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ment, Crushers, Pulverizers, Mine Ventila-

tion Fans, Etc.

During the war when the demand for
he rare minerals increased to such an
stent that every available source was
onsidered, the Department of Metallur-
ical Regsearch of the Colorado School of
:Mines was called upon to make numer-
us investigations relative to the treat-
‘ment of products normally of no com-
ercial wvalue. Among ores examined
were those of radium, uranium, vana-
ium, tungsten, molybdenum, manganese,
in, and chromium,

This paper deals with chromium and
three types of material are considered—
n ore from Montana, a “black sand”
rom Oregon, and a slag resulting from
‘the production of ferro-chromium in the
lectric furnace.

Before considering these particular
‘cases some general information regard-
ng chrominum and its uses may be of in-
terest.

Chromite.

The most impertant foreign deposits
‘are those of New Caledonta, Turkey, and
hodesia. In addition chromite is mined
n small quantities in Russia, India, Aus-
ralia, Greece, Canada, and Newfound-
Jand. All foreign deposits occur as irreg-
lar masses, or pockets, similar to the
‘deposits in California, s¢ that mining
and treatment methods similar to those
sed abroad can be used here.

The most valuable deposits of chrome
re in the United States occur in Cali-
‘fornia, Oregon, Wyoming, and Alaska.
‘The greater part of the country’s supply
s on the Pacific Coast and the demand
is on the Atlantic. Transcontinental
transportatien from the producers to the
‘consumers ig, therefore, a large problem
in itself, .

In the United States chromite in com-
mercial guantities was first discovered
by Isaac Tyson, Jr., near Baltimore,
Maryland, in 1827. The story of the dis-
covery and development formg a most in-
teresting chapter in the history of Ameri-
can mining. Tyson had hecome inter-
ested in the recently discovered element
chromium and at that time was probably
the only man in America who possessed
the knowledge necessary to make use of

his dQiscovery, He one day noticed a

# Agsigtant Director, Department of Metal-
lurgical Research, Colorado School of Mines.
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Concentrafion of Chrome Ore, Black Sand, and
Ferro-Chrome Slag

By J. C. Williams, "13.* ~

farmer driving a wagon in which were
barrels kept from rolling by blocks of a
heavy, black ore. These blocks he de-
termined to be chromite. He found the
locality from which they came and ac-
quired chromite bearing ground. He
studied these deposits and came to the
econclusion that chromite would be found
only with serpentine, a line of reasoning
that enabled him to discover chromite
in other loecalities. From 1828 to 1%50
the district near Baltimore supplied most
of the chrome ore consumed by the
world. The manufacture of chrome yel-
low was started there in 1828. The ex
bort trade from Baltimore came to an
end about 1860 on account of the develop-
ment of the larger and richer Turkish
deposits. .

The demand for chrome ore arises
chiefly from its use in making ferro-
chrome which is used in manuafacturing
steel for projectiles, for armor vlate, and
for cutting tools; in making refractory
chrome brick and furnace lining; in
chemical industries for the production of
many colors and dyes: and in tanning.
Its application for these purposes is in-
creasing and the demand for it is stead-
ily growing. On account of iis great

‘heat-resisting qualities, chromite ig used

as a mneutral refractory lining for fur-
naces. It is either made up into brieks
with various binders, or lumps of the ore
are packed in tight to malte a solid lin-
ing. Chromite hag two valuable qualities
for these purposes: it stands change of
temperature well and alse resists
strongly the action of molten metsls.
For refractories an ore containing 38 to
45 per cent of chromic oxide can be used.
The most important use, however, is for
making ferro-chrome.

The word chromium is derived from
the Greek word meaning color, on ac-
count of the wide range of color of vari-
ous salts of, chromium. Chromium also
forms the coloring matter of several min-
erals. The green color of the emerald is
due to chrominm. Metallic chromium is

"not known to oceur in the native state.

According t0 Roscoe and Schorlemner,
metallic chrome forms a light green,
glistening powder which exhibits, under
the microscope, aggregations of crystals
of a tin white color, with a specific grav-
ity of 6.81. The fused metal is usually




132 THE COLORADO SCHOOL OF MINES MAGAZINE.

THE COLORADG S8CHOOL OF MINES MAGAZINE, 133

as hard and tough as corundum, melts It can be made so hard as to be drill
at a higher temperature than platinum, proof against the finest {fools. lThege
is not magnetic, and, when ignited in the qualities are taken advantage of in the
air, is only slowly oxidized. Heated in manufacture of burglar-proof safes and
the oxyhydrogen flame it burns brightly, jail bars, built up- of alternate layers o
with emission of sparks, and when fused iron and chrome steel, which cannot he
with saltpetre or potassiuvm chlorate, it cut or broken. Armor plate containg
iz converted into potassium chromate, about 2 per cent chromium and a certain
Pure chromium is elaimed to have been quantity of nickel. Some steels with un
obtained in 1894 by Moissan, by reducing usual gualities have been made which
the oxide with earbon in the electric fur- contain as much as 20 per cent chro
nace. It is most easily prepared in mivm.
small guantities by the alumino-thermic Although a number of minerals contam
process, which consists of reduecing the chromium, virtually ounly one-chromé
oxide with aluminum powder. Metallic jron ore or chromite is a commercia
chromium made by this process is used gource of chremium., However, it is ¢
to the extent of several hundred tons & interest to note that the discovery of the
year in the manufacture of high-speed element chromium was made hv investi
tool steel, as some manufacturers prefer gation of the mineral crocoite {(lead
to add their chromium this way rather chromate). The digscovery was made by
than as ferro-chrome. Vauquelin, a French chemist, in 1797,
The principal alloy of chromium is fer- Chromite (Dana’s Mineralogy) Isomet
ro-chrome; the alloy of chromium and rie, Massive, fine granular to compact
iron, which usually contains 60 to 7¢ per TFraeture uneven, Brittle. Hardness, 55
cent chromium. It is produced in the Specific gravity, 4.32. Luster, submetal
electric furnace from high grade ores. 1iijc. Color iron-black to brownish-black
"Other alloys of more than scientific in-  gometimes yellowish-red in thin sections
terest are chromium with nickel, cebalf, Streak Dbrown. Translucent to- opague

‘grains or more often massive granular um, and low, and these grades were kept
masses, which resemble magnetite and beparate

have sometimes been confused with it, The tests were made with the purpose

but differ from it in being at the most of asecertaining the following points: 1.

ebly magnetic. It is a most resistant Amenability of the material to table con- . ‘

1

mineral to weathering, For this reason ceniration and factors influencing such .
it is often found in unconsolidated ma- Work. 2. Probable value of concentrate
terials sueh as clay, or in stream mater- produced.” No attempt is here made to
fals derived from rocks by erosion. In ©utline a commercial method of treat-
the weathering of serpentine the more ment, as this lies outiside of the field of,
vesistant chromite will be concentrated the work done by the Department of
on or near the surface and be misleading Melallurgical Research.  Such  work
as to the richness of the deposit below. DProperly belongs 1o an engineer inter-
Placer deposits of chromite are found Prefing results obtained here.
where the minerals most registant to The material as received consisted
weathering have been concentrated in Of lumps. These were broken in a small
gtream channels, and where these drain JaWw crusher so that the greater part of
reas of serpentine or basie igneous the material would pass a 4-mesh screen.
rocks. Along the Pacific Coast there are It was then divided into two portiens by
placers in stream beds and beach depos- ™Means of a Jones riffle splitter, one part
its which carry, besides chromite, resist- Deing retained for the test and the other
ant minerals such as gold, platinum, and Reld 'In reserve. The next step was to
garnet. The pockety nature of chromite ©FUsh in a small set of rolls so that all
deposits makes the mining very uncer- N€ material would pass a 20-mesh
iain. There may be one or more of these Screen. This reduction was gradual, the
bockets or lenses scattered through the material being yolled and then screened
depostt, but they do not ocour with any 50 ‘{ha.t.there might be no excess of fine
regularity. material produced. A sample of this ma-

molybdenum, tungsten, manganese, cop- Sowetimes feebly magnetic. Composi The production of a high-grade chrome terla]. was then screened as follows:

per, or vanadium, as well ag different tion—Fe Cr,0, or Fe0.Cr.0, = chromium concentrate may be made in two ways: M}m}s 20 mesh Plus 35 mesh
combinations of two or three of these oxide §8 per cent, iron protoxide 32 per: (1) by hand cobbing, (2} by mechanical Minus 35 mesh Plus 48 mesh
elements. One of these alloys is called eent. Infusible before the blowpipe in. concentration. Hand sorting is generally Minus 48 mesh

“Stellite,” and is composed  of cobalt, oxidizing flame; in the reducing fame i practiced in mining the cre, by means The different sizes were examined

of which a high-grade ploduct may be under a microsope and treated separate-
made without the losses attendant upcen Iy on a small Wilfley table which showed
crushing and milling. In miiling chro- that the first size contained an appre-
mite the general practice is to crugh in riable amount of middling material—
Blake crushers and then by stamps. The (particles of chromite attached to
crushed ore is ireated by classifiers and ganhgue); the second size a small amount
fed to tables of the Wilfley type. For of middling; the third size, minug 48
deposits such as beach sands, which con- Tnesh, practically no middling. It can
tain, besides chromite, many minerals thus be seen that to obtain the best met-
with - different degrees of magnetic per- allurgleal extraction as a fairly clean
meability, magnetic treatment is a prac- concentrate, the grinding should be car-
tical solution of the concentration prob- Tied on so that the material passes a
lem. In general, it may be said that a 48-mesh screen. It ls not meant that
concentrate containing 45 percemt of best commercial results could he ob-
chromic oxide is sought. tainmed this way. Tor one reason the
Characteristic features of chromite, by tomnage of a given treatment plant would
which it may De recognized are: TLus- be smaller the finer the feed. The cost
tre, vitreous, splendent to metallic or sub- of regrinding is also a great factor.
metallic. Streak: dark brown. Infusible Thege are matters of operating costs in
before the blowpipe, but may fuse slight- the mill itself and are influenced by fac-
¥ in the reducing flame and then bhe- tors such as grade of concentrate de-
comes magnetic. TUsually associated sired, tonnage to be obtained, and others
with serpentine. ¥ach grain shows a of which no knowledge was available.

very smooth concheidal fracture with The material was sampled and weighed
ligh lugtre. Bead tests as described un- and treated upon a small Wilfley table.
der “QOres of Chremium.” Two products were obtained—concen-
Concentration Tests of Chrome Ore. E;:it;gegngn&aléglng]%leﬁmh of which were
The material upon which these tests The gangue material contained quite
were made was received as a mixture of  an amount of heavy silicatés, principally
different grades of ores. It was sorted olivine. As the specific gravity of oliv-
8¢ as to have ithree grades—high, medi- ine is aboui 3.5, and of chromite ahout

. ¢hromium, tungsten, and molybdenum. ig slightly rounded on edges and becomse
Tt was developed by Elwood Haynes, of masgnetic. With borax and salt of phos
Kokomo, Tndiana. Twe desirable quali- rphorus it gives beads which, while hot
ties of this alloy are its resistance to ghow only a reaction for irom, but o
corrosion and its ability to take and hold cooling become chrome green; the gree
an edge eqgual to that of the ‘best steel. color is heightened by fusion on charcoal
It may Dbe used for table kmife blades, with metallic tin. It is not acted o
pocket cutlery, surgical insiruments, readily by acids but is decomposed hv.
dental instruments, small evaporating fusion with potassium or sodium bi-sul:
dishes, spoons, forks, or scissors. Prhate.

Chromium is added toc steel in the Chromite is a common constituent of

" form of ferro-chrome or as a metallic Dbasic intrusive rocks, such as peridotite
chromium. This steel iz particularly and pyroxenites, and especially of se
adapied for malking armor-piercing pro- pentine derived from them. All of the:
jectiles, on account of its hardness and commercial bodies of chromite oceur in:
also its very high elastic limit. It is also these rocks. In place it is always foun
uged for armor plate for the same rea- in assceclation with serpentine, which ha
song, for parts of crushing machinery,and resulted from the alteration of Dbagic
for very hard steel plate, It is extremely rocks consisting of olivine, hornblend
hard, tough, and dense, and possesses and pyroxene. In these the percentag
great tensile strength. It is especially of chromium may vary from 0.05 to 0.5
adapted to severe service and where re- Clirome is by no means an important ele:
gistance to abrasion is desired. For the ment in the earth’s crust. The average
wearing parts of stamp mills, such as given by F. W. Clarke is 0.0383 per cent
battery shoes and dies, cams and tap- Although it occurs usually in basic igne-
pets, chrome steel has proved to be the ous rocks, it is sometimes found in titan:
most dvrable and economlcal material iferous iron ores to the extent of several
obtainable, Chrome steel in some re- per cent. It is rarely associated with
spects resembles the higher grades of other metallic minerals, except possib
tool steel but in addition possesses prop- mnagnetite and nickel minerals, The com:
erties combined in no other known steel. mon form of occurrence is asg rounded:
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4.5, the concentrates contained an ap-
preciable amount of these heavy sili-
cates, Owing to tne small gize of the
takle used, a close separation hetween
ihe olivine and chromite could not be
made. Probably this would not. be the
case when working with a fuil size table
upon a properly prepared feed.

To ascertain the maximuem amount of
chromic oxide which might be obtained
in these concentrates, and alse the ratio
of chromium to irom, samples of the low-
grade and high-grade concentrates were
cleaned by using a Weatherill- magnetic
separator. Olivine is slightly less mag-
netic than chromite and a clean separa-
tion can be made, Theovetically, chro-
mite consista of Fe0, Cr.0; in the pro-
portion of iron oxide 32 percent and
chromite oxide 68 percent. However, as
found, chromite contains MgQG (magne-
sia), and AlOQ, (alumina)}, replacing the
oxideg of iron and chromium. The
amount of replacement varies with in-
dividual deposits. For this reason, while
the chromite itself may be absolutely
free from gangue, the chromic oxide
content may be far below the theoreti-
cal amount of 68 percent,

The mean analysis of the magnetically
cleaned table concentrates was 40.74%
chromic oxide and 26.96% iron oxide.
Theretfore, it can Dhe seen that no table
concentrate of a higher grade could he
made. This is due io the high propor-
tion of iron to chromium, that is, iron
which is in chemical combination with
chromium. Theoretically, the ratio
chromium = 1.82, bul in' this ecase the

treatment which 1 Lo be considered gg
much as the net -commercial returng:
That is, it may not pay to make a greater
extraction as the expense of so doing
might be greater than the increased valug
of the product, ;
The highest grade table concentrat

it is possible to make from this ore com-
tains about 40 percent Cr,0, and 27 pe

cent Fe(Q, with a chrominm-iron ratio of
1.28. This is of great importance in con-
sidering the commercial value of the ore
tor ferro-chrome manufacture, as it
would not he feasible to preoduce ferrg:
chrome coniaining much over &b percen
chromium from this ore, and it would b
necessary to mix it with ore containin
less  irom. Marketable ferro-chrome
should contain 60 percent chromium o
more. The high percentage of iron
which is combined chemically with the
chromium in this ore gseems to Hmit its

attractive showings of fine, flake gold

jnum. The gold is in an exceedingly
fine state of division, but satisfactory
methods for its recoevery have been dem-
onstrated. As severe storms are of fre-
guent occurrence, most of the egquipment
erected for such purposes has heen
wrecked, ag is plainly evident to the vis-
jtor.

. Disintegration of the serpentine forma-
tiohs in regions back from the coast, ero-
sion, and wave and tidal action for un-
known ages have been the prime factors
in & concentration of all the heavier min-
erals, the hardness of these minerals also
playing an important part. Naturally,
the ratio of concentration is' unknown,

several thousand into one. A
rough classification of the minerals is

use to chemical manufacturers, refra Screen
tories, and in a limited way to ferr  Weight in o
chrome production. Mesh Grams Weight

Concentration Tests on Black Sand. Thronsh 38U 100

In an article entitled, “Separation of Through 28—0On 35 10 0.777
Metallics from Pacific Coast Sands”# Through 35—O0n 48 60 4.61
Henry H. Wood discusses the extrac- Through 48-—0n 65. 335 26,97
tion of chromite and other minerals from Through 65—0n 160 810 62.31
“black sand.” The following paragraphs Through 100 .......... 85 6.54
are taken from thig article: N

“Possibly the Ilargest amount of chr Totals ..........., 1300 100.04

mium “in sight” today is contained in
the black sands” of the Pacific Coas
which exist for many miles along th
shores of California, Oregon, and Wagh-
ington, where they are plainly exposed;
not only at the present heach line, but

slight loss in extraction occasioned.

carrying ont the test.

‘and occasional scales of the harder plat-
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also evident from the fact that, of the
sands -which have been worked, all of
the minerals sought are practically of
the same size, 75 percent of their total
weight being between 7¢ and 100 mesh.”

The material used in the experiments
was & chromite-bearing black sand said
o come from near Bandon, Oregon.
sand contained in addition to chromite-
magnetite, ilmenite, garnet, zircon, tour-
An extended investi-
reveal the
The in-

maline, and guartz.
would
presence of other minerals algo.
dividuat particles appeared io be entirely
free from impurities, so that no further
crughing was necessary.
garnet, and ilmenite grains, were for the
most part rounded; the quartz, tourma-
line, and zircon angular. .

A screen analysis of the sand show

gation

the following:

Analysis,

%

T
Cr.,0,
26.26
26.26

6.81

20.26
30.7G
24.30

undoubtedly

_ Cr,0,
Wi. Cr,0, Distribu-
in Grams ticn in %

341.38 106.00
341.38 100.00
477 1.4
67.87 19.9
248.67 2.7
20,66 6.0
341,97 106.0

In _nmking the test the endeavor was to prodice ag clean a concentrate as possi-
ble with the idea that the value of a high-grade preduct would more than offset a

A number of pre]imin_ury tests were made lo determine the best conditions for
Brielly the procedure was:

i'mn . also on the ancient sea levels, which are 1. Concenfration on Wilfey table. )
ratio chrominm =1.28. in view, in some regions, for several 2. Willley concentrates dried and treated on Wetherfll magnelic separator.
iron miles inland. For manhy years these 3. Chromite product of Wetherill treated on Huff electrozlatic separator.
. Wilfley Table Concentration.—A sample of the dry sand weighing 10 kilograms
Summary of Results—Table Concentration. (22 1bs.) was fed automatically to a %4-inch Wilfley table, at a rate (Jfgaboul‘, 13§§{gm,
‘ FERED TAILINGS CONCENTRATES per hour (10 kgml. jn 45 min.). Two products were made—a quartz tailing and a
Weight in %  Weightin % Weight in % % Re- concentrate containing chromite, garmet, and other heavy minerals. The feed was
Material Grams Cr,0, Grams Cr.0, Grams Cr,0, covery 1.0t clagsified as the proper determination of this peint would have required more
Low Grade.... 4000 8.78 3160 3.05 500 37.0 68.3 ime than available. .
Medinum Grade. 3365 24.78 800 9.5 1810 39.04 84.3 i .
High Grade....4675  33.64 610 1459 3750 38.36 91.3 Results of Table Test. Cr,0,
Calculated , : Product Wéflght in % Wt. Cr.0, Distribu-
1 5980 55T 6060 38.45° 87.4 ue rams. Cr.0, in Grams tion in %
Mean Grade....12040 22 59 : . EG%HS .......................... 10000 26 28 26960 000 o
w o ) . fails ..o 1300 4.64 59.0 2.5
By table concentration an extraction of sands have aftracted lhe attention of i . 59, 5
the yrchromic oxide content of the ore was miners, on account of their gold and Concenlrate ...0................ 8510 30.06 _ 2557.0 97.5
made which ranged from about 70 per- platinum contents, and in many places M

cent to 90 percent, depending upon the
chromic oxide content of the feed. In
the case of the low-grade ore it is prob-
able that by careful preparation of the
feed and close attention to the table
work, a greatér extraction may be made
than ig here indicated. ¥owever, if is
not the metallurgical efficiency of the

guflicient evidence is present fo warrant
attempts to recover them. For over two
hundred miles, as I know from personal
experience, few loecalities exist where;
by ecareful panning, one cannot obtain

oncentration Ratio — 117 into 1
xtraction — 97.38%

:abeut 45 kgm. (100 1b.) per hour.
Iriven at the rate of 50 feet per minute.

¥ Separation of Metallica from, Pacific Coast
Sands. . Henry . Wood, Engineering and
Mining Journel, February 7, 1920, p. 398.

Magnetic Concentration.—The concentrates from the Wilfley table were dried
and then treated on a Wetherill two double-magnet separator. The tate of feed was
The feed belt had a width of six inches and was

The magnets were so set that no adjust-

ment other than that of changing the amperage was necessary throughout the test.
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Results of Magnetic Test.

Weight
Amperage Product in Grams

Heads ............... 8290

0.2 Magnetite ........... 80
1.0 Tlmonite .,......,.... 350
2.0 Garnet oo iii e ae 1985

2.0 Garnet and :
Chromite Tails ...... 2755

8170

Concentration Ratio —1.42 into 1
Exiraction — B83.4%

The amperage was then raised to 4 and the tails, consisting of chromite, garnet
and heavy sillcales put through. This resulted in a product-delivered from the mag
nets of mixed chromite and garnet, and a tailing of heavy silicates, sach as zirco

Cr.O, .

T Wwt. Cr.0, Distribu-

Cr,0, in Grams . tionin 9
30.06 24556.9 100.6
543 . 4.34 2
10.69 37.42 15
17.63 350,00 14.2
35.60 2048.78 83.4
2440.54 - 99.3

and towrmaline, which, remained with the heavy minerals on the Wilfley {able.

. Weight
Amperage Proiduct in Grams
Heads ............ ...bB6O
4.0 Tails vovviveea . 400
Concentrate ........ 5200
5600

Concentration Ratico —1.69 inte 1
Extraction - 99 259,

Cr,0,
Yo Wi, Cr.0, Distribu-
Cr.0, in Grams tionin %
35,60 2015.00 100.0
0.97 3.88 .20
38.46 2000,00 99.25
89,45

Magnetic  Product, 2.0 ampere

='(Chromite and Garnet)......... 35.60
etheriil Tails {(heavy Silicates).. 0.97
aff Tails ... .. ... .. ... .. ... 15.16
fHuff Concentrate ................ 45,82

The [erric oxide content of the concen-
ate waz 28.26%. Assuming that all
chiromium in the concentrate is present
& chromite, and that the formula of this
chromite is FeO, Cr,0,(Fe,0,) by calcu-
ation there was an excesg of iron equiv-
alent to 4.46 ferric oxide over ihat neces-
sary to combine with the chrominm as
hromite.

It will be noticed that extractions are
ased on weights and assays of products
or can be calculated from assays alone.
However, as it is very likely that the
riet containg chromium, this will show
i apparent recovery of the chromite
ywer than is actually the case. Clean
arnet and chromite products should be
btained and the chromium content de-
fermined. This would aid in arriving at
he true recovery.

= The advanlages and disadvantages of
iizing and classification should be stud-
It iz probable that sizing will be
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found preferable—making two products
~—plug and minus 65 mesh.

In concentrating it is rather difficuli
to tell by the eye until well trained,
whether a eclean product is being ob-
tained. Some black particles which to
the naked eye appear to be chromite,
under the mieroscope are seen {o be gar-
net.

Concentration Test on. Ferro-Chrome
Slag.

The material used in this experiment
consisted of ferro-chrome in slag, The
ferro-chrome  occurred as  irregular
shaped pieces weighing . haif an ounce
and less and shot the gize of bueck-shot
and smaller. The angular pieces were
for the most part rarely free from slag.
The shot were imbedded in the slag.

Owing to the great difference in ape-
cific gravity between the ferro-chrome
and slag almost any method of gravity
concentration should be successful.

For this test a 4x 6 inch two compart-
ment Harz type jig was used. The ma-
terial wag firet all erushed so as to pass"
a iwo-mesh screen., A screen analysis
of this product showed the following:

SCREEN ANALYSIS.
{All Through 2 Mesh)

54 . % .
. . Wt Gm. % Wt %uvn‘}t A}/quCrsz Wt. Cr. To/taloér. 'g[:‘g{?xl ?Jfr.
Efectrostatic Concentration.--The mixed garnet and chromite product, resultin 24 4 mesgh .. ..., 1105 —54.10 — 5410 — 16.64 —183.9 — 61.2 — 1.2
irom magnetic concentration, was treated on a Huif clectrostatic separator, using 44 Smesh ................. 460 — 22,44 — 76.54 — 13.76 — 62.3— 21.0 — 82.2
gingle-roll roll-feed type machine, putting the material through ten times to approx 8114 mesh ......oovenenn... 220 — 10.75 — 87.29 —12.00 — 26.4— 87.— 90.0
mate conditions of a 10-roll commercial machine. A tobogganfeed type of six elec 14420 mesh ...ovvvnennnnn.. 76— 3.66-— 90.95—12.72-—— 95— 32— 941
trodes wasg available, but the single electrede was used as bheing easler of adjustmen 20 28 mesh ................. 40 — 1.96 — 9291 —11.20 — 45— 15— 956
The voltage was maintained at 28,000, This resulted in two products—a high-grad =28 135 mesh ... - 40— 196 — 94.87 —10.56 — 4,2— 1.4— 97.0
concentrate and a tailing of garnet and chremite. This taiting might be refurned to 35} 48 mesh ................. 35— 1.71— 9658 —10.40 — 86— 1.2 083
the Wetherill, using the Huff to produce a clean concentrate. — 48 mesh .......iiii.... 70— 3.42 —100.00 — 840-— EOH-— 1,8—100.0
Total ovreeeieereananns 2045 3012 1000

Resuit of Electrostatic Test

. Weight

Voliage Product in Grams
Heads ........cc0000e 5070
28000 Tails vveeiiiennnenenn. 1145
. Councentrate .......... 2860
5005

Cloncentration Ratio—1.31 into 1
Extraction —90.7%

Summary of Concentration.

Concentration Ratio Extraction
Wilfley ...... 117 into 1........ 97.38%
‘Wetherill 1.42 into 1........ 83.42%
Wetherill ... 1.09 into 1........ 99.259%,
Huff ........ 1.31 into 1........ 90.69%

Final concentration bhased on Wil-
fley heads and Huff concentrate,
259 into I ... . i 67.34%

Cr., 't. heads—2045 gm.
% Wt. Cr,0, Distribu- ssay heads—12.16% Cr,
Cr,0, in Grams tion in % . Cr. in heads—248.7 gm.
38.46 19500 100.0 ~The weight of the chromium in the
15.16 ©173.6 ) 2.6 eads (248.7 gm.) should egual the com-
45.82 1788.7 ) 90.7 ined welights of the chromium in the
— — iifferent sizes in the screen analysis
1942.3 99.7 301.2)
Tn the test 12825 gm. (28 1b.) of un-
ized feed similar to that indicated by
) lle gcreen analysis gave the following
Summary of Assays. %o Wt Gm %Ssgg Wctm?r
Sample ' o0 oncentrate ...... 1455 5360 780.0
Hoads .- .oneaneee Led futch prodiict..... 650 1560 1014
Table Talls ... iy ba ailg 10270 7.20 7394
Tabie Concentrate ............... 30.06. lime (not saved) ’ =
Magnetic Product 0.2 ampere {mag- 43' . . o
netite) ... ... o il K31 _
Magnetic Product, 1.0 ampere (Il- Vt. heads........%gg;g 1620.8

menite)
Magnetic Product, 2.0 ampere (Gar-

DEL) ittt 17.63

Ssay heads..... 12.169% Cr.
Vt. Cr. in heads..1560.5
“As the weight of the chromiym in the

weights of chromium in all jig products
there are manifestly errors in elther
¢ampling or assaying. Therefore, no ex-
traction can be accurately determined.
Moreover, as the slag itself contains
chromium, this tends to show an appar
ent extraction actually lower than the
real one. .

Almost any method of gravity concen-
tration would probably be successful.

It may require grinding to finer than
2 mesh, but the larger pieces of ferro-
chrome should be taken out first clean
and then the tailings reground, as a sav-
g in the cost of crushing would be ef-
fected therehy.

The discrepancies showing in the metal
halances are due to the fact that accu-
raie samples could not be secured, as
it was desired to save a large part of
each product for further examination.
This lead to taking a smaller proportion
oi the products than egood sampling re-
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Calcium Molybdate as an Addition Agent
in Steel Making™

By Alan Kissock,

In the production of alloy steel, molyb-
denum, like most similar metals, is com-
monly added to a steel bath in the form
of a ferro-alloy, usually less than a half
hour before the furnace is tappedl.

In the open-hearth furnace practice
- varies, from melting the ferro in a small
electric furnace and making a hot metal
addition, to erushing te about one-guarter
mesh and adding it cold, or, as is per-
haps most common at present, the alley
is thrown into the furnace, contdiner and
all, just as it comes from the manufac-
turer. In the electric furnace with its
more concentrated heat, the manner of
introduction is of lesser importance.

Formerly a ferro containing from 75 to
80 per cent melybdenum was generally
specified. Because of the difficulty of se-
curing an ore-suitable for manufacturing
auch a high-grade alloy, and because of
the high melting point of the metal, with
attendant difficulties of production, the
cost of this alloy was necessarily high.
In the continned attempt to decrease pro-
duction cost, and since there can be no
real objection on the part:of the steel
manufacturers, more recent practice has
been to produce a ferro containing ap-
proximately 50 per cent molybdepum.
This grade of ferro, hesides Dbeing less
costly to produce, is perhaps the princi-
pal factor in the success of iis direct
addition to steel. Its lower melting point
is resgponsible for less sSegregation and
eliminates the necessity of pre-melting
or fine crushing.

Merit and Cost of Molybdenum.

In the attempt to create or stimulate
the uge of anything new, the first re-
quirement is to establish its merit and
secondly to decrease its cost. The first
reguisite—the valie of molybdenum as
an alloy for certain steels— is continu-
ally becoming better known. Principally
from lack of demand, the war-time price
of ferromolybhdenum has fallen consider-

“ably, but if the metal iz to find extensive
use it is necessary that a reasonable and
more constant cost be established.

In deposits of commercial éxtent, mol-
yhdenum seldem occurs in percentages
suffieient to permit, evenr hy the most
efficient known means of ore concentra-
tion, a recovery of greater than 10 1h.

* Chem. & Met. Eng., June 2, 1920,
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.ing and treatment has been brought. f

rnace practice it is desirable to avoid,
& far as possible, any introduction of
jica into the bath. Upon addition of

the ore would be converted into the
ioxide and as such would readily vola-
jize and be lost. The most serious ob-
ction, however, is the 25 te 30 per cent
flphur ~content of. high-grade concen-
ates, In a test made at the plant of
e Southern California Iron & Steel Co.,
L.os Angeles, an attempt was made, by
¢ addition of high-grade molybdenite,
introduce 0.4 per cent molybdenum
fo steel.” It was found that although a
ymaiderable proportion of the molyhde-
m entered the steel, sulpbhur, with its
eat affinity for iron, was alse intro-
iced to the extent of 0.25 per cent, By
ng treatment in the furnace, with man-
inese and lime additions, this sulphur
ntent might have been lowered, but
ith the furnace-man’s constant effort to
ep the sulphur low in his produet, a
olybidenite would hardiy be looked upon
th favor.

Roasted molybdenite concentrate or
ioxide of molybdenum would serve as
direct addition agent, were it not for
e ease with which this compound is
latilized. At 1,200 deg. F. the vapor
pressure of molybdic oxide is quite high,
that recoveries from an addition at
eel-furnace temperatures would bhe un-
ofitably low. Such roasted concen-
ates would also carry the silica gangue
of the unroasted material, and though it
possible to manufacture a more pure
oxide, the cost of such is prohibitive.

Since molybdeuum unites in varying
proportions with ogygen, it is possible
at one or more oxides might be found
hich would not be volatile at furnace
emperatures. The difficulty, however, of
fliciently producing such oxides makes
c¢h compounds of doubtful value for
nsideration as addition agents.

Sodinm molybdate might serve as
other possible agent hut for the higher
st of producing it of a sufficiently h}gh
molybdenum content.

In the cage of some molybdenum ores,
step between concentration and the
anufacture of ferro involves either a
urnace or a chemical, treatment for the
removal of possibkle impurities and the
roduetion of an alkaline salt of molyDh-
enum, preferably calcium molybdate.
though in the praduction of ferro from
molyhdenite it is not always necessary fo
irecede electric furnacing by a roast or
wet treatment, such a process can he
eadily applied and a calcium molybdate
if high grade very easily produced.

12,

of metal per ton of crude ore min
Often considerably less may be ek
tracfed, A gzreat many costs, therefo
must he charged against these fg
pounds of metal recovered, from the m
ing, through the often-difficult concentry.
tion, to the final transportation.

To these must be added the cost. g
electric smelting with its heavy lossegy
even in the best of practice, the diffienl
ies of coming within the customari]
rigid specifications of the consumer, ang
the tncertainty of selling the prod
when finished. It is easily &een, ther
fore, that if a fair and reasonable retu
ig to he made to the producer, ferromg
yhdenum ecannot become cheap enoig
tg compete largely with some of th
moere common steel-alloying elements
Agsume that every possible cost of m

its lowest point. Then if any further de
creagse in cost is to he obtained, it bhe
comes possible only through some i
provement in the metallurgical trea
ment or through the etimination of som
step in the preparation of a suitabl
product for the steel manufacturer,

With these facts in mind, it occeurre
that it might be possible successfull
to Introduce molybdenum into steel I
the use of a salt of the metal rather tha;
by the use of ferrcmolybdenum. Coul
this be efficiently accomptished, then th
electrie-furnace reduction of ores am
products would he eliminated and In it
place a much lower-cost chemlcal t1ea
nient could be substituted.t

Chemical Gompounds as Addltion Agent;

The idea of introducihg an alloy
metal inte steel by means of some &
or. compound thereof is not particularl
new. It has been tried, hoth in the [
nace and in the ladle, with certain of th
metals, and with more or less sueces
Several difficulties, however, are enco
tered in considering the more commo
salts or compounds of molybdenum.

The ordinary 60 per cent molybden
concentrate, or even the higher.grade
unfit for direct addition for several r
sons. Al such concentrates contain:
certain proportion of silica and in hasi

t Compare, for instance, J. P. Bona_u‘ﬂ
“Notes on (he Metallurgy of Wulfenits,
Chem. & Met. Eng., Vol. 21, p. 264, Sept. 1
919.
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olybdenite to steel at least a portion -
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Theoretically, calcium molybdate
should serve as an exeellent addition
agent to steel. It can be easily and com-
paratively inexpensively made of a high-
grade, containing practically nothing but
the oxides of molybdenum and ealcinm,
The salt is easily reduced and the lime
apparently prevents loss by volatilization
of the molybdenum' trioxide. -Upon re-
duction of the molybdenum, hy the car-
bon or gilicon in the. steel, the lime
would simply serve as a small added
source of material for the ordinary basic
stag.

Early in 1918 in New York City, sev-
eral small steel heats were made., An
sxperimental electric furnace was em-
Dloyed and molybdenum was success-
fully iniroduced Dby the use of caleium
molybidate thh a recovery of 95 per
cent.

Encouraged by these tests and with
the kind co-operation of P. B. McKinney,
metallurzist at the U, 8. Naval Gun fac-
tory, a commercial test was made at the
Navy Yard in Washington, in September,
1918, The calciuinm molybdate was made
irom the wulfenite ores of the Mammoth
Development "Co., of Los Angeles, and
furnished gratis by that company for the
test. TUsing a Heroult furnace, six tons
of scrap was melted and at the proper
time sufficient caleinm molybdate added
to introduce about 1 per cent molybde-
num into the steel. The meolybdenum
content of the product, as shown by
final! analysis, confirmed commereially
the previous experimental resultg, At a
later date, C. B. Margerum, metallurgist
of the U. 8. Naval Ordnance plant at
Charleston, W. Va., repeated the success
secured at the Navy Yard in ‘Washington.
A third electric-furnace test was made at
the plant of the Carbon Steel Co., in
Pittsburgh, Pa. A 6-ton Heroult furnace
wag employed, and a repetition of the
success of the Lwo previcus heats gave
ample assurance that calecium molybdate
was a satistactory addition agent for use
in the electric furnace.

Molybdate in the Open Hearth.

Having succeeded in these attempts, it
was conceded that because of the strong
reducing aection of the eleetric fmnace
the results obtained were to be expected.
That the same success could be secured
in the strongly oxidizing atmosphere and

action of the open-hearth furnace was,

however, open to argument, and consider-
able skeptlclsm had to be overcome.
Experimentation has shown molyhde-
num to have less affinity for oxygen than
either iron or carbon. Industrially, this
is again proved by the fact that once in
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the steel bath neither “oréing down’ nor
“Loiling™ appears to lower the molybde-
num content.

Provided the molybdate could come in
direct contact with the molten metal, it
was. thought that the salt might be re-
duced either by the metallic iron itself
or hy one of its reducing constituents.
By the courteous aid of the officials of
the Carbon Steel Co., 50 tons of pig iron
and scrap was charged into one of the
hasic open hearths at their plant in Pitts-
burgh during November, 1818, At the
proper time sufficient calejum molybdate
was added to introduce the desired per-
centage of metal. Analysis of the ingots
produced showed a high recovery of the
molybdenum added, and the success so
attained amply rewarded the effort ex-
pended. )

Early in May, 1919, with the kind in-
terest and co-operation of the staff of the
United Alloy Steel Corporation, a second
open-hearth test was arranged. Two
100-ton heats and a third but smaller
basic furnace heat was made and the de-
sired amount of calcitm molybdate
added in each case, The practically com-
plete recoveries of molybdenum secured
proved beyond question that molydenum
in this form may be successfully, and
very efficiently, introduced inte steel
made in the open-hearth. In all tests,
rolling mill recoveries correspond with
those usually obtained with the custom-
ary ferro addition,

In order that the molybdate may come
in direct contact with the molten iron, it
iz necessary that the addition be made
in the early stages of the heat. In one
of the tests the molybdenum was in the
open-hearth furnace over a 14-hr. period
and under very severe oxidizing condi-
tions. The faet that the molybdenum
content remained practically constant is
proof of another very important consid-
eration in connection with the metal. It
ig conclusive evidence that molybdenum,
like nickel, and unlike vanadinom, “stays”
with steel. TIn the use of molybdenum,
therefore, the “crops” and scrap ordinar-
ily encountered in all alloy steel manu-
facture can be remelted with but little
loss, thereby reducing the amount of al-
loying metal required, . Because of the
economvy that may be effected, the im-

portance of this fact must be appreci-

ated when considering molybdenum as
an alloying metal to replace certain of
the metals now being used, and for pur-
poses in which it may serve equally well.

Method of Operation.

The introduction of molybdenum into
steel by means of calecium molybdate in-
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r to separate therefrom any of the cop-
er or ireh sulphides that might be con-
The millman will readily appre-
. saving that may thus be

volves no complications whatever, it b
ing only necessary to bear the followin
in mind: ,

With the strongly reducing action awm
concentrated heat of the electrie furnacs
the time of addition is of less import
ance. Best results have been secured h
introducing the molybdate immediat
after skimming of the first, or phog
phorus slag, the final or white slag ingd
cating, of course, that reduction has he
complete.

In ‘open-hearth practice, the molybdat
must be added in the early stages of th
heat, not with the charge because of pog
gible loss in the furnace botiom, but pre
erably a little before the melt become
“level”. In other words, in any type o
furnace it is only necessary to remembe
that the molybdate must come in dire¢
contact with the molten iron, and ther
fore in the bhasiec open-hearth it must b
added just before the lime beging 't
come up. A layer of slag would com
pletely prevent contact with the mefs
Shipped in sheet iron drums of conveéi
ient size, the molyhdate Is added, con
tainers and all.*

The production of calecium molybdate
ffars a further advantage in that the
quipment for its manutacture does not
nvolve great cost nor is especial skill
equired in the operation. The method
¢ comparable to the.cyanide process in
hat large tonnages may he readily
reate and in many cases such may be
arried out right at the mine. The elec-
rie-furnace production of ferro not only
equires very large expenditures for ton-
age ireatment, but algo necessitates
articular experience and skill. Only in
are cases Is the mining company in po-
ition to carry out such an operation, and
t thus becomes dependent on some met-
Hurgical concern to put its produet into
‘marketable form.

Caleivm molybdate is readily made,
nd with high recovery, from all molydb-
enum ores by simple chemical treat-
ment. The salt asz usunally furnished car-
‘Ties approximately 40 per cent metallic
olybdenum and containg no impurities
otrimental to good steel manufacture.
:1t has been proved beyond question that
olybdenum, in this form, is' a very effi-
jent addition agent for the introduction
‘of the metal into steel.

The particular advantage of the proc-
ss is that a carbon-free molybdenum
ddition agent may be afforded to the
teel manufacturer at a price which will
‘assuredly permit the competition of the
‘metal with those at present in more gen-
‘eral use, It is net within the scope of
‘thiz article to attempt to point out the
‘use or benefits of molybdenum in steel.
he value of alloy steel in general is con-
‘stantly becoming hetier appreciated. In
‘the writer's opinion, molybdenum is’ the
‘only metal commercially available in
this countiry which is capable of develop-
‘ing in steels properties equivalent to
‘those produced by metals which must
nmow he imported. A possible strategiec

Advantages.

From the standpoint of the miner th
production of caleium molybdate is pa
ticularly advantageous, In almoest evet
occurrence, molybdenite is associate
with considerable percentages of hot
iron and copper sulphides. In order:
rrodvce a marketable concentrate, all
the copper and a considerable portion
the iron must be removed. This may b
accomplished by selective flotation, bu
thig cleaning process not only adds |
the operating costs, but invariably mean
a lower extraction. Tn other words, an
refining operation, whether it be in co
centration or in the electric furnace pr
duction of ferro, is necessarily a cost]
one. Neither copper nor iron interfere
in the production of caleinm molybdat
g0 that the need of either of these refii
ing operations is entirely eliminated.
therefore hecomes unnecessary for th
miner to make a high-grade concentra
—_ domestic supply of molybdenum that is
‘now assured. ¥From the results of the
‘work that is being dome by concerns, as
‘well ag indivduals of prominemnce, it isg
certain that molybdenum will shortly fill
an important place in the alloy steel in-
dustry

= Al]l rights to the proecess as outlined, bo
in the TUnited States and foreign countrie
are covered in U, 8 Pat 1,300,279, and A
owned hy the Steel Alleys Co., Investmel
Building, Los Angeles, Calif. It has been al
ranged that license to use the procgess w
he furnished gratis by the Stecl Alloys C
to any steel combahy that may purchase il
ciute molybdate from such molybdenum pr
ducers or sellers as may be specified up
the - lcense. Since it is expected, howevel
that the arrangement mentioned will be ma
with all prineipal molybdenum producers,
hardghip to the steel manufacturer, either
payment of royalty or limiting of purchasi
power, wiil he effected.

RABIUM SCARCITY.
Owing to the scarcity of radium—
which is now priced at $160,000 a gram—
and the failure to discover new Sources
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alue exists in the ample and constant .
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of supply, it is feared the shortage will
hecome exceedingly acute. In the mean-
time, it is reported that radium for use
in medical research is being prepared
by a special method. A weak solution
is made which gives off radium emana-
tions; these, which are detected ounly by
dehcate instruments, are collected in
tiny sealed glass vials and the vials are
sent to medical men. It is stated that
the efficacy of sueh bottled emanations
Iasts one week.

WORLD PRODUCTION OF COAL
IN 1919,

The world’s production of c¢oal in 1919
seems to have dropped back to the level of
1910. Preliminary estimates, necegsarily
rough, place the total output of all kinds
of ceal in 1919, at 1,170,000,000 metxie
tons, or 1,290,000,000 net tons. This is
162,000,000 metric tons less than the pro-’
duction in 1918, the last year of the
World War, and about 171,000,000 tons
legs than that of 1913, the year before
the war began.

This estimate is based by the Geologi-
cal Survey upon reports to the Supreme
Economie Council from countries which
contribute about 85 per cent of the
world’s output. Obviously, returns from

- the other countries may materially alter

this- figure; if anything, they will prob-
ably reduce it stfll further.

The following table shows the esti-
mated production of the world for each
Year from 1910 to 1919, Because of dis-
turbances and inferruptions in the com-
pilations of Government statisties, par-
ticularly in central and eastern Europe,
the figures since 1913 are not to be re-
garded as final. The metric ton of 2,205
1bs, is used hbecause it is the prevailing
unit in non-English speaking countries,
Americans will remember it most easily
as being roughly equivalent to the gross
ton and the English ton.

World's Production of Coal 1910-1919.
{Metric Tons of 2,205 1bs.)

Production, Per Cent
in Part Produced
Year Estimated by U. 8.
1910 1,160,900,000 39.2
1911 1,189,000,600 37.2
1912 1,249,000,000 38.8
1913 1,341,000,000 38.5
1914 1,208,600,000 38.5
1915 1,196,000,000 40.5
1916 1,270,0:00,000 42.1 -
1917 1,336,000,000 44,2
1918 1,232,000,000 46.2
1915 1,170,000,000 42.1

Comparative production in five of the
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belligerent countries hefore and after the
war is shown in the following table:

Production of Coal in Certain Countries,
1913 and 1919,

(In Milliong of Metric Tons.)

United Kingdom ............. 292 237
France (present boundaries)*, 44 22
Belgium ... ..covvvienias 23 18
Germany {present oundaries)t:
Bituminous ................ 173 109
Lignite ...~ ........ ..., 87 94
United States ................ 517 494

It is pointed out by the Supreme HKco-
nomic Couneil that from 1913 to 1919, the
output of bituminous coal in the four
European countries shown in the table
has fallen from 532,000,000 to 386,000,000,
the decrease being about 20 per cent in
the United Kingdom and Belgicm, and
nearly 40 per cent in Germany. In the
Saar Valley, whose output appears to
have fallen from 12,000,000 tons in 1913
to about 8,000,000 in 1819, the percentage
of decrease wag over 30, The reduction
in the French output is mainly due to
the destruction of the mines in the Nord
and Pas de Calais:

The output of lignite in Germany in
1919, though less than in 1918, was still
greater than before the war, bheing
94,000,000 tons, as compared with
87,000,000 in 1933.

In the break-up of Austria-Hungary the
pulk of that country's coal and lignite,
the production of which amounted before
the war to about 55,000,000 tons, was in-
herited by the Republic of Czechoslo-
vakia. The 1919 production of Czecho-
slovalkia was about one-third less than
the same territory produced in 1913.

* Includes Alsace-Lorraine,

 Exeludes Alsace-Lorraine and the
Saar.

COMMERCIAL GEOLOGY.

The study of foreign mineral deposits
and supplies by the (Geological Survey,
Bepartment of the Interior, has for years
Been incidental to the published annual
inventory of the mineral production and
regources of the United States. During
the war, however, this study took on new
importance, and work was hegun on the
study of the distribution of the world’s
regerves of the essential minerals, re-
sulting in the compilation, for the use of
the Government, of a world atlas showing
the production and resources of the more
important mineral commodities.

After the data thus compiled had
served the immediate confidential needs
of the Government itself, the Secretary
.of the Interior warmly indorsed the pro-

-our own resources ig not enough; w

- In it he has pictured 'the curious, gpe
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1:osal to prepare the material for public
tion, so as to make it useful to the ge
eral public.

The “Atlas of Commercial Geology”;
the first part of which is now in pres
will exhibit graphically the diztributio
of mineral production and of mineral r
serves, An effort is made to give the ne
essary world view by means of miner
maps of every continent. The hagic i
portance of the raw-mmaterial resources t
the country makes it a prime public dut
of citizens generally to know the facts r
garding the mineral industry, and to g
certain these faets; the intensive study of

The Olympic Games at Antwerp

By Arthur Drew.

For all Americans interested in ama- for any Amerfcan, through the scientific
r gport and recreation, 1920 is an im- application of hig leisure time, to win the
ant year, for the Seventh Olympiad highest homors in the athletic world
ill be held in Antwerp this summer. Granted that there is just a litle tod
hroughout the United States, the elimi- muech emphasis upon the star system in
tion trials which will decide the per- American amateur athletics, the fact re-
onnel of the American Olympic team mains that more and more people are be-
e revived the fervor of contest that ing drawn into recreation and sports
ames up with the approach of every in- Every kid in a playground, BYETY man oﬂ
mational competition. The departure & university track, every worker who
the hocky and golf teams and the try- Uses a colnmunity center can develop
its for the other teams which will make Thimself. It’s a fair field for all that the
p the American representation at Ant- American Olympic Committee offers to
erp have been followed more enthusi- American athletes.

icaily than in any previous Olympic Consider for a minute the make-up of
: The Army and Navy, thveugh a former American Olympic teams, Men
cial committee, will take a more ac- from all corners of the United JStates
ve part than heretolfore in the trials. from all professions and callings, 113,\!9:
ustavus T. Kirby, president of the Dbeen selected. The success of the Ameri-
erican Olympic Committee, points out ecan teams in earlier Olympiads speaks
nat the spirit of the Olympic contest is  pretty well for the geographieal distribu-
eace and good will. More particularly tion of stamina, fair play and sportsman-
hig true of the seventh of the modern ship throughout the United States. To
ries of games. The choice of Ant- carry this idea of geographical distrbu-
rp as the place for the contest was a  tion a little further, it is inspiring to see
appy one; Belgium is a dramatic if that winners of the different events come
omewhat tragie figure among the na- from so many nations. . Think of the
ng that have sacrificed so much for spectacular games at Athens in 1908
eace and good will. which were a part of the Greek and uof
.In former Olympic games, the United the interndtional eycle. A private soldier
tes has taken so prominent a part from Patras named Tophilos won the
1at the American team this year will be weight Iifting, Mr. Taffy (this was the
atched with unusual interest by the Way the Morning Acropolis spelled Duf
fousands of spectators who will crowd f¥'s name) was beaten by the *terrible
he stadium in Antwerp. All the more Robertson” in the trials of the 100-metre
son, then, why the best of our ath- Tace. Canada won the Marathon, with
ites, inside and outside the colleges, the Crown Prince of Greece, hitterly dis-

must also acguire a comprehension of
what minerals other countries contain ¢
supplement what we have at home.

If it were possible to construct a com
posite diagram showing either the current
output or the future reserves of the essen
tial minerals in all the countries of the:
world the graphic exhibit would show sg
large a centralization in North Ameriea ag
to suggest that here is a group of natur
favored nations. Yet the present indu
trial demands for fuels, metals, and othe
mineral raw materials force the American
business man to leok beyond the present
decade and beyond the horders of th
United States. ‘“Commercial Geology”
simply the sgcience of geology applied &
the problemg of industry in terms
trade. The “Atlas of Commercial Geo
ogy’ will present the hasal facts for us
by the business man and thus show th
relation of geology to national life. (A
nual Report, Director U. 8. Geologic
Survey.)

hovld be found on the American Olym- appointed at the defeat of his own coun-
le team. ‘We are going to have a really iry in this classic event, showing himself
epresentative team only in the ‘event a Zood sport by running alongside the
hal every man boosts for fair play, for Winner and cheering. )
q__uality of opportunity, for sportmanship These dramatic triumphs in the
1_:ld for the amateur spirit. Olympic stadivm serve only to empha-
t a : ~Winning the largest number of points size the success that mav come at home
tacular and awe-ingpiring aspects of th ‘the Seventh Olympiad will not be a to any man who makes the right use of
achievements and life in a Dbig industrl lorious end in itself. Stamina and the his opportunities. The men who wih in
plant and describes - the sights and ill fo win fairly, by-prodects of the con- the Seventh Olympiad, aftér all, are
sounds of the shop_ and ;t_s‘ men, whic st, are far more important than bring- those who have seized’the chaucé pre-
he termns “a great Imdustrial orchests 15 home the bhuast of Charles the - sented to them throngh school gymmasi-
It} an introduction, D}‘. Charles welfth, which has been put up as a vms, through college diamonds, or
$tf:znmetz, states that writers oo often rize by the King of Sweden for the clag- through pIéLy—gTouncIs, and  who l,llave
fail to see the wonders of our day. “In ¢ pentathlon, or the challenge cup of- steadily fought their way up from obscur-
the moé.lern factory,” says Dr, Steinmetz; red by the father of the modern Olymp- ity to the first ranl. There can he ouly
“there is far more romance and poetr cgames, Raron Pierre de Coubertin, for ome winner of the 100-metre race in Anﬁ-
than there hag ever been in t}le. histqr e Modern pentathlon, werl, but there can he thousands of as-
91" the past, but we must be living wit It is an encouraging commentary upon  pirants, all of whom will be the hetter
it to see anq .undel'stalnd it. That i Derican lite that workmen, scholars, for having set an unattainable goal be-
we must be living with the men of ou illionaire sportsmen, or business men fore themseives. It is because of the
century and not sheltered in the dust n make the American Olympic team. inspiration that the Olympiad has Tur-
past ages, I_:la,t shows there is ample opportunity’ nished the vouth from time immemorial

ROMANCE IN INDUSTRY.

Sensing a reality in the romantic ¢
human interegt side ol present-day indu
try, Charles M, Ripley of the (Genera
Blectric Company, has writien a book
entitied, “Romance of a Great Factory.:
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—and these games go back almost into
the prehigtoric mists—that they were so
important in classic days and are coming
to mean 0 much in modern times.

The man who “goes out for” the Amer-
ican Olympic team is an inspiration fo
the other young men of his community,
partieularly if he makes his way up to the
final elimination test in Boston in July.
It is interesting to see that even when a
man has gone across to compete with the
great athletes of other nations, it is the
thought of applause from his own foiks
that steels will and nerve to the ordeal.
As when the victor in the ancient games
returned to his communiiy erowned with
wreaths of olive leaves, to become the
village hero, so the American athlete re-
turns to his own people to be idolized for
the time being. After all, a nation is no
stronger and no wealer than are the rep-
resentative young men of individual com-
munities. If the spirit of the town is
opposed to the development of gports
and recreation, there is no likelihood
that a great athlete will ever be pro-
duced there, or that the people of that
community will be noted for their pro-
gressivenegs or their fair play. If Wa-
terloo was won on the playing fields of
Iton and Harrow, much more so will the
Antwerp Olympiad have been won on the
gridiron or the ployground.

" S0 clogely are the famed Olympic
games hound up with true recreation and
sport in the United States that Commun-
ity Service, Inc¢., the sueccessor of War
Camp Community Service, which organ-
‘ized so many athletic programmes for
soldiers and sailors during the war, is
assisting the American Olympic Commit-
tee in various ways throughout the coun-
try. The Secretary of War has pointed
ot that the work of the American
Olympie Committee iz important in
ph+sical education, apart from what it is

doing in c¢nltivating international good’

feeling. The interests of Community
Service, Inc., and of the colleges and uni-
versities of America are identical with
those of the Olympic Committee.

LARGE STEEL MANUFACTURER DE-
CLARES METRIC STANDARDIZA-
TION EASY; NOT EXPENSIVE.

Speaking for one of the large steel
manufacturing companies of the United
States, R. H. Page, Vice-President Trus-
con Steel Company, New York City, and
Manager of the "Foreign Trade Depart-
ment of the Truscon Steel Co., of Youngs-
town, Ohio, has just declared to the
World Trade Club of San Francisco, that
in the stee] industry, the advance to met-

ric standardization could be made eagily
and without appreciable cost. Mr. Pagy
declares that his company strongly favors
the adoption of metric standards exclug!
ively by U. 8. America. e asserts thap
foreign transactions would bhe greatly
gimplified by dealing in metric units and
that the foreign trade of the Umted_
States would be greatly advanced.

He declares that there are no real difi
culties in the way of adoption of metriy
standards. ‘"The heavy equipment in th
basic industries—such as rolls in the
stee] industry—are of short life and conldg
he entirely replaced with metric sizeg i
two or three years’ time,” he declare
“The more complex tools and dies would
require somewhat longer o replace, but;
meanwhlle, the products thereof could he
listed in their present metric equivalents:
Many of our larger firms in certain lines
already maintain duplicate equipment for
the manufacture of metric sizes for their
foreign markets, thus recognizing the i
portance of getting into step with the m
jority of the civilized nations.”

Some of the other large steel manufac:
turers gsupporting the metric standardiz
tion are: R. T, Crane of the Crane C
Chicago; The Tacony Steel Co. of Philas
delphia; The Victor Animatograph Co. of
Davenport, JTowa; Standard Steel Car C
Butler, Pa.; Hamilton Wateh Co., La
caster Pa.; American Wire Fabricg Col
Chicago, - Iil.; The Hydraulic Pressed
Steel Co. of Cleveland, Ohlo; The Ameri:
can Insulated Wire & Cable Co. of Chi:
cago, I1L., ete.

FUNDS SOUGHT BY AMERICAN COL-
LEGES TOTAL $2560,000,000.

That following the exampile set by Har-
vard, more than one quarter of a billicn
dollars is row being sought for additional
endowment by hundreds of institutions of

out by RElict Wadsworth, chairman of the
Harvard Endowment Fund, in an article
which-he hag written for the March issue
of the Harvard Graduates’ Magazine. The
Harvard Fund of $15,250,000 is fast ap-
proaching the $12,000,000 figure. )
Mr. Wadsworth has gone to Europe to
attend the first congress of the League
of Red Crogs Societies in Geneva as one
of five American delegates. He was for-
mer vice-chairman of the American Red
Cross, and because of his work in that
organization he recently received the
Distinguished Service Medal awarded by
the President.
“The fact that individuals had any defi-
- nite responsibility to the maintenance of
our educational machinery was hardly
recognized,” says Mr, Wadsworth. “Citi-
zens voted once a year for members of
the Schoel Board. College Alumni voted
at Commencement for Alumni Directors
and members of the Governing Board.
Thig, to a large extent, was the measure
- of our interest and thought.”
:  Looking back over the last six months
© gince the Harvard Fund was started, Mr.
Wadsworth says:
“It may be safely said that Harvard
. has played a very important part in lead-
- Ing this movement. While making the
first plans for the campaign it was deter-
: mined that the publicity for the Harvard
. Endowment Fund should have two ob-
jects: [First, to show the need of Har-
vard; second, and far more important, to
show the serious situation which con-
fronted all educational work.”
These objects have since  been
achieved, for the country has heen
aroused to the need of supporting higher
education. There is a story, too, that is
told in this connection. A well-known
banker has asserted that the Harvard
Endowment Fund caused him to realize
~ that he owed his own alma mater for
the start she gave him in life.
Tn the course of the article, Mr. Wads-
worth sayvs:
“With constantly increasing emphasis
the fact has been borne in upon educated
men atd women that the schools and col-
leges needed their individual attention.
We began to realize that our whole edu-
cational gystem was in danger of deterio-
ration or even disaster,
“Hundreds of Institutions have been

X-RAY FINDS FLAWS. ;

The difficulty of defecting flaws and
the presence of foreign bodies, of a me-
tallic or other mature, in bhuilt-up mica
which is ugsed for insulating purposes, hag
cauged one large manufacturing company
to install & X-ray testing outfit for this
purpose. With this apparatus foreign
objects, such as pins, bits of wire, etc;
as well as the weak or thin spots in the
mica itself can be readily detected. The
detection of these flaws bhefore the mica
is actually used for insulation purposes
is highly impertant, as much damage
and losg of fime and money dnoe 10
faulty mica are averted. Other mater 1a!s
can be examined in the same way.

The General Blectric Company employ-
ing some 22,000 people in its Schenectady
plant has launched an Amerieanization
campaign {esigned to teach every non-
English speaking employee the HEnglish
language and a familiarity with Ameri-
can standards of thought and life in then‘
broadest sense.

nigher learning in this country is pointed .

brought to a realization of the serious-
ness of their financial conditions by the
rising costs of 1919, with the result that
campaligns for additional endowment have
been inaugurated with a total amount
asked for running over $250,000,000. Cities
and towns have faced the same problem.
Demands for additional pay by straog-
gling teachers have been insistent. Spe-
cial elections have been held; taxes have
been levied to meet this universal.ery
from a hard-pressed profession.

“Together with the growing sense of
the danger threatening our institutions,
there has come a constantly growing cry
for more education. The steel strike, the
coal strike, the evident need for better
Americanization have developed writers
and orators galore all raising their voices
in the same cause. More and better eda-
cation for the masses; a higher and
broader intellectual development of the
college students, has been advocated in
no uncertain terms. No political speech
is complete without its mention of our
needs for better Americanization—which
means, as a fundamental, better educa-
tion, 'No discussion of the industrial
problems which confront the country
fails to bring forth the need of a better
understanding between employver and em-
ployee. Many methods for bringing this
about are suggested, nearly every one of
which involves more education.

“And so, gide by side have arisen these
two great changes in public sentiment:
First, a sense of responsibility among in-
dividuals for the support of the educator
and the upholding of the standard of edu-
cation; second, the realization of the enor-
mous importance of universal and proper
education in the future development of
America.”

Mr. Wadsworth lays stress upon the
practical support given by the late Henry
C. Frick, who “wrote in hig will a testi-
moenial as to his opinion of the value and
importance of our institutions of higher
learning.” Mr. Rockefeller, he says, “has
expressed, in no uncertain terms, his feel-
ing as to the importance of higher edu-
cation to this couniry by his gift of
$50,000,000 for distribution among colleges
of the country.”

According to scientists the ordinary
flow of the river at Horse Shoe Falls,
Niagara, iz 275,000 cubic feet per second.
developing an wunharnessed horgepower
of approximately 5,000,000 or the power
of 15,000,060 strong draft horses, each
horse being confined to an eight-hour
day.
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TECHNICAL REVIEW

.g_,s

GENERAL.

The Fixed Nitrogen Research Labora-

tory. By Arthur B. Lamb. (C. & M.

E., May 26, 1920,)

This article deals with the pmhlems
confronting the War Department in the
disposition of its nitrogen plants, The
Tixed Nitrogen Research Laboratory
was therefore established in Washington
to investigate the uses of mitrogen as a
fertilizer. This work includes the hy-
drating of lime nitrate, the granulation
of cyanide and the production of various
formg of ammonium. The operation of
the plant using the Haber process de-
pends on the finding of an active catalypt
for the reaction bhetween nitrogen and
hydrogen. The process of fixation by the
electrie arc is being studied because it
may be Installed rapidly in fimes of
emergency. German research work on
these problemg is said to have employed
250 chemists during the war. J, A. H.

Stahilization of Coal Industry Depends
on Emprovement in the Railread Situa-
tion. By Howard N. Eavanson. (M. &
M., June, 1920.)

Thirty per eent of the byproduct ovens
of the United States Coal and Coke Com-
pany have been closed because of the car
shortage. This shortage has heen so
acute that private cars of the company
have been diverted to other parts of the
country and have not heen yeturned.
This shortage has caused ten per cent of
the tetal loss of time in the past six
years. The lastest recommendation for
economy in coal consumption is by the
electrification of industries, J. A, H,

The Fertilizer Situation. By Milton
Whitney. {(C. & M. E., June 2, 1820.)
The merging of the smaller companies

which produced the old brands of ferti-

lizers in large corporations has made it
possible to elevate the trade into a real
chemical industry.
ment of phosphate rock with snlphurie
acid entails a losg of two-thirds of the
roek Dbecause it containg iron, aluminum,
and phosphate. Phosphoric aeid is diffi-
eult to transport as an acid but it can
readily e changed to a soluble salt.
Cottonseed meal, animal tankage, and
the other waste products which once sup-
plied nitrogen to the fertilizer industry
have hecome so0 prominent as animal
feeds that their price makes them pro-
hibitive for the former purpose. These

The npresent treat-.

materialg are go necessary to give the
fertilizer a  proper

trogen products,
nide, ammeonia, or
pounds of ammonia. These products
could he mixed in so. concenfrated a

form that they would require 80 per cent -

of inert fertilizers. The diluting agents
would be very economical as water, soil,
or sand could be used. Dipotassium

phosphate is prepared by fusion of g
mixture of potash, shale, phosphate rock, -

and coke, and precipitation the volatile
salts., The fertilizer indusiry of the fu-

ture must he hased upon chemiecal inves-

tigation and control. J. AL H.

GEQLOGY.
Diamonds. By Sydney H. Ball
M. J., May 29, 1920.)
Diamonds oceur
world associated with igneous rocks and
possibly with metamorphic rocks., Al

though the common . occurrence is in

pipes of peridate there iz good reason to
believe that tHey may also occur in
veins, and as a gangue mineral for met-

als. The more commonly associated
minerals are gold, corundum, topaz, en- :

clase, cyanite and platinum. ‘The per-

centage of recovery, varies greatly in

different localities, but the average size
iz much the same. J. A, H,

METALLURGY AND ORE DRESSING.

A Comparative Test Upon High-Speed
Steels—I. By A. J. Langhammer, M.E,
(C. & M. E., May 5, 1920.)

The manufacture of high-speed steel
has grown in sixteen years from a metal-
lurgical experiment to an important in-
dustry. The selling methods are disap-

pointing as salesmen will often make

tests with a special guality and fll orders
with a much lower grade of steel. Buay-
ers are also at fanlt in buying cheap steel,

or steel of various brands, which may .

require different treatment, thues throw-
ing the whole plant into comfusion. Car-
bon steels are now falling into dis-use
becauge of the premature dulling of the
cutting edges. It was succeeded hy

mushet, or self-hardening steel, which in-

creased speed G0 percent, but which is
yvet too slow for present use. Its speed
wag increagsed 400 percent by high-speed
gteel which will retain its cutting edge

mechanical texture -
that some substitute must be found. The °
logical source of supply is from fixed ni- -
such as calcium, cya- -
some of the com-

(E. &

in all parts of the :

to the point of breaking down. Stellite,
an ailoy of cobali, chromium, and molyb-
depum is 100 percent faster than high-
speed steel for cutting cast iron, and 700
percent faster for cutting bronze, but its
efficiency is reduced by its inability to
withstand sudden shocks, Cast high-
gpeed steel I8 a promising immnovation,
but its value ig not yet fully proved. Eng-
ish brands of steel, made without tung-
sten are atill a failure. The chemical
composition will generally betray a poor
steel, but it is one of so many factors
hat it is no guarantee of a good steel
Tungstien is the most valuable component
because it raises the strength of steel
and the poini of fusion, J. A H.

A Comparative Test Upon High-Speed
Steels—Il. By A. J. Langhammer, M.E.
(C. & M. E,, May 12, 1920.)

This article describes the tests to
“which steel for the manufacture of Lib-
rty motors under the Ford method was
©subjected. The thirteen elements which
-affect the cnutting speed of tools were
~made as nearly constant as possible to
‘reduce the number of variables, A eat-
“ting speed of 35 feet was chosen, which
“eliminated that variable factor. The
squality of metal to be cut was made con-
cgtant by using in the test Liberty air-
lane motor cylinders of a definite Kard-
ess, The - -chemical composition of the
ool steel, and its heat treatment was
ecessarily a variable as various brands
:of steels were used. The thickness of
haming was the same throughout the
est. ‘The shape or contour of the cutting
cedge of the tool was made constant, while
“no  coolant or cutting compound was
;used, making that factor zero. The depth
‘ol cut was 5-32 inch in every teslt. The
celement of duration or length of cut could
not be made constant. The tool holders
: WelE‘ made as rigid as pessible, so that
“chattering” was reduced to a constant
.approaching zero. “Diameter of work” was
eagily made a constant by selecting only
specimens of equal diameter. Change ot
feed and speed possible was ecliminated
by establishing the cutting speed and the
depth of eut at the beginning., The re-
cogged construction of the lathe pre-
vented any variation due to the “pulling
and feeding power of the machine tool.”
The “human element” was made as con-
S@apt as possible by having expert super-
vigion, - J. A H

A Comparative Test Upon High Speed
Steels—Ili. By A. J, Langhammer,.
M.E. (C. & M. E., May 19, 1920.)

The fundamental factors of a test are
the steel, the manufacture of the tool,
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its heat-treatment, its grinding, the work-
ing details, and the chemical and metal-
lographic tests. In these tests, hest grade
steel was ordered, without mention of the
testd.
were hardened according to the specifica-
tionsg of the steel manufacturers, Special
precautions were tazken in grinding to
prevent overheating. In cuiting, the life
of the tool was caleulated with a stop-
watch and tables were prepared, detail-
ing the performance of each brand. 'The
chemical and metallographical tests were
conducted in the Packard laboratory and
when in doubt they were checked in two
other laboratories. J. A, H.

The Remodeled Arizona Hercules  Con-
centrator. By J. T. Shimmin. (E, &
J., May 15, 1920,)

By the original flow sheet of the Ari-
zona Hercules Mill, every day 1,200 tons
of ore were crushed, classified; concen-
trated and prepared for shipment under
the new fiow sheet the capacity has heen
decreagsed, but the efficiency of concen-
tration has Dheen greatly raised. The aw-
thor believes that gravity conrcentration
should precede flotation on the flow sheet,

as the flotation alone is not entirely de-.

pendable, J. A H,
A Russian Copper Refinery  Under Bol-
shevik Control. By R. G. Knicker-
bocker. (M. & S. P.,, May 8, 1920.)
The refinery on the Kyphtim egtate, in
the Ural Mountaing was seized Dby the
Bolshevilii in 1917. The whole eperation
of the plant was so poor that. at least
one guarter of the copper, gold, and sil-
ver was heedlessly wasted. A commis-
sion of Russian enginedrs! iizvéstiz
conditions and reported fifie diigoeg-
tiong, most of which 1&-3gau:1rq robbery
the greatest cause of logd: N
ont of the country, Mr. iR
had the usual difficulties
red-tape,r miserable transjiert
eommodations and worse food:

JOA. H.

Reverberatory Copper Smelting in Ari-
zona. By Charles F. Mason. (E. & M,
J., May 8, 1920,)

It is said thai the reverberatory fm-
nace has donhled the efficiency of the
blast furnace. Much of this efficiency
has heen due to a cut in expenses by ug-
ing slack coal instead of oil. The fur-
naces are being made slightly wider with
straight-line arches and larger uptakes
and flues. Side-charging is the standard
practice in Arizona, and the continuous
slag tap is coming into general use.

‘When the tools were made they -
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Steam boilers are the most eflicient
agents for the recovery of waste heat,
but the connecting flves must be as short
as possgible ahd of large cross-section, to
prevent loss by radiation. J, A H.
The Metallurgical Research Department
of the Utah State School of Mines. By

L. W, Chapman. (C. & M. E.,, May 12,

1920.)

The offices of the Depariment of Met-
allurgical Research, and of the U. 8.
Bureau of Mines have been installed in
a larze fire-proof building erected by
state appropriations and public subscrip-

tion. The ore-dressing laboratories are,

equipped with grinders, crushers, disc
pulverizers, sample splitters, special
erinding mills, jigs, concentrating tables,
finighing tables, ball mills and jar mills.
The flotation lahoratory is equipped with
testing machines, flotation machines, suc-
tion filters, and dehydration heaters.
The equipment is arranged so that re-
sults of smail-scale tests may be substan-
tiated by large-scale tests, and so that
the students may learn the caleulations
involved in the operation of the various
machines, Fine crushing may be done
in either a Marcy mill, a Hardinge mill,
a Huntington mill or a stamp miill. The
table equipment consists of two Wilfleys,
a Deister-Overstrom finishing table, and
an Overstrom roughing table, all having
interchangeable riffles. The flotation
efuipment consists of a Janney machine,
Anzinger machine, an M, 8. machine, and
magnetic separators. The chioride vola-
tilization process is performed hy crush-
ing the ore to a suitable fineness, mixing
with chloridizine aments, heating, recov-
ering the volatilized chlorides, and treat-
obtam the values in saleable
J. A, H.

gl Brlquettmg Plant. By Al
L. :Stlliman. (C. & M. E., June 2,

drtance of briguetting has
passed from anthracite coal to ore ust,
saw-dust and metallic turnings. These
materials are mnow being successfrlly
briguetted by many companies. The
greatest question was whether the care-
ful work of the laboratory could be imi-
tated on a commercial scale. The most
important point in the industry is the
difference in value of the brigquets and
the material from which they are made.
To answer some of the other fourteen
questions, the General Briquetting Co.
established a complete operating plant
for experimental purposes. Coeal dust is
theroughly mixed with 5 per cent of
heavy o0il and rolled into eggettes. The

ne carbonate in the United States and
ne of the largest silver-lead prodvcers
" Nevada. It became important in 1911,
hen the concentration plant and a nar-
ew-gauge railway to Jean were huoilt,
e ore iz caleined, with the chloridiza-
on and subsequent recovery of the sil-
er and lead. The milling eguipment in-

equipment includes shredders and hreak-
ers, rotary furnaces, belt magnetic sepa-
rators, and hydraulic presses. The gen-
eral procedure is to determine whether
a binder is necessary, what pressure
gives the best results and whether the
material permits of large scale opera--
tiong. Lime is sometimes added to
briguets of ore-dust to make them firmer J
and to aid in smelting. The article ends verstrom-Universal Tables. By calcin-
with a list of problems investigated and - g, the zinc percentage of the concen-
the results. J. A. H. rate is raised from 32 to 42 per cent,
- ith a weight reduction of 34 per cent.
J. A H.
lotation of Molybdenite at Empire, Cola.
By Will H. GCoghill and J. P. Bonardi.
(E. & M. J., May 29, 1920.)
‘The ore occurs with pyrite, gzalena,
halerite, and magnetite in the Ural
Mine of the Primos ¥xploration Co., near
mpire. The refining plant will treat
w grade concentrates so that a hish
pcentration mill is unnecegsary., The
e-circnit was unsuccessful because the
¢ was being lost in the fine grinding
hich was thought necessary to separate
the molybdenite from the siliceous gan-
1e. The flotation of the ore was then
investigated by the staff of the U. 8. Bu-
au of Mines, by a microscopic study of
the ore at dlfferent desrees of pulveriza-
tion. These observations proved that a
ny flake of molybdenite on the surface
if the gangue mineral wonld make it
float, so that it was unnecessarv to free
the ore by very fine grinding. A sample
of the pyritic concentrate from the tail-
ines containing about 75 per cent of all
he pvrite in the ore, assayed ouly 055
per cent of MoS., which proved that very

Seientific Control of the Filter Station,.:
By Arthur Wright, M.E. (C. & M, E,,
June 2, 1920.)

Meodern industrial filters will gquickly
drop bhelow their capacity unless they
are handled by an operator who knows
his work. Clarity of filtration is due to
the superiative straining of particles of
suspension from the liquid. When fab--
rics are used the clarification beging.
after a layer of sediment has heen de-
posited, but the use of sand gives imme-
diate clarification at the surface. The':
filter cloth should be as thin as is praecti-
cal in order that sediment may not he:
caught within the mesh. The use of two
layers of thin cloth is objectionable he- -
cause it has the disadvantages of hoth
thin and thick fabrics. This plan is
practical only when the thin fabric is re-
inforced by burlap or matting. In ob-
taining clarity one of the most important
necessities iz to have proper agitating .
devices. Filter aids will help if they -
have a low specific gravity, high filter-
ing characteristics and an inert chemical
composition. J. A H,

te. Amnplication of these diseoveries to
the mill at Empire reduced the percent-
aze of M08, in the slime to an averace of
0.05. Previouslv, the only cell of twelve
hich rroduced a product of shipping
Erade. had been diluted with low-grade
aterial from succeeding cells.

The Bunker Hill Enterprise—X. By J, A.
Rickard. (M. & 8. P,, May 29, 1920.)
Mr. Rickard gives an interesting ac

count of the efforts of -the Guggenheims .

to get control of the mine by direct nego-

tiation and by apex litigation. This in
volved five law suits dealing with most -
of the problems of conflicts and extra- . A F‘o"npar'at[ve Test Upon Hirh-Speed
lateral rights. The whole Bunker Hill ° fteels—IV. By A. J. Lanthammer,

property ig about five miles long and has M.E. (C. & M. E., May 26, 1920.)

a maximum width of 3% miles. The- It was found that steel of a good com-

smelting of the ore was the cause of sition and structure failed becavse of

much litigation with the Guggenheim faults in the process of manufaeture.
companies and resulted in the huilding The more important conditions in the
of a smelter at the mine. The article : manrfacure of zood steel are a well-bal-
ends with paragraphs on the prinecipal. anced organization, modern, high-grade
people to whom the success of the enter aruipment, carefully planned and exe-
prise was due. J. AL H. ¢ ted  work, experienced and ecareful
workmen, and the best of raw materials
and expert supervision. Mills should,
whenever possible, econtro! the produe-
ion of their raw material. Melting
8ho~id he carried on with the proper con-

P T P R T £ T T S B
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Recent Developments at Yellow Pine -
Property. By Percy M. Cropper. (S
L. M. R, May 30, 1920.)

This mine is the Iargest shipper of

(rdes Hartz jigs, Deister-Overstrom and -

little molvbdenite was locked in the pyr-
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egsential in forging. Electric furnaces
are of great advantage in the mixing of
the ailoys. The resulis of the tests dem-
onstrated that tools of the same bar and
treatment subjected to the same working
conditions, gave widely varying results.

" The tests were checked by other single

tests and the averase results were prae-
tically unchanged. Nine other companies
using  tool steel supplied information
which agreed closely with the Packard
tests deseribed, Superior tool steels
effect a saving of from five to ten per
cent in labor costs as they can be de
pended upon in critical times. The
chemical analysis of the best steel re-
veals a large percentage of tungsten and
chremivm as compared with the other
guxiliary elements, Mierophotographs of
annealed steel showed wide variations in
strevcture. In the hardened steels prac-
ticallv all of the ecarbides were taken
into solution. J. A, H.

Reliability of Materials and Mechanism
of Fractures. By Charles De Fremen-
ville. (C. & M. E.,, May 26, 1920.)
The needs of the automobile industry

led to the first scientific investigation of

what different types of steel would do
vnder different conditions of shock and
strain. The cause of fracture can bhe
arrived at only by a study of the appear-
ance of the fracture, which seems te in-
dicate that the parting of a material is
slightly preceded by cracking. In all

‘cases the fracture begins below the sur-

face of the material, even though the

shock is evidently greater at the surface,
———— — J. A, H.

OlL.

The Market for Rocky Mountain Petro-
teum. By John D. Northrop. (E. & M.
J. May 29, 1920.)

’ Untll the last few years the petroleum

industry of the West has been upable to

obtain Eastern capital hecause of the ap-
rarent lack of a market for its product.

Five Important factors have dissipated

this obstacle, which can ro longer exist

in the face of the staple nature of petro-
leum, the high grade of Rocky Mountain
oil, the nature of the existinz markets,
and the I)I‘OIH!SIBU' futvre of the West,

The rezion is admirably located to sup-

ply the demands of the vast territory

where oil is not found, and of the ever-
increasing population. New oil fields in
the North, as well as in Colorado, New

Mexico, Arizona, and Utah would find an

immediate market for their product. The

Midwest Refining Co. used this market

for a profit of 66 per cent in 1917, and a

daily capacity increased to 56,000 barrels

of erude oil. The market is so large that

PR T T T T T T
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PERSONALS

a2,
W. E. Hindry is located at Pasadena,
Calif,

. 2.

John V. Richards is with the Bishop
Creek Mining & Milling Co., Bishop,
Calif,

Montagrre Butler, Dean College of
Mines and Engineering, Tucson, Arizona,
was a (olden visitor recently.

05,

P, Jay Lonergan’s address is Leaven-
worth, Wash.

06,

Sill is located at 1011

Street; Los Angeles,

Rush Tabor
South Figueroa
Calif.

. '08.

Merrison Harris is located at Clay-
mont, Del. ’

Carl E: Lesher is editor of “Coal Age,”
26th Street and 10th Aveuue, New York
City, N. Y,

"9,

George M. Lee is chief chemist, Granby

Con. M. 8, & P, Co,, Amyox, B. C.

Jene MeCallum is  with the River
Amelting and Refining Co., Florence,
Colo.

J. Courtney Ballagh is president and
manager of the Southwestern Welding
Ca,, 506 San Francisco Street, T Paso,
Texas.

11,

R. G. Bowman is with the Anaconda,
T.ead Products Co., East Chicage, Ind.

Walter J. Mayer is with the Aetna Life
Ing. Co., 529 Idaho Bldg.,, Boise, Idaho,

P. M. McHugh, sales manager of the
Dorr Co., was in Denver recertly.

"z,

Alan Kissock iz president of the Steel
Alloys Co., Tnvestment Bldg., Los An-
geles, Calif. He reports the arrival of
Jean McNeil Kissock.

€. 1. Harrington, of the Radium Co. of

America, is conducting tests at the Ore
Testing Plant, Golden, Colo.

Paul Hillsdale of Salt Lake City is on
a husiness trip in the Hast.

John Davenport, metallnrgical engi-
neer, 5 Custom House Street, Boston,
Mass , is now with the ‘Wausan Abrasives
Co.,, Wausan, Wis.

3.

Frank A, Downsas is with the Dorreco
Slate Company, Middis Granville, -New
York.

5 P Warz‘en,' who hag Dbeen working
al the Ore Testing Plant in Golden for
several months, is now at Climax, Colo,
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-of the Hardinge Company, and is tem

EX-MINES NOTES.
'83.
Walter H. Wiley’s address
prive, Glendora, Calif.
’06.
Harold 8. Munroe has resigned as man-
ager of the Consolidated Copper Mines
Co., Kimberley, Nev., to become general
manager of the Gmnby Con. M. 8. & B.

Irving A, Chapman is in the Engineer
ing Department of Jardine, Matheson &
Co., Ltd., 25 Madison Avenue, New York

James W. Dudgeon, formerly with th
Basin Salvage Co., Basin, Mont, is now
with the Davis-Daly Copper Co., Butte]
Mont, :

Mr. and Mrs. John R. Davig, of Ban
noclk, Mant.,, are rgjoicing over the ar
rival of an eight-pound daughter.

"4,

Fredorick W, Foole is at present i
London on business.

Neil M. MacNeil, of Bisbee, Arizona,
is spending several weeks in Golden.

Adolph Bregman is located at 155 W
84th Street, New York City, N. Y.

5.

Van Cleave A. Olson has resigned from:
e Sinclair Consolidated Oil and Ga
Ceo., Wichita Falls, Texas, and is tempo
rarily at Park City, TUtah.

"8,
John J. Cadot iz production manage

is Paim

10,
John A. Baker is in charge of the ore
esling plant of the Dorr Co. at Wes-
port, Conn. :

WHERE ARE THESE MEN?

Wm, B. Middleton, '83.
Mifflin M. Butler, '19.
Sidney W. French, "08.
Horace T. Reno, ’02.
Chas. B. Wheeler, '34.
Wm, B. Patrick, "09.
W. P. Cary, '10. .
R. A. Thurstin, '17.
W. A, Conley, ’19.
Howard I, Ilint, "20.
Walter A. Funk, '03.

porarily located at York, Pa.

Howard L. Minister is located at 30
Soulh 8th Street, Laramie, Wyo.

Van Dyne Howbert was married {x
Miss Helen Louise Weiffenbach on Jun
10th, Denver, Colo. They will regide a
Saltillo, Coahuila, Mexico.

"17.

Max T. Hofiug has returned to Belize
British Honduras, C. A.
George M. Cheney, formerty of Guaya-
quil, BEcuvador, is now with the Andes
Copper Co., Antofagasta, Chile, 8. A, -
19,

Rene J. Mechin was married tc Mis
Clarolyn Elizabeth Smith on June 23rd at:
Martin, Tenn. Mr. Mechin is in the en
gineering department, Cia de Santa Ger

trudes, Puchuca, Hidalgo, Mexico.

. '20. :
Juan E. Serrano ig with the Ingerso
Rand Co:, Easton, Pa.
Quirico A. Abadilla’s address is care:
Geonlogical Department, Cia Mexicana de
Petroleo, “El Aguila,” Tampice, Mexico.:
Victor, J. Lynch is with the Phelps

Dodge Copner Co., Tyronne, N. Mex.

Herbert K. Linn's address is Cia Mex
icana De Petroleo, “BI Aguila,” S, A
Tampico, Mexico,

(Reorge (3. Goodwin has gone iuto bus
ness with his brother at Fresno. Califs
His address is care Pacific Tent & Awn-:

'SCHOOL NOTES.

- Dr. Victor C. Alderson sails for this
cconntry from Liverpool July 2ist, on the
lympia.

THE RED CROSS ROLL CALL.

The Fourth Red Crossz Roll Call will
‘be held from Armistice Day, November
‘11, to Thanksgiving Day, November 25,
‘next. THereafter every anniversgary of
:the end of hostilities .in the World War
‘will be the occasion for the American
“public to renew its Red Cross allegiance
ithrough dollar membersghips.

This was made known recently by Dr,
ivingston Farrand, chairman of the
- Central Commitiee, when he announced
;that as a result of the last Roll Call the
- Red Cross now has more than ten million
-members. This iz more than twenty
itimes the pre-war membership of the so-
. clety and does not take into account the
fourteen million schoeol children who are
members of the Junior Med Cross,

The membership dollars will he used
to further the gigantic peace time activi-
ties of the American Red Cross, which
are:

To continue work for America’s vet-

‘ing Co.

Luther J. Buck was married to Mis erans of the World War, particularly the
Marjorie Broad of Golden, Colo., ati disabled. . i
Butte, Mont, June 16th. ‘They will re At the Red Cross Institute for

the Blind near Baltimore, more than
haif of the American soldiers blinded
in the World War have already heen

side- at Anaconda, where Mr. Buck Iis;
employed in the mill testing department;
of the Anaconda Copper Co.
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trained for living and earning with-

ont their sight.

To serve our
Navy.

The Government has reqguested
that the Red Cross continue this re-
spensgibility, particularly that of act-
ing “as a counnecting link between
the enlisted men and their families.”
To develop stouter national Tesistance

to disease through health centers.

The Red Cross chapter in Seattle,
Wash., alone is etablishing twenty-
five Red Cross health centers in the
towns of King and Kitsap Counties.
To increase the country’s nursing re-

sources and to co-operate with official
health agencies,

When influenza visited New York
City, the Red Cross supplied 12,600
blankets, towels, nightgowns, lay-
ettes, and other sickroom articles
within a few hours. In Chicago,
14,000 women trained by the Red
Cross during the war were called to
sickroom service.

To continue preparedness for disaster
relief.

Mobile relief units, consisting of
food and medical supplies, are stored
in Red Cross warehouses all over the
country. In time of disaster they
can be rushed to the stricken. com-
munity.

To continue Home Serviee and com-
munity work,

Red Cross Home Service workers
are in forty-five U, 8. Public Health
Service hospitals, with a possible
ropulation of 10,000 patients.

To complete relief work amoeng the
war-exhavsted and disease-ridden people
of Evrope.

Ten millons of the 40,000,000 souls
in the Balkan States alone were ben-
eficiaries of - Red Cross bounty in
seventeen months of relief work
there. The food and eclothing and
medical relief supplied are given as
“gifts of the American people.”

peace-time Army and

ELECTRIC TRACTION POPULAR IN
BELGIUM,

Why Belgians want electric traction is
brought out in a recent issue of Electrical
‘World. The Belgian government hag de-
cided to start electrifying its railroads,
beginning with the line from Brussels to
Antwerp. Hconomically, steam lines are
cheaper to operate than electric, and the
installation costs are lower: but these
are counterbalanced by the possibility of
ranning increased freight and passenger
service by electric methods.



PROFESSIONAL CARDS

EEELER, HENRY (.
Mining Engineer.
229 Coronadoe Bldg.,
- Denver, Colo.

REAMMOND, JOHN HAYS
Mining Engineer.
71 Broadway,
New York.

BUREINGAME, WALTER E.
Chemist and Assayer.
1736-38 Lawrence Street,
Denver, Calo,

MILLIKEN, WILLIAM B.
Mining Engineer and Metallurgist.
709-1¢ Mining Exchange Bldg.,
Denver, Colo.

BUTLER, G. MONTAGUE
Mining and (reological Engineer.

Dean College of Mines and Engineer-
ing, University of Arizona, Tucson.

Examinations and problems involving
persistence, change in character, and
loss ot ore.

Diamonds and other gems secured for '

Miners or their friends at reduced
rates.

CORRY, ARTHUR V.
Member Harper, Macdonald & Co,
Mirning Engineers, Butte, Mont.

MONTANA LABORATORY CO.
E. E. BLUMENTHAL
Chemist and Assayer.
Phillipsburg, Mont.

H. §. STRONCK
Conguliing Industrial Manager.

Problems of PFinance, Organization,
Production, Labor and Accounting.

743 Conway Bldg.,, Chicago, Il

TAYLOR, FRANK B.
Geoleogist anil Gil Expert.
Reports and Investigations,
Box 325, Casper, Wyo.

DUGAN, WILLIAM F.

General Agent for Sounthern Califor-
nia.

Columbian National Life Insurance
Company. :
0ld Line, Low Cost Life Insurance,
Accident and Health Insurance.
716-718 Trust & Savings Bldg.,

Los Angeles, California.

WALTMAN, W. D.

1215 First National Bank Bldg.,
Denver, Colo,

Phone Champa 5236,

WOLF, HARRY J.
Mining Engineer.
42 Droadway,
New York,

Office and Residence, Cor. 15th and
Ford Sireets

DR. PAUL MEYER
Physician
Phone Golden 21 Golden, Colorado

PATENTS.

Booklet and information free. Highest
references. Best results. Prompiness as-
sured. Send drawings or model for pre-
liminary examination.

WATSON E. COLEMAN
Patent Lawyer
624 F Street, Washington, D. C.

ATGUST BERNINGHAUSEN, Proprietor
CITY TAILOR SHOP
Cleaning, Pressing and Repairing
Golden, Colorado

Office Hoursg: 9 to 12 a. m., 1 to § p. m.
Phone Golden 164W
DR. LESLIE C. ANDERSON
Dentist '
Rogoms 9 and 10, over Rubey Bank
Golden, Colorado

THE
J. H. LINDER HARDWARE CO.

Hardware, Plumbing, Heating
Golden, Colorado -

Telephone Golden T2
CITY MEAT MARXET
1118 Washington Ave,
Meats, Fish, Pouliry, Vegetables,
Butter and Eggs—Oysters in Season

UNEXCELLED
LOCATION -
AND

EQUIPMENT

training.

COLORADO SCHOOL OF MINES

GOLDEN, COLORADO

A State Institution in which tuition is free to bona-fide residents of Colo-
rado. Offers four-year courses in Metal Mining, Coal Mining, Metallurgy and
Mining Geology, leading to the degres of Engineer of Mlnes. Gradnates gen-
erally in demand by best mining companies; employment secured through
Capability Exchange maintained by the Alumni Association,

A well-equipped club and gymnasium provide social diversion and athletic

For further information address

THE REGISTRAR, COLORADO SCHOOL OF MINES, GOLDEN, COLORADO

HIGH
STANDARD
oF
EXCELLENCE

for distribution: ]

“Notes on Fire Assaying,” by I, W.
Traphagen., A manual of methods of fire
assaying for gold, silver, platinum, tin
and lead ores. Price $1.00.

HAVE YOU A SET OF THESE ?

A new reprint of the following is ready

“Rapid Methods of Technical Analysis,”
by Frand D. Aller, 92. Manual of stand-
ard smelter laboratory methods used by
the American Smelting & Refining Co.

_ Price $1.00, :

JEFFERSON COUNTY POWER
AND LIGHT CO.

Golden, Colorado

LUTHER HERTEL

Clothier and Furnisher

Sole Agents: Arrow Collars and Shiris

*SINCERITY” CLOTHES
Golden, Colorado

DELICIOUS CANDIES.

To develop brain and muscie, we advise
all students of the School of Mines to eat
food bought of The John Thompson Grocery
Btores Co. It can be relled on as being
pure, healthful and novrishing, and they sell
Lheir goods cheaper than most of the stores
in the State, They manufacture Candy, Ice
Cream, Fancy Cakes and Bakery Goods,
equal to many high-toned caterers, and sell
at about half the other fellow’s prices.

For social functions, or for your best
girl—try their Chocolate Bon Bons, Ice
Cream and Bakery Goods. :

All the eatables and drinkables for a
Dutch Lunch, Cigars, Tobaccos, ete,

N. Koenig, Pres.. W. H. Bolitho, Sec,

STAPLE AND FANCY GROCERIES
‘Washingion Ave and 12th St.

Golden 9

Golden 60 Golden, Colo.

Terms Strictly Cash and 30 Days.

Telephones:

The KOENIG MERCANTILE CO.

Phone Golden 187
SOREN SORENSON
Staple and Faney

Groceries
1214 Washington Ave,

Demenstrate where it pays to advertise. By identifying yourself and the Mines Maggzine,



THE GOODMAN
LOW VEIN SHORTWALIL MACHINE

Has passed its period of test in service and has
_proven itself perfect in design and performance.

It is more than six inches lower than the
Goodman Staridard Shortwall Machine.

Book 203-8 tells about it.

Goodman Manufacturmg Co., Chlcago, In.

New York, . Clncinnati, - Denver; _ -Pittsburg, . 8i. Louis, -~ Seattle,
Charleston, W. Va. Birmingham. . (82)

The
Roessler & Hasslacher
Chemical Company

709717 SIXTH AVENUE
NEW YORK

Works: Perth Ambhoy, N. L

CYANIDE OF SODIUM
96-98%

CYANOGEN 51-52 PER CENT

“CYANEGG”

SODIUM CYANIDE 9698 PER CENT
IN EGG FORM, EACH EGG WEIGHING
ONE OUNCE

CYANOGERN 51-52 PER CENT

THE DORR AGITATOR

Uniform Mixing at
Low Cost

The. cost of agitating in 40" x 25
DORR AGITATOR at onelarge
Cyanide Plant is $0.0023 per ton

of pulp per 24 hours.

Get acquainted with
Dorr Apparatus

The Dorr Agitator (Patented)

THE DORR COMPANY

ENGINEERS .
New York Denver London Mexico City

F. B. ROBINSON

HEADQUARTERS FOR SCHOOL OF MINES
BOOKS AND SUPPLIES

Subscriptions Taken to All Magazines and Periodicals

Mail Orders Promptiy Attended To

F. B. ROBINSON . - - . - - GOLDEN, COLORADO

IMPORTERS 'EXPORTERS

MAKE OUR STORE YOQOUR HEADQUARTERS FOR ALL
LABCRATORY REQUIREMENTS.

Rubber Aprons—Scientific Instruments—Chemicals~
Glassware—Metallurgical Clay Goods—Filter Paper

- THE DENVER FIRE CLAY COMPANY

1742-1746 CHAMPA STREET, DENVER, COLORADO
SALT LAKE CITY NEW YORK CITY




or Reliable Mi

Locomotive Cranes occupy an important place in the art of
handling materials and are adapted to a wide range of service
and conditions—in many cases where the possibilities for savings in
time, labor and money are great.

The Link-Belt Crane represents the highest degree of efficiency in desxgn
and mechanical construction known in the crane building art.

Let us tell you more about it. Send for catalog,

" Link-BeLT ComPAaNY

Philadelphié Chicago Indianapolis

Denver—Lindrooth-Shubert & Co., Bostan Bidg.

LOCOMOTIVE CRANES

‘Albion Malleable Irvon Co
American Malleable Co.,

OU business men of the future cannot afford to
risk your reputations for good judgment and
business stability or incomplete knowledge.

You should understand the advantages and possibilities
of high grade malleable castings called “Certified,”
as those made by the holders of certificates described
in our booklet,

such

This booklet places at your dispesal a store of knowl-
edge accumulated through years of research,

Full information as to the development of the Malle-

able Industry to its present day efficiency, will be gladly
furnished upon request,

Cerbificate Holders Quarvter Ending March 31, 1920.

., Albhion, Mich. Haskeli & Barker Car Co.,
Owosso, -Mich. Ind.

Michigan City,

Belle City Malleable Iron Co. Racme Wis.

hain-Beit o, Milwaukee, Wis.

hicago Malleable Castings Co., West Pull-

man, Chicago, IM.

hlqholm Moore MfEg Co., Cleveland, O.

olumbus Malleable Iron Co., Columlms Q.

anyille Malleable Tron Co., Dauvllie TIl.

Dayton Malleable Iran Co., Dayton, O. and

Ironten, O.

Tastern Malleable Iron Co.

Naugatuck Malleable Iron Works, Nau-
gatuck, Conn.

Bridgeport Malleable Tron Works,
Bridgeport, Conn. -

Troy Malleable Tron Works., Troy, N. Y.

Wilmington Malleable Tron Wo rks,
Wilmington, Del.

Vulcan Iron Works, New nt'un, Conn,

T‘lle Maualleable Iron Co,.. Erie, Pa.

Federal Maileable Clo., West Alhs Wia.

INlinois Malleabie Tron Co., Chicago, Til

Lowa Malleable Tron Co., Fairfield, Ia.

Laconia Car Co.. Laconia, N, H.

Marion Malleable fron Works, Marion, Ind,

National Malleable Castings Co, Clevelcmd,
- )., Chicago, Ili, ludmnqpolas Ind., To-

]edo, ., E, St Louis. 111
Northern Maileable Iron Ceo.,, 8&  Paul,
Minn,

Northwestern Malleable Tron Co., Milwaﬁ—
kee, Wis,

Pittsburgh Malleabls Iron Co., Pltisburgh,
Pa.

Roekford Malleable Tron Works, Rockford,
1.

Ross-Meehan TFoundries, Chattanooga, Tenn,

81, Louis Malleable Casting Co., Bt. Louis,
Mo

Stowell Co. Eouth Milwaukee, TWis,

T, H Svymington (Co. Rochester N. Y.



Rant

Some of the General Electric
Company's Research Activities
During the War:

Submarine detection devices
X-ray tube for medical service
Radie telephone and telegraph
Flectric welding and applications
Searchiights for the Army

and Navy
Eleetric furnaces for gun

shnnkage
Magnetoinsulation for air service
Detonators for submarine mines
incendiary and smoke bombs
Fixation of nitrogen
Bubstitutes for materisls

GeneralI'Ofﬁce
Schenectady, NY.

. Sales Offices in
O @@,m § all atge cities 95-140B

The Service of an Electrical
Research Laboratory

The research facilities of the General Electric Company
are an asset of world-wide importance, as recent war
work so clearly demonstrated.

A most interesting story tells of the devices evolved
which substantially aided in sclving one of the most
pressing problemns—the submarine menace. The results
attained in radio communication, special X-ray equip-
ment for field hospital service and many other products,
for both combatant and industrial use, did their full
share in securing the victory. -

In the G-E laboratories are employed highly trained
physicists, chemists, metalinrgists and engineers—ex-
perts of international reputation. These men are work-
ing not only to convert the resources of Natare to be of
service to man, but to increase the usefulness of elec-
tricity in every line of endeavor.

Scientific research works hand in hand with the development
of new devices, thore efficient apparatus and process of manu-

facture, Tt lsads to the discovery of better materials, which
ultimately make happier and more livable the life of all mankind,

Booklet Y-863, describing #fhe company's several
plants, will be mailed upon request. Address Desk 37

MINES MEN TO MINES EMPLOYERS

And Preferred Service to Mines Men and Mines Employers Everywhere

WIRE or WRITE U8 REGARDING YOUR OPENINGS
Stating Requirementis of Position and Salary Paid

We Will Report Upon Best Men Available Immediately

A Perfect Tribute

THE Tonopah Extension Mining Company,
speaking throngh its Master Mechanic, Mr.
H. A. Reid, says of the Waugh Model 8 Drill
Sharpener.

“AS we have been using one of your Waugh D, 8.8
drill sharpeners at the Tonopah Extension in Tone-
pah, and one at the White Caps mine in Manhattan,
for a period of over three years with most granfymg
results, I wish to state that we consider it the best
sharpener on the market today,

“WE have used several different types of machines,
changing makes to keep abreast of 1mprovements as
they came ug. ® *

"I'O date we have purchased no repairs for any of
the equipment, and we consider the Waugh T, 8.8
to be the best machine we have ever ugsed from every
standpoint, as to low upkeep, durability, low air
consumption and efficiency."

TRIBUTES of this sort not only point the way
to contentment and efficlency in the mine
blacksmith shop but afford further proof of the
well-known fact that —
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“The Waugh Way Wins'

DENVER, COLORADO C-26
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W F. Wernorw, President T. Auvxenrss, Manager of Saleg

MANUFACTURERS OF

P1G IRON, BLOOMS,
BILLETS

STEEL RAJLS—ALL WEIGHTE-—-ANGLE AND
SPLICE BARS, BAR IRON

MILD STEEL, TWISTED BARS FOR REINFORCE-
MENT, PIPE BANDS, ANGLES
AND CHANMNELS

FTrack Spikes and Boits, Wire Nails, Cemeni-Coated
Mails, Plain and Barb Wire, Bale Ties,
Fleld Fence, Poultry Netting, Cast
Iron Pipe and Coke

MINERS OF

Anthracite and Bituminous Coals for
Domestic, Steam and Smithing Purposes

GENERAL OFFICES THE COLORADO SCHOOL OF MINES ALUMNI
‘ .y e ASSOCIATION, PUBLISHERS, GOLDEN, COLOD.
Boston Building Denver, Colo. |

Naminastrata where 1t tavs to advartise Rviderntifvine vour<ealf and the Mineg Magaeinea, -



