16.523 16.331
WVARLBE Gy icrrinsenssssesrsisasasnsvassraisisstatissssdsnesecsnssis 7.050 7.037 7.126
DUIDBUY oensdeersasiensurversassnnssevasvie SbssePRtnbonany 0.876 not est 1.052
BB o i rmnasacenranavsinrsnsransatus 3ssronsnssinessinsys 0.363 0.382 0.468
1008760 * s 100.360

Less oxygen equivalent to sulphur....coeee....e. 437 526
100.439 09.834

Metallio/0ORDEr fisiriseesvinssmasissssmsesssmasssosags o 56.6% 56.52 56.42

The analyses were of a sample of several large pieces. No.I is
the mean of two analyses by Ohmann-Damesnil; II, mean of two by
James Pack, and III, single analysis by Gavens—all in thislaboratory.

The sulphides at present produced are chiefly from the cleaning
up of the old works, no deep or systematic mining having been begun
at the time of our visit. The larger lumps are composed of chalco-
pyrite(=copper pyrites) intermixed with brown iron ore (limonite), a
small amount of malachite and more black oxide or melaconite. Two
samples were analyzed at my request by Mr. John D. Greason with
results, as follows:
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A. B.

CHRPIOLOXIAB . recrasicersrimrasasssssnsnuonssssinerssmsvsisninssbssoitonsss 28.207 69.001 per cent.
Ferric oxide...c..ooeones e 45.660 4.049 per cent.
ARG oty vs eathvissssasuosnsisqvapsssaany . nil. trace.

B i e i T A e ... 0.430 1.881 per cent.
M ATNCRIH ccuriesiovsimsusmsssmosnnsrssonsseysbassianinsiveisrsnskusantnast iy trace. 0.198 per cent.
S (e e e & A B O T R o e T nil. trace.
ANLIMONY < covinaveipessssssssitsrrasssssnsinsssteassisuabiesrsssmssssossas . 0.070 nil.
Sulphur........ e I i s st U S T T T LI Tt 13.669 3.908 per cent.
R D A e e e o e s st e onrHass Rham senipaas e sasassns 1.562 11.906 per cent.
B L 5.462 13.409 per cent.
T T L T e 7 7o W o P i, e s e o i s e T 5.539 0.259 per cent.
3 T 0 S B e et R ot P e ek D et e PO 22.52 55.16 per cent.

The mineralogical composition of A may be calculated from the
above analysis to be probably, as follows:

OB COD TEILO. i s vucne onsessanrnna snusssasnisrncsissssssiunsansssasnnsyhsesssabaossnsssvomnssn 39.165 per cent.
S U0 e SR Sl N e e o e e D e 2.769 per cent.
DECIICONILE. . oo oreusarvissen srvsonsssonssnsrsesnisns sobssadorsossussesntiseesasmuriassssavnnire 12.487 per cent.
TIAOT R .. . o Jieet v viencnns ovsacin O KA s e Lt et o e 33.414 per cent.
GaDZNELsanversissirves T T D T L T L AT L T L o S 5.969 per cent.

Sample B shows less chalcopyrite, and more malachite.

The first shipment of ore made under the present organization
amounted, I am informed, to 36,213 pounds. It was obtained in the
work of cleaning up and exploration, and included 546 pounds of
furnace bottoms and regulus from the old works. Of the remainder,
about one-half was lump or cobbed ore, and the other, sand or wash
ore, yielding respectively,32 per cent.and 12 per cent. It was treated
at Wheatleys’ works, near Phcenixville, Pennsylvania, the route of
shipment being by teaming to Mill Spring station, on the Iron Moun-
tain Railroad, (at a cost of sixty cents per hundred), thence to St.
Louis and eastward. These figures are furnished me by Chas. T. Biser,
the superintendent of the works, who claims that the Iron Mountain
Railroad can be reached, at Newport station, at a cost not exceeding
three dollars per ton by flat-boating down Jack’s Fork and the Current
river.

The limestone near the line of junction with the porphyry shows
small amounts of copper, chiefly in the form of malachite stains.
These occurences are probably of the class of impregnation zones,
and can hardly be regarded as of any practical significance. The
Biser shaft (on S. K. qr. of S. E. qr., S. 25,1.29, R. 4), was carried down
to a depth of 70 feet, through limestone, without reaching the por-
phyry. Coarsely crystallized calcite and dolomite were met, and
occasional specks or stains of malachite.
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Iron : Deposits of hematite of the variety known as blue specu-
lar ore, are found in the sandstone. A specimen from Sec. 2, T. 28, R.
5 W., gave 96.205 per cent. ferric oxide, (=67.3+ per cent. metallic
iron); 0.893 per cent. alumina; 0.105 per cent. lime; traces of mag-
nesia and phosphoric acid; 0.018 per cent.sulphur,and 2.080 per cent.
silica=100.101. DMaterial freed from hygroscopic water, by drying
at 102°C. before analysis.

The variety of hematite known as micaceous ore is found in small
seams in the porphyry. It is said to be titaniferous, but I have seen
no analysis, nor have I deemed the matter of sufficient practical im-
portance to make the examination myself. The little streams running
over the porphyry show black iron sand.

Lead: Explorations for lead have been made at several locali-
ties, in the magnesian limestone, and in the vicinity of the Blue
Springs, on the opposite side of the Current. Some little galenite,
largely intermixed with pyrite, was found. Galenite is reported as
having been found at other localities in the county, but in no large
amount, nor have any deposits, as yet, been opened. The occurrence
of the third magnesian limestone—a notable lead-bearing formation—
is some foundation for the expectation that lead may be found, but it
should be borne in mind that the discovery of the coarsely crystal-
lized calc spar or ‘glass tiff”’ is in itself not sufficient incentive to
explorations for lead, even in the third magnesian limestone. This
mineral is found largely in the limestones of southeastern and southern
Missouri, and has been the cause of considerable outlays of time and
money, made in confident expectation that it was invariably asso-
ciated with lead ores.
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APPENDIX A.

LEAD AND ZINC STATISTICS.







LEAD STATISTICS OF MISSOURI.

(ST. LOUIS MERCHANTS’ EXCHANGE REPORTS.)

Lead Importations to St. Louts for the Twenty Years from 1856 to 1876.

|
{ToraL PouNDs. Il

YEAR. YEAR ToraL Pouxps.

1856 wrverrenerrenesesseenes | 16,872,840 || 1866 cerrerreereeeeesesneeenn I 11,966, 720
T S 13,004,400 L S 11,504,400
L J | 25,311,760 || 1868 wreeeeenseresesssereeeenn 14,865,840
1859 wrveneee. T =a : A0 || 1B i 18,264, 240
S 1:151) DO | 19,059,280 || 1870 wecrerreriirierinienenes 18,963, 120
1861 weverereereeeenneesreseeeens N T S 18,369, 880
1862 wrvevnne. e T,064,000 || 1872 oo 92,861, 520
1863 wrvvvrerreeeeneennes | 6,385,840 || 1873 wrreerunnnreesennnnes | 23,452,960
1864 v evveeeeeeeeresenns | 72,500 || 1874 eereenenenrsenen ' 38,357, 840
1865 worevereevessenrsseereeseneseeesl 9,330,850 || 1875 wurerrveesrerssesesrrens | 46,336,160
T U TN . . S S veeee| 364,975,000

|
|

Distribution for Two Years.

Home consumption in 1874
EXporfin 1874, ..o e vivessissvszessnsminsnareonsnrans S e e

Home consumption 1N 1875, iavisriesmnsessninsessssnsinssvstosssnsass; sese

Export in 1874

......................................................

21,536,000 pounds.
16,821,840 pounds.
29,600,000 pounds.
17,736,160 pounds.
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Lead received in St. Louis Srom 1865 to 1836 by following roudes

|

= = = b = 2] o] = o . _p-;__
T 29 = E2E =3 g0 s S W o 58 £
| g | 2 eF | 5 g9 &7 | 125 7 E
3 S = e P by Sgm Py | oyt = 2
¥~ n S E P F-8ac) B Ve ¢ 9 =) e <]
£7 = gs P gl g2 L in | Egm P g 2
2=, & - o S = N o shal® 5] b 7
a% | ig &5 Ple &8 i Pl BRR o :
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2,936,960/ .vvvnnnn. 8,028,000............. i 8,756, 320]............ e 17,941,760
340,400 6,32C) 11,264,808 2,460,880 556,800, 80,320 ........ esnh 18,754,248
124,480 53,440  9,126,160] 3,509,680 1,127,600/ 1,001,920 626, G40)............... 19,187,900
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.................. 423,720/ 16,398, 800 27,622, 320 1,278,400 50,720 46,313, 920
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Partial Report of Mineral and Pig Lead—1875.

CoMPANY.

Davis & Murphy

Pichar & Bro

Joplin M. and S. Co

Lone Elm M. and S. Co

Porter & Dorsey

Granby M. and S, Couivercasrasons

Palmer

LOBE & BUZT e cereresssscssencsssssarsee
JORT EVONY vcnrirsnssecs: ssronsis

OLher BONITES .cveecsasassss S I

Bt JOCsrsreen T e T
O:age Company

ROERL s eonseasiveeserianssnssesssacy

........................

i | MINERAL— | LEAD—

; Couxry. |

|_v . Pouxps. Pouxps.
JASPET.vevvevereenraeseseesenns 2,230,000 | 3,440,000
| JASPET-recerrerranrererrennenas | 3,328,960 | 40,000
| JASPET eoveneervereenssessescens | 3,820,066 240, 000-
T 11 SUTRUR 7,142,830 | 5,980,000
' JABDET s veestesesersesessasensons | 3,464,582 1,500,000
| NEWLON ovvvveererrsesrennens | 35,606,400 | 9,900,000
103 Eh e ety ok e ‘ 500, 000 I 297, 797
ChriStian ... .oovereveene. 175,000 B reemronsmieaas
VVEDSEr cvverevereiesnesorees 130,000 ‘ ........ .
I e YO T 30,000 [ ..................

| LAWYERCE ...vvaseereesssonsans | 4,000 r‘

Washington ..................| 1,748,430 1,262,222
Washington < ....ceovvneses ' ..................... r 1,250, 000
WashiDpton - .yeeisevsscovs " 320,000
WashIngton « ...ccverecersre e 203,720
B ErRNCOIS curvvesrersyrennes I W 4,960, 000
ATHIEE s 2o nvabesronssnianisn ' 380,000 | 374,580
L R [ Terorinssss 32,954,519

[
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Prices of Lead at St. Louis, for 20 years, from 185%.

[Compiled from various sources.]

e P e e e e e e $6 22 ] R e e e $10 00
ABBT csonsusesiasirssspsarsnruassasennsssors 6 00} S comenirpcereara e e 9 00
TBO8B csisssnpsssavsorsmassnnsiinaasssnsuans 5 20 S oo cpammaeoe O s 9 00
@88 siaersisisssnsrnarsnsnrirensssisnnins 525 1889 vueseces wsnresansminarnsonnes o 8 75
JBOW cisrssisssnsrnssstorsasuvavesionasinns 525 L e o s s e sk Tk r e 7 25
1B 2 o switsvunsysevssdoss shumensnbunsen 5 25 A e e e S R ey et 7 00
188 o cetomrenvereensarseveraacasetonce 6 50 , 13 O R R T e 6 873
Y10 O 8 625 || 1873 ceueeeeeeesensesceesemsesrassseans 6 873
JBOY oisianiorsossniosussssionvungensesoves 12 80 VTR S TR S LR B SRR SR
e e e B R 10 00 : s e e i e S | 6 663
Prices per 100 pounds of Soft Missourt Leads, by Months, for 1875.

JANDATY v esansssnetisvsssnssaios $6 623 : JRIN s viesvrsonssinnsesssisounas ' $6 50

HEDLUATY ssssossessarrves ssspen 6 62} to 6 75 # ADZUSE . covvivairsnisarsenssaes 675

MAPCH u sovscisiavrersasirssanass G 00 to6 75 : Beptember . cueuvsssns ‘ 675 to G 873
ADT s s vicpsdsvsl nessensssanernts | 625 to650 ' 700

MBS, smisesssmamanssosios | 625 to 687} | 700

JUDCar vt cereerereeerennes | 6373 to6 50 ; 700to7 25

Prices of Hard Lead, for last Quarter of 1875.

D CLODET s s5ive s susmvnesns misussilonssnsvnsss sassarasesntsins snmnmesoepnan snsssioresnsnns §6 10 per hundred.
1110 S e G 25 per hundred.
N ECOEDIIO s cnscrvorisssshinssmseennsointnysasnhionasvaan) SHUsSr oRHFRE Sadeahans Consarss G 20 per hundred.




ZINC STATISTICS.

Production of Zinc Ores for 1875.

Newton countya........uun. RS HEL SV Seve s R R e N e R s ey AR AR s F A ns AN B AN
JRRPEL COUNIEY csssisnasonsernsonsumessnssnnensommmnassnssanssorasvaps ssssasss sRonsssrvesvanssnsns
Dade county.......... O e O Y T s A O e s A T
Greene COUNLY. e srsscsesssrsersess IR L Lty S A L O e o B

"Washington and Other COUNIes. vus vesseensassisioriassssossivassonssssvasinses Civure

.........................................................................................

S, 500 tons.
4,000 tons.
6,500 tons.

50 tons.

4,500 tons.

23,500 tons.

Consumption of Missouri Zinc Ores for 1875.

Martindale Zinc Company.....c..vceeevevenens L T IO L B O P L Y T 2 L
A T v A T T s A A e e R Oy e
O On el et e O I D A e s e ton s s etarenvabar sys s ssssees censhrssernarresnt

.........................................................

For Oxide production in Missouri

Other firnuces outaide the BEate.. ..o ciiiteiinmnasisrsnsmesicsasinassenssatanperers

7,800 tons.
4,200 tons.
3,000 tons.

800 tons.

7,750 tons.

Production of Spelter in Missouri for 1875.

Martindale Zine Company

....................................................................
.......................................................................

Missouri Zinc Company

....................................................................

Carondelet Zinc Company

..........................................................................................

2,200 tons.
1,500 tons.

950 tons.

4,650 tons.
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Production of Zinc in the United States for 1875.

Lehigh Zinc Company, Pennsylvania.....c..eeeeeveeeeesneeenrieses coveesienee | 1,505 tons.
Passaic Zinc Works, New Jersey........cooveeeer . SuTvATS SR aEIRSENY ExiesssenRRSSCoaRs | 600 toms.
New Jersey Zine Company, New JerseYu..eeeceeenivararnes suRmss s SaE RATES : 700 tons.
Bergen Point Zinc Company, New Jerszey............. csusavaATERs wsee seeidsunn duss w 500 tons.
Matthiessen & Hegler Zine Company, Ilin0is....cveeveeeeeiiivvniiiverereeennns T 3,500 tons.
Illinois Zinc Company, Illino'is ............... o | 1,518 tons.
LaSalle Zinc Company, Illinois....... Sersn SHerhon Vosaranan eirtsszarers seraeiineees 1,329 tons.
Robert Langen & Co Zine Company, Ilinois.........eeen. AN I ook | ’ 331 tons.
Martindale Zinc Company, MiSSOUTTu.u.ee vovvvreres veeeersnneenens eeeansaneacias .. 2,200 tons.
Missouri Zine Company, MiSSOUTi...eeereerrerreeearsunenns Grisesvasisesve erexsasuneaina 1,500 tons.
Carondelet Zinc Company, MissOuri.. ...... cwsisvuny stsasaen soxcaverve .. . 950 tons.
Chicago Zinc Company, Kansas. «....ccceeveircreeesnvennees Sy T R A ‘ 60O tons.
Reworked Zinc....ccoooeeeurenneannn.. casrassas aissioatseorvasssren T RN 5 600 tons.

TR OEH] N penamscrvre oty sicsena s i 0oy o esies sWinacseouing TR AERs SN .

.| 15,833 tons-

Production of Zinc in 1875, by States.

Pennsylvanifaciersservmrsssossmnnessansossasso s ssscvs N s U S W ORE
N EW AT OTSE ki ovivsnrsnsrsnsasinsoras B SRRy e NI OR SaSRR TR aeVIARE SsashorsRnsuReTeRs
JINNOIEG v esssain meninssravsl spismsviacstesisens nsasissaninas sarsnsssrnssonesasiszes vessdssens
B Lo 1 b e DU A L L o O

1Y e e el G e o SR (U SO Lt

Totali: s R eR S SR PR e PR AT SR A AR SRR A Sy AR AN AR o
RAWOLIEO. 55 s vrasicuse sosaiahosys sessssouassssvs) SAbswguesa voaenssssdytrsibs Conasspasoasvavirasas
Stock on hand January 1, 1875.....ccuueeeneans e . e

Importations dUring 1873 w.cieieeeriiaiiiiirccs civiiiiiiiiiiiiiisniiniicenee e eeens

Stock on hand JAnuary 1, 1870 ceeiiiiiiiiiniiiniciiiiieini e iissesnee :

Total consumption fOr 18T5....ccovierrerareentinrmneisesisiunrenmmennieiiesioesess

I 1,505 tons.

.\ 1,800 tons.

| 6,678 tons.

I

4,650 tons.
600 tons.

15,233 tons.

600 tons.
135 tons.

540 tons.

16,508 tons.

145 tons.

16,363 tons.
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‘Gold prices per hundred pounds of Common Silesian tn New York, on December 31st, of
Sfollowing years :

1" S $6 50 -3 QR I T $6 25
FEOT <isemarsisronininisamsass FR— T IR T S .. 6 37}
A 1. 1vscsimsrmimsrorasimesmsrsrmeiees 625 o PR et A 700
1860 covvreeeresenereseesesessaesesnnns ;BB [ IR i s 6 87}
1870 1.verueereseeeriensesiesesesesessenaes BB M S i v Bniins atmmreesaiaikontes 7 15%

G R—12
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APPENDIX B.

NOTE ON THE OCCURRENCE OF GOLD IN NORTH MISSOURI.
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APPENDIX B.
NOTE ON THE OCCURRENCE OF GOLD IN NORTH MISSOURL

The summer of 1875 witnessed somewhat of an excitement in
some of the counties of North Missouri, concerning the occurrence of
gold-bearing deposits. The wide-spread notices of the reported dis-
coveries in the neighborhood mentioned were considered of sufficient
importance to warrant a reconnoissance of the reputed auriferous
region, and accordingly at the request of Governor C. H. Hardin, such
was made in October 1874.

The occurrence of gold in the drift of North Missouri in small
quantities has been noted by Broadhead,* and the distribution and
the character of this drift has been described by the same authority
and by other members of the surveys. The wide distribution of the
precious metal in small amounts has been long known to chemists,
and has become a matter of scientific interest rather than one of any
practical significance. Messrs. Dubois and Eckfeldt,t assayers at the
U. S. Mint, have described this natural dissemination of gold, and have
collected some curious facts, among which may be cited that the clay
underneath the city of Philadelphia contains one part by weight of
gold in every 1,224,000 or [ grains (=$0.03) per cubic foot. In citing
these results, Genthf adds: “Still more astonishing—but unfortunately
equally devoid of practical value—would have been the results, if
the gravel which wnderizes this auriferous clay, and which is always
richer than the clay above it, had been examined for gold.”

The occurrence of gold in the materials of drift origin being
therefore already admitted, and the distribution of the drift having
been described by the geologists of the survey, there remained only
the necessity to establish the amount of the gold in the drift at the
localities where, among some, the expectations were high that the
precious metal might be profitably extracted. The following
addressed to his Excellency, Governor C. H. Hardin, under date of
November 17, 1875, has already been made public:

The gold is contained in a gravel or drift material foreign to the
locality, the underlying rock formation being carboniferous, and unal-

* Report, 1873-1874, page 47. 1 Preliminary Report Mineralogy of
1 Proc. Am. Phil. Soc. viii, 273. Pennsylvania—4.
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tered. This precludes the possibility of gold veins. The gravel is dis-
tributed over a wide area, attaining a thickness in the county named
[Macon] of upwards of sixty-four feet and consists of sands, marly or
calcareous clays,and rounded pebbles or boulders, chiefly of quartzite,
granite, porphyry and greenstone, the origin of which was in some
locality which in all probability was auriferous. The fact in connec-
tion with the wide distribution of the gravel dismisses at once the
idea of artificial agencies in connection with the occurrence of gold in
the locality.

The large amount of this gold-bearing material, and the circum-
stances of its origin being understood, it seemed to me that all that
remained to be determined were the probabilities of its being eco-
nomically or profitably worked. To reach this knowledge, steps were
taken to establish the quantitative relations of the gold to the con-
taining gravel.

Samples representing seven localities at Murray’s Gulch, Sec. 36,
T. 60, R. 16, and aggregating seventy-three and one-quarter pounds
were collected, and treated carefully by amalgamation. The follow-
ing are the results:

Amount taken in experiment, 25,600 cubic centimetres weighing
73.25 pounds avoirdupois. Sieved with a sieve of eight holes to the
linear inch, giving 8,000 cubic centimetres of coarse pebbles, weighing
32.5 pounds or 44.36 per cent. of the weight of the orignal drift. A
sample of the pebbles gave no trace of gold.

The material passing through the sieve was amalgamated and
gave .0046 grammes of bullion.

The tailings collected weighed 25.65 pounds (dry) equivalent to
35.02 per cent. by weight. Three assays gave respectively 4-10, 45-100
and 45-100 ounces of bullion per ton of tailings.

A cubic foot of the moist drift as received at the laboratory
weighs 974 pounds.

The bullion obtained was 711—1,000ths fine.

The above data gives the following for the value of one ton of
2,000 pounds of earth :

GOl euunesrsrvossssonsanssssasensssscroseannsssdBilB GTAINE OF covsvvanssussvsssoosessansvssannasssssios $2 51
SV e cvarersveresyassisnmacsnsasesnimsnvnssssnsss 9.57 ETAIDK OF sucseusssscrssonssonssaraustvassarennssssa 0 03
3 e e N BTT0. xsevsensussvasssasaivavavasansesssiossnrsprvmnrsasanse $0 03

or at the rate of $3.25 per cubic yard.

Under circumstances where large quantities of earth can be
readily handled, with abundance of water and great fall of the water,
an amount considerably below this can be profitably worked. Nei-
ther of these conditions obtain in the region in question.

The distance of the drift from its place of origin would lead us to
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expect that the gold would be of the character of small particles of
the shape and weight best suited for long suspension in water, a mode
of occurrence which would greatly increase the difficulties of extract-
ing by mechanical processes,even were the topographical conditions
favorable for such. The results of panning the drift of Macon county
make it evident that the gold exists in fine particles, and almost
entirely in the form of *“scale gold,” which it would be difficult, if not
impossible, to save by the process of washing.

This is substantiated by a second experiment in which 1.76 cubic
feet or 176} pounds from six localities in Lilly’s Gulch (about six
miles northwesterly from the locality of the material of the first ex-
periment,) were passed through a “rocker” by an experienced hand,
and concentrated up to 12} ounces of fine material. This amount
was divided into three unequal parcels, (for convenience in assaying)
and an assay gave as follows:

Flrst 106 from; DOCKEN: iiciususvsrinsvsrennsssnsassssssmsssuissrarperipdanssecssinesnssanonsss 0.0018 gramme.

OO N O b T O PO R, o (3 s55, sarass s satnnsvashiessiastionsnsrinustioesnauseases i sassatsoes 0.0092 gramme.

hird 1ot IO TORKEE: oisicvsirssssmerssrssesnersssosstissnsrsausinesssnspivesivosvecssoressns 0.0025 gramme.
Total gold In 12} OUNCES. ce. ssswrssssnnsarssssssissatorsssisnisnsasssetussnsamnsass 0.0135

By calculation this will be found to be equal to 2 i grains of
bullion per ton of 2,000 pounds of original earth with a value of some-
what less than ten cents, or at the rate of about 13 cents per cubic
yard. '

If the samples drawn for and used in the assays, were representa-
tive of the gravel—and every effort was made to have them such—
then the results are not encouraging for profitable extraction of the
gold. Under the economic conditions surrounding the deposits, the
yield of bullion would not be adequate to cover the expenses of hand-
ling and washing or amalgamating, even on the supposition that the
bullion can be saved. Thislatter condition, I believe, as before stated,
to be impossible trom the formin which the gold occurs in the gravel ;
for the second experiment (with the material from Lilly’s gulch)
seems to indicate that in the process of washing by far the largest
part of the gold is carried off, even by the slight force of the current
of water in an ordinary prospecting rocker.

To the above may be added a few words on the pyrites—numer-
ous samples of which have been brought or sent to the laboratory, on
the belief either that the mass of them was gold or that they were
gold-bearing to some extent. Of the samples, thirty-eight have been
assayed at the request of parties bringing or sending them, and in
three only were even traces of gold discovered. The mass of evidence
is entirely against the occurrence of anriferous pyrites in Missouri.
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Page 14, line 20, for “analysis” read * analyses.”

Page 19, line 23, for “ lust ” read '‘lustre.”

Page 22, line 6, omit parenthesis after ‘‘limonite.”

Page 26, line 8, for ‘‘being” read “are.”

Page 41, line 8, for * Krumofen’ read *‘ Krummofen.”

Page 67, line 6, arter *‘furnace” insert ‘‘capacity.”

Page 68, line 9, for “ Rogers’” read ‘‘Rozier.”

Page 91, line 2, for ‘‘three fining’’ read * the refining.”

Page 93, line 8, after *“1 " insert “ attributes it.”

The last paragraph on page 93, and the tables on pages 94 and 95 should precede
the last paragraph on page 92.

Page 109, line 23, for * Williamite ” read ‘‘ Willemite.”

Page 112, line 34, for *‘ speltre” read *spelter.”

Page 152, line 22, after “effected ” insert *‘ by wire drawing.”

Page 160, line 36, after “ giving > insert ‘660.”

Page 160, line 38, for “Archean ™ read ‘‘ Archzan.”

Page 165, line 35, for *“ Gavens” read ** Garvens.”



