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IRON-BEARING MINERALS IN THE ATHABASCA 0OIL SANDS

I'ron-bearing minerals are known to occur in the McMurray Formation

in the following forms:

1. Large siderite nodules on the unconformity at the base of the McMurray
Formation on top of the Waterways limestone. Ells (1926) made the following

comments on this occurrence.

"'t is of interest to note that fragments of jron ore have been
found at a number of points throughout the McMurray area -- notably on
Steepbank and on Ells rivers. At one point on Steepbank river, approxi-
mately 5 miles from the mouth, two small excavations, 40 feet apart, were
made in the northeast bank in 1914, In each instance a thin capping of
bituminous sand overlies a compacted bed, 1 to 2 feet thick, consisting
of fragments of siderite up to 20 pounds in weight. These fragments are
not waterworn nor pitted, as would be the case with flcat that had been
tranported considerable distances. A bed of c]ay], 1 to 4 feet thick,

underlies the iron ore, and rests upon well-bedded Devonian limestones.

An analysis? of a representative sample of the iron ore showed:

iron, 35 per cent; insoluble 18 per cent. So far as the writer's observation
has gone, the occurrences referred to above, have no ecconomic value. It may
be added that clay ironstone, in the form of impure siderite, has a wide
distribution, in association with rocks of Cretaceous age, in the western
provinces of Canada. In some instances, the deposits appear to be due

to the silting out of the fragments of ore, from the softer rocks of the
formation. In no instance, however, have beds of economic importance been

discovered."

1 Residual clays are found throughout the McMurray area, and are probably
derived from certain beds of highly argillaceous limestones. Reference
to these clays will be found in '"Motes on Clay Deposits of McMurray Area."
by S. C. Ells, Mines Branch Bull. No. 10, 1915,

2 Analysis by Chemical Laboratories, Mines Branch.



2. Siderite cemented siltstones occur in the upper part of the McMurray
Formation and in the Lower Clearwater Formation (Carrigy, 1966). The

following notes were extracted from this report.

"Siderite-Cemented Siltstones

Minute crystals of siderite within the matrix of the argillaceous
silts are believed to have grown in the organic muds soon after deposition.
The genesis of these siderite-cemented beds can be explained as follows:
the ferric iron in organic hydrosols brought in by freshwater streams is
flocculated by electrolytes in quiet brackish water and settles to the
bottom of the basin of deposition; the organic matter immediately begins
to decompose, and the carbon dioxide and ferrous iron released during
this process combine to form siderite (FeC03). This lithification process
proceeds until all of the organic matter has been destroyed and all of

the iron has been released.

The McMurray Formation contains many beds of siderite-cemented
siltstones. Thin sections of these beds (P1. 13, Fig. 2) showed that the
siderite is présent in the form of small crystals, each probably growing
from a single nucleus. In extreme cases siderite has eaten into the quartz
grains, forming deep embayments in them. Small irregular bodies of pyrite

also are scattered at random throughout these thin sections.

Siderite is considered indicative of littoral shallow-water strata
containing abundant organic material (Teodorovich, 1961). The abundance
of siderite-cemented beds in the upper part of the McMurray Formation and
in the basal sands of the Clearwater Formation are thus probably the result
of an increasingly saline environment of deposition in late McMurray --

early Clearwater time."

3. Siderite spherulites occurring in coarse-grained oil sands in the
lower part of the McMurray Formation (Carrigy, 1966), (Allen and Sanford,
1973) . Two photographs of the siderite found in Carrigy's report are

reproduced on the following page.
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FIGURE 1. Photomicrograph of siderile spherulites from coarse-gizined
oil sands {r the lower part of the MeMurrny Fornwtion ve the M drad
Lale Deposit. Magudficalion X o0, plane polarizc i,
AL SC R
FPIGURE 2. Photomicrograph of a thin section of otl-stained, siderite-
cementod siltstone of the MeMurray Formalion showing cealrel pors
space (1), quartz grains (Q), siderite (8) and  pyrite (black).
Magnification X300.



Allen and Sanford of Great Canadian 0il Sands Ltd. make the following
observations on the presence of hard (siderite-cemented) sandstones on

Lease 86 within the rich oil sand deposit now being mined.

""The ore body consists of a basal fluvial sand overlain by lagoonal
deposits which have been channelled into and refilled with silty beds

which are now cemented with siderite.

The oil impregnation within the ore body is not homogeneous, but
varies in richness from 0 to 18 percent by weight. The deposit also contains
numerous thin beds of clay which contain no bitumen. Pockets of low
pressure combustible gas have been encountered on the property within

the ore body.

There is a noticeable increase in coarseness of the sediments and
in bitumen saturation toward the base of the formation. In the basal
unit the grain size varies from pea-sized pebbles to coarse silt and
the bitumen content is high. Thin and discontinuous clay beds with dips
" of 5 to 8 degrees to the north are common. Fragments of wood up to a,
few cubic inches in size and occasional logs and stumps occur within

these beds. Silt lenses up to 6 inches thick are also present.

Transition of the Basal Sand to the overlying fine-grained ''Lagoonal"
deposits is gradational. Clay bands varying from 1 inch to an occasional
6 feet in thickness, traceable for 100 to 200 feet, are characteristic
of this unit and the dip of the beds varies from horizontal up to 5

degrees to the north.

A conspicuous old channel cuts through the ''Lagoonal'' deposits. The
base of the channel dips to the north but massive (to 60 inches thick)
clay beds within the channel dip to the north at steeper angles than

the surrounding ''Lagoonal'' beds.
Within the channel there are two types of hard rock lenses:
1) A light brown-grey rock, rarely more than 12 inches thick, sometimes

totally surrounded by tar sands. Microscopic examination shows that



these rocks are composed chiefly of quartz grains ranging in size

from silt to fine sand cemented with calcite and siderite.

2) Hard, partly cemented oil-saturated sandstones.

A black, massive, very hard, sandstone lens composed of quartz grains

cemented by siderite and calcite. This lens ranges in thickness from

3 to 42 inches thick and is impregnated with bitumen.

Observations at the mining faces have established that the rock
lenses are invariably associated with minor channels within the major

scour in the clay beds (Allen and Sanford, 1973).!"

k. Pyrite, (FeS,) 46.6% Fe, occurs as nodules throughout the McMurray
Formation (Carrigy, 1966). The following paragraph is an extract from

this publication.

"Pyrite

Pyrite is found in the rich oil sands in the form of nodules up
to 6 inches in diameter and as disseminated crystals surrounding ’
fossil-wood fragments in the non-marine parts of the oil sands. |n the
basal Clearwater Formation pyrite replaces foraminifera, radiolaria,

sponge spicules, hystrichospherids, diatoms, spores and pollen.'

Conclusions

The amounts of siderite and pyrite present in the oil sands area
are small and would not normally be worked. However, these hard rocks
and nodules are currently being mined and segregated by Great Canadian
0il Sands Limited, and large amounts wil] be mined in the Syncrude
operation. It would seem desirable, therefore, to make a study of the
distribution of the iron-bearing minerals in the McHurray Formation to

assess their economic potential.
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NOTES ON SIDERITE
(extracted from Lindgren, 1933)

'"The Siderites of Marine and Brackish-water strata

Occurrence -- Siderite (FeC03)3 is an iron ore of some importance, in
both epigenetic and syngenetic deposits. It occurs in fissure Veins and
as a replacement of limestone, but is also found in the sedimentary rocks
as a product of the sedimentary procésses. The sedimentary siderite ores
are called clay ironstone, spherosiderite, or black band. A dense or
fine-grained concretionary or spherulitic structure is characteristic of
the ''clay ironstone' occurring in clays or shaies; and these concretions,
more or less admixed with clay and sand and often inclosing vegetable
remains, are found abundantly at certain horizons. The variety called
"black band" forms continuous beds of dark-colored, compact appearance
{n the shales of the coal measures, often directly underneath or above

the coal beds.

These ores contain less than 48 per cent of iron and must be calcined
before smelting. Both sulphur and phosphorus are present, sometimes in

considerable quantities.

Marcasite, pyrite, arsenopyrite, millerite, galena, sphalerite,
and chalcopyrite are sometimes found along cracks in the concretions of
éiderite, indicating that the iron solutions carried small amounts of the
less common metals, probably as sulphates. An analysis of siderite ore
from Mary]andh showed in percentage 36.0 Fe, 13.53 Si0p, 6.47 Al1203,
0.94 Mn, 0.08 P, and 0.42 S, :

The economic importance of these ores, formerly great, is now small.

Near the surface they are sometimes changed to limonite.

The origin of sedimentary siderites is explained along the same lines
as that of the bog-iron ores. Solutions of ferrous bicarbonate or sulphate

were supplied to the marshes along the sea coast or to the shallow sea

3 Siderite (FcCO3) has a maximum iron content of 48.2% Fe.

4y, 1. singewald, Jr., Econ. feol., h, 1909, pp. 530-543.
J. T. Singewald, Jr., Report on the iron ores of Maryland, Haryland
Geol. and Econ. Survey, 9, pt. 3, 1911.




where organic matter was abundant. Precipitation of the normal insoluble
carbonate took place through absorption of the solvent COp by vegetation.
Free oxygen was absent, for otherwise the carbonate would have been trans-
formed into limonite. But even if the iron had originally been deposited
as limonite, a reduction and carbonation to siderite may have been effected

by the limonitic precipitate being covered by mud containing organic matter.

The concretionary masses are not the products of primary precipitation,
but are, probably in all cases, segregated into nodular form by the action
of percolating solutions around a suitable nucleus while the sediments were

still soft.

Examples -- In the United States sedimentary siderites are known in
Perinsylvania, Ohio, West Virginia, Maryland, and Kentucky. Their present
industrial importance is slight, but they were formerly mined on a more
extensive scale. The production in 1930 was only 1,000 lony tons from

Pennsylvania, and this was used for the manufacture of red paint.

In Pennsylvania and adjacent States the upper barren Coal Measures
contain abundant nodules of siderite in the shales and sandstones, but
no valuable deposits. In the upper productive Coal Measures, or Mononga-
hela River series, black band ore occurs, for instance, just below or
above the Pittsburgh coal bed. In the lower Coal Measures the siderites
are especially abundant; in Ohio 12 horizons of black bands and con-

cretionary ores are distinguished by Orton.>

Siderite ores also occur in the Tertiary Claiborne formation of
Mississippi.

The black bands are common in Germany. They were formerly actively
worked in Westphalia and near Saarbrucken, where the ore formed flat
lenticular masses as much as 1 1/2 meters thick and sometimes several

hundred meters in extent.

In England the black bands were formerly of the highest importance

and 50 years ago furnished four-fifths of the total iron output. They are

> Ohio Geol. Survey, 5, 1884, p. 378,




now mined only in North Staffordshire and in Scotland. In Wales the black
bands occur in the lower Coal Measures. Kendal1® enumerates 75 horizons

of siderite ore.

In Scotland (Ayrshire) the black bands occur both in Coal Measures
and in Carboniferous limestone. The ores contain 25 to 40 per cent Fe,
and occur as thin strata, 1 1/2 feet or less thick; several of them are

usually close together.'
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IRON

By Horace T. Reno?

FPHE IRON ore industry of the United
_ﬁ:_ States grew from an annual output of less
than 5 million tons in 1570 to over 115 million
tons annually in 1951, Since 1951, annual out-
put measured in terms of usable ore shipped to
the consumer las deelined to about Su niillion
tons o vear, but the industry has continued to
grow in terms of capital invested and crude oroe
mined.  There have besn sweeping changes in
shnost every facet of the iren ore industry since
World War II when the domestic industry
ceased to be the sole source of ore and mining
of low-grade magnetite (aconite deposits was
started 1 the Lake Superior distriet.

Sixty-cight countries of the world reported
iron oro production in 1463, and more than 150
million tons of iron ore wus sold outside the
couritry of origin in 1062,

Sedimentary hematite deposits of primary
origin, hematito and magnetite deposits of com-
})I«'.\: origin, and replacement vein deposits have
wen the most productive commercinl iron de-
posits to date. Iowever, Mrecambrian meta-
morphosed sediments, such as taconite deposits
of Minnesota, the jaspilite depozits of Michigan,
and the specular hematite and magietite bear-
ing iron formatiens which comprise (o south-
ern ranges of the Labrador-Quebee disirict are
the principal typo of depesits to be newly ex-
ploited in ths lust decade.

Open-pit mines produce approximately 80
pereent of the iron ore in the United States
heeause the cost of underground mining pre-
vludes expending funds for beneficiation to
et sfringent market requirements.

TIron ores ara beneficisted by erushing, sizing,
washing, concentrating, and aeglomerating.
Concentreation is accomplished by wuehing, by
Lravity sepawration in jigs, heavyemedia cy-
“lones, or Iumplyey “spirals, by naguetic
separutors, or by {lotation, I'he ores ero ag-
slomerated principaily by peilatizing at or near
the mines and by sintering with other material
At steel mnills,

———

! Commodity speelnlist.
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Blast furnaces have proved to Le tho most
efticient tool for smelting iron ore and are used
to smelt more than 93 percent of the iron ore
consumed in the United States. Small fur-
naces have proved uneconomic principally be-
cause of the cost of lubor. Coke is the most
oxpensive material and the largest single cost
item In jron ore smelting. Methods have been
devised to suve colie by injecting various gases,
oils, and powdered coals into the smelting zone
of the furnace.

Sponge iron processes in which the ore is re-
duced at temperztures below the fusion point of
iron, and direat iron processes in which the ore
is reduced at temperatures slioht ly higher than
the fusion point, present possible alternntive
methods for produecing iron, but they have been
Tound to be upplicable only in speeific cconomic
and physical envivomments.  They are not used
in this country because they caniet compete in
production costs with blast furnaces.

Iron ore resources are reaszonably well dis-
tributed around the world and unquesiionably
are suflicient for centuries. The United States
uges between 120 and 125 million tons or viors
of iron ore a year. Most of it is smelted to
produco iron, but emall quantitivs are used in
making cement, special high-density concrete,
and pigments, and magnetite cencentiade is nsod
for the heavy-medium in conl processing plauts.

Iron is obtuined as a copreduct or byproduct
i smelting copper, lead, zine, and nickel sul-
fides and is a coproduct in mining and treating
tHaniwm minerals. The supply of serp iron
and steel fluctuates diveetly with tho demund,
Unrecoverabls iron losses from the mines
through the completo cycle of use to return
serap rango from 16 to 31 pereent.

The United Salzs emerged from the era of
pescelime self-suiliciency and high-grade iron
ore in the latter purt of the 1910%. In an emer-
geney, howover, the United States could be self-
suilicient for 2 or 3 years,

45
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456 : . MINERAL FACTS AND PROBLEMS

Availuble iron statistical data present ade-
quate coverage of the iron ore industry through
the blast furnace. Industry, some States, edu-
cational institutions, and the Federal Bureau of
Mines are conducting comprehensive iron ore
research programns. _

The outlook for tha iron ore industry
throughout the world is that the long-tenn
trend 1n the price of iron ore in terms of con-
stant valuo dollars will be downward, and that
government actions will not influence the in-

dustry adversely. U.S. production for internal
consumption will be $0 willion tons of 60 per-
cent iron ore by 1970 and 92 million tons by
1980.  In additien 5 to 10 million tons will ba
produced for export. "Lhe principal iron mines
of the world producing for international trade
will have eapacity to produce abont 300 miltion
tons of Ligh-grade iron oro annually by 1950,
The principal problem of the domestic jron
ore industry 1s to meet both price and quality
competition from foreign producers.

BACKGROUND __ |

The iron ore industry of the United States
is almost threo and one-half centuries old.
High-grade ore was produced in the Colonies
and smelted in charcoal reduction plants dis-
tributed from Georgin to New ITamnpshire. In-
complete records indicate that less than 50 mil-
lion tons was mined through 1870. "The indus-
try grew from an annual output of less than 5
raillion tons in 1870 to more than 30 million tons
annually by 1910; it was producing 75 million
tons annually by 1916, 100 million tons annually
by 1942, and over 115 million tons by 1951.
Since then the annual output of usable ore hag
declined to less than 80 million tons, but in terms
of capital invested and crude ore mined the ju-
dustry has continued to grow.

Discovery of the Luke Superior iron mining
district and development of the Bessemer sicel.
making furnace in the 1850's and the smeltine
Industry’s change from charcoal to coal and
then to coke in 1575 consolidated iron ore min-
ing and smelting. In the same period, develop-
ment of the Great Lakes transportation sysrem
led to establislinent of the world's foremost. iron
and steel complex in the bituminous coal rezion
of Pennsylvania, Ohio, West Virginia, and 111i-
nois. Iron and steel planis based on Joeal ores
were established in Alabama, New York, New
Jersey, Tennessee, and Colorade, hut the Lake
Superior district has accounted for about S0
sercent of the iron ore mined in the United
States. :

Unti] the end of World War IT, the domestic
iron-ore mining industry was virtually the sole

..source of iron ore for the United States. Lin-
riched ores of the Lake Superior district that

contained 50 to 53 percent iron, were the ac-

“cepled standard of high quality by which other

ores were gaged. In fuet, the indusiry was little
changed from the pattern established 73 vears
before. The end of the war, however, marked
two sigmificant changes: First, the industry
ceased (o be the sole source of ore for the United
States and sccond, mining of low-grade mag-
netic taconito depozits was started in the Jake
Superior district. A5 w result there have been

sweeping changes in almost every facet of the
iron oro industry, Forcign ivon ore deposits
supply about a third of U.3. needs for ove,
Iron oro pellets, a processed product containing
at least G3 percent iron, have become the stad.
ard of high quality.  Must domestic under-
ground iron mines have been shut down and
open-pit iron mining has changed from a sea-
sonal to a year-round operation. Only the Great
Lakes transportation system and {he precmi-
nence of the Lake Superior disicict remain of
the prewar iron miting industrial pattern,

SIZE, ORGANIZATION, AND CEFO.
GRAPIIC DISTRIBUTION OF THE
INDUSTRY

Each year, the iron ove industry produces
more than 500 pounds of iron ore for every per-
son in the United States. In 1263, ron ore ac-
counted for more than one-third the value of
all the country’s metal production. More than
21,060 men were employed directly in the in-
dustry; investment per man directly employed
has exceeded $190,000 if the costs of Lransporta-
tion facilities are included in the tolal.

There were 179 iron w:ines in tho United
States in 19635 81 of these produced more than
1 million tons each and together they produced
78 percent of the erude ore and 71 pereent of
the nsabla ore; 23 mines preduced more (han
500,000 tons; 61 produced more than 100,000
tons and the remaining 64 produced Iess than
100,000 tons. Integrated iron and sieel compi-
nies control 70 to 80 percent of the domestis jron
ore ouiput. Several of the Jarger of these com-
panies control or have an interest in iron mines
m Canada, Chile, Liberia, Peru, and Venezuela,

Sixty-cight countries of the world reported
iron ore production in 1963, but 10 countries
produced four-fifths of the total. Thoe U.S.5.1.
was the leading producer, followed Ly the
United States, France, China, Canada, Sweden,
United Kingdom, India, Weasl Germany, and
Venezuelu in that order.

TN e
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IRON

International trade in iron ore is g large and

f:rowing business.,

In 1962, more than 150 mil-
3

lon tons of iron was sold in the world markets

outside the country of origrin,

Conservatively,

this ore was valued at the portof export at more

than $1 billion.

That same year, 19 countries

exported moro than 1 million {ons of ore, Meas-
ured by iron content, Canada, shipping mostly
to the United Stutes, was the principal exporter,
closely followed hy Sweden, shippineg to VWeet-

ern Iuropean countries, and {he USSR,
Australia and some of

ping to its satelites.

¢hip-

the smaller countries on the west coast of Africa
" are rapidly expanding their capacity to pro-

duce iron ore for export.

If world trade in iron

oro expands at the growth rate of the last 5
years, it will be more than doubled by 1980.
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Tho Lake Superior district (Michigan, Min-
hesota, and Wisconsin) dccounted for i7 percent
of the crude and usable ore produced domesti-

cally in 1963; 1he Novtheascera district
Jerscy, New 1Y ork,
counted for 7 percent of the erude and

(New

i Pennsylvania)  ac-

usable

ore; the Western Stutes (Arkanzas, Jdaho, Mis-

souri, Montana, Nevada, New Mexico,

Utah,

and Wyoming) accounted for 5 purcent of the
crude and 6 percent of the usable ore; the South-

eastern States (Alabung

and  Georgia) ac-

counted for - percent of the erude are and 3 per-
cent of the usable ore; and Tennes:ce, Arizona,
Arkansas, Californiy, Colorado, New Mexico,
and Texas accounted for § pereent of the crude
and 7 percent of the usallo ore. Distribution of
iron blust furnaces in the United States is given

intable 1.

TasLy 1—ZLocation of US. iron-Llgst furnaces, 1964

Plant lncatlfou and operating compeny

Prrrsruran-Youncsrown Districr

Kentueky:
Ashlgnd: Armco Stecl Corpoo______ ..

Ohio: (Youngstown area):
Campbell: Youngstown Sheet & Tube Co__
HubbLard: Valley Mould and Iron Corp___
Warren: Republie Steel Corp_._____ .7~
Youngstown:
Itepublic Steel Corp._____.____
United States Steal Corp_._______ 7"
Youngstown Sheet & Tube Cooo___

Ohio (central and south):
santon: Repuhlie Stee) Corp.
dackson: Juckson lron & Steel Co_____ 77
Mazsillon: Republic Steel Corp_______.."
Middletown: Arinco Steel Corp__________
New Miami: Arnco Steel Corp____.._ .
Yortstnouth: Ietroit Steel Corp_ 027777
Steubenville; Wheeling Sieal Corpo._____.

l’cnnsylvan)i:t (western) (excluding Pittshurgh
arca):
Aliquippa: Joues & Laughlin Steel Corp.___
Lrie: Interlake Iron Corp_____.._.__ .7
Farrell: Sharon Seel Corp.______ .77
Johustown: Detllehem Steel Co_ . ____ -7
Midland: Crucihle Steg) Co. of Amcrica._ ..
-- Moncsaen: Fittehurgh Stee) COunam .
Sharpsville; Skenango, Ine. 17777770

Potaleo o

e~y -

of st.acks

w

Number

LN BN
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Flunt Jocation and opereting company Number
of stacks
PITT6BUEGH-YOUNGSTOWN DrsT1cT—Con.
Pennsylvania (Pitt=Lurgh arca):
Braddock: United States Steel Corp._____ 6
Clairton: Unijted States Steel Corpo__ .- 1
Duguesne: United Statea Steel Cerp_ .. 5
MeNeesport: United States Steel Corp.__ 4
Neville }sland: Shenanpro, Ine _______ 77" 2
Pittsburph: Jones & T, 15hlin Steel Corp_ . 6
Raukin: Uniled States Steol Corp.______. 6
Totalo .. . 30
West Virgiuja:
Weirton: Weirton Steel, Division of Na-
tional Steel..______ T . 0T 4
Total, Pittsburgh-Youngstown dis-
trich T T 89
Cricaco Districr
Minois:
Chicago: .
Interlake Tron Clorp___ ... _ eeceeas 2
International Harvester Co__ .. " 3
Reputtic Steel Corp, [ __ 7777770 1
United States Steel Corp___________. 11
Younsstown Sheet & Tube Co.___.._. 3
Granite City: Grunite Civy Steel Co___ .- 2
Total ... 22
Indiana:
East Chicuyo:
Inkad Steel Coo . . 8
')’uu.u_:zr:lﬂp'rn. Sheet & Tube Co.___ .. 3
Gary: United States St Corpo ... __. 12
Total ... 23
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Tante 1.—Location of U.S. iron-blast furnaces, 1964—Continued

Plant location and opcrating company Numter
of stacks

Plant location and operating compauy Number
of stacks

CHicaco DistricTt—Continued

Minnesota:
Duluth: United States Steel Corp..__.._. 2

Total, Chicago district. - ____..____ 47

CreveLanp-DrTroid Districr

Michigan:
Dearborn: Ford Motor Coooooo.o.oo . 3
River Rouge: Great Lakes Steel Corp.,
Division of National Steed. .. ___._.. 4
Trenton: MeLouth Steel Corpo oo occevann 2
Total . e ceaeeee 9
Ohio (T.ake area):
Cleveland:
United States Steel Corp. oo oo 2
Jones & Laughlin Steel Corp____.._. 3
Republie Steel Corpocaeccmanmomcana- [\
Lorain: United States Steel Corpoco.oooo. 5
Toledo: Interlake Iron Corpocooceeoanaa- 2
Total. e 18
Total, Cleveland-Detroit district ... 271_
EasterN DistrRICT T
Maryland:
Sparrows Point: Dethlehem Steel Co...... 10
New York: T
Bullalo:
Hanna Furnnece Corpocace oo oan 4
Republic Steel Corpocenn cocemcaocnos 2
Lackawmanna: Bethlehemn Steel Coo o 7
North Tonawanda: Tonawanda Iron Di-
RV T3 0] « F R 1
Troy: Republic Steel Corpecevccaaanao. 1
Total . o cemcccc i ces 15
Pennsylvania (castern): o -
" Bethlehem: Bethlahem Steel Cooo . o.._. 5
Fairiess Hille: United States Stecl Corp-.. 3
+ Sheridan: Lavino & Co., . J_ oo ... 11
“ Swedeland: Alan Wood Steel Coo ... 2
Total oo 11
Total, Eastern distriet__._._____..__ 36

WESTERN DISTRICT

California:
Fontana: Keiser Steel Corpoceeveaaaaaas 4
Colorado:
hl’ucblo: Thie Colorndo L'ucl & Iron Corp__. 4
tah:
Geneva: United States Steel Corpo o oo-- 3
Ironton: United States Steel Corpooooooo 2
Total e eeemea s 5
Total, Western district . . ... ...- 13
SouTtuerN DisTRICT
Alabama:
Birmingham:
Repablie Steel Coerpooooooaa vt 2
United States Pipe & Toundry Coo . 2
Ensley: United States Steel Corpa.oooo- 5
Fairfield: United States Siecel Corpo-.o_-- 3
Gadsden: Republic Steel Corpoo.o.oooo-- 2
North Birningham: United States Pipe &
Foundry Co. e ieea oo 1
Woodward: Woodward Iron Co. .o _... 4
Tota) e e e eee 19
Tennessce: )

Lyles-Wrigley:
Merritt-Chapman & Scott  Corp.:

Tennessce Products & Chumical Corp. 1
Rockwood: Woodward Iron Coooo___._._. 2
Total. oo e e ccc e e meemaan -
Texas:
Houston: ;
Shefiicld Division of Armes Steel Corpe 1
Lone Star: Lone Star Steel Cooo oo .. 1
Total. o cecececcomcrccee s 2
Yirginia: .
Lynchburg: Lavino & Co, 5. Joo .. 12
Total, Southern district oo - 26
Total all distriets. oo ccmceacan- 238

1 Yerromnanganese only.
Bource: American Iron and Steel Institute.

DEFINITION OF TERMS, GRADES,
N AND SPECIFICATIONS

Iron ore is classified according fo the princi-
pal mineral constituent as either hematite, mag-
netite, or limonite (brown ore). In the South-
castern district hematite ore i1s ealled red ore.
The term “natural eme™ is used to designate iron
ore that contains moisture, a contrast to “dry

ore” that has been dried but not ealeined.  Tron
ore is measured in long (gross) tons to the blast
furnace, but pig ivon, the blast furnace product,
is measured in short (net) tons.

Tron ores are described as erude or uszable.
Crude ore is the material, as mined, prior to any
processing for removing waste constiluents,
though it may Lo crushed and sereened. Usable
oro is the product of mine, beneficialing, or
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agglomerating plant which is shipped without
further processing to the consumer. In this
category are included direct-shipping ore (the
usable ore as mined), iron ore concentrate (ore
from which waste constituents have been re-
moved), and iron ore agglomerate (compact
masses of either oro or fine-grained concentrate).

Beneficiated ores are usable ores that have
been treated to imiprove either their physical or
chemical characceristics. Thus ores that have
been improved by simple sizing or crushing are
among the beneﬁciate({ ores.

Grades of iron ore are established according
-to percentage and type of impurities and by
physical characteristics; within limits, the per-
centage of iron is a secondary consideration.
Iron ore delivered io Lake Irie ports is pur-
chased on the basis of 51.5 percent iron; usable
iron ore shipped in the Southeastern distriet in
1958 contained an average of 39 percent iron.

The five principal grades of iron ore are—
(1) bessemer, containing not over 0.045 percent
phosphorus; (2) low-phosphorous, nonbessemer,
containing between 0.045 and 0.180 percent
phosphorus;.(3) high-phosphorous, containing
over 0.150 percent phosphorus; (4) manganif-

erous, containing over 2 percent manganese; -

and (5) siliccous, containing over 18 percent
silica. TIn addition, iron ore is often described
as Jump, fine, high sulfur, high siliea or titanif-
erous. Buyers’ speeifications are rigid within
the above named grades, and maximum im-
purity limits are always cited.

TECHNOLOGY
Geology

‘The iron content of the earth’s crust has been
calculated at 5.06 percent (13).2 A {fractional
part of this iron has been coneentruied, under
varying geologic conditions, into widely dis-

_ tributed, multi-origin deposits formed in many

rock types.  Of the various commercial deposits,
tho most productive to date have been: (1) sedi-
meniary hematitic deposits of primary ore en-
riched by weathering processes; (2) hematite
and magnetite deposiis of complex origin in
metamorphic rocks; and (3) replacement and
vein deposits.

Limonite, siderite, hematite, and magnetite
are the principal iron-ore minerals. In sedimen-
{ary deposits these minerals have been deposited

mechanieally, chemicully, or biochemically; the
“mineral species have been governed by the con-
ditions of deposition. The iron was derived
from weathering of jgncous minerals cuch as
hornblende, pyroxene, or micu. Silicate, alumi-

2 Ialetzed numhers fn prarentheses refer to {temns in the list
of references nt the end of this chapter,
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nate, and carbonate m aerals; and iron and
titanium mineral combinations thercof are
common gangue.

Precambrian metamorphosed sediments com-
prise a major part of the world’s low-arade iron-
ore deposits. They were exploited tirst in Lake
Superior district after World War 11 as a result
of (1) imminent depletion of high-grade de-
posits, (2) growing demand for iron, anid (3)
development of more efiicient. mining and bene-
ficiation techniques. The taconite deposits of
Minnesota in which magnetite is the priucipal
iron mineral and the jaspilite deposits of Mich-
igan in which specular-hematite 1s the principal
iron mineral have been proved commercial
sources of iren only since 1951. The success of
the mining comypanies exploiting these deposits,
and the demand for the iron-ore pellets pro-
duced from them influenced others in the 1ron
ore industry to prospect for and develop similar
deposits.  Precambrian metamorphosed specu-
lar-hematite and magnetite bearing iron forma-
tions which comprise the souihern ranges of
Labrador-Quebec district in Canada have been
developed on a large scale in the Jast decade, and
similar deposits have been developed recently in
the Western United States and in the U.S.S.12.

Titaniferous iron deposits of sedimentary

metamorphic, and magmatic origin are prev-

alent throughout the world, but few arc ex-
ploited where other typo iron deposits are
availuble.

Mining

Open-pit mines produce approximately 90
percent of {he iron ore in the United Stales.
The trend has been toward more apen-pit min-
ing and less wnderground mining becnuse
improvements in excavating equipment has
permitted a steady increase in the overburden-
to-oro ratio since World War IT. Ta the Jast §
years, however, underground inining has heen
decreasing steadily beeause the average ore as
mined underground would not meet rigid mar-
ket specifieations, and the cost of undergreund
mining precluded expending funds {or benefici-
ation.  Underground mines produced approx-
imately 15 million tons of ore in 1963, 1t is
significant that only 16 million tons of direct-
shipping ore was produced in 1863.

Open-Pit Mining

Mining methods in open-pit iron mines are
similar but vary widely m detail.  Qverburden
is ctripped with power shovels, draglines, or
serapers, and is transported ctther by rail,
truecks, conveyvor belts, skipz, or in the serapers,
The overburden on shallow, thin-bedded de-
posits often is double or triple cast with a drag-
line excavator, ‘The choice of equipment is

vy

L



Jl— —— .

Sl S 0 bt e b X 25 sasas

A ssitede S . 81 st P kst . —aon

460 MINERAL FACTS AND PROBLEMS

controlled by tho physival characteristics of the
overburden, the depth and size of the ore body,
and the nature of surrounding terrain.

In large pits, oro is loaded exclusively with

ower shovels, hut in some thin-bedded deposils
1t is Joaded with dragline excavators, Ore is
transported from the pits by rail, trucks, skips,
conveyor belts, or by combinaticns thereof; the
choice with few exceptions is ruled by the grade
of haul and the size of operation.

Drilling equipment used in large, open-pit
iron mines inclndes churi drills, rotary drills,
down-the-holo drills, jet-piereing apparatus,
and air-driven percussion drills, Jackhammers
and wagon drills are used in the smaller niines,
Churn drills predominate in the Lake Superior
district's soft residual-hematite mines, and jet-
piercing apparatus predominates in tacouite
and jaspilite mines. However, roller-cone ro-
tary drills and down-the-hole drills with tung-
sten-carbide-insert eutting edwes have proved
superior to churn drilis and to jet-piercing
equipment in some types of ground. )

Miming benches in open-pit mines range in
height from 20 te 50 feet: the average is about
35 feet. Drill holes spacing and burden (dis-
tance from first line of holes to face) range
from 12 to 30 feet. oo sizes rango from 35 to
12 inches. Jet-piercing anparatus make an un-
oven diameter hole ranging in size from 8 to
20 inches or more.  The nsual practice is to take
advantage of the flexibility to chamber the bot-
tom or various depths of the hole to obtain the
most eflicient. blasting. Field-mixesd ammo-
nium nitrate and fuel oil is now the most com-
mon explosive used in open-pit iron niines where
moisture is not a problem. Waterpicof free-
flowing low-velocity blasting powders aro used
in wet ground.  Some form of delay detonation
is used in all except the smallest open-pit iron
mines. '

Underground Mining

Thero has been a concerted effort since 1960
lo improve {lLo efliciency and Jower the cost of
underground iron mining. Raise boring ma-
chines, a hard rock mole that drives T-Toot
diameter openings, and continuous miners sim-
ilar to coul mining machines have been used
successfully.  The larger underground mines
“have been mechanized (o (he same extent as the
open-pit mincs and wherever possible loaders,
trammers, conveyors, snmplers, and hoists have
been fully autoniated.  Clused cirenit television
is used to monitor isolatnd operafions.  Tliese
practices have stimulated the underground
miners to modify and vary mining methods to
flie point. where conventional nomenclature no
longer completely deseribes the operation,

Sublevel eaving has beerr (he principal under-
ground method of mining iron ore in the Luke

Superior district. Block and panel caving and
variations thereof are used in large ore bodies
where dilution is not a problem. Shrinkage
stoping, open stoping, cublevel sloping, with
many modilications and various other methols
also are used depending on the size, shape, and
character of the orebonly, and the character of
the enclosing rocks.  Most bedded deposits are

. mined by room and pillar methods similar to

those used in coal mininzy,  Air-driven percus-
sion and auger drills and eleetrie driven auger
drills are used in underground jron mines.

' Drifters on jumbos are used in large haadings,

jaci-leg hammers in sinall headings, and jack-
lege and stopers in flopes and raites. Long
holes are drilled with air-driven drifters ang
rotary machines with auger-{ype  drilling
strings.

Ammonium nitrate and fuel oil, ammonium
nitrate-TN'L slurries, und gelatin dynamites are
used in blasiing underground, Ciap and fuse
regular delay aud fast. delay eaps are used for
detonation. ~Slushers are the principal means
of loading.  Reoin and pillar mines nse conyon.
tional metal mine mechanical londors and some
coal loaders.  Ora is trnsported underground
on rails, on conveyor belts, and with trackless
haulage units.

Beneficiaiion (30, 38)

Beneficiate, as upplied to iron ore, is a broad
general ferm that includes any process used o
mprove physical or chemieal eharacteristics of
the ore, that is any process used (o nerease the
value of the ere after if is nined, but before it
is smelted.  Thus crushing, sizing, washing,
concentrating and agglomerating avo processes
of beneficiation.

Crushing, Sizing, Wasling, and Concentreting

High-grade, hard lump ores are crushed (o
about 8 inches if destined for use in an open-
hearth furnace and a2 maximum of . inches if
destined for use in a blast furnace. Within the
last few years it lias Lacome comnion practice
to remove minus 14-inch material from all ore

*

sold on the open murket. The coarse material ;

then is grraded and sized (o customer's specifica-
tions. Minus Yi-inch material is sold at a dis-
count or agglamerated by cne of ceveral proce-
esses dexeribed Iater.

Soft, iron-bearinge material containing clay
and zand in which the iron is concentrated in
a coarser and harder portion is henefeiated by
washing. The ore is crushed, seveened, and then
washed inlog wachiers or on screens el in vart-
ous tynes of clas-ifiers. In some plants, bowl
classiliers ave vend for sepavaiing fine iron min-
erals from the log washer tailings. J'rom 45 to
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70 percent of the iron is recovered in a product
ranging from 40 to G0 percent iron.  Reject
fines from washing plants contain from 10 to
45 percent jron (in extrems instances).

Gravity concentration by jigging or heavy-
medium geparation equipment is applicd to con-
centrating coarse ove (usually plus14-inch and
seldom finer than 34-inch), and Humphrey
spirals, and wet cyclone separalors (both with
and without suspension medium), are used for
concentrating fino oro and the tails from jigs
and heavy medium wash plants. Each type of
gravity concentration equipment has certain ad-
antages or disadvantages, depending on the
physical characteristics of the ore und on the
differenco in the specific gravity of ore and
wasto, Feavy medium cyclone separators have
high capacity and make a good separation.
ITumphrey spirals make a betfer separation of
fine material than cyclones, but do not have as
high capacity. Ifeavy-mediwm units make a
sharper, more rapid separation on unsized
coarse oro than do jigs. Among the various
types of gravity-separation equipment, cyclones
sheavy medinm) and other types of heavy-me-
dium plants seem to be mest favored by the
Jarge producers. ,

Magnetic cencentration would present the an-
swer Lo iron-ore benceficiation if the ores con-
tained only magnetite.  Unfortunately, in the
reponderance of so-called magnctite ron ore,
mncluding tho taconites, the iron is distributed
inmmagnetic and nonmagnetic iron mminerals and
in jron-bearing silicates. Consequently, the
overall recovery of a typical magnelic concen-
tration plant ranges from 30 Lo 93 percent of
tho ivon in tho fead. In many instances tho
tailings contain silicate minerals from which a
desirable iron-bearing product cannot be re-
covered by present methods, but they also con-
tain recoverable iron in the form of oxide
minerals.

Jissentially all types of magnetic separators
have been applied to concentrating magnctite
ore, but most operators have settied on the belt
units for cobbing and rougher concentration
and on drum units for finishing. If the ore is
ground finely enough to liberute the mineral
constituents, magnetic process plants recover 93
percent or more of the magnetic iron content. of
tho ores in a 62 Lo 8 pereent iron concentrale,
Fhe siliceous magnetiie iron-bearing formations
of the Lake Superior district require grinding
to pass 100-mesh (75 to 92 percent minus 325-
mesh) ; not even o 520-mesh grind, however,
will Jiberate jron minerals froimn materials oh-
tained from some parts of the district’s slaty
formation material,

The distribation of iron by.mineral in the
nonmagnetic cherty taconifo on the MMesabi range
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between Grand Rapids and Buhl, Minn., as de-
termined by the Bureau of Mines, is as follows:

DPercenit of
totul iron Range
Mineral comitent (ercent)
Magnetite_.__._.___ ecmma———— 21. 3 0-66
Nonmagnetic oxides. oo oo __ 174. 8 5-100
Siderite. .o .. 2.7 0-90
Silieate. e 1.2 0-90

1By difference.

Magnetic taconites currently mined contain
60 to 70 percent of their total iron in magnetite

minerals and the remainder in nonmagnetic

oxide and silicate minerals.

Nonmmnugnetic iron minerals can be concen-
trated with conventional magunetic separators
by converting them to magnetite in a controlled
reduction roasting atniosphere in shafl, mnulli-
ple hearth, or rotating cylindrical furnaces.

Iron ore concentration with high-tension sep-
aration equipment that linparts differential
movement of mineral particles with a grounded
rotor and a concentration of mobilo jons was
reported in 1957 (18). Reportedly the cquip-
ment, compared favorably with conmmnercial
magnetic and flotation separation equipment in
semi-pilol plant tests on hematite, mngnetite,
and.martifo ores, but it has not yet Leen applied
on a Jarge scale commercially. Nevertlicless,
clectrostutic separators eentinue to hs of inter-
est to researchers seeking prolitablo methods of
concentrating complex iron ores.

The Mincs Ilxperimeniition Station of the
University of Minnesota is conducting u pilot-
plant study of a process {for heneficiating low-
grade Mesabi range ores in which electrostatic
and high-intensity wet magnctic separalion cir-
cuits are used to concentrate part of the iron
minerals,

Specular-liematite ores are coneentraled efli-
ciently with flolation, and fiotation is applied to
concentrating the fine-grained Lhematitc miner-
als in material from which part of the iron
minerals have been removed by olher niethods.

Flotation also has Leen applied suceessfully
for upgrading iron ore concentrate by floating
silica, apatite, and other mineral impuritics
away from the iron ininerals. The art and
science of applying fivtalion to concenfrating
iron ores hus been advunced markedly in the
last decade, but reagents and procedures have
not been found thut arce commercially appli-
cable to ores containing mixtures of Iimonite,
gocthite, and hematite.

JAigglomeration (2, 5, 21, 27)

TFine-grained iron ore and iron ore concen-
trate is ugglomeraied before Leinge smelted in a
blast furnace by sintering, nodubizing, pelletiz-
ing, or briqueiting  “Lhe fine ore 1s sintered

with heat on traveling grales or in a bateh ma-
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chine, nodulized with heat in a rotary kiln,
pelletized without heat in a rotating drum, pan,
saucer, or cone, or briquetted without heat using
some form of binder in pressure-roll machines,
Hot ove briquetting processes huve been suceess.
Tul on a laboratory seale using pressure rolls to
form the briquettes, but a 2-year pilot-plant test
on Lake Superior fine grained siliceous ore indj-
cated that the operation would not be profitable
because of high maintenance costs. Together
the soveral types of materials produced is called
agglomerate; individually they are ealled iron-
ore sinter, nodules, pellets,” and briquettes.
Pellets and usually Lriguettes are indurated by
some form of heat treatment aficr they are
Tormed. The pellets are treated in updrait or
downdraft traveling grate furnaces, in shaft
furnaces, or in grate-kiln furnaces. ILach
method has its advantage. Data are not avail-
ablo to determine which is the betler under all
circumstances.

Sell-fluxing agglomerates, wherein fuels,
flux, and iron minecrals are combined, present
theoretical possibilities for saving in the cost
of operating a blast furnace. The prineipal
advantage is that the flux would he ealcined
before it reached the furnace. Lime sinter,
which contains less than enough basie material
to neuiralize all the acidic materials in the ore,
is in common use, but complelely self-tluxing
agglomerates are still not widely used.

Bureau researchers have produced partially
reduced pellets in the laboratory and on a pilot
plant scale.  Lartially reduced pellets are those
in which most. of the oxygen has been removed
from the contained iron oxide nminerals. These
pellets were proved superior blast furnace feed
m the Bureau’s experimental furnace, and sim-
ilar pellets have heen tested in comnercial
furnaces, but the results have not yet been
published.

Smelting (1, 22, 24)

Blast furnaces aro used to smelt more than
93 peveent of the iron ore conszumed in the
United States, open-hearth furnaces are used
to smelt about ¢ percent, and electric furnaces
producing ferroalloys are used to sinelt Jess than
0.2 percent. Their proportions have been about
the sane sinee the turn of the century despite
concerted efforts hy many researchers to develop
alternatives for the hlast furnace. ‘The fact is
that the blast furnace is the most. eflicient tool
for smelting iron ore yet developed. Jisuseover
moro than three centuries has progressed from
crude art to hizhly sophisticated metallurgical
technology,  Prohably more has been done to
inerense ifs efiitieney in the last 10 years than
was donoin the pio e 100,

The average blast furnace in the United States

MINERAL ‘FACTS AND PROBLEMS

is 95 feet high and 23 feet in diameter at the
hearth, it has a working volume of 33,200 cubic
feet, and will produce abont 1,200 tens of pig
ron (hot metal) per day. “The largest furnace
in the United States is the Avinco Steel Corpo-
rations’ “Amanda” at Ashlind, Ky. “Lho
“Amanda® is 10t feet high, 30 fect ¢ inches in
diameter at the hearth, Jias a working volume
of 6%,510 cubic feet, and capacity to produce
3,540 tons per day. ecord monthly proﬁuction,

‘however, was held in 196t by the Beihlehem

Steel Co’s *J™ furnace ut Spairows Doint, Md.,
with 104,435 tons of iron produced in October
1963, The “J™ furnace is 163 feet 3 inches high
and has a hearth diameter of 23 feet 9 inclies and
working volume of 50,323 cubic feel.

Nor 1s the JAranda the world's Lurgest blast
furnace. This distinction is elaimed by Tokai
Iron & Steel Co. Ltd.'s No. 1 blast furnace at
Nagoya Ifurber, Japan, which has a hearth
diameter of 32 feet 2 incles, working volumo
of 71,371 cubie feet, and daily capacity of over
3,500 tons.

The smallest iron blast furnace in the United
States has a height of 55 fect, hearth diameter
of 7 feet, working volum= of 8,316 cubic feet,
and capacity of about 100 tons per day. Tt has
been used principally to produce ferroalloys but
was not operating in 1664,

Small Liast furnaces have proved nneconomic
principally because of the cost of labor. It tules
about. the sume erew to operate a small furnace
as it dees u large one. Thorelore, there has Leen
an unbroken trend since World War 11 (o build
larger furnaces,  Apparently the structural
liniut has not yet been reached us Russian ractal-
lurgists have announced plans to build a furnuce
with a 3G-feot Liearth diwmeier and 93,000 cubic
feet of working volume.

The chemistry of the Dlast furnace s ex-
tremely complex. At least 27 chemicul reactions
are possible, bui shinply slated Ghe furnace per-
forms two functions: (1) it reduces iron oxide
to metal, and (2) it fuses the charge so that
wetal and slage will separate. Coke is the prin-
cipal fuel and reductant, and lisestone and for
dolemite is used Tor flux. ‘These materials ave
churged with the ore into the Lop of the furnace.
Coke is the mozt expensive malerial, and the
largest single cost itein in iron ore smelting.
Within the last decade, methods have been de-
vised to save coke by injeciing part of the fuel
and reduciant needed into the simelting zone of
the furnaee. Various graccs, oils, wnd powdered
couls have been used succes:fully for this pur-
pose.  Awvailability and cost delermine the
choice. Natural gas has been the nrincipal al-
ternative fuel used in the United States.” IFuel
oil has been the principal alternative in Furo-
hean countries.  Theorelieally, more coke ean
Lc saved uzing powdered conl; but reliable tech-
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niques for injecting the coal were not developed
until 1962. Conl mjection was reported to the
Bureau for the first time in 1963 when 22,303
tons of bituminous coal and some anthracite,
43.9 million gallons ol oil, 3.8 Lillion cubic fect
of coke oven gas, and 31.6 hillion cubic feet of
natural gas were used in blast furnaces.

Blast furnace cfliciency is judged by the ratio
of fue] consumed to the iron produced. Recov-
ery of the iron in the feed is over 93 percent.
Capacity or productivity is related to efiiciency
and varies widely depending on the quality and
characteristics of the charge in addition to de-

“pending on the operation of tho furnace. TFur-
nace capacities wera published until 1960, but:

the practice was discentinued beeause the figures
were widely mizunderstood and misinterpreted.
Furthermore, advancing technology made the
capacity figures all but meaningless in terms of
the metal that could bhe produced in & given size
furnace.

Blast furnace operations have heen greatly
improved in the Iast two decades: (1) by grad-
ing and sizing the burden (charge without
fuel); (2) by increasing tlie temperature and
oxygen content of the blast; (3) by the fuel
injection discussed above; (4) by mcreasing the
rate and pressure of the blast; and (3) by using
a burden that contains more iren per unit vol-
ume.  Iron ore pellets have been aceepfed in
the United Stales ns tho best material to obtain
optimum furnace cperation. However, in 1iu-
rope, sized and graded sinter prepared from
high-grade ore is considered superior to pellet
by soins furnace operators. Iiclative reduci-
bility, tempered by Jength of experience with
each, probably is responsibla.for the choice.
Use of cither high-uzrade pellet or sinter Jeads
to better furnace operations and their physical
and chemieal charactervistics set the standards
by which other iron raw maferials are measured.

Theoretically, use of partially reduced pellets
will improve blast furnace operation and in-
crease capacity as mueh as have pellets and
sinter. Furthermore, the advantage of using
them has been demonstrated practically in the
JRureau experinental blast furnace, so there is
Jittle doubt. that they will be used commercially
if their cost is ncl prohibitive. Preliminary
estimafes indieafe that the cost of iron in par-
tially reduced pelicts delivered to most blast

Turnaces will be litile more than the cost of iron

delivered in pellets: therefore, partially reduced
pellets probably will veplace pellets for {eed to
furnaess in which there 1s need Lo inereasoe ont-
put, Thut iz, additional iron ove smelting
apacity will be ebtuined by using preveduced
pelicts, rather than by building new  Dblast
furnaces.

Bleetric-furnace sinelting has proved mar-
rinally competitive with the blast furnace in

arcas of inexpensive electricity u long distance
from a supply of coke. Almost any carbona-
ceous material will serve for the reductunt in

_an electric furnace. Tho Bureau has had

marked success with wood chips. IFlux re-
quirements are cssentially tho sume as for a
blast furnace. .
Sponge-iron processes, in which the ove is re-
duced at temperatures below the fusion point
of iron, and direct iron processes, in which the
ore is reduced at a temperature slightly higher
than the fusion point, present possible alterna-
tive methods of producing iron. Scarcity of
coke, or in some areas impending depletion of
coking coal and high relativa prices of coke in
others, and changing cconomic and technologic
conditions, often mako these processes excep-
tionully altractive. Periodically since 1910, re-
search institutions and industrial organizations
have shown great interest vnd activity in de-
veloping precesses to repluce blast furnace
smelling. A great deal of researeh eflort has
been expended on direct reduction possibilitics.
Several hundred processes havo been developed
through successful laboratory tests, and a dozen

or more huva been successfully tested in scmi- -

commercial pilot plants. At Jeast five aund pos-
sibly mors are being applied commercially in
specific physienl and econciic environments
(11,12,23,95).

It is at times impossible (o distinguish be-
tween semicommercial pilot and cominercial
operations. II6ganis and Wiberg-Soderfors,
true sponge iron processes developed in Sweden,
have long records of suceessful eontinuous com-
mercial applications in that country. The
Krupp-Renn, and “IT-Iron” precesses, have
been applied connnercially but in some instances
have been found inapplicable with changing cco-
nomic environments. Since its Incepiion the
Hy-L process has been used suscessfully and
continuously {o make sponge iron at Monterey,
Mexico, and the licheverria process has leen
used the same way at Legazpia, Spain. The
R-N, 5-L, and Sirategie-Udy processes have
been  tested suceezsfully in semicoromercial
plants and are ofiered as processes conunercially
applicable to processing selected ivon ores under
some conditions. In addition, several fluidized
bed processes for obtaining iron from high-

grade concentrate have been tesled on o Jarge

scale. These processes aleo are offered as com-
mereially applicable under some conditions.
Table 2 presents an elementary comparison
of seleeted  direct-reduction  processes.  The
reader js referred Lo the work of Barreti, of the
Burcan of Mines (4); Brown, of Jones and
Lauvghlin Steel Corp.: (7) and Chase and MMe-
Bride, of thoe United States Sieel Corp. (70) for
compreliensive discussion and review of the
principal spongre iron and direct iron processes.
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Taste 2.—Comparison of princip

mal iron ore direct

reduction proccsses

Item cempaned Krupp-Renn R-N Stretegle-Udy E-Iron Or-L Echoverria S-L
Pozsibie oro fead. ... Low-gredo i slifen Any-rrado lump sal{ur An"-"ndo—but X inc‘\ High-gracdo fine.....--..| Kighgreds lump...... ..} Highgredo lump, 1igh-zrade Iump ore
“ hut jew insuifur and and phogpicrus not

Tiretproducteanna.-

Bceond trestment..
Zecond product....

Apparent advan-
tuges.

Apps-entidisad.

Vomaon

phciplorus,

Nons...

Sal "I e h'\n ACLOUS,

Low-griloote

Buifur nnd phosphorus
remsin with fron.

Ring forms

Iron ((UPPCH)ecrcecnnnnn

Uea fniiin.,

critical.

- mestona—for suliur

Atmo:.-‘w ro.
i1, 07 solid burner

Mixturo of fuol-slag and
fron,

Gravity saparation for
{uel Lhen ground, wot,

separntion.
LS OVer 80

pho p..ums

Low recovery In slileate
{roa mineral oro.

1+ 1 J—— eascmanen

T
Time,

Nono

furnace,
Plzizon

Tow-crade ore

rejoved
salctively
Tieaidility.

it have Inexpensivo
sourco of eiectriclly.

Solid carbonacovus. ...

1,100° t0 1,200° Cuneeeem

or semi-stoel....

Ring fermation In kiin..

None
| Hydrogenaaesamacan- .
_j 480° C t9 538° Cuccnnunnn
400 PSifancaccnmanran -
ANYeceecccacen S

Comprr-qs.on
mechanism,

Iron chips or powder.._.
No troabld with fine

conerntrato
Tride s eireduction

Wlrepinooall
tserap and

HrCC S ccammananaaen
About 1,100° Cocvnneeans

Atmosphare..
Nuturul ga

Tour rotnris
Ileas pecumator,

Sponge, 85 percont {xon..

NonGueerameuan

None

Replaces serap
Moit sulfur climinated.

Renuing hizh-grade
ore end lnow-cost gas
and power,

p Y
Beich °) sto:n.

sinzter, or pollet.

Limestoze—{or swifur
only.

Sultd carbonacenus,
exer s recyelad,

1,000° C.

ALNOLDROId e aeaeecan
I'unt oll, natural gas,
produces gus, eic.

Vertical retort, oxternal
reut,

Mixturo of fuel stag and
fro:n.

Screrning and mag-
potic scpuration,

Sized spono Iro0..eee-..

ch‘.:‘;c."s serap

Stmnlle sinall units
wre ofiicient

Most sulfur climincted,

Aust have Ligh-grade
oro

Does not remove
nhasphoras.

Batch systom..caeceeae-

or polets.

Delanlte for sulfur

1,09° C.

Atinosphero,
Gus,

Rozary kiln,

Mixturo of fusl slag
and fren,

Scraening and dry

netic separs-

porzc froo pollets

and briquets,
Renieves selfur and

phosphorus,

Process not davaloped
to procesy low-grade
ot siliceous ore.

None.
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The Krupp-Renn process probably shiould be
classified as beneficiating process ratlior than
a sponge iron process because it. has been uged
almost. exclusively to upgrade siliceous ores.
It is a rotary kiin process (o which fuel ore
mixtures are” fed to a internally heated kiln,
The irou oxides are reduced to metal and the
iron gathers in nodules or lumps at the lower
end of the kiln. The product is cooled and fed
to & balhaill and then (o a magnetic separator,
Tho lumnps, called “Iappen” contain 90 (o 95
poreent iron, Availability of high-grade ores
has mado tho Krupp-Renn process obsolete in
most parts of the world. Krupp-Renn plants
are still being operated in Czechoslovakia, but
thoso in West Germany where the process weas
developed have been shut dow or arc operating
on hig}x-grade ore.

The R-N process is a refinement of the
Krupp-Renn process, 1t also js an mmterpally
heated rotovy Tiln rocess, but, the temperature
is carefully controlled so {hat at no point.in {he
kiln does it exceed the fusion point of iromn.
The grado and grain-size of oroe fed to an R-N
kiln are not significant except that retention
time becomes excessive if the ore lumps exceed
114 inches in dizmeter, or the reduiction time is
excessive al smaller diameters if the ore is very
dense. Limestono or dolomite is added in sinall
quantities {o arrest svifur. Il kiln can be
fived with either an oil, gras, or solid-fuel burner,
and the temperature gradient throushout the.
kiln is closely controllcd by Jimiting the quan-
tity of air “availuble for combustion. Iiln.
products are separated by sercening, gravity,
or magnetic proessses: and the wnused solid-
carbon reductant is cleancd ain returned to the.
circuit. I'ha iron-hearing portion is pulverized
and separated marmetically and the iron is
pressed into metallic briquets of high strength
and density,

The S-I. procaes is essent] ally the same as the
R-N process except that it las heen applicd
only to high-grude lump ore and pellets.
Recognizing this similarity the proprietors of
the R-N and S-1. processes have agreed to li-
cengo their joing technology 1o Targi Gescll-
schaft fur Chimie und Huttenwesen m.b.h. of
Frankfurt (Main), West Germany, for an imn-
Provcd direct reduction process, known as the
SL/IRN process.

The Strategic-Udy process can utilize any
grade iron ore, but the 1pnrtic]c frain size shoald
Do one-fourth inch or fess beeause the economy
of the process is dependent on rapid through-
ml. Tha oro i3 partially redueed in o rotary
I{iln at 1,100° to 1,3050° C, and fu] direetly from
the kiln into a vhort-nve cleatyin furnace.” Solid
carbonaceous malerial and ias from thie eleclric
farnacs partially reduce the ore in the Lil..
The so]idlcnrbon not used in the Liln js “eoled”
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and passes through to finich reducing the ore
in the clectric furnace. Limestone or dolomite
flux as needed is fed o the Liln with the iron
ore.

Tho ITy-T, and Echeverria processes ave true
sponge iron reductions in that {he tempecature
Is never permitted to exceed the meling point
of iron and in that the end product s used as is
In steelmaking,  Botl processes requive high-
grade iron ore or concentrate hecause all -
purities are earried through to the iron end
product., )

In the Hy-L process, the ore is reduced in
four identical reduction reaclors cach with a
capacity .of.npproximntely 100 tons of raw ore.
The svstem operates on a 12-hour cycle during
which the reactors pass through four stages of
3 hours each. In the firet stage, the ore 15 pre-
heated with hot gas and the reduciion process is
started.  Most of the ore is redused jn the see-
ond stage. The remainder is reduced and the
charge takes on approximately 2 percent of
combined carbon in (ho third stage.” In the
fourth stane, (he ore, now spongre ivon, is cooled
and the heat is recuporated and used to preheat
the ore in the first stage. The final yroduct, js
a sponge iron averaging about, &5 Jrercent metal
from which 83 perceat of the sullur Las been
removed. The sponge is suitable for wuso
wherever cold iron melting stock s normally
cmploved.

Although the chemisiry and metailurgy of

the ITy-L and Fcheverria processes are sunilar

the mechanies are complctely different.  Oro in
the Ischeverria Drecess is charged with any low
volatile earbonaceous  [nel into  externally
heated shafe-retorts, A small amount, of lime-
stone is mixed to the ore to pick up the sulfur.
Retoris are about 10 meters high with o circulay
horizontal section slightly tapared (o permit
free descent in (he colmnn, The retorts aro
installed within a refiuer orv-lined oven which
is heated by combustion of producer gas.  Time
from charire to discharee s approximately 48
hours depending on the reducibility of the ore.
Iach retort has a capacity of approximately
L4 tons of iron product perday. “The produet.
1s sereened into thre sizes and then separated
from the excess coal and limestone magnstiically.
The scroened spongs products aro used in any
cold melling stoek operaiion similuy to (he
Hy-L sponge. '

The 11-1ron process is a fluidized-bed reduc.
tion and therciore requires high-grade, fine.
grained iron ore or coneentrate. As in the
11y-1. and Jicheverria processes, mest impuri-
ties are carried through the process (o the end
product. The oro iy rediced with hydrogen at
480° to 538° C, under 400 pounds pey square
inch; gage pressuro (?1). The product s an
impure jron powder thai can be compressed (o
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form chips suitable for a steel-furnace charge,
or the powder cun b fed directly intoan electric
furnace by a method developed cooperatively
in Bureau laboratories (3)- i
Electrie-furnaco suielting of iron ore, and the
various sponge-iron and direct-ivon processes
are not used in most instances in this country
because they cannot compete in production costs
with the blast furnace, but. they have the follow-
ing advantages that make them atlractive in
some geographic areas: (1) they would not re-
quire as laige a capital investinent as a blast
urnace; (22) impurities, such as sulfur in coke,
would not be introduced in the same extent;
(3) they apparently can recover iron {from com-
lex minerals with a byproduct slag enriched
mm other-metals; and (43 they can aiford Letter
product purity control.

USES

Iron oroe, in addition to supplying the metal
for iren and steel products, is used in paint pig-
ments,-cement, basic refractories, as a fluxing
agent in nonferrous smelting and as a conslitu-
ent of some catalytic agents. Tump ma gnetite
oro is used for héavy agaregate in concrate for
covering underwater pipelines, as a shielding
malerial in nuclear powerplants, for the me-
dium in jig beds and sink floatplants, and dur-
ing World War IT it was used for ship ballast.

BYPRODUCTS AND COPRODUCT
RELATIONSHIPS

Tron is'obtained as a coproduct in the mining
of copper, lead, zinc, and nickel in operations
wherchy iron sulphides are separated {rom
other metal minerals and then rcasted to drive
off the sulfur, Jeaving a residuc of high-grade
iron oxides. The residue, called iron cinder, is
sintered to make an iron product which com-
mands a premium price. ]

Tron is aleo obtained from the magnelite pro-
duced wilh the mining of titaniwum minerals,
and as a byproduct when titaniferous oves are
smelted to recover TiO.. Magnetic iron min-
erals ave separated in an iron coneentrate, and
if the concentrate contains 100 mch {itanium,
it may be blended with olher iron-bearing mate-

.rial to form suitable blast-furnace feed.

Many heavy mineral placer concentrates con-
tain some magnetite. 1f the operation 1s large
enough, and the mine location 1S favorable, the
magmetite is ceparated and marketed.

Pjtaninm-bearing iron ores are not ntilized
for Llast-furnace feed in the United States at
present because under normal furnace operation
{itaniuin forms oxido aceretions in the Lottom
of tho furnaco. Ifew domestic mineral deposits

.
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contain enough titanium to bo minec at present
for that elemment alone.

SECONDARY SOURCES
RECOVERY

Secondary iron is recovered from flue dust,
mill scale, and from scrap iren and steel that
is unsuitable for steel furnaces. Jron and steel
scrap comprises about 59 pereent of steel fur-
nace feed and is a raw material often considered
vital to the operation of fzrrenlloy furnaces.

Tho serap supply follows lhe demand, but
data have not been developed to predict accu-
rately the supply that will be available under
specific civcumstances.

Unrecoverablo losses of iron from the mine or
beneficiation plant through its cycle of use rungo
as follows: Loss in shipments from the mines
to the steel mills is believed to be snall. Blast-
furnaco loss ranges from 1 to 1.5 perceit in
plants thet have dust colleciors and Cotlrell
precipitators. Without this cquipinent, the loss
Is about 7 percent. lron loss in Tervoalloy and
steel furnaces ranges from 2 to 3 percent. In
addition to Lhese furnace los:es, there is also a
loss of about 1 percent. which cannot be ac-
counted for between the fead (o tho blast furnace
and stoel will shipments,  listimates of irre-
trievable fabricated steel losses range from 12
to 25 percent or more. Tlhuz, total unrecovable
iron losses through a complele eyele from mine
to uso and sccondary recovery ranga from 15 to

36 percent.
RESOURCLS

The tolal rescurces of iron ore available to
industry have increased sharply in recent years,
in particular becaunse iinproved beneficiution
can now produce high-grade jnaterials ceonomi-
cally from the very abundant Tow-grade meta-
morphesed sedimentary iron formations. Kor-
merly only those parts of {he iron formations
that had Deen concentrated by natnral jeologic
processes coald he vzed. ITenvever, availavility
of high-grade, pliysically desirable blast-fur-
nacs fesd has reduced the demand for cortain
natural orcs, causing substuntial chif(s in the
sources of iron ore.

Resources are unquestionably sufiicient. for
centuries: they are reascnably well distributed
around the world, and the major factors to he
weighed in selecting particular arcas to develop
aro those of ensts (mining, beneficiation, trans:
portation, and taxation), pulitival stability, and
security. Nevertheless, very real differences ex-
ist in tho geologie setlings (continuity, thick-
ness, attitude, cic.), which affect mining costs.
and in the mineralogy of the ores, which deter-
mine tho feasibility of escnomical ungrading.

AND
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The resource figures in the following tables
wero compiled by thoe Geological Survey from
many sources. They are approximations of
quantities and grades known to exist in selected
areas of the world that are either in exploitation
now or for which there is reason to believe that
dovelopment may take place in the velatively
near future. No attempt is made to break them
into the traditional measured, indicated, and
inferred eategories. Most of the material, even
of tho highest grade, will undergo some form of
beneficiation before use; the grade firures give
a general idea of the concentration ratio between
ora in the ground and the quantity of “usable
iron ore” that can bo produced.

TABLE 8.—Iron ore resources of the United
States
[M1Mon Joug tons]

Reglon Quantity | Pereent Type
fron
Northeast (New York, { 300 1 3%-20-1-| Marnctite,
Nc\'i' Jersey, Pennsyl- 1,0u0 , 2541 Maguetite, hemstite,
vonia), .

33-39 Red (hematito) ore.

Southesst (Alab:
srown (iitmonite) ore,

Geortia, Tent e).
Lake Superior (Minne-
Michizan, Wis-
consin)

& | 33-57

8, { 8, 000

0O | 50-54 Direct shippura,
>109,620 | 22-3)-F| Tseonite, jaspilite.

1),
Bo’illh Central (Missourd, { 2.}2 40 -G(;+ ﬁnmiclilu, h;:nm:l!o.
'e15S), 15 4! Amonite snd sirde, jte
Rocky Mountein (South 550 48-60 | Hewatite and m
Dekote, Wyomin:, tite,
gohf;s 0, New Mexten, 2,000 | 25-40 | Taconite.
tah),
Northwest (Mentena, 15| 40-60 | Limonile, magnctite,
{)dnho, Waskington, - 2540 |1 haraatize,
TN ¥ 4 '
Soutl.'\\'(-:;lt (Arizoua, Cal- { " 160 Lo hf :
{foruta, Nevads). 2,000 | 25-40 | Mzonetite and teco-

nite,

1 Complled by Qeologicsl Survey, U.L. Depariment of the Iaterior

TarLy 4.—Iron orve resources of selccted
countrics?
[Mill{on Joug tans]

Country Quantity | Fercent fron
Avstralia. Lo, 16,0M 5565
2,40) >L0
Brazile e eaaas (2] 56
25, 07%) 40-43
4,47 43 (-
24,00 087
1,00 53-49
8,07 2985
194)] -4
>100 4915
21,60 056 ¢
4 8503
30 374
by 55-4)
2r) €5
1,0 3245
. 1,00 4555
Bierra 1eone. . / 160 2}
[§ 100 44
33 s L TS 3, 85-03
Se) 244
LUR- 2> L 0, ey 415
33’ ':'i.!) 5<(')
i L) 3165
Veneaueda. . ooom e S 152

1 Compllad by Grologic: Survey, U.S. Depurtment of the Interlor,
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CONSERVATION

If it must be removed from the pit, low-arade
iron ore is saved at miost open-pit mines by
stockpiling it in spoil banks so that it can be
recovered when changing technologic or ceo-
nomic conditions make such recovery profitalle.
A few concentrating plant operators have con.
structed their tailing ponds so that the tailings
can be retreated. Substandard iron ore s
mixed with higl-grade ore to produce a greater
tonnage of nsable product if buyer’s specifica-

tions allow it.

SOURCES OF STATISTICAL
INFORMATION

The Bureau of Mines canvasses major iron-
ore producers monthly, and all producers annu-
ally. These canvasses are conducted in close
cooperution with Stato agencies and industry
trade associatiens. Export and import data are
compiled by the Bureau of Mines from records
of the Burean of the Census, Department of
Conmnerce. The Burcan of Mines also com-
piles iron-ore production slatistics for foreigm
countries frova ofiicial foreign government pub-
leations and from consular reports of ihe
Department of State.

Bureau coverage of the donestic industry is
practically 100 percent; mive production fig-
ures for small mining operations that fail to
report are oblained from consumer’s purehiase
records.  Coverage of foreign iron-ore statisties
is complete except for the U.S.S.K. and its
satellites, and the figures are as accurato as the
limited number of mineral attaches in Toreign
countries permits.  The Bureau publishes iron-
ore statistics moutlily in Mineral Industry S
veys and annually in the Minerals Yearlook.

The American Iron Ore Association publishies
monthly T.ake Superior iron-ore shipiaents
from United States and Canadian ports,
monthly stecks of iron ore and zgelomeraios
at U.S. docks end furnace vards, U.S. and Ca-
nadian monthly consumption of iron ors and
agglomerates by districts and processes, and an
annual statistical report of shipmenis of Loko
Superior iron ore to upper Lake ports and ull-
rail shipments (o consumers.  U.S. production
of pig iron and steel, with corcllary statistics,
aro published weekly, monhly, and annually by
tho American Jron and Steel. Institute. I'o-
gether, these statistical duta present completely
adequate coverage of the iron ore industry
through tho blast furnace, but heyond the bLlust
furnace many pertinent duta on iron produe-
tion, conswmption, and stocks are lacking,
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PRODUCTION, CONSUMPTION, AND
TRADE

The relative position of the iron producing
districts and the changes in quality and the
extent of concentration practiced in each are
shown in table 5.

The Lake Superior district has been the prin-
cipal source of domestic iron ore. Its produc-
tion of crude ore has remained about the same
for the last 10 ycars, while its pr«luction of
usablo ore has declined steadily. The grade of
usable "ore produced, however, has increased
steadily.’ _
TarLe 5.—Crude and wsable iron ore produced

“in the United States, grade of wsable ore, and
ratio of concentration, by districts

Usable ore produced

Crude ore Ratio of
Year mined crude oro

(thousand | Quantity Grado to usable

long tons) | (thousand | (perecut) ore

long tons)

Lake Bupericr district

68, 494

O =1 R LI LI II I NN
e 1 e e 2k b Bt s e s e e bt s ek

1305 10 1 rt b 1t 1o 10 e 2t e 2t et 2t

-

Boutheastern district

11,455 S, 02 20.64 1.5:1
11,910 7,48 37.43 1.6:1
14,40 8,187 37,87 L7:1
12,078 7.624 7. G0 1.7:)
11,603 7,62 33,13 1.6:1
10,747 6,150 37,72 1.7:1
11,010 7,100 a0, 77 1.5:1
1, N7 6, {15 39.09 1. 8:1
12, (S 6, 749 33,33 1.§:1
5,898 3,827 37,89 1. 5:1
81 420 3% W 1.9:1
7,67 4. 365 39,27 1.7:1
6, 150 3, &2 34,81 1.7:1
7,387 3,185 29,50 2.38:1
6, M7 2,419 35,7 27:1

Northeastern district

D et e v O

.’-:‘.t.-t:lur;-.s;..;awu-.-.‘u
P St St bt s e ot s b ot 3 e P o ot

NI NI NN I11210 10

B A LSGI A A G S 8

I
2
412 RS
[C] (AR
| 61,85
05 6213
S £3. 06
vr? €3, 13

TagrLe 5.—Crude and vsable iron ore produced
in the United Stales, grade of usalble ore, und ~
ratio of concentration, by districts—Con.

- Usable ore produced

Crude ore Rativ of

Year mined crude ore

(thousand | Quaantity Grade to usable

long tons) | (thcusand | (percent) ore
lourg 1ons) |
Western district
IMO e, 5, 655 52.25 1.3:1
a 7. 03 ) u? 1,3:1
10, 052 &1.43 1.3:1
13,128 &5 82 1.2:1
12,154 57. 13 1.4:1
8. (O3 &3, 60 1.3:1
)1 T 11,114 5183 1.6:1
b 3 13,348 51.68 1.7:1
6, 7.0 4R, (3 1.0:1
5, 572 50.24 1.1:1
4,704 4,224 80,76 L1
5. 327 4,053 52.19 J.2:1
5,320 4.8.9 5278 1,2:1
6,30 4,433 £2.7 1.4:1
7, 8US ¢, 531 5. 21 1.7:1
Other districts

7,155 3,630 3741 2.0:1
5, L4 2,008 520 1.9:1
6, 451 3,100 54,603 2.1:1
5. 738 3,17 53,76 1.8:1
9, 245 5,07 5283 | . 1.9:1
6, L35 3,455 53,53 1.9:1
9,766 4, &9 512 2.0:1

1 Includes 29,219 tors of ore from Puerto Rico fn 1855; 132,613 tuns {n
1952,

Tha Southeastern district was the second
ranked source ¢f domestic iron ore until 1957,
but sinea then its production of erude and urable
orn have declined, and in 1003 it produced less
than any of the other recognized districts.  The
tenor of usable ore produced there has remained
about the same, but the grade of crude ore
mined has declined.

The Northeastern district hus maintained its
position among the iron ore distriets, producing
about the smne quantity of crude and usable ore.
The averaga grade of usable ore preduced in
the district has increazed slightly in the last
decade. -

The Western district also has maintained its
position while producing an increasingly better
grade of usableore. )

Tho Uniied Statés uzes from 120 to 125 mil-
Hon tons or more of iron ore per year, of
roughly 1,300 pounds of iron in ore for cach
ton of steel produced. Mozt of it is smeltedd to
produce iron, but small quantitics are used In
making cement, speeial high-density concretes
and paint pigments, and magnetite coneentiate
i1s used for heavy-medium in coal precessind
plants.

e aran e ———y " % W o o © S eyt o 81 b S

o r———

- emaran

e TR SRR



- 1IRON 469

Tron ore has becoms a sigmificant. part of tho
foreien trade of the United States as domestic
— production has fullen sfeadily, and imports have
: increased to supplant domestic mines in supply-

ing the country’s needs, figure 1.

The churt, figure 2, showing the average grade
il of imports and ihe average grade of iron ore
produced in the United States in the last two
deeades provides insight into this comnpetition
for the domestic market. Tt is apparent that
the average grade of usable ore produced in
tho United States ultimately will equal or ex-
ceed that of imported ore.

Most of the U.S. foreign trade in iron ore has
been with Canada. Venezuela supplanted Can-
ada as the principal supplicr for a short time,
but considering both exports and imports, iron

ore trade with Canada has always been the
larger.

From 1960 to 1963 Canada supplied 44 per-
cent of iron ore imports; Venezucla su )p%icd
35 percent; Chilo 10 percent; and Peru about 4
percent. Most imported blast furnace ore orig-
inates in these forr countries. host of the open-
hearth, lwnp ore originated in Brazil and
Liberia, with lesser amounts from Venezuela
and Chile.

The United States sells about 5 million tons
of iron ore per year to Canada and more than 1
million tons to Japan. Sales to Canada are es-
sentially trades made to cut down the transpor-
tation costs in cach country.

Iron ore is not subject to tarifls.
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STRATEGIC CONSIDERATIONS

Iron is absolutely essential to the economic
well-being and safely of the United States. The
principal danger to supply is vulnerability of
tho fransportation system. Most of the Lalo
Superior district iron ore moves to markets
through the Great Lakes, and this . movement
s essential if the country is to have an adequate
supply of iron ore because railroads do not have
enougly capacity to replace the Lake transporta-
tion system. Furthermore, the St. Lawrence
Seaway carries 10 to 15 million tons of iron ore
annually from Canada to the steel-producing
centerson the lower Great Ta les, and the United
States is partially dependent on iron ore from
South Ameriea. Stockpiling iren ore, to date,
has been deained hinpractical,

The United States emerged from the era of
peacetime self-sufliciency in high-grade iron ore
about the latter part of the 1940%. In an emer-
gency, however, the United States could be self-
suflicientfor 2 or 3 years, This does not mean
that there is not enough iron ore in the country
to suppiy our needs, only that its geographic
distribution is such that the output cannot be
casily incrcased. 17 ore from Canada were
available, the 1wo comntries probably could be
self-sufiicicut indefinitely,

GOVERNMENT PROGRANMS

Tho Defense Production Act of 1950 included
provision for government assistunce in explora-
tioi: -md development of iron-oroe deposits, and
tho Iniernal Jievenue Act of ihe same year pro-
vided aceeleraied tax amortization for new and
expanded iron-ore prodiciion facilities, Iron-
ore exploration assistance was eontinued until
May 15, 1953, when it was suspended. Tt was
reactivated again by ovder of the Secretary of
the Interior on July 24, 1961, und is still avail-
ablo January 1965, Rapid tax amoriization m-
centives were continued (hrongh Septeinber 29,
1955, During the time the expansion goul per-
mitting rapid tax anortization of capital in-
vested iniron-ore facilities was in efieet, planned
investmments wnder the program totuled over
$1.25 billion, '

PRICES AND COSTS

Tabls 6 gives the Lake Frie price for iron
ore, 1935-50 averago and 1960-6L  Lake Lrie
baso prices are established each year by pubji-
cation ol a major contract hebween a prowinent,
ironore producer and a steel corporation. Qther
comnpanies follow this Jead and negotiafe con-
(racts accordingly, Take rie Lose prices are
published each year before the start of the Lake

Superior shipping season by several trade jour-
nals and by leading mining companics.

Current’ iron-cro mining costs range from
about $2.50 per ton in open pits to 510 or moro
per ton in 1111(10.";*1'0”11(5 mines. 1The average
production costs of iron ore produced in under-
ground and open pit mines in Minnesota, 1952-
o6 average and 1957 to 1961, are given in table 7.

Taves 6.—Zake Erie Lase prices of iron ore, per
long ton, 51.5 rercent won, nalural

Year 0O!d rnnge ’ Old ringa Mesald | Mesab! non-
bessennr 'nouh‘.'\-_‘:mrl Lesenr Levsemer

1005-85 {average)._... 1144 §11.29 1121 8105

1w 1185 1L79 11. 63 11. 45

T061L 11 E5 11.70 1w 11.45

1462 11.G3 1n.99 10. k0 10.65

1vu3 11,05 10,0 10. 80 10.65

Tavre T—Average cost per long ten of mining
and bencficinting iron ore in A innesotar

Develop-| Lebor

Year went and Other 1 | Foyaulty | Total
supplies
1652-58 (average). . 8. 625 0. 695 £2.015 30.4%3 £2.878
1487 6% .59 1148 474 3,253
LU L ) A L E13 3703
STST 1242 1.ae2 . 451 {.415
LT85 1131 1.7¢8 L83 4.1
7 110 2.6l A l 4.0:2

! Bulletln of the University of Mlnuesota, Mining Direetory Iscue,
. €3, No. g, May g, 1.,
t Jucludes beneficiation,

TAYES

Federal tax laws allow iron-ore winers a 15
percent depletion deduction from £rogs income
to arrive at net taxablo income. Direct State
taxes are lovied on reserves, both developed and
undeveloped. In some instances, howaever, ye-
servo tax Jaws for low-grade deposits have hoen
relaxed, and now only Tow-grade vre production
is taxed. '

ENMPLOYMENT AND PRODUCTIVITY

The number of men employed uf. domestic
iron mines and Leneficia in plants has Jeelined
about one-third since Werld \War II. Xmploy-
ment. Lias been related (o usable oro production
but has not fluctuated with it dircely because
mining companics have planned operations (o
maintuin a stable Jubor foree. The miniigr comn-
panies have al:o lrept mest men employed yeur
round.  These pructices huve obsenred pro-
ductivity measurements so (that yexrto year com-
pariions are not. signficant,  For example, datn
reporied to the Bureau indicates that output per
man in 1955 was 173 tons of usable ore per
hour, and in 1969 it wus 1.72 {ons per hour.

R
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Thero is no doubt, howoever, that the trend in  the furnaces, and 1 to 2 million tuns annually is
productivity is upward. Output was only 0.75 transported all-rail from the Iake Superior dis-
ton per man-houy in 1023, the first year employ- trict. Less than 1 percent of the iron ore pro-
ment figures wero reported to the Bureau. duced dowestically is moved fror mines to
furnaces by truck.

Transportation costs of delivering iron oro
from mines to the furnaces range frem 40 to
50 percent of the valuo of the ore. In 190G,

Tacre 8.—Lmployment and prod wetivily al iron
ore mines and beneficiating plants

—  —

Averare Prodae-

Yeer numler men | tvity, tons

. cmployed  Jusuble oro por
wan-hour

. 35, 767 L7
29,9075 .818
14,087 1,162
25,123 1.512
on, 717 1,453
3,687 1.4062

£%4,0C0 1.73

7,543 .63

21,010 172

TRANSPORTATION

More than 75 percent of the iron ore produced
in the United States is transported in oro car-
riers on (he Great Lakes. The Great Lalkes’
fleet in 1964 numbered 170 vessels. Their aver-
ago age was 41 years. The quantity of ore that
the flect can move in any one_year varies ac-
cording to the length of the shipping season;
tho annual carrying capacity mu{)er the most
favorable circutnstances is 706.3 million long
tons.

Tron ore transported over tho Great Takes
system is transferred a minimwn of 3 tines
(rail, to loading doclk, to ship, to railroad) and
o maximun of 5 times (mine truck, to railrond,
to loading dock, to ship, to stockpile, to rail-
rond). Lach transfer generates additional
fines’ that detract from the value of tho ore.
Blending of oro from various mines to assure
a gunrantced analysis is an integral part of the
mine-to-rail-to-ship transportation system.

The St. Tawwrence Scaway carries over 12 nil-
Jion long tons of forcien iron ore annually to
Great Lakes ports of the United States. This
ore comes principally fvom the Quebec-Tabra-
dor iron Lelt of Canada via rail to river ports
and thence through the Seaway following a
transfer pattern identical 1o that of ore truns-
ported on the Great Takes system. Secaway
locks limit ore carriers (o 25-foot G-inch draft,
700-foot length, and 75-foot beam. Iron oro
in trancoceanic trade is carried in speeial bulk
cargo ships ranging in carrying capacity from
95,000 to 70,000 long tons. Qceangoing 1ron
oro cargo ships with carrying capacity over
100,000 Jong tons are Leing planned.

Iron orc from mines in the Southeastern,
Northeastern, and Western States including
Texas and Missourl noymally moves all-rail to

charges over the Great Lukes system from tho
Mesalii range to the Pittsburgl’ Steel dittrict
were $6.60 per Jong ton; and all-rail charges
were $10.23 per ton.

RESEARCH

Sineo YWorld War II, privato industry has
been heavily engaged in iron yeccareh, princi-
Eally to develop ore dressing techniques for

encficiating the taconites of hlnnesoty, and the

jespilites of Michigan. g

The industry supports
research luboratories, with & total  annnal
budget estimated at more than $3 million.
Total industry expenditure for iron ore and as-
sociated research is believed to range hetween
€15 and $25 miliion annually. ‘The [federn] and
Siate annoal total s about 51 million,
o Minnesota State Alines Jixperiment Sta-
tion at the Univerzity of Afinnesota hias been
conducting a smzdl but comprehiensivo iron-cre
research program since J1011

The Michiean Dureau of Mineral Rescarch
was cstablished on tlhie conpus of the Michizan
College of Mining and Lechnology in 1955,
prineipally to conduct rescarch projects appli-
cable to the Staia’s jron-ore re=nurces.

ho Burcan of Mines has had an Iron-ors
rescarch program since establishment of Bu-
reau stations at the Universily ol Minnezola in
1917 and ot the University of Alabana in 1021
Gntil World War LY, the Burcaw’s program was
conducted without urgency and only to Gevelop
Dasie seientific technical datn to cxpand and de-
velop the base of the couniry’s lhon-ove re-
sources, and to enceurags developrent of jron
induztries in new areas.  During the wat, the
Bureau explored 1auny iron-or: deposits, Sines
then, the Bureau has been concerned with more
immediato problems of inereasing domestie ivon
supply and of devising mining and ore-dresing
techniques that would enable profitablo exploi-
{ation of complex iron-oie deposits. A smal
hearth, low-shalt cxperiniantal blast furnace is
operated at Druecton, T’a., Ly the Dureiu in
conperation with privato industry to study ma-
{erial substitution and opevaling cchiniques
applicable to conservation and development of
{lie Nation's iron resources.
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OUTLOOX

The iron ore industry will be a vital part of
the expanding industrialization brought about
by rising living standards and a growing popu-
Jation. New miines will be opened to share in
the markels created by the ivon and steel in-
dustries now being planned for the recently
independent, less developed nations.  Others
will be opened to help supply the demands fore-
scen for industrial arcas now in existence.
Those mines producing high-grade, Jow-silica
pellets or equivalent will tend to capture the
world markets. When most of the exizting
Llast furnace capacity using high-grade pellets
is ntilized, partially reduced agglomerates will
tend to supplant the, pellets. That is when
more Dlast furnace capacity is needed, it
will be oblained through use of partinlly re-
duced agglomerates in preference to building
more furnaces.

"Technology will continue to exert sirong in-
fluence on the course of the jron ore industry.
Sxcepl in unusual circumstances, ivon ore will
be mined in open pits from the large low-grade.
easily beneficiated deposits.  The trend toward
larger equipment and automation of transporta-
tion and crushing plants will continue.  Drill-
ing and blasting practices in the taconite mines
will improve but not at the fast rate of the last
decade.

By 1970 essentially all iron ore produced for
consumption hy the induztrialized nations will
Le heneficiated.  The conventional gravity and
magnetic separation and flotation ore dressing
processes will herefined and need more in series
or conzhinations to pradnce a higher-grade prod-
uct  with deereasing  silica-ahumnima himits.
Eleelrostatic separation and roasting to obtain
iron minerals susceptible to magnetic attraction
probably will be applied comniercially within
the next deende.

Pelletizing will continue to be the preferred
method of iron ore agelomeration in the United
States and will be used more in other countrics,
but it will not replace exisiing sintering plants.
Partial reduction in conjunction with pelletiz-
ing will ho applied inercasingly.  Jlowcever, re-
serchers eventualiy will find a methad to by-
pass the ngglenieration 3rocess so that fine graun
concentrate ean be used directly to produce iron.

General ceoncanie and politieal activities
probably will have Jittle effeet on the structure
of the domestic iron ore industry, but production
and (ransportation relative costs will trend
downward. Common markel conndries may
regulate the iron and sfeel industries {o some
extont but, other than in Luxembouve and the
Lorraine district of Jrance, compelition even-

tually will force establishment of a free iron-
ore market in Europe.

The outlook for cconomic and political activ-
ities related 1o the world fron-ore industvy is
that tho Jong-term trend in the price of iron ore
in terms of constant value dollars will be down-
ward, and that future government actions will
not adversely influence the industry and in some
instances will actually favor it.

Worldwide capacity to produce iron ore prob-
ably will continua greatly to exceed require-
ments. Nevertheless, many mining distriets
now supplying ore to restricted markets may
not have capacity to supply all oreof the grade
and quality needed.

Mino capacity is distinguished from probable
production whiel is related to hut not nuneri-
cally identical to requirements,  In North Amer-
jea mine capaciiy to produce Ligh-crade ag-
glomerates in the United States will increase
steadily. The Lake Superior district will con-
tinuo {o be the principal source of domestically
produced iron ore. The district’s capucity to
produce high-grade taconite pellets will reach
20 million tons annually by the late 1966%s and
40 to 50 millien tons by 1930. 13y then the dis-
trict also will have capacity to produce 10 mil-
lion tons of high-rrade pellets annually from
semitaconite or soft ores. The district’s capuc-
ity to produce direct shipping ores and the con-
yontional 51 to G percent iron-ore concenirafe
probably will deerease rapidly thrrough the next
5 veors, and may beonly 5 to 10 million tons by
1980, Capacity to produce those couventiona)
ores in the Lalie Superior district wili be fixed
by the domestic steel industy™s need for flexi-
bility in output.

The Northeasiern district including Pennsyl-
vania probably will maintain capacity to pro-
duce at least 6 million tons of Ligh-grade yron
oro agglomerates annually until 1680, although
new deposits will have to be develeped to do so.

Ihe Sontheastern district’s productive capae-
ity probably reached Lottom when most of the
underground mines in the Big Seamof the Clin-
ton formation were shut down in 1959, Ca-
pacity to produce 3 to i million tons annnally
more than lilelv will be maintained in the south-
cast through 1970, but unless technology devel-
ops, competition from foreien operations will
close most. of (he mines within the next few
years.

Tron-ore produective capacity in the Western
distriet, which inelndes Missonri, will expand
to keep pace with Western markets, probably
reaching 14 million tons annually within 5 years.
It is just a question of time hefore the Jarge
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low-grade iron resources of Arizona, Nevada,
and Montana ave exploited on a large ceale.
Even assuming no radical change in technologzy
or in transportation costs, it is expected that at
Jeast oné deposit. in each of thess States will be
producing ore by 1975, 1If transportation costs
can bo halved, deposits in South Dakota prob-
ably will bo exploited for the Bastern market.

Alaskan iron oro deposits may be exploited
for export to Japan or for loeal use. In either
case their impact on the world’s ivon ore indus-

try will not bo sigmificant.

Accordingly, it is cxpected that United States
iron oro preduction for inlernal consumption
will be $0 million tons of GO percent iron ore by
1970 and 92 million tons by 1980. In addition
5 to 10 million tons will be produced annually
for the export market.

Canadian iron ore productive capacity with-
out doubt will be expanded at a rafe to supply
all the iron ore the TI.S. and Canadian markoels
will absorb. In addition, Canadian ore will be
mined for export to both Asiatic and Iuropean
markets. The Japaneso probably will continue
to buy ore from Canada at a rate commensurate
with other trade between the two countrics,
Japun bought 1,545,000 tons of Canadian ore in
1362, Canadian producers will Lo at a cost dis-
advantage compeling with South \merican and
African producers for the Lluropean markets,
but high quality, reliability, and preferentil
treatment by the British may enable the Ca-
nadians to maintain substantia] exports east-
ward. Canada sold 2,830,000 (ons of iron ore
to Iluropean countries in 1962. Canada’s ca-
pacity to produce high-grade iron ore probubly
will exceed 60 million tons per year by 1930,
Actual output, however, may range subs{an-
tially below the growth rate indicated by that
fipure, )

Mexico will produceiren ore for ils own needs
but probably will not export. significant quanti-
tics.  Almost certainly, Mexican iron ore will
not, aflect 1J.S. markets.

The outlock is for jron ore producers in'South
America actively to continue supplying ore to
the United States, Japan, and European coun-
tries. Tho only readily a ppavent condiiions
that could prevent. their doing so are political
instability and confiseatory taxes, Large, casily
mined, high-grade deposits, year-round mod-
erate climate, and in most instances proxiuity
to salt water ports give the Sonth American
producers an inherent economic advantagce over
most other producers,

Transportation probably will continue to be
the Dhottlenecl: that limits iron ore output in the
Minas Gernds district of Brazil,  "This siluation
may be alleviated wiikin 5 years by a new rail
Jine from the district. (o Rio de Janciro, The
cutlook is for favorable government acion to

permit building of such a line. A new line, and
enlarged capacity through the part ot Viléria
will increase Lrazil's polential for jvon ore ex-
ports to 30 million tons per vear. [ron ore
needs of the Brazilian ivon and steel industry
will not atlect sigmificantly Brazil’s capacity to
export ore. :

Chile’s iron ore productive capacily more
than Jikely will reraain abiove its own neads and
ability to find markets. lxport capacity conld
reach 20 million tons per year by 1930, but
export shipments probably will not increase at
a comparable rate.

Peru’s jron ore productive capacity is ex-
pected to change very litiic in the next. decade or
two.  Considering the planned dovelopments in
Australia and potential developmients in the
Western United States there is meh doubt that
there will'bo incentive for 3farcona t, inztall

a new plant to obtain more production. In-

creased efficiency and initor plant additions
may increase Peru's export capacily to 10 mil-
ion tons per year. Output will depend on
markets. The Peruvian iron ore industry
should ho eompetitive around the world; thore-
fore, an ageressive sales policy cculd result in
exports mueh higher than the estimated 10 mil-
lion {ons.

The Venczuelan ivon cre industry may bo on
tho threshold of a vevolutionary {ezhnical
change that will put it far ahead of its competi-
tors in supplying merchant ore to the vworld’s
markets. The government has been asked (o
approve plins to Jay o pipeline from (he oil-
ﬁollds of Enstern Veneruela in the Siata of
Anzoategmi to the mines in Piar Listrict of
Guayanaareain the Siate of Holivar, ‘T'he Jine
is to (xansmit natural gas for use in an iron or
reduction plant {o upgrade Guayana ore from
60 to 85 percent iron.” The plans call for initial
plant annual capacity of 1 million tons of fin-
ished product which” can be increased readily
to 10 million tons,

Tho natural gas reduetion plans greatly en-
haneo the outlook for the Vehezuelan iron ore
industry. The combination of inexpenive ro-
ductant and high-grade, low-ilica ore faver a
successful operarion.  An 85 pereent iron lear-
ing material with suiiable physical properties
and stability to stand lone-disiance tiansporla-
tion would male its own muarket if oi’erod at
prices compeiitive with (hie contuined iron in
pellets and high-grade ore.

Accordingly, it is expacted that by 1970 the
Venezaelan iron ore industry vwill have annual
capacity (o produce 10 niiilion {ons of partially
redind ove plis 10 miltion tons of high-grode
ore snd it iy 1980 the production capacity
for ptdaily rediced ore will be inereised
29 million tons.
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European iron ore mines, with the exception
of those in the Soviet Bloe and on the Seandi-
navian Peninsula, in the future will not be as
significant a source of orc for the European
iron and steel industry as they have been in the

ast.  The iron ore industries in (ireat Britain,

Vest Germany, France, Luxemboure, Spain,
Austria, Italy, and Yugoslavia in all probubil-
ity will either remain static or decline in
relation to the size of their cohabitant. steel
indusiries,

Iron mines in Sweden, Norway, and Finland
do not compare fuvorably in inherent cost of
production with open-pit inines in more tem-

erale and tropical elimates.  Nevertheless, the
iron ore industry of these northern countries
will continue to produce on a large seale, al-
thongh individual small mines may nei be able
to meet world competition. The outlook is for
total mine capacity of 30 million tons annually
by 1970 and 40 million tons by 1980,

Among the Soviet Bloc countries only the
U.S.5.R. appears to have potential for a grow-
ing iron ore industry to serve a market that is
demanding higher and higher arade ore. The
need of the steel industries of Bulanria, (zecho-
slovakia, Last Germany, Poland, Tungary, and
Rumania for quality raw wmaterial to inerease
output will probably make them part of this
market. Thus the outlook for the iron ore in-
dustry of the Soviet Bloe is-for the rines in
U.S.S.R. to expand eapacity to supply most of
the needs of the Sovict satellites and Jor many
of the low-grade niines of the satellites (o close.

It is doubt ful that Soviet Bloz ore will move
outsido the Bloc and pratshle that free world
ore will e shippedinto the Bloe.  The quaniity
of free world ore entering the Bloe will be de-
termined by trade agreements similar to those
now existing between Brazilian and Indian
mining companies and comunist governments.
Therefore, tho iron ore and iron and stesl in-
dustries in the Soviet Bloe countries will have
little if any influence on free world trade in
iron ore,

African iren mines are destined {o assume u
larger vole in the iron ore trade of the world.
Political stability and economic responsilility
probably will be the prinne faciors influeneing
the divection of growth., The Liberian indus.
try, jndging by past government performunees,
is the most faverably siiuated fo expand at a
rate compatible with potential markets. By
1980 thio industry shonld Lave eapacity fo pro-
duce 20 miltion tons per vear.

The Manretanian and Sierra Teone indust ries
have estabiished narkels in world frade, and
there is no reason to Letieve that internal cir-
cunstances will he alteved sulliciently to jeop-
ardize external relations. The industry of

780- BT O-— 65—-31

LTl s B N el AR R e v A A e e g e ean

e e e T R L AU

Mauretania probably w.il have iron ore pro-
ductive capacity of 8 to 10 million tons annually,
by 1980. 'That of Sierra Leone probably will
have 3- to-t-million tou capacity.

Gabon has the resonrces to support a sub-
stantial merchant iron ore industry. The ex-
tent of development in capacity to produce iron
ore will be dependent on the activity in the
Furepean steel industry and on government
stability. Tf the government encourages free
industrial enterprise through 1970, development
of irun ore resources will be dependent on mar-
kets for iron ore then existing.

Guinea also has the resources {o support sub-
stantial merchant iron ore industrics, but the
apparent conrse of its government makes it un-
likely that private companies will invest the
necessary funds.

India s the oniy Asiatic conntry expeeted to
increase significantly its eapucily to producs:
iron ore for export. Goa’s capucity probuably
will remain aronnd 6 million tons per year while
capacity to produce for export in Malaya and
the Philippines will decline. The iren ore in-
dustry of India will increase its capacity well
in excess of domeatic requirements and in addi-
tion will maintain capacity to produce 2 to 3
million tons annually more than its cxport mar-
ket. The total capucity of the Tndiun indus(ry
is expected to exceed 30 million tons.of iron orc
per year by 1950.

There is not much doubt that an active, ag-
gressive iron ore export indusiry viill be de-
veloped in western Austvalia by 1970, Xts size
will be limited only by iis competition around
the world. Trade agrecments with Japan and
European countries probably will be instru-
mental in developing capacity to jproduce at
least b million tous per year for expert by 1970
which may be inereased to 10 miliion tons per
vear by 1050, Tlowever, if mavkels can be
found for the ore, capacity could veach 20 mil-
lion tons or more per year by 1970 and 40 million
by 1980. : .

Asswining that super ore cartiers are built {o
minimize the ocean transportation dizadvantage
I supplying European markets that Ausiralian
iron ore progqueers will have with those on the
cast coast of South America and the west coast
of Afriea, Australian eapaeity to produce jron
ore for export chould reach § mithion tons by
1970 and 15 mmillion by 1980,

Thus the integrated eapacity outlools is that
the principal iron mines producing for interna-
tiounl irade, excluding those in Clommnnist
counities, probably will be able to praduce 290
to 300 million tens of high-grade iron ore per
year by 1950, :

Jrring a major war that restriets freedom of
the reas, every Industrialized nulion geems as-
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sured of an adequate supply of high-grade iron
ore casily available for a price equal to or less
than that now esiablished.

The United States is assured of the iron ore
it needs under practically any circumstance as
long as the North America transportation sys-
temis left intact.

The outlook for the domestic industry has
bettered each year since innovation of the taco-
nite industry. This improving situation has
been brought about by technologic.advance and
Nincreasing knowledge. Thus the thesis that
the best key to the future is record of the past
provides assurance that the domestic indusivy
will fluorish in the next decade with current
rescarch and development substantiating this
outlook. More than likely producers of high-
grade pellets will tend to capture the markets
and the producers of partially reduced pellels
will tale over from them as all the excess blast
furnace capacity for smelting standard pellets
is utilized. Domestic iron mines are in an ex-
cellent position to be in the forefront of this pat-
tern.

Figure 3 shows the 1J.S. iron ore supply 1040-
64 and a forecast of the sources of supply and
the rate of conswmnption 196} through 1980,

The forecust was made on the basis of antici-
pated T.S. sleel production, which was con-
verted to iron ia ore requireinents assuming that
0.67 ton of ivon from ore would be used to pro-
dnce ench ton of steel. This ficure discounts
the impact that basic oxygen converlers, and
contimious easting units could have on the serap
{o hot melal ratio. Iron requirements were
converted {o iron ore assuming an average grade
of 60 percent iron for both domestic and foreign
ore. 11.8. steel production was projected in ae-
cordance with the historical use of steel per
capita, assuming that it would increase at the 1.6
percent compound annual rate foreeast by the
Bureau of Mines, for the growth rate of popu-
lation and labor force. “This projection then
was modified by consideration of technologic,
economic, political, and secial elements {o fove-
cast an iron and steel industry growth raie
slightly above that expected for the U.S. popu-
lation. "The principal elements considered in
making the forecast were—(1) belter steel, (2)
use of substitutes, (3) development of new unses,
(4) imports of forcign steel (5) expansion of
foreign markets, (6) Jess expensive production
methods, and (7) shifting U.S. population.

Better quality steel greatly slowed the rate
of steel consumption in the Jast decade, but to
the presently produced quality Jevel this factor
apparently has exerted maximun influence and

therefore will not change the trend significantly
in the future.

Use of substitutes and development of new
uses for steel have by and large offzet one an-
other in the past.  Now better quality steel aud
the steel industry's comprehensive, upplication
research progran should begin to bear [ruit.
New steel uges in the future probably will more
than.ofizet use of steel lost to substitutes,

Steel imports probably will exceed exports for
the short term (5 years). The determining fac-
tor in the balance will be cost and quality. Ilere
again quality and research favor the (7.3, indus-
try.  Furtliermore, the technologic advances
and capital improvemenis ol recent years and
tho probability of eontinning advance and im-
proversent. put the domestic industry in an in-
creasingly better competitive’ cost position.
This leads to the conclusion that Tor (he long
term, steel exports will exeeed imports, aud the
per capita output of steel will tend (o inceease
accordingly.

Changing distribution of people in the United
States will {end to eut down per-capita steel
consumption beeause a larger pereentage of the
people will live outside the Chicuge-Piuslurgh
industrinl complex where sicel is the leading
structural material,

einforeed conerete and thinber awe prefirred
to steel in the Pacifie Clonst States, where the
population is expected {o inerease 62 perctnt
hetween 1960 and 1980, and thie Mourtain Stales,
where it is expected to increass b percent.
These increases are in contrast lo the tofal ex-
pected population inerease of only 37 percent.

Theso seven clements expeeted 1o influence
the rate of steel production in Jarge measuce
oflzet, each other. Flowever, time will tend to
strenzihen those elements that can inerease sleel
output and weaken those that could deerense it.
With this in mind the forecast of a growth rate
only slightly higher han rate of population
arowtll is considered conservative. .

Tho foreeast of iron ore requirements 1s @
mean from which aetual consmuption is not ex-
pected to vary mora than 15 pereent, and the
total supply—domestic production, plus nn-
ports, minns exports—Iis net exped ted to vary
from actnal consumption more than 10 percent.
Domestic and Canadian mines producing Wiy
grade iron ore pellets for consuption in the
United States ave in a position to mainiam out:
ul near eapacity. Those producings lesser qual-
ity will neceszavily provide most of the flext-
Lility needed to adjust supply to consumptiod
Tron ore imports fron: A {rica and Sonth Amer
jenn countries are not expected to vary sirntil:
cantly from the quantities shown on figure 3
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The principal problem of thie domestic indus-
le is to meet both price and quality competition
el rom forcign producers. 1t must do so if it 13

{0 continue Lo exist. Tho domestic industry has
;roximity in its favor, but all other elements 0%
Jron oro produciion favor ono or the other of
s {,rpiym operations producing ivon oro for sale
in the United States. This Jeads to many spe-
scific operating problems.

Tho iron formation in the Lake Superior re-
gion is exceptionally hard and fine-grained;
consequently, botl mining and: grinding costs

| wre high. Use of jet piercing equiptnent. for
u drilling and scientifically designed blasting have
heen partial golutions to the problem, bub the
fact remains that mining costs in the Lake Su-
perior district are not competitive with those in

zs (anada.

Loss of the iron minerals not susceptible to
magnetic attraction n {aconite processing op-
erations in Minnesota and some other districts

B 5 problem. Reseavchers seem to he approach-

el AR o s €8 - b [ s &8

8 MINERAL FACTS AND PROBLEMS

PROBLEMS

P

ing an economical solution, but the preblem is
not yet solved.

More than two-thirds of the iron formation
that is equal in grade to that being mined is not
profitably amen:ible Lo wiy known method of
concentration. Thus, inability tomine and proc-

sg nonmagnetic {aconito 1S @ preblen. The
sameis trueof partially oxidizedron {ormation
and soft hematito ores.

Pransportation of iron ore s & problem, par-
ticularly from the Lako Superior distriet be-
cause there it.1s 2 ceaeonal operation. Mot only
aro Lransportation costs high, but peviodic op-
eyation forces conswmnels {p maintain a large
iron orp inventory. A gg_:louwmtion of fine-
arained ore and iron ore conuentrate is a solu-
Lion to smelting these naterials but hecause of
tho cost, it i3 not a completely ealizfactory solu-
tion. lixploitation of titantferows 1ron ore de-
posits isa problem becanse iron ores conlaining
more than 1 pereent of titanium cannot be casily
emelted in a blast furnace without exeossive op-
eraling difliculties and high fuel consuniption.
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are important faciors influencing the viability of suel 2
. . . B . ) project. In addition to the credits for sulphor and iron
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‘)ép:: tnient n:r.c.;lL'l}l.iL';lI )',‘n;"i_m'v.'ri.v);: ol the '!:i\’r.l'sl'i,\'_t'f copner, Zing, cabult, nickel, liug und precio: melals in
Bon:y moYO6B2 Afier worsing fur orne year with Na- the raw material improves the over-all econsiaics,
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ate sclioul of chamical envinvering of (he University of thermal decompgsition of FYUite to approzima: Iy irun
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Il ceonomics and the profitability of (he dilferent cases
are discussed,
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pyrite and its tr:mspm'lnti.on from mine .to plant site.
The location of the plant site would alzo influence the
sales price of culphuric acid manufactured in excess
of the caplive consumaption.

The advantages of shipping elemental sulphur
rather than pyrite or sulphuric ieid are obvious and
this has resulted in the development of scveral pro-
cesses for the recovery of elemental sulphur. A com-
mercial example is the Outokumpu Oy plant (1) in
Finland, in which the labile atem of zulphur is lib-
erated by flash smelting. The resultant iron sulphide
matte is roasted to give sulphur dioxide for sulphur-
je acid manufacture and an iron oxide caleine.

Purification of the iron oxide calcines from pyrite
or pyrrhotite roasters with respoct to silica content
and with respect to nen-ferrous metals is practised
commercially by Montecatini(2) in Haly and the Dowa
Mining Company (3) in Japan. The Lurgi Company
in Germany has developad a process for removal of
non-ferrous metals from the reasted caleines by vola-
tilization of the chlorides (4). However, noue of the
above processes, either alone or in combination, yield
all the sulphur in the elemental form and an iron
product of acceptable purity.

Sherritt Gordon Mines Limited has developed a
new process (5) in which essentially all of the sulphur
is converted 1o the elemental form and all impurities
can be separvated to give very pure iron.

The-next step in further development of the pro-
cess is to examine the cconomics using preliminary
cost estimates based on the laboralory vesults. The
decision to prove the process on the pilot-plant scale
would be based on this preliminary cconomic study.
This puper is concerned with these economics and the
influence on the economics of such variables as plant
capacily, plant location, raw materials cost, sales val-
ue of the producls, form of the final ivon product
and impurities.

The foregoing is accomplished by estimating capi-
tal and operating costs for three plant capaciticss —
250,000, 500,000 and 1,000,600 tons™ par year of py-
rite. Two process schemes are considered at each
capacity level. The first schienmie would process a
‘clean” or relutively pure pyrite to produce sponge
iron and elemental sulphur; the =ccond would trea
an impure pyrite containing assorted non-ferrous
metal impurities to produce high-purily sponge iron
or high-purity iron powder as well as elemental sul-
phur and concenlrales cuntaining the non-ferrous
metals,

The material and energy balances and process flow
sheets upon which the estimates are based are also
presented. The process is Leing assess2d in Lroad
terms, although it has Leen ncecaszary {o fix cortain
design paramelers, pavticularly the analvsizs of the
pyrites with respecet Lo non-forrous metal content and
the unil operating costs for a particular location.
The avtbors wizh to emphasize that such assumptions
are made only to illustrate one example and adjust-
ments must be wade to consider specific cases.

I PROCLESS DESCRIPTION AND CONDITIONS

The process ard the boratory swork {o develop the
process have been deseribed in detadl elsewhere (5),
and thus witl e dizvussed only Lriefly here,

'5l|(.:—t_ ‘(-\:'.-' (2605 1) ove ueed thronphout this puper une-
leos otherwise dusiyeated,

The process consists essentially of fowr major

stepa: .

1. Low-temperature thermal decomposition of the py-
rite to elemental sulphur and iron monosulphide.

2. Aquecus oxidation of the iron monosulphide to
hydrated ivon oxide and elemental suiphur.

3. Dissolution of the hydrated iren oxide and non-
ferrous metal values, purifization and hydrolysis
of pure basic ferric sulphate,

4. Processing to a final iron product.

As mentioned above, two processing schemes are
considered, one treating = relatively clean pyrite con-
taining few impurities, whereby step 2 can be elimin-
ated, and the other processing an imipure pyrite con-
taining substantial impurities. The process conditions
and design parameters for clean pyrite processing are
given in Table I and in Figures 1 and 2; those for im-
pure pyrite processing are shown in Table II and
Figures 1 and 4.

'

1. Thermal Decomposition

Decomposition of pyrite into arlificial’ pyrrhotite
or iren monosulphide plus elemental sulphur is an
endothermic reaction reguiring, theoretically, 523
BTU per pound of pyrite (IPe&.). 1t is proposed to
carry out the decomposition in a fluidized bed reac-
tor, essentially following the system proposed by
Heath and Graves (G).

Material and enevgy balances have been culeulated
for 1 ton of pyrite feed; these wre shown in the pre-
lninary process flow diagram, Figiore 1.

Pyrite concentrates are withdrawn from storage fo
be dried in a fluid-Led dryer. The dried pyrite is the
combined with unreacted sulphides frem the aqueous
oxidation step (deseribed below) and fed to the ther-
mal decomposition rewctor,

The enduliiermic heat of reaction is satisfied by
the combuztion of Dualker ‘C fuel ol dirceetly in the
fluid bed. Tt is necessary to control the OXMIFCD S0 &8
to add only the stoichivinetric quantity reguired to
achieve comiplele combustion of the fucl.

The 1,300°-1,500°F operating temperature com-
bined with 30 minutcs retention time sheuld result
in an iron monosuiphide product will a sulphur o
iron molae ratio of approximatdiy 1 to 1.15, which ix
adequate for the subscequent procossing steps. The
solids discharyre from the reactor into a quench tunk,
where they are shirvied with & recyele solulion for
feed to the aqueons oxidation auteslave.

The coemibustion gares leaving the reaclor contain
the elemental sulphur distilled in tha reaction loge-
ther with small quaniitics of hydro,cen sulphide, sul-
phur dioxide and possilly carbonyl sulphide, COS.
Those gases pass through dust evelones, a waste heol
boiler, an clectrostntic precipilotor and then a sul-
phur recovery section vengisting of & cululyiic con-
verter to convert 1.8 plas SO. to clunents) sulphur
and a sulphiy condunizer generating  low-pressure
steam. The combustion gases are then water-rerublied
and vented to wlmosphire.

Any arsenjc contained in the perite iz alse evolved
and can Le cexpecled to report with the elemental sul-
phur,

Lime Greatment of the elemental sulphur, as proe-
tised by Outokuinpu Oy (7)), is oire method of reimo-
ingr wr=enic from the salphar.
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Figure 1.—Schematie Equipment 1'low Diagram
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for Low-Temperature Thermal Decomposition,

|

Table I -— Basic Design Parameters for Treatment of Clean Pyrite
[ (Sce also Figures 1 and 2)
1. Pyrite Feed
Chemical Analysis Fe S Cu Zn I’b Ni, Co As Insol.
[ e by Weight, Dry Basis 16 52 0.05 0.07 <001 0.i8 1.6
A Ioutuxc ......................... e 106¢ :
Size,..ooooo 70¢¢ minus 200 mesh
[ 2. Over-all Recoveries
L 98¢,
Sulphur (Elemental), ... . .. 0010 91¢,
3. Thermal Decomposition
' Sulphur Recovery.. ..o L. Q17 of S evolved
a9 {, of S° recycled
Arsepic Evolved. . ......c... ... ... 90¢%5
(S¢Fv) in Iron \!onoml')‘udL ............ 1.15 molar
1. \queous Osidation
Osidant.........ooooiai Air (10095 excess
Oxyzen Par L-'xl Pressure................ ... . ... 150 pat
Temperature... .. ... ... e PRI 280°]
Retention Ti IR, 1.5 hours
r Sturry Dessity. oo T £0 gpl solids
I\u\dc Solubion...oooo oo 20 gpl HLS0,
' Salphur Conversion to S, .. Lo 70,5 per pass
Noa-Ferrous Metal Estraction. , /777 0% .
r5 Froduct Analysis (S5 Ry Weight Dry Basis) .
Fe S Cu Zn As Tnsol.
|'~ W Nonosulphide. 0 59.6 333 0.052 0.073 0.005 1.3
e Dementd sutphor,, LT . Y35+ .
\ c.h'.)" fron.. 01 o "o,
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Figure 2.—Process Flow Diagram for the Aqueous Oxidation of Clean Iren Monosulphide.

Table II — Dasic Design Parameters for Treatment of Impure Pyrife

(See also Figures 1 and 4}

1. Pyrite Feed
Chemical Analysis

Se By Weight, Dry Dasis

2, Over-all Recoveries
Tron. oo i
Sulphur (as Elemental)........
Non-Ferrous Metals. ... L.

3. Thermal Decomposition
As per Tubie ]

4. Aqueous Oxidation
As per Table |

5. Iron Dissolution
80 gpl Fe discolved
S50, -+ SIS0y

I :'Jl a0, )

6. Mectal Stripping

7. Hydrolvsis
100, 2 Joxcess Air
100 gpl Fe in Feerd Solution
80 #pl 'e Precipiiated

8 Product Analvsis (T¢ by Weizht,

= 1.1 Molar Ratio

Ie (vround sponze iron) and §° = 1.1 Stoichidmelric

Fe S Cu Zn Ni Co I'b Ag(l) As In:ol.
13.1 50.5 0.3 2.2 0.03 0.05 1.4 1.76 0.4 18
a8Gs
9%
a0,

(1) Ounces por Ton (2) Depondent upon coal analvsls
(**) Less than 0.0D17, 13) Carbon, 0.C45%4
) Si
iy Busis) . .
Jron Elemental Sponge Jhgh-Paiityid)
NMonosulphide Sulpler Lon Iron Powder
55.10 1.5 00.9
0.0 99.5 0.C00 0057
0.40 0002 Q02
2.50 0.005 0.0025
(l,()'. 44 (R 4
00\3 a3l at
2.50 o o
2.50 - —_
(.01 0.01 0.072
2,70 () (O et
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2. Aqueous Oxidation

This step is an oxidation veactjon converting iron
monosulphide to hydraled iron oxide and elemental
sulphur according tu the following over-nll veaciion:
2FeS + 3H.0 + 11 0. — 2Fe(OH . + 28°

This reaction is carried out in a recyeling aqueous

Figure 3.—-The Aqueous Oxidation SAutoclave.

Design Pressuce ... . 1000 psig

Design Temperature ... 300°F

Material of Construction ... carbon steel shell, lined with
- ’ lead and acid birick, with tita-

medium and is exothermic, generating 1,525 BTU
per pound of FeS. The cileulated material and energy
balanees wre shown in Figure 2 for the clean pyrite
scheme; those for the impure pyrite scheme are given
in Figure 4

The aqueous oxidation autoclave shown schemati-
cally in Figure 3 is a three-compartment vessel of car-
bon steel construction lined with lead and acid-re-
sistant brick. Agitaters and olher internals may be
fabricated from titanium. This vessol would be simi-
lar in conztruction and rervice to that uszd commer-
cially by Sherrvitt Gordon at Fort Saskatchewan for
acid leaching (8). .

Iron monosulphide from the thermal decomposition
reactor is repulped in recyele solution from cither the
liquid-solids separation step following sulphur granu-
lation o following hydrolysis, depending on the
treatment scheme. This slurry is then pumped into
the autoclave by means of a suitable high-pressure
slurry pump. Several pump designs have been used
for applications similar to this (95, although the pro-
ven Galligher ‘Airdrex’ pump has been assumed for
the purpose of this preliminary estimate. This esti-
mate is based on using 200 psiy air as the source of
oxygen, with the air compressor driven by a gas tur-
bine. A waste heat Loiler on the gas turbine exhaust
generates u«ll process steam reqairements. Pure oXy-
gen or oxygen-enviched aiv migit prove to be econo-

nium internals.
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The exnthermic heat of rvexction is removed by
coolingr coils installed in the autocluve. Exhaust gases
depleted in oxygen leaving the autoclave ave finally
waler-serubbed to remove acid mist before venting {o
atmosphere.

In the case of clean pyrite treatment, the slurry
discharging from the aqueous oxidalion autoclave is
steamn-heated to a term)emturo of approximalely
260°F (slightly above the melting point of sulphur),
and then flash-cooled under controlled conditions to
form pellets of elemental sulphur and unreacted sul-
phides. Little or no oxides or sulphates are associated
with thc elemental sulphur. The resultant slurry is
next passed over a 23-mesh screcen to separate the
pellels from solution and hydrated iron oxide.

The elemental sulphur pellets are then treated in
the sulphur recovery circuit. This circuit consists of
a sulphur melter where pellets are agitated and heated
in water at a temperature of S00°F; this hot slurry
is then filtered in a pressure filter to recover ap-
proximately 95 per cent of the elemental sulphur
pxcm‘t as a purce product. The hot filtration residue,
consisting of unreacted pyrite, unrecacted pyrrhotite
and some elementul sulphur, is ball-milled for recyele
to the thermal decomposition slep.

The undersize from the.sulphur pellet sereen is fil-
tered on disc fiilers without \\nxh'ng The hydrated
fron oxide solids still contain about 3.5 per cent sul-
phur, essentially in the form of basic ferric sulphate.
The solution is recyeled to the aqueous oxidation auto-
clave; it will likely be nec¢azary to bleed some of this
recyele solution in order to remove small quantities
of impurities such as copper and zine. Thiz hleed
solution would be treated with limme before disposal

Processing after the autoclave in the caze of im-
pure pyrite trealment is described below,

3. Iron Dis<oluti0n and Hydrolysis of
Basic Ferrie Suiphate

This description refers to the treatment of impure
pyrite only, but it can also be consideved for pro-
cessing clean pyrile if high-purity iron powder is de-
sired,

The aqueous oxidation autoclave dischavge slurry
is first flashed from 230°F to atmwospheric pressure
This slurry is then diluted {o approximately 200 gpl
solids by the addition of reeyele solution from the
hydrolysis step and then charged divectly Lo the iron
diszolution vessel. 'I‘I‘.Is veszel is falicated from mild
stee] and lined with rubbor and acid bLrick, Internals
sy be titaniun or a ‘Hastelloy' alloy, The slurry is
eantacted with sulvhur dioxide guses generuted in the
czleination step. The SO is absorbed to lotaly dis-
solvg iron as ferrous sulphate; the clementad =ulplur,
pyrite, pyrrhotite, precious melals and lead sulphate
ramgin unatiacied,

The slurry following tire iron dismolution step can
Le readily filtered on a drum filter, but it oy pes-
sibly be advintzyreous to first thicken this slerry,
The residue is heated above the melting point of cul-
Faur, flazh-cnoled an:d serconed to recover unreceted
sulphidos and clem ninl sulphinr in a pelict x’m'm 48
then to the salpd

' . N
Lo cribed above. These poliets paas Ay
Feeosury civenit, olso as deserihndd above, The ranain-

i colids (those not included in the pu; etaY contuin

lead culnhte, the gnun-ue materials

deriadl should be a

Slof he lead 2
ivd any precious anetals This

lably feed to o boad s,

Table 11T — Basis for Capital Coslt l-}sliinmlc

1. Battery Linit plant costs aie caleulated as a function of
purchased cquipiment st @3 follows:
Installativa cost & 25 ; or cent of purchased equinment
cost. .
b. Piping cost at 20 per ceat of purchased equipment cost.
¢. Instrumentation cost at 12 per cent of purchased equip-
d

rient cost.
Electricals cost at 10 percent of purchased cquipment
cost
e. Site preparation and building cost at 30 per cent of
purgha\ o ulmpn‘( nt cost.
“hysical plant cost = Purchased equipment cost -F
s(a) ;o ie).
ingineenng * and Consiruction cost at 2
Pm sical vmn( cost.
Ditect plunt cost = Physical plant cost - Item (D).
g. Contingency at 13 por cent of Divect plant cost. Battery
lmmp. ant cost = I)xmtp antcost -f- Item {g).

5 per cent of

o

. Olf-site facilitics for the grass-root plants include:
Ltility distribution
Yard piping
Land
Maintenance shop
Laburatory and ofiice buildings
Railway siding and rouads
Fire protection
Ite.
. Process Development Costs are not included.
. Royvaliies are not inchuded and would be extra.
A hypothetical plant site is “assumed in the Great Lakes
area.

Vit

o

. No provision made for eszalation.

The filtrate consists of a solution containing ap-
proximately 100 gpl dissclved iron as well as any ni-
ckel, eoball, coepper or zine. It is assurand for this esli-
mate that the non-ferryus metal values are stripped
as a hulk precipitate; precivitation could al-
so be conzidercd. Cepper, nickel and cobalt are ce-
mented by the addition of fincly divided sponge iron.
Zinc is precipilated as tire sulphide. This bulk preei-
pitate can Le cusily Tillered in o pressure filter and
dricd for shiprment,

The zoluticn now goes to the hydrolysis step, which
is carried out at a temperature of £00°M in a tower
lined with lead and acid bricl. Only slight agitation
is required; this iz provided by the air added to con-
vert ferrous to ferric iran. A mislure of hydrated
iron oxide and basie ferrie sulphate is precipitaled;
this slurry is filtered on a drum filler, with the {il-
trate recyeling to the iron dizsolution step and/or the
aqueous oxidition step. The residue is ready for {fur-
ther iron treatment.

velective

Iron Processing

In the consideration of clean pyrite tvmtn.m.;, the
hydrated iron oxide is caleined ot o temperature of
1,800°1 to drive off the remaining sulphur, The cal-
cines are pelletized and are then reduced lo sponge
iron, using, for example, the Steleo-Tlurgi process
(10).

The lLasic ferric sulphate - hydrated iron oxide
mixtire frow the imptre pyrite seheme iz very pure.
H ecan be treated as in the care of the clean pyrite,
excepl that the 80O, - 50, jases driven of T in ealcing-
Lien vould b recyeled (o the dron dicaolation step,
Yaut the caleine gy 2l Le reduced o high-purity

fran powder i1 desired

§ e e v e+ ——— ¢



-

——

e

s

-~

<HI PRELIMINARY COST ESTIMATES

The capital cost and operating cost estimales are
baseéd on the pre-pilot-plani data and design variables
deseribed in Tables 1 and II. The broad basis for
these cost calculutions are reported for the capital
and for the operating costs in Tables Il and 1V
respectively.

A proposed plant is composed of two major sce-
tions — thermal decomposition and aqueous oxida-
tion. The calcination and jron ore reductinn plants
form a part of the latter section. The capital cost for
a particular secclion is determined by grouping the

equipment costs for different operations and adding
other costs as a percentage of equipinent cost. These
cost caleulations ave illusiruled for a Flant capacity
of 500,000 tons per year of pyrites,

The costs for a thermal decomposition plant of
500,000 tons per annum capacity are shown in Tables
V and VI. These cost figures compare with similar
cost datu reported clsewhere (G). As the thermal de-
composition oporation is essentially  identical for
treating either a clean or an impure pyrite, the capi-
tal and operating costs of such =z plant, at the same
capacity level, are assumcd to remain unaltered for
both kinds of pyrite.

— Basis for Direct Operating Cost

Table 1V
. Estimalte

1. Labour (Including Fringe Pencfits)

Operating......... $30,500/Man/Shift/Years,
. $3.65 per man-hour .
Supervisory........ S48,000/7 M an/Shifi /Year

$5.77 per man-hour

2. General Plant Overhead Expenses
50¢% of Labour

3. Utilities

Power............. 0.8¢/kwh
Natural Gas. .. .... ACc/Nillion BTU
Bunker 'C' Oil. . ... 4Ce, Mitlion BTU
Cooling Water. ... .1.1¢/1.000 IG
Process Water. .. .. 15¢/1,000 1G
Boiler Feed Water. .60¢,1,000 1G
Surfoctant, .. ... ... 3¢/l

Filter Aid. . ....... $1.25:1h
Ilydrogen $150/ton

4. Maintenance Supplics and Labour
Thermal Deconipesition: 350 of
amum
Aqucous Osidation: 4157 of fixed capital per annun

{ixed capital per

5. Property Taves and Insurnnce
1.25¢¢ of fixed capital per mimum

Table V' — Capital Cost Lstimato

PLANT:

Thermal Decamposition of Dyrite
CAPACITY:

500,050 iy Pyrite

No. Item Cost §
1. | Total Purchase Fauipment Cost. ... ... ., ! 1,300,000
a. Concentrate Handling aud
Steraze. .o $ 70,000
b. Drying Station. ... ... .. 110,080
¢. Thermal Decompasition
Systemi. oo 380,000
d. Dust Removal and Gas
Cooling................ 210,000
c. Sulphur Conversion and
As Removal oo, 370,000
f. Sulphur Huandling and
Storage........ ... ..., 100,000
Sub-Total. ... ... .. §1,302,000

Battery Limit Plant Ceat

. AR iMoo 83,831,000
2. Off-site and Ausiliarics at 157 o Buttery

LimitCost. ..o oo 0 00 574,00

Total Plant Cont. ..., ... _5;—1,40."»,000

3. | Interest during Ce —NE:-%_,(;I?'—
4. | Plunt Start-up Cos £5,000
TOTAL FINED Capriarn, |77

COST $1,655,000

Working Capital at 107 of Fixed

[34]

) C:‘.}’iia‘] (“ys! ....... e SRR L 470,000
*Canadian dollars ave used thronghiont this paper TOTAL CAPITAL COST. ... .. 83,138,000
Say....... 85,200,050
’-_ Table VI — Direet Operating Cost Estimale
PLANT: Thermzl Necompasition of Pyrite
CAPACITY: S00,C0) tpy Pyrite
OPERATION: 340 days/year
: Qty/Ton Cost Unit Cost
No. Jtem Quantity Pyrite S/Year | S Ton Parite
1. | Operating V.abowr 4 Nen/Shif 0.07 hr . 122000 0.2
2. | Supervision 1/2 Njan/8hif 0.5 br 24055 0.05
3. Plant Oveiliead SOl 1 2) 7200 Q.15
4. Toneer SE5 Lw 5.0 kwh | 20OA5A) 0.0
5. Nutwial Gas . 2enechin 27 unf 6,000 0.11
6. S 1D 120005 450,050 0.60
7. 50 Ve 171G 14100 0.1
8. C3YE ol e Caniugd 110,700 .23
a9, G Fed Cepita 58,60 0.1
10, . 1 l a5, 0.07
11, Ni ! 25,003 0.5
12 105060111 I SIREN) 0.0
T —-... 4 m e mih i imsces ame e oa .. - . - ——— e - - ——— . e e Rt PR --‘-A.--'- A
CPOTAL DIREGT O1] RATING COSNT SN Loy

Y ivae ety

S



Table VII — Capital Cost Estimate
PLANT:
CAFACITY:

Aqueous Ozidation of Clean Iron
Morosulphide

5C0,CCO tpy Pyrite

Table IN — Capital Cost Estimafe

PLANT:
Tonozulphide
CAPACITY: 3500000 tpy Pyrite

Aqueous Oxidation of Impure Iron

No. Item I Cost §

L | Totz1 Purchaced Equipment Cost. ... . !S 1,840,000
a. Slurry Handling and
“Pumping. ... 0 S 250,000
b. Aqueous Oxidation Auto-
550,000

clave.. ... 0
Sulphur Granulation and

150.C00
6C0,000

Hot Filtration. . |, . R
Solid-Liquid Separation
Sulphur Handling and

E i

StOrane. ... ... .. .. ... 110,0C0
Recycle Residue Haund-
ling.................. 100,000
g. Reevele Solution Storage
and Disposal........ .. 80,000

Sub-Tolal. ... ... .. $1.810,000 :
Battery Limit Plant Cost.. ... .. S 5,422,000
2. | Air Compressor Unit 180,000 scfm at ,

850 psi, 32.000 S 4.650.000
Calcination Flant (1,200 wpd) .10 | 3350000
Iron Ore Reduction Plant (730 tpd) .. .. 1,675,000

8,307,000

2,745,000

- “otal Plant Cost........ .. . ... I $21,033.000
Interest durine Construction at 6 P.A. I‘ 917,600

L]

Total Battery Limit Plant Cost
Off-sites and Auxilizrics at 15¢; of
Battery Limit Cost.. ... /C . '

o

e

FlantStact-upCost.. ... ... 7 150,000

TOTAL FIXED CAPITAL |

COST........ ... ..., e | §22,150,000

8 | Working Capital at 1057 of Total Fixed
Capital......., . /070 (2w ’ 2,215,600

824,365,000

TOTAL CAPITAL COST.. .. .

Say........ $24,:100,060

No. . TItem

1.

8.

- > —_—

Total Purchased Equipment Cost. .. ...
1

Slurry Handling and
Puraping

T, § 216,000
Aaucous Oxidy
clave. .
Iron Dis
L/S Sy
Sulphur nulztion and
Hot Filteation. ... ...
Meiz! Stri;ping and
Sulphide Filtration . . . .
Hydrolysis. ..., .00
-Hydrated Jron Oxide

SA

465,000
170,000

180,000
970,000

a o

Fomm oo

Scparation.. .. ... ... .. 372,000
Sulphur Hardling and )
Storage............ ... 120,600

186,600

Sub-Total. ... ... 83,186,000
Battery Limit Plang Cozt..... ..

Air Compre Unit (95,000 :2fm at
8350 pzin, 38, T
Calcination Plant (L2000t o0 3,507,600
Iron Ore Reduction PMant (FC0 tpd) L.t YE

Total Batcey Limit Plant Ceat.| $73.070.03)
OIf-Sites at 1555 of atu ry Limit Cost 3,151,600

$26,5.10.09%)
11900050
S180,00)

Towal Plant Cost ...
Interest during Construction =t Cl¢ PLAL
Start-up Cost....., 0 0 e T

TOTAL FINED CAl'l TAL
L R $27,920.000
2,792,000
830,712,000

Working Capital t 10¢7 Fiverl Capital

330.'.'(}%

CAPACITY:

OPERATION: 330 davs, year

Table VJII — Direet Ope

PLAKNT: :{\qumg!s Oxidation of Clezn Iron Monosulphide
500,000 tpy Clean Pyrite

raling Cost Lsiimate

No, Jtem Quantity

T — e e e e B i DL PR R T e T s ——l

A, Autoclave Operation and
Sulphur Recovery Section ,
ine -4 Men/Shift

565 (1 -+ 2)
e 1,128 hw
4000 cofm

Baler oo Water
-Ceolinir Wiater

NOopm -

o Pro ater
O .,
H

e tSunnly & Lubour)

3

v Y

A e

—— ——

¢

10%¢ of 1-14

B, Culeination Plant Coag U SEE ten, 1,000 L

172 Nan/shift

J Ceit

o Cf Fixed

WL
.63t

CoIron Ore Reduction Fiant Cost (o SO ey vn {oh

Unit Cost
S/ Tou Pyrite

Qty/Ton
Pyrice

0.07 hr

0.2

0.CC3 Iy 0.05
0.1z

18 J:wh 0.1
4,372 sef AV
571G 6.0
13,500 16 05

381G
0.6
.65

SUL-TOTAL | ] e

e

: 3250

TOTALDIELCT O2ERATING Gosr, . st sy




Figure 5.—Lflcet of the Cost of Clean Pyrite
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Table X — Direet Opomlinrr Cost Estimate

PLANT:
CAPACHTY:
OPERATION:

Aquenus Oxidation of Impure Tron Mooz ulphide
500,000 tpy I".ntc

330 days/yea

Qty/Ton Cost Unit Cost
No. B Item Quantity Pyrite S/Ycur $/Ton Pyrite
A. Autaclave Operatinns and
Sulphur Recovery Section
1. | Opcrating Labour G /Men/Shift 0.10 hr 183,000 0.35
2. | Supurvision J/.J'-n/\hnn 0.01 hr 18.00:0 0.10
3. | Piant Overhead .)U’,"( (1 -+2) 115,060 0.23
4. Power ,?- 0 kw 20 kwh €000 0.16
5. Natural Gas for Air Coimpressor 5,200 sefm 5,000 sef 1,0€ 60020 2.0
6. | Isoiler Feed Water 70 lypm 67 16 20,000 0.0!
7. | Cooling Water 8,00 Jepm 17,270 1G a.4.0L0 0.19
8. | Process Water 7C0 Tgrin 660 1G 150000 0.0
8. | Surfuclant 120 H«,da; 0.07 14,000 0.03
10. | Filter Aid lCO Il,w(.] 1y 0.10 66,000 0.13
11. | Reeyding Iron & Sulphur Ve & S* charged at selling
price 528.(:20 1.66
12, | Maiutenance (Supply & Lab) 4%¢ of Fixed Cost 706,020 1.41
13. Inzurance and Texes 1.25¢; Ce of Fixed Cost 29 (i) 0.4
14, | Dlzel Plant Sunplics Nominal 50,030 0.10
15. Technical Services Noninal 40,600 0.03
16. | Contingencey 105 0l 1.15 331,000 0.6
SUB-TOTAL......! SRR 3,646,000 §7.29
B. Calcination Plant 81.80/ton. 1,200 yxly, .., L0 e 713.000 4
C. Jron Ore Reduction Plant (87.60,w0n, 7C0 tpd). ... L L i . 1,755,000
TOTAL (A B&CY. ..., $G,111(A‘O
TOTAL DIRECT OPERATING COST...... .. \.0.111,(,(0
Sy 5,1 C(),(.“.',‘O
Table X1 — Summary of Cost Bstimates
| C\I’ll COQ"I' ” ))ll 1nC ) ()]II‘\H\(; (,()

Plant T."Pl‘ i Thermyl ! .\(}\l\nll.s l Total - Hulm A v \('\IL(nll's l(:l..l.l’l:-" t
Capacity of !Decomn Lot ion Capital ])(‘(um,": fion b Oxid: vion Opurating Lot
tpy pyrite”§ Pyrite f Ce , Couat § | Gost £ iy I lant Sovear ‘ p lml Svear >

230,000 | Clean | | | g : G i X

""l’ e, |! i I ./)“ ) , B

520,600 : ! ’ ") i 1.t- l\-) i RREAE '

' “m';(') ! O IRIEIE TR YRS NI !
].(K-'“,(_"'I,'l : [ B ER YR N | : . Sl : ‘lf l{nn) o
Tengpe | Cohadiaten l G, it i (s D PR




The battery limil costs of the pressure hydrometul-
Jurgical operation in {he aqueous oxidation plant, as
caleulated Tor clean and impure pyrite at a plant
capacity of 500,000 tons per year, are illustrated in
Tables VII and IX, respectively. The costs for air
compressor units (11) and calcination (12), as well
as iron ore reduction (12) plants, are reported on a
lump-sum basis. The operating costs on a similar
basis are shown in Tables VIII and X for clean and
impure pyrites, respectively,

The cost estimates for each capacity and for hoth
kinds of pyrites are summarized in Table X1. The dif-
ference in the cost of aqueous oxidation for the
treatment of clean and impure pyrite feed material
is obvious in Table XI. The iron produced in both
cases is in the form of sponge iron; all of the sulphur
is in the clemental form,

IV. ECONOMICS

The evaluation of the economics of each case is
made using the gross return on toial capital invest-
ment. The direct operating costs, as reported in Tu-
ble X1, arve exclusive of the cost of pyrite and of
capital amertization and interest charges. The sales
revenue from iron and sulphur products assumed in
illustrating the economics is shown in Table NII. The
credit for non-ferrous metals is assurmed al GO per
cent of the market value as yreported in Table NIL.

Table XI) — Yconomics

BASIS:
Plant Capacity. ... .. Z00,0C0 tpy Pyrite
Coat of Pyrite. .. ..., Shiten
Sulphur Price........ S 25,10 (831,25 10n)
Sponge hon Price.. .8 537 ten

vtzl Market Value 815
Cu Zn Ni Co Ph Ag
0.40 0.1.15 6.2 2.0 0.14 1.95,02

Non-Ferrous N

Clean
Pyrite -

480000 ST

Impure
Pyrite

L Direct O,:br'-.!'i:::'_ Cont/Yeor .

L Costoof PyritesYear oo, S 2.5M0.600 SRR
T T T
TOTAL. ... ..... S 8,500,600 ¢ € 87LD.0%
3. Sules Wovenue, Yoear i l
. Sulphor 7400000 7020007
b Jron. ... T.AC0.000 ¢ 6,000 G
C. . .
! -- 5,070,62)
TOTAL ... .. i SLLTONE0 SO0
1 oGros Pro , 6. ! Gl e
2o Lo Copiinl Cotl 0 FUOEO0ED T By 0
b0 Grecs Return . S L i
Grovg Ipof

HH ‘x'c.':.'_ i
Toli! Capinat? Coot !

If pyrite can be delivered {o the plant site at :3
per ton, the economics of a plant treating 500,000
tons of pyrite annually ave as shown in Table XII.
The comparison f the economnics of using clean and -
impure pyrite food favours the use of impure mate-
rial because of additional revenue accruing from the
non-ferrous metal values.

Starting with the same impure pyrite feed, if the
final iron product is in the form of high-purity iron
powder, its economics compared to a sponge iron prod-
uct look quite attructive, as shown in Table XIII. The
$100-per-ton sales price for high-purity iron powder
has been arbitrarvily assumed, and it is also assumed
that hydrogen is used for its manufacture. This com-
parison shows that gross veturus would incroase if
iron is produced as a specialty product of very high
purity.

Using the aforementioned method for evaluating
econornics, the effect of a variation of pyrite cost on
gross returns is shown in Figuires 5 and 6 for clean
and impure pyrites respeclively. At a pyrite cost of
$1 to $5 per ton and at a plant capacity level of 500,-
000 tons per year of pyrite and higher, the cconomics
of the process ave attractive. A similar trend is ob-
served for the 500,000-tpy pyrite plant Ly altering the
selling price of suiphur and sponge iron, as shown
in Figures 7 and § respectively, At selling prices of
830 per ton for sponce fron and S34/71L of elemental
sulphur, the economics ¢f the 300,000-tpy plant are
attractive. Again, the prefercnce for the treatment of
impure material is appuarent.

Table NII — Compnrison of Beonomics of
Production of Sponge Iron and Iligh-Lurity
Iron Yov.der

DASIS:
Plang Capacity. ... ..., S00.600 tpy Pyrite
Cost of Pyrite. . ... . ........ S 5/’[(::1
Sulphar Price. .. ... oo, $35/1t (531,25/ton;)
Sponee lien Price ... ... cee e 8530100
High-Purity Lo Powder Frice . S10010n

3
Now-Ferrous Mol Moot Value S:1b
Cu Zn Ni Co

0.0 0115 002 200 014 1.950z
Hiph- !
Purity |
Iron l Sl"nl‘)ll.'.l('
Powder l Iron

1. Dircct ();'V_'!:" i
20 Costoof Py

$11,500.600 T g oo

o Grovs Prolie /Y ear s
B Y RIS UR PO R N '
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Figure 7.—FEffect of Sponge Iron IP'rice on the per ecent
Gross Return,

. CONCLUSIONS

This preliminary evaluation of the economics of
various eases leads to the following conclusions:
1.—The venture is viable under the right cireum-
stances. Ample raw material availa thility at low cost,
accessibility of markets for sulphur and s sponge iron,
and « suitable location where ¢ cnergy costs are nol ex-
cessive would be prerequisiies for an cconomically at-
tractive project.
2—Anmuuzl plant capacities of 500,000 tons of pyrite
and higher are preferred,
3.—The use of impure pyrite is favoured. The recov-

ery and revenue will (’r,;und upon the form and quan-

tity of impurities prezent in the feed material,

4.—Production of all the iron in pyrite as a high-
purity iron powder is allractive. Mowever, as (he
market for iron puwder is limited (at }f':lt;u at the
present lime), a plant producing bath high-purity
iron powder and sponge iron could also be an allrac-
tive project.
5.—The process should be applicable to the freatment
of other aanterinls in wddition to pyrite vres and con-
centratcs. ‘..'..11‘-1('- ores (m.ta.mnw smzll quantities
of copuer and zine us well o s pyrite could Lo {reated
dncdl\ without first poing {o flatation to mate sep-
arate conventrates. A second exampls s nickel-con-
Leining prrrholite concentrates, in which caze the
lhuu..! devornposition step would nui ho roguired.
fons Jead Lo the over-zll
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tion in the Tri-State distriel. and Washington
and more recently at Santander, Peru. Under-
ground methods C'H]“O\ ing either open or sup-

sorted stopes are mnsed m most lead mines.
“nderground "'n]mw inciudes block c.lnn_r_*,
room-ind- pillar \\uh and without reck holts,

cut-and-fill; and timbered siop m"

shrinkage, ¢
inethods.

Improvements in mining pmc*no in the past
40 to 50 years have heen bazed largely on the
development and eatensive use of power ¢q 'np-
meni. Dower chovely) serapers, sand wueking
machines have replac ed hand lo.umw Trans
orfation alzo has wndergone great chanees;
]and tramming and mula | power have been re-
placed by molor {rains operating on heavy-gage
tracle, More ecenfly tracic loss mm'ng, “which
utilizes electric- or diesel-powered units, is find-
ing wide usage in the ]o.ui and Imd -zine mines

of \:z:!nntf((,n, the Tri-State (4), the Upper
\hs sissippt Valley (7), and southeasl Missouri
(3, &). Mechanization is well adapied lr) t]le
high backs, single-level mines that charaete
g0 many of the Jead and Jead-zine leL)]‘\co.nm.v
oro bodies.

Other changes in equipment that have done
much to improve mine outpnt per maen-shift
include clectric cap and floodliglits at woriing
faces, improved ventilation (::‘.«,.1'(11:‘«1' AT Coti-
dmmnn") mora cfiicient pumps, and powerful,
Jightweight wm: drilis using '1110\' stecl ov
tu'w tun carbide bits.

Milling

Simaplo lead oves, such as cearexly dissemi-
nated lead or 7‘]1"‘-]("”1 minerals ocouring with
& low-gpeciflic gravity gangue, ore {reated in
heavy- n,cdmm c"mnnwu jins, .md on tables

after being crnshed and rolivd I clused civeuit
with screens or d agsifiers to grive properly sized
feed. Bull or aiiterential lm..‘l‘wn 01 the slime
]nodu-‘h (J) or of a reground middiing ]n'o'h:rl.
f‘n‘.\]:ull.s L.l(. JJJ»-.;.XL‘"[ Oves of l 1S ;)1)( e
corptpon in the mnines of the Missizssippt Viuley
ana Eastern  Undted  States, bul in soniwe
invlances the ores are concentrated wholly by
ntation,

a

Complex sulfide ores ench as theze of the
Western U'ntm States consizt of disreminated
mivtures-of fine-grained lead and zine saltides,
usnzlly “(-no;m:nn'\'l’:, wrie, enpper suln
and eold and sitvirin g q Lz or guartz-enls
Snehoresinay be eoniyy )"(""“(‘ Turther
by prarhial 0\;‘ i of the ‘”l'u'“ '\n(l J"“‘

it

]’.{‘

ence of 1 PChheeniile-piaviny pate e aly,
sed s harioe, v -lllc o 1-.1-1«,,“.:::-,1- i
REURY ,nu-"- -ldl\ SIOh a0 35 to erneh .:I?(]
Ix‘.ul m cios ] it with c-].‘s\s.ll_\'m_-'; ('(;'-!})'

ent
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freed from the ga.gue nineralse Wien the ore
minerals we 111.\-110-:1.(-1 the usual practice is
to make a Luik snliide concentiate, followed by
regrindinge and srlective lismation.

.o capital and operating costs have ex-
tended tho field of tlic sinli-iloat method to
include pretreatment of (('H.nll ores, permitting
uparading of ores diluied by vouws elective min-
my methods.  Present i g practi-es result
in‘Tecover v 0f 85 to 84 percint of the wllll(‘ﬂ lead
and up 10 “hout 83 pereent of the oxtdized lead.
Syl fuk loszes (on\l .t l.mrrl\' of the extremely
fino particles, and althongh mueh research hus
been done and improvements have been made
in the recovery of fines the results are still
unsatisfactory.

Smeliing

Lead is recovered from its ores nlmost ex-
clusively by smelting in Llast furnaces or oro
hearths employing cmbon fuels. Ores or con-
centrates that contain few impuritics may be
reduced to metal in roasting Iu.u'hs. Alr is
used o oxidize the sulfides and coke or coal to
reduce {he oxides, The oie hearth practice is
followed at Galena, Iuns, smeller; whero
(New “nan) roasting hearths are vsed primarily
m manufacture of lead oside. e canie proe-
e3s s eiployed at the New Breken Il Selter
of Rhiodesin, but is Leing repluced by Dblust-
fwrnace methods.

In prepar e the charge jor blazt-furnace
smehing, the sul fur in the eres anud conesntrates
is removed Ly & roasting-sintering process, usu-
ally on a Dwight- loyd nn(f"uw Jearth (]{))
The sinfering oqt.;pp.-n.t e} m..n.\l':: most of the
sulfue and produces o Dlazt il.xn.uo feed of
desirabilc characteristios Tromn the suech: l’]l.’_"”\'
rixed concentrate, undersized « .mu purticlos,
and by wo\:m' dusts and {uines co! u “ed i the
smelter. Normaliv the churga io the Jead blast
1'111'11.'1cccon.'\x(s of Jead sinier, colie, fluxes (such
as siiea and lme), and eomne Jead- Tcari g fur-
nace bLyproduels Uu) Airois blown through
tlie dn:n:u. burning the evke to CO and CO,
and ])vnmm-n'- o temperature of approximstely
1.400° C. ’Jhc (ulum mr\l\o*'ulv Termed and
the hot solid exrbon redice the oxidized lead
componids (o buliioh, w hich is tapped from the
bf)f'om crerveible of the furmace, ..-\n‘\' com')-or,
irem, cobialiy or nickel poesent in the ore com-
bines with solfie 'n the churgs to form ma‘lw
which mre tapyed fram the front oL the Llast
inrnaes joreuis et ireainendt., Ziine vresent
in the ore aecumudates in the slag. When guch
slagrs coniain 6 poreent ¢r mare zine, they ore
s b slaes nning furnnees (o res ()\(1 the
sine 'md any venain The Jead Lotlion
containg )mr‘m.:\ metsis present in the ore and
metallic nmpurities which are recovered in tho
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