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LETTER CF TRANSMISSION

To THE HONOURABLE Harry MiLLs,
Minister of Mines.

Sir,—The committee appointed by Order in Council, October 25th, 1922, to make research,
investigate, and report upon the extent and quality of the deposits of low-grade iron ores in
Ontario, the best commercial methods of beneficiating the same, and, generally, what steps
or measures should be adopted to enable the low-grade and other iron ores of this province to
be utilized in the production of pig iron and steel, has the honour to submit its report herewith.

A summary of the report is first presented under the heading, ‘‘Conclusions and Recom-
mendations,” and a more detailed discussion of the same subjects, as well as statistical data
and special articles, follow in twelve chapters and an appendix, listed as follows:—

I. Purpose of Appointment of Iron Ore Committee.
II. Available Sources of Iron Ore for Ontario Furnaces.
I11. Lake Superior Iron Ore Deposits.
IV. Prospecting and Mining Methods.
V. Concentration of Low-Grade Magnetic Iron Ores.
VI. Preparation of Concentrates for the Blast Furnace, Briquetting, Nodulizing, Sintering,
and Calcining.
\'II. Description of Beneficiation Plants at Babbitt, Magpie, Moose Mountain, Trenton,
and Atikokan.
\'III. Description of the Blast Furnace.
IX. Magnetites and Sinter in the Blast Furnace.
X. Blast Furnace Superior to all Known Special Processes for Reduction of Iron Ore.
XI. Calculating the Value of Iron Ores.
XII. Description of Furnace Runs on Moose Mountain Briquettes.

The appendix to the report contains such information bearing on the subject generally
as may prove interesting and useful to those desiring a more detailed knowledge of the iron ore
mining industry. Much confidential information was supplied to this committee that proved
very helpful in formulating its final conclusions and recommendations.

We have the honour to submit herewith our report for your consideration.

ONTARIO IRON ORE COMMITTEE,

(Slgnedi LLOYD HARRIS, Chairman
G. MORROW
“ GEO. A. GUESS
“ H. E. T. HAULTAIN
“ GEO. S. COWIE
« R. J. HUNT
Toronto, April 28th, 1923.

[v]



ACKNOWLEDGMENTS

During the course of the investigation carried on by this committee, much needed assistance
and information was readily and cheerfully extended, and our grateful acknowledgment is
hereby tendered to the following persons:—

Prof. W. R. Appleby, Dean of the College of Mines, University of Minnesota, Minneapolis, Minn.

Edwarc,i\ I\\'. Davis, Supt., Mines Experiment Station, Minnesota School of Mines, Minneapolis,
Minn.

W. G. Swart, Gen. Mgr., Mesabi Iron Co., Babbitt, Minn.

F. A. Jordan, Mesabi Iron Co., Babbitt, Minn.

C. K. Bachman, Witherbee Sherman Co., Port Henry, N.Y.

L. P. Ross, Vice-Pres., Replogle Steel Co., Wharton, N.]J.

Robert Hobson, Pres., The Steel Company of Canada, Ltd., Hamilton, Ont.

Dr. C. V. Corless, Manager, The Mond Nickel Co., Ltd., Coniston, Ont.

G. C. McKenzie, Secy., The Canadian Institute of Mining and Metallurgy, Drummond Bldg.,
Montreal, Que.

L. E. Ives, Sales Representative, Clement K. Quinn & Co., Kirby Bldg.. Cleveland, Ohio.

B. G. Klugh, Secy.. American Ore Reclamation Co., 86 E. Randolph St., Chicago, Il

F. C. Roberts, Pres., F. C. Roberts & Co., Philadelphia. Pa.

W. L. Tinker, Secy., The Lake Superior Iron Ore Association, Kirby Bldg., Cleveland, Ohio.

Bradley Stoughton, 10 East +4th Street, New York, N.Y

R. Brooke, Pres., E. & G. Brooke Co., Birdsboro, Pa.

H. E. Dalton, Pres., Picklands Mather Co., Cleveland, Ohio.

G. P. Pilling, Manager, Freyn, Brassart & Co., Philadelphia, Pa.

Hugh P. Tieman, Asst. Metallurgical Engineer, Carnegie Steel Co., Pittsburgh, Pa.

G. C. Foote, Manager, Witherbee Sherman Co., Port Henry, N.Y.

J. W. Evans, Pres., Tivani Electric Steel Co., Belleville, Ont,

John L. Agnew, Pres., The International Nickel Co. of Canada, Ltd., Copper Cliff, Ont.

Dwight E. Woodbridge, 612 Sellwood Building, Duluth, Minn.

John E. Greenawalt, 50 East 42nd Street, New York, N.Y.

C. A. Collins, 2nd Vice-Pres., Canadian Furnace Co., Ltd., 1012 Marine Trust Bldg., Buffalo, N.Y.

Herman H. Bradt, 120 Broadway, New York, N.Y.

F. A. Eustis, 231 State Street, Boston, Mass.

Aug. Estelle, ¢/o The Royal Swedish Consulate General, Montreal, Que.

Rinaldo McConnell, 38 Elgin Avenue, Toronto, Ont.

W. Rowland Cox, Moose Mountain Co., 120 Broadway, New York, N.Y.

H. J. Briney, Replogle Steel Co., Wharton, N.].

J. D. Jones, Gen. Mgr., Algoma Steel Corp., Sault Ste. Marie, Ont.

Messrs. A. Hasselbring and MacLeod, Sault Ste. Marie, Ont.

M. Francis, President, Chamber of Commerce, Port Arthur, Ont.

W. Webster, Secretary, Board of Trade, Fort William, Ont.

Chas. Hayden, Chairman, Board of Directors, The International Nickel Co., 25 Broad Street,
New York, N.Y. :

Wm. Camp, Pittsburg, Pa.

Ivi]



REPORT OF THE ONTARIO IRON ORE COMMITTEE, 1923

CONCLUSIONS AND RECOMMENDATIONS

Introduction

By an Order in Council, dated October 25th, 1922, the text of which is
given in Chapter II, this committee was appointed, ‘‘to make research, investi-
gate, and report, upon the extent and quality of the deposits of low-grade iron
ores in Ontario, the best commercial methods of beneficiating the same, and,
generally, what steps or measures should be adopted to enable the low-grade
and other iron ores of this province to be utilized in the production of pig iron
and steel.”

Four members of the committee had been previously engaged in gathering
data on the same problem, under the direction of the Honorary Advisory
Council for Scientific and Industrial Research, and all members recognized the
work and responsibility involved in accepting the task. Against this diffidence
was balanced an appreciation of the importance of finding some method whereby
our iron ores might be utilized and the iron and steel industry of the province
made less dependent upon foreign ores.

Early in November, 1922, the Government intimated their desire that this
report should be presented during the present session of the Provincial Legis-
lature, and it was immediately apparent that there was no time for research
and that in our estimate of the extent and quality of the iron ore deposits in
Ontario, we would be entirely dependent upon examinations already made,
and such infromation as we could obtain from those who had reported.

Immediately following the organization of the committee, different members
were made responsible for the information required on each phase of the inquiry.
So far as time permitted, the literature on the subject was consulted and, later,
trips were made to different iron mining districts and to most of the beneficiating
plants where ore or beneficiating problems were in any respect similar to our own.

In this work of investigating methods, in gathering statistical information,
and in obtaining opinions from those well qualified from experience to advise,
we met with unfailing courtesy and co-operation. Our grateful acknowledgment
is herewith expressed and is more specifically recorded in another section of this
report.

Having gathered, summarized, and digested the available information
in connection with this inquiry, the committee is of the opinion that practically
speaking each iron ore deposit constitutes a problem in itself. Each differs
from the others in its geographical location with respect to markets. Differences
in physical structure and chemical composition prevent any one particular plan
being generally adaptable to their treatment.

In a general way, under certain conditions set out under Recommendations,
we believe:—

(1) That the magnetic iron ore deposits running S0 per cent. in iron and
upwards, though high in sulphur, can be commercially sintered and otherwise
treated to obtain a suitable product for the blast furnace.

{1
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2 REPORT OF THE IRON ORE COMMITTEE

(2) That some deposits of banded and other low-grade magnetites favour-
ably situated with respect to markets, do lend themselves to commercial
exploitation.

(3) That some siderite ores can be commercially sintered to obtain a
first-class product.

(4) That the application of magnetic concentration methods for low-
grade magnetites and subsequent sintering is an art that during the next few
years will show remarkable progress, the beginnings of which are already in
evidence. A high-class, much-desired product can be obtained. Positive
evidence of the feasibility of treatment will probably be available within the year.

(3) That a market can be found in Ontario, annually, for approximately
750,000 tons of sintered ore.

(6) That the pig iron capacity of Ontario furnaces is sufficient to supply
all the requirements of the province.

(7) That before any of the special processes for the production of iron
and steel can be made applicable to our own deposits, the ore must be con-
centrated or otherwise beneficiated, and that the product of such treatment
can then be more economically treated in the blast furnace than by any other
known process.

Ontario Iron Deposits

By reference to the list of known iron ore deposits and their description,
as included in the Appendix to this report, it will be seen that, with the exception
of the Helen Mine hematite deposit, now worked out, there have been to date
no discoveries of iron ore in this province that in their natural state can be
classified as commercial ore bodies. It must not, however, be assumed that
our chances of finding such ore are by any means eliminated.

In fact, when we consider that even the larger and more important iron
ranges in the United States had few surface outcrops to guide the prospector
and that their present known dimensions have been ascertained only after
many years' continuous development and the expenditure of huge sums of
money, and when we realize the comparatively small amount of work done in
Ontario, it is apparent that we have but touched the margin of our probable
iron ore resources.

It is with some satisfaction that we assert that, although to-day Ontario
iron ore requirements are supplied wholly from the United States, we could,
if stern necessity demanded, produce from our own deposits sufficient ore to
maintain our own furnaces in blast.

Our Present Source of Supply

In Chapter III, this subject is discussed at length, and the assertion is
made that the cost of transportation limits our present source of supply to the
Lake Superior iron ore deposits. It is apparent to those who study the situation
that although there may be enough ore in the United States Lake Superior
iron ranges to maintain production at the present rate for at least thirty and
perhaps fifty years, yet it is so owned and controlled by those who require it



CONCLUSIONS AND RECOMMENDATIONS ‘ 3

for their own furnaces that a very limited tonnage of free ore, or ore available
to Ontario on the open market, remains. It is not possible to state exactly
how long we can continue to procure our requirements, in the present day
manner, for reasons stated in the chapter above referred to. Nevertheless,
one particularly well-informed Ontario operator, whose experience extends
from the beginning of steel manufacture in this province, expressed to the
committee the considered opinion that to-day there is not half as much free
ore available to Ontario furnaces as there was five years ago.

The unanimous opinion of this committee is that our iron and steel industry
will suffer severely as the United States Lake Superior ore reserves, now being
rapidly used, are conserved to a greater and greater extent for American furnaces;
and that we must, during the next ten years, build up an iron mining industry
that will largely free Ontario from the necessity of importing ore.

The iron and steel industry is essentially basic in the development and
commercial enterprise of any country. We have succeeded in establishing a
steel industry that is a credit to Ontario, that is exerting and must continue
to exert a very important influence upon our future expansion, and that during
the last two years of the war stood between us and failure in the manufacture
of munitions. Proud as we are of this record, we must record the fact that in
Ontario, and for that matter in all Canada, no iron ore is being produced and
that this all important industry, so far as this province is concerned, is based
wholly upon a rapidly dwindling foreign supply that is within measurable
distance of extinction.

The problem of providing a domestic supply of iron ore for our furnaces
is a very real one and presses for an immediate solution.

Prospecting .for Iron Ore

The phenomenal growth and success of precious metal mining in Ontario
has attracted to that branch of the industry most of the experienced prospectors.
Who could expect these wonderful, daring pioneers to forsake their pursuit of
the great prize that is continuously before their mind’s eye, with all its promise
and colour of romance, for the prosaic task of finding iron ore. Prospecting
for iron ore, assisted as far as possible by the work of the provincial geologists,
must largely depend upon those who require the material for their own purpose.
Well-planned, well-organized effort, along scientific lines, is required. An
increased knowledge of structural geology, coupled with the information that
can properly be obtained from magnetic surveys and diamond drilling, must
generally precede success in this effort. We believe that in our immense pre-
Cambrian area, there will yet be developed iron ores which in their natural
state will provide suitable material to support and maintain our own furnaces.

Beneficiation

Beneficiation is a term essentially intended to cover all methods whereby
iron ore, in any way unsuitable for direct use in the blast furnace, may be made
amenable to present day practice. This definition is intended to cover ordinary
concentration, whereby waste rock is eliminated and the relative proportion
of iron increased, as well as roasting, sintering, and other processes where an
undesirable constituent is wholly or partially eliminated, or where the physical
characteristics are changed to meet furnace requirements.
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The art of preparing iron ore for the blast furnace covers a wide range of
activity. The world’s insistent and constantly increasing demand for iron and
steel products is rapidly exhausting the merchantable iron ore bodies situated
near the great centres of distribution for iron and steel products. The enormous
increase in the cost of transportation is turning the attention of furnace men to
hitherto neglected and comparatively low-grade deposits. As to whether or
not any particular iron ore deposit can be beneficiated to-day, at a cost that will
permit its economic utilization, is engaging the best effort of many metallurgists.
With increased and vastly improved mechanical practice and equipment,
problems that were outside reasonable consideration a few years ago are now
quite possible of solution. Perhaps the greatest progress has been made in
sintering, a process having the combined function of roasting and agglomerating.
By passing a raw magnetic or siderite ore through this process, the sulphur
can be largely eliminated and a product obtained that by reason of its size,
hardness, and porosity is particularly well fitted for the blast furnace. Of
special importance is the fact that a comparatively small amount of fuel is
required in the sintering process.

In the early days of the iron and steel industry of the United States, the
only ores available were the magnetites of the New England area. Some of
these ores contained high sulphur and much titanium, but with comparatively
crude equipment the operators continued to make progress until the discovery
and development of the higher grade, more easily produced ores of the Lake
Superior district. Later, with keener competition and the abnormal rise in
freight rates, the eastern furnace operators were forced to turn again to local
deposits to meet their requirements. Here was the field for the present day
sintering process. So successful has this effort been that the use of Lake ores
has been largely eliminated, and furnaces are being burdened, in some places,
with an all raw magnetite charge and, in others, with varying proportions of
magnetic sinter. In the case of one particular furnace the charge is one hundred
per cent. sintered magnetite.

A large scale plant for beneficiation of magnetite is in operation at Babbitt,
Minn., ard in Ontario efforts to utilize low-grade ore have been been made at
Port Arthur, Trenton, Moose Mountain, and Magpie. Each of these plants is
described in succeeding chapters of the report, and some of them will again be
referred to in this chapter in discussing costs of production.

Special Merits of Sintered Ore

In using a sintered ore, the rate of driving can be materially increased
because of the open nature of the s'nter. This porous structure exposes a large
surface to the action of the blast furnace gases, and reduction takes place more
rapidly than with natural ores. This increases production to a considerable
extent.

Flue dust losses on a furnace operating on sintered ore are very low. It is,
therefore, possible to blow more air than with fine hematites, without driving
the furnace too fast for proper reduction.

One of the greatest advantages is the exceedingly smooth, regular, and
easy operation of the furnace on this material. The burden settles evenly
over the entire section of the furnace stock column, eliminating almost entirely
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hanging and slipping, and effecting a considerable saving. A high blast heat
can be carried, which, when coupled with increased blast, effects a saving in fuel.

The amount of capital invested in a blast furnace and its complementary
equipment is enormous. Interest on investment is a big item in the final cost
statement.

The number of men necessary to operate a blast furnace does not vary
with the tons of pig iron produced. On the other hand, if the furnace output
can be increased, say 10 per cent., by using more easily fluxed and higher grade
ores, there will be a corresponding decrease in labour and interest charges.

The same argument holds good with respect to cost of transportation.
The freight tariff on iron ore makes no distinction between low and high grade
ores. If the total charges for transporting a ton of ore from mine to furnace
are $3.20, it is apparent that the cost per unit of iron, in a 50 per cent. ore, is
6.4 cents, as against a unit cost of 5 cents in the case of 64 per cent. ore.

Summing up, then, we see that while high-grade, beneficiated iron ores are
more difficult and costly to produce, they are more easily and cheaply treated
in the blast furnace. Just how far decreased cost of treating these ores in the
furnace balances the added cost of producing them, is unknown to this com-
mittee and perhaps will not be capable of definite computation for some years.
Furnace men in the market for ore will naturally be slow to admit the full value
- of these beneficiated ores and, indeed, they may not experience their full value
until their furnace design is somewhat changed.

Special Processes

In view of our lack of coal and our numerous undeveloped water powers,
the suggestion seems natural that we should attempt to smelt our low-grade
iron ores by the electric furnace, or some other such method. The great difficulty
is that each of these processes requires that the ore be first concentratéd, or
beneficiated, and for treatment after such preliminary work, no process known
to this committee can compete commercially with the blast furnace.

Of course, by certain special methods a very pure iron can be produced.
For certain purposes this particular product commands a high price and can
be produced at a profit, but the market available is a very limited one. If the
production of such high quality iron were largely increased, it would have to
compete in the open market with the blast furnace product, which, though
not so pure, is produced at a much lower cost and is for most purposes equally
serviceable under ordinary conditions.

Generally then, any production by present known electric furnace methods,
or by other processes, has too narrow a market to be considered -as more than
a side issue in the main problem under consideration. '

We must continue, for the present at least, to depend upon the modern
blast furnace.

Costs at United States Mines

The cost of producing iron ore is governed by so many factors that, prac-
tically speaking, each mine is a law unto itself. Each ore deposit presents its
own particular problem for consideration in deciding upon the proper method
of mining. Some deposits can be mined from the surface; others must be mined
from depth. Some ore bodies are uniform in quality and can be mined as a
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whole; others are erratic and must be selectively mined, and the different bodies
perhaps blended to make a certain grade. Some mines are dry; others are wet and
entail heavy pumping charges. Some are situated near the furnace; others are
at greater distances, and transportation charges vary, of course, with the
geographical situation of the mine. Specific costs under certain conditions are
a matter for study on the part of the individual operator.

The average cost over the whole United States Lake Superior iron ore region
is, on the other hand, very important, since it gives us some indication of the
conditions of competition that must be faced by an Ontario producer.

Generally speaking, the profit on iron ore production in the United States
is small, and can perhaps be fairly estimated as averaging not over 80 cents
per ton. About 26 per cent. of the total cost is transportation by rail and water
to Lake Erie ports. Royalty paid amounts to about 61 cents per ton shipped.

As explained in Chapter III, the amount of taxes paid by the iron ore
producers in the United States does not vary with the amount shipped, or the
price obtained. The taxes paid per ton shipped varies with changes in the
amount of ore produced from yvear to year. In a vear of great activity they are
comparatively low on a per ton shipped basis. In a quiet year the condition
is exactly the opposite.

However, as will later be explained, this is a very important item, and the
following statement will impress that importance upon the reader:—

COMPARATIVE STATEMENT OF DIRECT TAX COSTS ON THREE PARTICULAR IRON ORE PROPERTIES
OPERATING IN THE LAKE SUPERIOR pIsTRICT, U.S., 1912-1922

5 year
1912 average 1922
1912-1922 incl.

Tax rate per 81001, ... ... ... .. ..... ........ 1.58 1.878 6.16
Tax cost per ton produced... ... ............. .0784 . 0876 41352

1 See Chapter III. X
2 Compares with average mine labour cost of $0.594 per ton for producing ore.

Here it will be noted that taxes per ton of iron ore produced amount almost
to the cost of labour employed in that operation. The 1922 tax rate as shown
has risen to 328 per cent. of the average for the ten years preceding, and
the tax cost per ton of ore on the same comparison, has risen to 472 per cent.

Cost of Producing Iron Ore in Ontario

So far as we know at the present time, Ontario has no large deposit of iron
ore that can be marketed before being beneficiated. In considering costs then,
we must include the cost of beneficiation required for any particular ore.

Moreover, we have knowledge of no soft ore, open pit, steam shovel proposi-
tions, and our cost for actual mining will be somewhat higher than the average
cost in the United States Lake Superior district. Then again, in handling ore
that must be so treated, one must not overlook the fact that one ton of raw-
ore does not make one ton of finished product. In the case of magnetites, the
ratio of concentration is around 2.4 to 1, and in the siderites, it is about 10 to 7.
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Considering the siderites, where the ratio is least, we see that to produce
7 tons of product acceptable to the blast furnace, the mine must produce 10
tons, and the beneficiation plant must treat 10 tons of raw ore, and this naturally
adds to the cost. The higher concentration ratio in treating fine disseminated
magnetites that must be magnetically concentrated before sintering, is somewhat
offset by the high iron content in the finished product. In the case of Eastern
and Western Ontario magnetites that require no concentration before sintering,
the ratio is lower even than that applicable to siderites.

Since in the history of beneficiating iron ores in Ontario the Algoma Steel
Company'’s effort at Magpie more nearly approached commercial success, and
because their experience is based upon the production of more than 1,000,000
tons of finished product, we can best centre our investigation of comparative
costs on this class of ore.

The estimated difference between average U.S. operating mining cost for
natural ores and Algoma cost of mining 1.3 tons of raw ore at the Mag-
pie mine to produce 1 ton of finished product, was 89 cents in favour
of the U.S. mines. At the Helen mine where there are 12,000,000 to
15,000,000 tons of raw ore above the adit level and an ore body pre-
senting many working advantages over the shaft mine at Magpie, it
has been carefully estimated that this relative difference would be re-
AUCed TO. .ottt $0.66
Add estimated cost of sintering by Dwight & .loyd or Greenawalt pro-
cess, per ton of sintered product. .. .......... . ... ... L

Excess cost of producing New Helen sinter............ .. ... ... .. .. $1.91

Deduct compensating advantages to Ontario producers:

Average royalty paid on the US.side. .................. £0.61
Average taxes paid on ore for Ontario from the U.S. ... ... .41
—— $1.02
Net advantage to U.S. mines per ton of product.............. $0.89

The average profit made by the United States iron producers in the Lake
Superior district is approximately 80 cents per ton. If we deduct this amount
from the 89 cents shown, it is apparent that our estimate shows a loss of 9 cents
per ton of sinter produced at the New Helen mine.

The Algoma Steel Company’s sinter from the New Helen deposit will
grade Old Range Bessemer and non-Bessemer, which means that it would
command a price on the open market slightly better than the average. In the
early stages of development the cost of production will slightly exceed the market
.price of their product, but as the mine is developed and markets expand, thus
permitting increased production, costs can be gradually decreased until within
a few years they should be permanently established on a commercial basis.

Some of the Eastern and Western Ontario magnetites, high in sulphur, but
also high in iron and requiring only crushing and sintering to make them suitable
for the blast furnace, may be produced at slightly lower cost, but the expense
incurred in marketing may largely, if not wholly, balance this advantage.

Magnetites which are low in sulphur but which require fine grinding before
concentration, are more expensive to prepare for the furnace; but this dis-
advantage is partially balanced by the high quality of the sinter produced.
The work that is being done at the Babbitt plant of the Mesabi Iron Company
will demonstrate the actual cost of beneficiating this type of magnetic ore;
but here in Ontario, as previously stated, final calculations must be based
upon individual conditions.
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This committee believes, then, that some of the higher grade magnetites
{over 50 per cent. iron natural) and siderites, such as are found at the New Helen
mine, can be produced to-day at a cost approximately equal to their market
value, but there is little in the present iron ore mining situation in Ontario that
would attract capital. Some new factor must be introduced if we are to get the
industry under way in the near future.

Is an Iron Ore Industry in Ontario Worth Fostering?

The basic necessity of a well proportioned iron and steel industry in any
country is universally recognized in the realms of commerce. Ontario has a
steel industry of which she is properly proud, but most thoughtful people
accept with real apprehension the statement that this steel industry is entirely
dependent for its raw material upon a foreign country. Everyone in Ontario
must wish that conditions were different and hope that something can be done
to provide our necessities from our own resources.

But aside from the purely patriotic standpoint, there are many good reasons
why iron ore mining should be fostered in Ontario, reasons that must appeal to
the Dominion as well as our Provincial Government.

Traversing the north central part of Ontario are our iron ranges, extending
mostly through sparsely settled, undeveloped districts. Through these same
areas, which to-day offer little in the way of originating freight traffic, our
railway systems have extended their transcontinental and branch lines.
Because they are the real links between Western and Eastern Canada, these
lines must be maintained and improved at the same cost as other higher earning
portions of the system. When railway deficits on our National line are under
discussion, the remedy suggested is more settlers and more traffic.

Now it is estimated that the iron ore mining and steel-making industry
account for well over 20 per cent. of all freight revenue earned by Class I United
States railways. No other single industry can compete with this when it comes
to furnishing railway tonnage, and the fact that ‘‘raw mine products’’ constitute
over one-half of all the carload tonnage handled by United States railways is a
feature that should be kept well to the fore in any discussion of the Canadian
railway problem.

When a new mine is developed in the north, a new community is established.
Agricultural land in the vicinity comes under cultivation and pioneer farmers
find a ready, high price, cash market for their produce. Mining now provides
and will continue to provide the incentive that draws the venturesome north-
ward. The colonization and opening up of Northern Ontario is largely dependent
upon the development of our mining industry and Provincial and Dominion
Governments must recognize this fact.

From North Bay and Sudbury to near the Manitoba boundary, iron mining
must play no small part in the general plan of Canada’s development. Providing
our iron ore from our own resources is in itself a splendid and worthy objective,
but after all, in a broad way, it may be considered as a means to an end. If in
attaining this objective we can open up, colonize, and develop this vast territory,
so little known and so little developed, we can assist in solving our railway
problem, we can bridge the great gap between Eastern and Western Canada,
and we can go far towards consummating the hopes and aspirations of those
responsible for Confederation.
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What Has Been Done to Further the Canadian Iron and Steel Industry

With the object of establishing an iron and steel industry in Canada, the
Dominion Government, in 1884, offered to pay a bounty of $1.50 per ton of
pig iron produced by Canadian furnaces from domestic ore. In 1895, a similar
bounty was offered for the production of puddled bars, and steel billets and
ingots. Progress was disappointing, and in 1898 a bounty of $3.00 per ton was
made payable on pig iron, puddled bars, steel billets and ingots, and also a
bounty of $2.00 per ton of pig iron produced from foreign ores. This did stimu-
late the industry, and progress was rapid.

In 1904 the bounty was made applicable to the production of rolled round
wire rods and certain other manufactures of steel, and in 1909 to pig iron and
steel produced by the electric process. From time to time the amount of the
bounty was varied, and in 1912, after having paid out $17,396,434 in establishing
the industry, all forms of direct Government assistance were withdrawn.

The fact that the assistance by bounty, originally intended for the iron
mines, had passed to the furnace operators, has previously been mentioned.
However, a Canadian iron and steel industry had been firmly established and
to good purpose.

Recommendations

We, the Ontario Iron Ore Committee, unanimously recommend and urge:—

(1) That the Province of Ontario provide a bounty of one cent per unit of
iron on each long ton of merchantable iron ore, natural or beneficiated, produced
and actually marketed from Ontario deposits, and that such bounty be available
to Ontario producers of merchantable iron ore for a period of ten years.

(2) That Section 111a, in The Mining Act of Ontario, be repealed.

(3) That a properly qualified geologist be permanently assigned to the work
of studying and reporting on Ontario iron ore deposits.

(4) That a mining engineer be retained and charged with keeping the
Department of Mines continuously in touch with improvements made in the
art of ore dressing, concentrating, and sintering of low-grade iron ores, and
that by co-operation with the authorities of the University of Toronto, sufficient
equipment should be provided to enable such mining engineer to test any of
these reported improvements in their practical application to our own Ontario
ores.

Bonus

Many people believe that any industry that must be artificially supported
by bonuses, or in some other way, is unworthy of that assistance. Yet in
devious ways assistance is being given to nearly every industry. Experimental
farms are operated by the governments to give guidance to the farmer.
Thoroughbred stock is distributed at public expense. To perpetuate fishing,
hatcheries are maintained. The credit of the province has been pledged to
provide cheap power for the manufacturer. These are but a few of the
examples that could be used to illustrate the point that bonus or bounty is
known under many names.
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Numerous plans have been suggested for the best way in which the Govern-
ment might supply the necessary impetus to get iron ore mining in Ontario under
way. Apart from the idea of direct bonus on actual production and sale of
iron ore, they are all somewhat similar, in that they would involve the risking
of public funds in ventures that may or may not prove financially successful.
In the case of failure where direct financial assistance had been given to the
producer by the Government, not only would it mean a monetary loss to Ontario,
but the Government itself would be involved in the failure and the future of
the industry jeopardized to that extent. Moreover, if direct assistance were
granted to any one producer, every iron ore prospect, little or big, would expect
similar treatment. Friction and chaos would result.

Without attempting, then, to cloak our recommendation in the habit of
some paternalistic experiment of questionable value, we have bluntly and
directly advocated a bonus, because assistance will be available to all who produce
and actually market iron ore from Ontario deposits, and at no time will the
province be involved in unsuccessful development.

With the bonus as an incentive, the best brains available will be turned
upon this problem. The relative merits of the different iron ore deposits in the
province will be worked out upon a practical, commercial basis, and we believe
that before many years have passed. Ontario will be supplying her furnaces
from her own resources.

Reason for One Cent per Unit Bonus

We have stated that certain siderite and high-grade magnetic iron ores
can probably now be mined and beneficiated at a cost approximately equal to
their market value, but that under such conditions there is no incentive for
capital to enter the field. The amount of bonus stipulated, namely, one cent
per unit of iron, is, in our opinion, the minimum necessary to interest capital in
the venture. Even this amount may not be sufficient to stimulate commercial
production from our low-grade magnetic iron ore deposits requiring fine grinding
before concentration. Then, again, on every ton of iron ore imported and
furnaced in Ontario, we pay in taxes and exchange to another country, approx-
imately the same amount. Surely it is better that this money should stay in
our own province and be used to build up and develop the industrial and economic
life of Ontario.

Reason for Stipulating Ten Years

If our deductions, based largely upon statistics referred to in Chapter III,
are correct, we should have our own iron ore industry firmly established before
ten years have passed. By that time, the price of iron ore will probably be
considerably higher than it is to-day, by reason of depletion and control of the
naturally high-grade iron deposits in the United States Lake Superior iron ore
district. Then, again, it takes time to investigate the relative merits of the
different deposits and it takes additional time to equip and develop a mine and
provide a beneficiation plant. If at the end of even three years, Ontario, under
the stimulus of a bounty, is providing appreciable quantities of merchantable
iron ore, we may consider ourselves fortunate. This means that the bounty
will be actually available to producers for only about seven years.
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Why Section 111a of The Mining Act of Ontario Should Be Repealed

To produce beneficiated iron ore, even with the assistance of the bonus
recommended, at a cost that will permit it to be marketed in competition with
other ores, production must be on a comparatively large scale. Producers
must be free to market their product wherever an opportunity offers, either in
Canada or on foreign markets. If we can export a certain amount of this ore,
so much the better for Ontario and Canada.

To open up our iron mines, foreign capital will probably be required, and
investors naturally will ask for a definite and permanently clear understanding
that their title is secure and that they will be permitted to develop any and all
markets available.

A Special Iron Ore Geologist

This recommendation is in no sense to be construed as a reflection on the
work of our provincial geologists. As a matter of fact the present staff have
established a brilliant record in their own field, and the precious metal mining
industry is expanding so quickly that any suggestion that some one member
be withdrawn from present work and assigned permanently to a study of our
iron ranges, could only be considered as preposterous. We believe that the
iron ore geologist should be an addition to the present staff.

Reason for Retaining a Mining Engineer to Study Beneficiation

Great progress has been made in methods of fine grinding, concentration,
and sintering of low-grade iron ores during the past five or six years. During
experimental work of th's kind, much information may be obtained that is
not available for publication. Failures are seldom described, yet a knowledge

of these same vain attempts may be of very great value to the pioneer in another
field.

If a mining engineer is retained for this work, as recommended above,
he should be the friend and adviser of every operator seeking to produce iron
ore in Ontario. Suitable and sufficient experimental laboratory equipment
should be provided to enable him to check all reported processes and, where
necessary, demonstrate them. The co-operative assistance of the University
of Toronto would immediately place at the disposal of the Department of Mines
much of this equipment, and if additional equipment were required, it should
be furnished by the department.

If any further argument were required on this subject, we would refer the
reader to what is being done in the State of Minnesota. Within its boundaries
are positive reserves of high-grade iron ore estimated in excess of a billion tons.
The people of that state have an intimate knowledge of the iron ore industry
and a practical experience extending over many years, and they through their
School of Mines and in co-operation with the Federal Government, are building
an experiment station on the University campus that will cost when completed
nearly $500,000. To operate and maintain this station, largely for research
looking to the future utilization of their low-grade iron ores, the State and
Federal Governments each provide $50,000 per year.

We are not suggesting anything so elaborate or expensive as the Minneapolis
Experiment Station, but surely if a state so richly endowed in iron ore resources
considers a solution of this problem so pressingly important, it is time for Ontario
to undertake some work of a like nature.

2 1LO.
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Why the Dominion Government Should Help Establish This Industry

Finally, we are of the unanimous opinion that one half of the bonus recom-
mended should be provided by the Dominion Government for the following
reasons :—

(1) The active development of our iron ore resources and the enlarging of
our steel industry, will be very effective in maintaining a favourable inter-
national trade balance.

(2) The colonization of Northern Ontario is largely dependent upon the
mining industry, and settlement of that portion bordering the non-productive
sections of our National railways is dependent largely upon development of our
iron resources.

(3) Largely increased traffic may be obtained for the National railways
from domestic production of iron ore, and it would not, perhaps, be unreasonable
to suggest that the profit to be made by our publicly-owned railway would soon
equal and in time exceed the proposed Dominion share of the bounty.

We have argued and attempted to prove that Ontario must in the near
future stand prepared to provide her own iron ore for her own requirements.
The results of our inquiry indicate that the task is possible. It is our belief that
the bounty proposed is fair and equitable, and not more than necessary to attain
the desired results. Undoubtedly Canada, as a whole, is as much concerned in
the necessity of utilizing our own iron ore resources as Ontario or any of the
other provinces.



CHAPTER I

PURPOSE OF APPOINTMENT OF IRON ORE COMMITTEE

The possibility of finding high-grade iron ore deposits and, if necessary,
utilizing the present known low-grade iron ores, is a question that has long been
discussed by the people of this province. Thoughtful men who have no direct
interest in iron and steel enterprises, believing that so basic an industry is
necessary to a well rounded development of our industrial and political activity,
have joined those directly interested in a study of the situation with a view to
building up in Canada iron ore mining enterprises that will supply all the ore
required by our iron makers.

The serious situation of the iron and steel industry has also long been a
matter of genuine concern to the Governments of Canada and this province,
and the feeling grew that in a new country, endeavouring to become self-
sustaining and independent of foreign supplies, such industries should, if
necessary, be granted direct government assistance. As a result, in 1883, the
Dominion Government offered a bounty on each ton of pig iron and steel made
in Canada from Canadian ores; and in 1894 the Ontario Legislature established
an Iron Mining Fund of $125,000, out of which producers or miners of iron ore
in Ontario, smelted within the province, might be paid a bounty of $1 per ton
on the pig metal product.

TOTAL BOUNTIES PAID BY THE GOVERNMENT OF CANADA SINCE 1884

Fiscal Pig Puddled Manufactures
year iron bars Steel of steel! Total
1884 $44,000 | ..o | oo $44,090
1885 38,655 | ..o ] aaeiiieen | e, 38,655
1886 39,270 | ..o | e ] e 39,270
1887 59,576 | e | e 59,576
1888 33314 | ..o ] oo ] 33,314
1889 37,23 | o] e | e 37,234
1890 25,697 | ..o | e e 25,697
1891 20,153 | ... | oo | e, 20,153
1892 30,294 | L.l | s 30,294
1893 93,8906 | ... | aioianio | e 93,896
1894 125,044 | ..o | s | e 125,044
1895 63,384 | ... | e el 63,384
1896 104,105 $#5,611 $59,499 | .......... 169,215
1897 66,509 3,019 17,366 | .......... 86,894
1898 166,654 7,706 67,454 | .......... 240,814
1899 187,954 17,511 74644 | .......... 280,109
1900 238,296 10,121 64,360 | .......... 312,777
1901 351,259 16,703 100,058 | .......... 468,020
1902 693,108 20,550 77,431 | ..., 791,089
1903 665,001 6,702 729,102 | .......... 1,401,805
1904 533,982 11,669 347,990 $15,321 908,962
1905 624,667 7,895 676,318 231,324 1,540,204
1906 687,632 5,875 941,000 369,832 2,004,339
1907 385,231 312 575,259 338,999 1,299,801
1908 863,817 | .......... 1,092,201 347,135 2,303,153
1909 693,423 | .......... 838,100 333,091 1,864,614
1910 573,969 | .......... 695,752 538,812 1,808,533
1911 261,434 | .......... 350,456 526,858 1,138,748
1912 | oo | e | 166,750 166,750
Totals.....| $7,707,648 $113,674 $6,706,990 $2,868,122 $17,396,434

1 $127,755 was paid on angles and plates between 1904 and 1906; the rest on rods.

[13]
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For a time, about the late nineties, Eastern Ontario gave promise of
ultimately becoming a large iron ore producer. However, upon development,
the ores were found to be rather low in grade and comparatively small in extent,
and to contain certain objectionable impurities. As a much more desirable ore
was available from the Lake Superior district of the United States, production
in Ontario gradually grew less and less.

The following table shows the production of pig iron; the ore used, foreign
and domestic; and the bounties paid by Ontario during the years 1896 to 1905
inclusive, or until the Iron Mining Fund was exhausted.

CONSUMPTION OF IRON ORE IN ONTARIO, 1896-1921

. Total Pig Amount
Year Native ore smelted | Foreign ore smelted ore iron Ont. Govt.
smelted made bounty
paid
tons per cent. | tons per cent. tons tons
1896 15,270 30.86 ; 35,868 70.13 51,138 28,302 $4,000
1897 2,778 7.38 34,722 92.62 37,500 24,011 2,603
1898 20,968 27.22 56,055 72.77 77,023 48,253 8,647
1899 24,498 22.25 85,542 77.74 110,040 64,749 12,752
1900 22,887 22.72 77,805 77.21 100,692 62,386 6,737
1901 109,109 56.09 85,401 43.89 194,510 116,370 25,000
1902 92,883 49.69 94,079 50.31 186,962 112,687 25,000
1903 48,092 31.81 103,137 68.19 151,229 87,004 25,000
1904 50,423 22.56 173,182 77.44 223,605 127,845 15,236
1905 61,960 13.90 383,459 86.10 445,419 256,704 25
1906 101,569 20.40 396,463 79.60 498,032 275,558 | ......
1907 120,156 23.60 | 388,727 76.30 508,883 286,216 | ......
1508 170,215 33.20 342,747 66.80 512,962 271,656 | ......
1909 220,307 28.80 543,544 71.20 763,851 407,013 | ......
1910 143,284 17.40 678,890 82.60 822,174 47,351 ...
1911 67,631 7.40 848,814 92.60 916,445 526,610 | ......
1912 71,589 6.50 | 1,062,071 93.50 | 1,133,660 589,593 | ......
1913 132,708 10.90 | 1,095,561 89.10 1,228,269 648,899 | . .....
1914 163,779 17.80 752,560 82.20 916,339 556,112 | ......
1915 293,305 32.00 623,094 68.00 916,399 493,400 | ......
1916 215,366 16.90 1,055,810 83.10 1,272,176 699,202 | ......
1917 94,318 7.10 1,221,881 92.90 1,316,199 691,233 | ......
1918 99,852 6.75 | 1,400,085 93.25 1,499,937 751,650 | ......
1919 97,514 7.50 | 1,201,834 92.50 | 1,299,348 623,586 | ......
1920 152,176 10.40 | 1,341,661 89.60 | 1,493,837 748173 | ......
1921 113,083 13.50 723,858 86.50 836,941 438,013 | ......
Totals...| 2,705,720 |......... 14,807,850 |......... 17,513,570 { 9,382,576 |$125,000
Average
per year| 104,000 15.50 569,500 84.50 673,500 | e

While it was primarily intended that the bounty paid should be an incentive
to the development of our own iron ore deposits, it failed in this respect. The
bounty was, however, a big factor in the development of our iron and steel
making industry.

The development of the steel industry was indeed fortunate, because during
the war the production of munitions was a matter of supreme importance to the
Allied cause and to the economic position of Canada. Just when Canada’s
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manufacturers had mastered the details of construction and equipped their
plants for mass production, the United States joined the Allies and requisitioned
all the shell steel their furnaces were capable of producing. Canada was immedi-
ately placed in the position where she must either produce her own shell steel,
or admit her inability to produce munitions. This type of steel had never been
produced in Canada, and many, with no mean knowledge of the industry, said it
was impossible to produce it. However, where there is a will there is a way, and
Canadians did produce shell steel, and munitions continued to go forward in
ever-increasing quantities until the end of hostilities.

Our knowledge of the steel industry and our facilities for the practical
application of this knowledge during the war were, in a large way, the result of
the early Government assistance to our iron and steel industry, and the splendid
record established during the war must ever reflect the foresight and business
ability of those who, in the early days, determined that such an industry was
essential to Canada’s development.

The following companies have furnaces in Ontario which were available for
use in 1922:—

Algoma Steel Corporation, Sault Ste. Marie, Ontario.—Has 4 furnaces with
combined capacity of 1,450 tons pig iron daily. During 1922 operated one
furnace in January, two for the next seven months, and one only for the remainder

of the year.

Atikokan Iron Company, Port Arthur, Ontarto.—Has one furnace of 175 tons
daily capacity, which has been idle since 1911.

Canadian Furnace Company, Port Colborne, Ontario.—Has one furnace of
325 tons daily capacity.

Midland Iron and Stee! Company, Midland, Ontario.—Has one furnace with
capacity of 120 tons per day. Idle since February, 1922.

Parry Sound Iron Company, Midland, Ontario.—Has a furnace at Parry
Sound of 90 tons daily capacity. Idle since October, 1919,

Standard Iron Company, Deseronto, Ontario.—Has one furnace of 60 tons
daily capacity, that has not been in operation since June, 1919.

Steel Company of Canada, Hamilton, Ontario—Is operating two furnaces
with combined capacity of 750 tons daily.

The Canadian Steel Corporation.—Has erected at Ojibway, near Windsor,
two large blast furnaces, but has not yet operated them.

Need for New Study of the Iron Ore Situation

During the war the Helen mine, the only hematite producing property in
Ontario, was exhausted, and the siderite deposits at the Magpie were nearly
exhausted. In the financial depression following, the Moose Mountain Company
closed down, and not one Canadian iron mine found it possible to continue
profitable production. With the closing of the Magpie early in 1921, iron
mining in Canada ceased, and Canadian furnaces drew their supplies entirely
from foreign countries.
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This condition forced Canadians into a realization of their position. The
Adyvisory Council for Scientific and Industrial Research were the first to tackle
the problem. The council appointed a sub-committee composed of :—

J. G. Morrow, Chairman
Frank D. Adams, D.Sc., LL..D., F.R.S.
Lloyd Harris

Geo. A. Guess, M.A.

Arthur Surveyer, B.A.Sc.

J. B. Tyrrell, B.Sc., M.A.
Th. Denis, B.Sc.

H. E. T, Haultain, C.E.

A. Stansfield, D.Sc., F.R.S.C.
A. Mailhiot, B.A.Sc.

C. V. Corless, M.Sc., LL.D.

Conference Called by Minister of Mines

As a beginning, Hon. Harry Mills, Minister of Mines, called a conference of
those interested in the question, for July 5th, 1922, and issued invitations which
were accepted by the following :—

G. J. MacKay, Queen’s University, Kingston.

W. M. Goodwin, Canadian Mining Journal, Gardenvale.
W. H. Collins, Geological Survey, Ottawa.

P. A. Leitch, Hematite Ore Co., Nipigon.

Henry Dreany, Consolidated Iron & Steel Co., Toronto.
Rinaldo McConnell, Perth.

J. N. McKendrick, Belcher Island Iron Mines, Galt.

E. LeDuc, Belcher Island Iron Mines, Galt.

J. G. Morrow, The Steel Co. of Canada, Ltd., Hamilton.
G. A. Guess, University of Toronto, Toronto.

Geo. E. Kidd, Ottawa.

Boyd A. C. Caldwell, Perth.

Thos. B. Caldwell, Perth.

F. D. S. Robertson, Toronto Power Company, Toronto.
B. Neilly, Ontario Mining Association, Toronto.

H. E. T. Haultain, University of Toronto, Toronto.

W. Rowland Cox, Moose Mountain, Ltd., New York City.
J. D. Jones, Algoma Steel Corporation, Sault Ste. Ma:ie.
Cyril W. Knight, Department of Mines, Toronto.

Geo. S. Cowie, Algoma Steel Corporation, Sault Ste. Marie.
G. G. Ommanney, C.P.R., Montreal.

Geo. C. McKenzie, Canadian Institute of Mining and Metallurgy, Montreal.
Co!. J. A. Currie, M.P.P., Parry Sound Iron Co., Toronto.
Cyril T. Young, C.N.R., Toronto.

C. Price-Green, C.N.R., Toronto.

Chas. McCrea, M.P.P., Sudbury.

Also present at the conference were:—

T. W. Gibson, Deputy Minister of Mines, Toronto.
Hon. H. Mills, Minister of Mines, Toronto.

To those assembled the minister presented the following subjects for dis-

cussion i—

(1) The extent of the iron ore deposits of Ontario. Are they sufficient to sustain a native
blast furnace industry of importance?

(2) The kind and quality of the deposits: (a) The iron ores of Eastern Ontario. (b)
Deposits of banded magnetite, or mixed magnetite and hematite. (c¢) Siliceous hematite.
(d) Siderites. (e) Bog iron ores.

(3) (a) The applicability of magnetic concentration methods for low-grade magnetites,
and subsequent briquetting or nodulizing. (b) Process for increasing the metallic content of
siliceous hematites. (¢) The roasting and nodulizing of siderites.

(4) Are all or any of the above, or other methods of beneficiation within permissible limits
of cost?

(5) How far can a market be found in Ontario for beneficiated Ontario ores?

(6) Is there a market for more than the present pig iron product of Ontario? If so, where?

(7) Can the problem be attacked by adapting a method of reduction to low-grade ores,
rather than by treating the ores so as to make them amenable to present blast furnace practice?

(8) Any aspects of the question not enumerated above.
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Resolutions Passed by Conference

Throughout the conference there was displayed an earnestness and a
tolerance for the other man’s opinion that indicated a clear appreciation of the
difficulties to be faced and of the still greater importance of finding, without
delay, a satisfactory solution of the problem. Some present were thoroughly
convinced that the only practical way the Government could assist the industry
was by giving direct bonuses for the production of iron ore, and accordingly they
presented the following resolutions:—

WHEREAS it is in the best interests of the Province and of the Dominion that the iron ore
producing industry of this country be materially assisted through Government aid, a total
cessation of iron ore production in Canada having now occurred;

AND WHEREAS high-grade ores of the Mesabi range are being eliminated yearly and American
iron ore interests are erecting beneficiating and treating plants, similar to the successful plants
in Europe, costing in one instance as high as $4,000,000, handling lower grade ore than the natural
contents of our Canadian ore;

AND WHEREAS the Canadian steel industry was only made possible through a reasonable
assistance over a period of sixteen years, and warranted the construction of steel mills of large
capacity, and consequent lower overhead, which in time of stress provided 35 per cent. of the
shell steel made into munitions by Canadian industry;

AND WHEREAS the American railways derive 55 per cent. of their freight traffic from the
mining industry, and a large percentage of this is due to the carrying of immense quantities of
iron ore, and the coke and coal used in the industry; and our Canadian railways, particularly
the National railways, traversing as they do so many of the important iron ranges, would benefit
probably more than the iron industry itseif from the movement of the 2,000,000 tons of iron
ore which is now imported annually for consumption in our Canadian mllls

AND WHEREAS iron and steel products are used almost exclusively for agricultural unple-
ments, automobiles, etc., and the last Dominion statistics published show that the yeariy cost
of raw mateiial alone for the manufacture of agricultural machinery and automobiles amounted
to $40,000,000, and the raw material used by the 1,064 foundries and steel mills in Canada to
5238,000.000, and these industries are growing so tremendous]y that it becomes a national duty
to provide the raw material within the confines of our own country;

AND WHEREAS the granting of assistance would, particularly in the first few years, involve
a small annual outlay, but the large returns and impetus to industrial activity would be im-
measurable because it would cause the retention in Canada of large amounts of money now
being sent out of the country for the purchase of foreign ores, and also the employment and
investment of British and American capital to develop iron ore bodies;

AND WHEREAS the production of Canadian iron ores for Canadian steel mills now erected
will complete the national equipment for the production of iron and steel and place Canada in a
position of greater independence, and assure the blast furnace and steel works their raw material
which will enable Canada to carry on within the confines of her own country the complete pro-
duction of iron and steel for the manufacture of our farm machinery, automobiles, trucks, and
other manufactured products;

AND WHEREAS there is a gap between the cost at which Canadian iron ore can be mined
under present conditions and the prices that Canadian smelters can aﬂord to pay and market
their product, and this condition will continue to exist unless assurance is given that aid will
be available to an extent that will warrant the erection of the necessary beneficiation plants,
and that such aid will be received when earned during the years these mines are developing
tonnage in sufficient quantities to carry their overhead and operate economically;

NOW THEREFORE BE IT RESOLVED AS FOLLOWS: That the Provincial and Dominion Govern-
ments render tangible assistance on all Canadian iron ore mined and marketed to be paid monthly
to mine operators, reckoned when the ore is milled or treated, the long ton weights going into
milling, treating or the beneficiation process, and when not requiring milling or treating, on the
long ton, based on shipping weights going to furnaces; said assistance being in force for a fifteen
)éear perlod necessary to the thorough establishment of the home production of iron ore in

anada.

This resolution was passed, but there were many present who were dis-
inclined to subscribg to this as the only solution of the problem, at least not until
a great deal of additional information was made available. At the conclusion
of the conference, the following resolutions were presented and unanimously
passed:— ' _

(1) The extent of the iron ore deposits of Ontario. Are they sufficient to sustain a native
blast furnace industry of importance?

RESOLVED: That the known iron ore resources of Ontario are sufficient to support an important
iron and steel industry, providing that these ores are beneficiated.
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(2) The kind and quality of the deposits: (a) The iron ores of Eastern Ontario. (b)
Deposits of banded magnetite, or mixed magnetite and hematite. (c) Siliceous hematite.
(d) Siderites. (e) Bog iron ores.

RESOLVED: We belicve that extensive drilling exploration of the known available iron ranges
may prove the existence of valuable ore deposits which would not require beneficiation.

(3) (a) The applicability of magnetic concentration methods for low-grade magnetites,
and subsequent briquetting or nodulizing. (b) Process for increasing the metallic content of
siliceous hematites. (¢) The roasting and nodulizing of siderites.

This subject does not require a resolution.

(4)? Are all or any of the above, or other methods of beneficiation within permissible limits
of cost?

RESOLVED: Providing that the market can-absorb a large tonnage of beneficiated ore at a satis-
factory price, both magnetic separation and calcining of siderites are recommended.

(5) How far can a market be found in Ontario for beneficiated Ontario ores?

(6) Is there a market for more than the present pig iron product of Ontario? If so, where?
RESOLVED: That these questions should be left to a special commilttee.

(7) Can the problem be attacked by adapting a method of reduction to low-grade ores,
rather than by treating the ores so as to make them amenable to present blast furnace practice?

(8) Any aspects of the question not enumerated above.

REsOLVED: That the Ontario Government appoint a commitiee, consisting of at least a geologist
or mining engineer, a blast furnace operator or metallurgist, and a transportation expert, to make
special inquiry concerning all phases of this question, including ore deposits, mining, bemeficiation,
smelting and special methods of reduction.

In his closing remarks to the conference, the Minister of Mines stated that
the recommendations presented would have the early consideration of the
Government, and that the appointment of a committee to investigate and report
on the whole subject might reasonably be expected.

Appointment of Iron Ore Committee

On October 25th, 1922, the following Order in Council was passed :—

“Upon the recommendation of the Honourable the Minister of Mines, the Committee of
Council advise that the persons mentioned below be appointed to make research, investigate,
and report upon the extent and quality of the deposits of low-grade iron ores in Ontario, the
best commercial methods of beneficiating the same, and generally, what steps or measures should
be adopted to enable the low-grade and other iron ores of this province to be utilized in the
production of pig iron and steel:

J. G. Morrow, Hamilton
LrLovp HARRIS, Brantford

G. A. GUESss,

H. E. T. HavLtamy, JLoronto

Geo. S. Cowig, Sault Ste. Marie
R. J. HounT, & Montreal

The work of such committee to be under the general supervision of the minister, and the ex-
penditures incurred, and the remuneration of the members of the committee to be paid out of
the appropriation for Research Work, Vote 107, Item 13, Estimates 1922-23.”

Of the six members appointed, four were already members of the sub-
committee of the Advisory Council for Scientific and Industrial Research. The
latter council immediately acquiesced in the new arrangements and placed at
the disposal of the Ontario Iron Ore Committee the results of their investigation
up to that time; the grateful acknowledgment of this practical co-operation
and assistance is herewith recorded. :

Toward the end of October, the Iron Ore Committee was organized and the
work commenced.



CHAPTER II

AVAILABLE SOURCES OF IRON ORE FOR ONTARIO FURNACES

Perhaps no metal in the earth’s crust has a more general distribution than
iron. However, deposits of merchantable iron ores, or iron ores that will permit
a profit to be made from their commercial reduction to the metallic state, are
comparatively scarce.

At the World’'s Geological Congress held at Stockholm, Sweden, in 1920,
the known world’s deposits of merchantable iron ore were listed as follows:—

Actual reserve Potential reserve
tons tons
Europe. ... ... 12,032,000,000 41,029,000,000
America. ... ... 9,855,000,000 81,822,000,000
Australia. ......... ... . 136,000,000 69,000,000
Asia. ... 260,000,000 457,000,000
Africa. ..o 125,000,000 Enormous

The chief centres of actual ore reserves were indicated as follows:—
CHIEF CENTRES OF IRON ORE RESERVES

Ore Iron content

tons . tons
Lorraine (Germany, France, Luxemburg, and Belgium). .. ... 5,650,000,000, 1,865,000,000
North Sweden. ... ... ... . ... ... ... . . ... .. ... ... ... ... 1,035,000,000 670,000,000
Bell Island, Newfoundland............................... 3,635,000,000, 1,961,000,000
Lake Superiorregion. . .................................. 3,500,000,000| 2,000,000,000
Cuba. . ... 1,903,000,000 856,800,000
Minas Geraes Province, Brazil............................ 15,710,000,000{ 3,055,000,000

!Potential.

It will be seen at once that the Lake Superior deposits are comparatively
large. Now the cost of transportation involved in the process of mining,
furnacing, and laying down the finished article where it is to be used, absolutely
limits the area for distribution of the ore from any iron deposit. Under present
conditions, Ontario is well within the limits for the commercial distribution of
ore from the Lake Superior deposits. If rail rates were measurably reduced,
some of the beneficiated magnetites from the New England states might gain
entry to the Ontario markets. If the St. Lawrence deep waterways scheme
should succeed, a certain tonnage of Wabana ore would undoubtedly be used in
Ontario furnaces. But these possibilities are at the present time somewhat
remote, and since the Ontario Iron Ore Committee set out to investigate this
problem from the commercial, present-day standpoint, we are, in a practical
way, concerned only with conditions as they exist within the area of profitable
distribution for Lake Superior ores.

The Lake Superior Area

In a later chapter a detailed description of the several deposits within this
area will be found; but in order that the reader may gain some idea of their
relative magnitude, the following figures are here presented to show the estimated
reserves of merchantable iron ore as of January 1st, 1920, prepared by Mr.
R. C. Allen:—

(19]
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If we deduct from this total the tonnage shipped from the same ranges in
1920 and 1921, we have left an estimated reserve of 2,860,841,833 tons of mer-
chantable iron ore.

The question that naturally follows is, how soon will these reserves be
depleted? So long as these Lake Superior ores are available on the open markets,
beneficiated ores, prepared and produced with greater effort, must compete
against the cost of production of naturally merchantable ores.

Statistics indicate a constantly increasing per capita consumption of iron
ore, but with export business in a'somewhat demoralized condition, it would be
difficult to predict this increase. Moreover, the extraordinary conditions during
the war period must be given consideration. For these reasons, in calculating
the average consumption of iron ore in Canada and the United States, under
present conditions, we have confined our survey to the records of the last three
years available, viz., 1919, 1920, and 1921.

IMPORTS OF IRON ORE INTO UNITED STATES FROM ALL COUNTRIES OTHER
THAN CANADA
From figures prepared by the U.S. Geological Survey
Other
Norway | European
Year Cuba Spain and countries | French Other Total Yearly
Sweden and Africa | countries average
England
tons tons tons tons tons tons tons tons
1919... .| 321,753| 63,737 67,966 6,556 3,981! 85 464,078 ........
1920. .. .| 889,852 69,915 65,689 4,696 | 193,829° 15,391 | 1,239,372) ........
1921....]123.222 40 | 143,234 2,344 22,69¢3 14,457 305,993 ........
Total ..|....o oo 2,009,443 ........
Yearly
average.l.......|...... . oo o oo oo 669,814

1 British West Africa.
2 Includes 34,940 tons from Morocco.
? Includes 14,360 tons from Morocco.

IMPORTS OF IRON ORE INTO CANADA FROM ALL COUNTRIES OTHER THAN
THE UNITED STATES

Figures from the Department of Statistics, Ottawa

Year United Newfoundland Other Yearly
Kingdom countries average
tons tons tons tons
1919, . oo ] e 529,232 | ..o ] e
1920, .. coovviiiil | e 616,287 22,009 | ...l
1920, ..ol e 137,032 7,123 | ...
Yearly average...{ ............ | «ooooiioiae |, 437,228
SUMMARY COVERING 1919-1920-1921
Tons Per cent.
Average production of U.S. mines outside Lake Superior district........ 7,412,394 13.77
Average production by all mines in Lake Superior district............. 44,034,532 81.70
Average tonnage imported by U.S. from all countries other than Canada| 2,009,443 3.72
Average tonnage imported by Canada from all countries other than
United States. . vue ittt et it e ee ittt 437,228 0.81
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Estimated Life of Lake Superior Iron Mines

Deducting the 1920 and 1921 shipments from the Lake Superior districts,
we can calculate an assured ore reserve of approximately 1,477,000,000 tons,
and if the average production from this district is taken at 45,000,000 tons, it is
apparent that the positive ore reserves will be exhausted in about thirty-two
vears. If we include the estimated probable ore reserves, this period is increased
to a little more than sixty years, less, in each case, such period as will compensate
for a gradually increasing production to care for a growing per capita consump-
tion of iron and steel products and any wider distribution that would result from
decreased transportation rates.

Basis of Estimation of Ore Reserves

Now these are very general deductions, and the advisability of including
probable ore will undoubtedly be questioned by many who are not familiar with
the method of mine taxation as practised in the State of Minnesota, where most
of these reserves are listed.

In practice the state has found it possible to calculate the ore reserves on
any one property with fair accuracy. Knowing the tonnage and average grade
available from any particular property, the average selling price at Lake Erie
points is taken. From this is deducted the cost of transportation from the mine
and the average cost of mining such ore in the state. The remainder, with no
deduction for royalties that may be payable, is assumed to be the value of the
ore reserves per ton. The next step is to calculate the probable life of the mine,
and from that the average annual production. With this data the present worth
is calculated and one half such sum is the assessed value of the property for
taxes levied by state, county, and municipalities.

Revenue is so easily raised in this manner that the municipalities, in some
cases, appear to vie with each other as to which shall make the most riotous
expenditure. Taxes are increasing. In periods of normal activity in the iron
and steel industry, they must in all fairness be considered onerous, and in some
periods of depression excessive.

However, we are interested only in the results arising from such methods.
In the first place, every property is anxious to ship without delay the more
easily obtained ore, so that their assessment may thereby be reduced. The
principles of conservation are set at naught. Secondly, the natural incentive to
develop positive ore reserves beyond immediate requirements is stifled by the
knowledge that increased ore reserves are penalized by an increased burden
from taxation.

Some of the large and well financed companies can bear with this situation,
serene in the knowledge that eventually the public must pay the taxes through
increased prices for iron ore. Others, not so strong, are forcing production, and
this has undoubtedly tended to keep the price of iron ore around present levels.
When those deposits of what may now be called ‘‘distress ore’’ are exhausted,
the markets will probably move upward. Furnaces in Ontario will experience
higher prices for iron ore and an increasing difficulty in obtaining suitable grades.
The compensating factor is that as prices generally move upward, the difficulties
now involved in the production of beneficiated iron ore will grow less and less.

Coming back to our consideration of ore reserves, it will now be apparent
to the reader that there is no disposition on the part of the mine owners to
over-estimate their positive ore reserves, and that on the basis of our former
assumptions, thirty-two years is a reasonable estimate.
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Only a Very Small Part of Lake Superior Ore is Available to
Ontario Users

If all these reserves were owned by one company interested only in the sale
of iron ore, our discussion of the subject might end here; but, unfortunately for
us, the situation is not so simple.

Of the 1,340,000,000 tons of assured ore estimated in Minnesota in 1920,
over sixty per cent. was the property of one large steel company. Of the remain-
ing forty per cent., a large part is owned by other large steel corporations. A
comparatively small portion of the estimated reserve remains outside of the
control of companies who require the ore for their own furnaces, and upon this
small portion of ‘“free ore” Ontario is dependent for her requirements. The
volume of free ore might be calculated with reasonable accuracy, but no real
purpose would be served since it is the policy of the large consuming companies
to purchase or lease when possible. The supplies available to open market,
from whence we draw our requirements, must continue to dwindle at an acceler-
ating pace, and long before the conclusion of the estimated thirty-two year
pericd, we must provide for our own requirements from our own resources, or
pay a profit to the United States producers of iron ore that will place our steel
companies in Ontario in a position where they will experience real difficulty in
competition against foreign prices.

We have here sought to indicate:—

(1) That in a study of this problem we are practically concerned only with
the area supplied with iron ore from the Lake Superior deposits.

(2) That there are manifest advantages to be derived from a further develop-
ment of our iron and steel industry.

(3) That this industry is at present dependent upon a small, rapidly dwind-
ling reserve of foreign ore.

(4) That the steel companies are so vitally interested in procuring, in
Ontario, additional sources for the supply of their raw material, that their co-
operation may be expected.

(5) That our best efforts are immediately required to the end that this
problem may be solved and Ontario made, so far as possible, independent of
foreign supplies.



CHAPTER III

LAKE SUPERIOR IRON ORE DEPOSITS

The Lake Superior iron ore deposits are found on the southern extremity
of the great pre-Cambrian shield or basement formation that includes largely
the north central part of Canada and of which only a relatively small area
extends into the United States. The producing iron mines are in Minnesota,
Michigan, and Wisconsin.

There are two main geological divisions. The first or lower formation being
the Archean, which includes the Keewatin greenstones, schists, etc., and the
Laurentian granites. The second division, the Algonkian, is superimposed upon
the Archean and embraces the Keweenawan, and the Upgper, Middle, and Lower
Huronian, in the order named. The Huronian is composed chiefly of sedimentary
rocks, with some igneous, intrusives and extrusives. The Keweenawan is for
the most part made up of igneous rocks with some red sandstones and
conglomerates.

TABLE SHOWING THE ROCK GROUPS IN THE LAKE SUPERIOR DISTRICT

(KEWEENAWAN

. . JUpPER HURONIAN
ALGONKIAN MippLE HURONIAN
LoweErR HURONIAN
KEEWATIN
ARCHEAN {LAURENTIAN

The iron formations occur in both the Keewatin and Huronian series of
rocks. They are all very similar and consist of chert or quartz, iron oxide
minerals, and relatively small amounts of other iron-bearing materials, such as
iron carbonate. The secondary ore deposits are masses of iron ore which have
been formed by concentration of iron ore from rocks rich in iron. This alteration
is ascribed to action of underground waters. In favourable places the iron
formation has been decomposed and ore deposits formed. .

The size of such secondary iron deposits seems to have depended largely
upon the structural relations of the iron formations and the presence of im-
pervious rocks at the base of or embedded within the iron formation. These
factors controlled and directed the flow of underground waters and consequently
the alteration of the iron formation.

In a general way, these important iron deposits are found on the slopes or
at the base of outstanding hills or ranges and are associated with pitching
troughs of relatively impervious rocks.

Where the troughs are large and uniform, the alteration of the iron formation
is more pronounced and the larger deposits of iron have been found. Where
they are small, irregular, and broken, the alteration is less extensive and the ore
deposits are comparatively small and erratic as to quality. These secondary
ores were deposited in a hydrated condition, but have been partially dehydrated
and may be classified as red, blue, and micaceous hematite and magnetite, the
soft ones being hematite and limonite.

(25]
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The primary deposits, so far as they represent iron ore, will be discussed
under the Michipicoten area.

The iron mining districts in the Lake Superior area include the Vermilion,
Mesabi, Cuyuna, Gogebic, Iron River and Crystal Falls, Florence, Baraboo,
Menominee, and Marquette in the United States; and the Michipicoten
and Moocse Mountain in Ontario.

Vermilion Range—This range lies in northeastern Minnesota and includes
the towns of Tower, Soudan, and Ely. The ore occurs in narrow belts which are
enclosed in Keewatin greenstone. The whole district is one of complex folding
where the dip is very steep and the outcrops are small. The ores are hard, blue
and red hematites.

Aesabi Range.—This range lies northwest of Lake Superior in the State of
Minnesota and extends in an east and west direction for a distance of about
100 miles. The principal towns are Biwabik, Eveleth, Virginia, Chisholm,
Hibbing, Naswauk, and Coleraine.

The iron formation is of the Upper Huronian and lies along the southern
slope of a range dipping gently to the south and known as the Mesabi range.

The surface is covered with glacial drift, and rock exposures are rare. The
slope of the iron formation is gentle, and the ore deposits, shallow as to depth,
are mostly flat, having a comparatively large horizontal area.

In general the ore deposits are covered only by glacial drift, and open pit
mining is characteristic of this range.

The impervious basement upon which the ore bodies are found, is formed by
layers of slate or paint rock interbedded with iron formation.

The ores are mostly soft, hydrated hematites and limonites, varying in
texture from very fine dust to hard, coarse, granular ore. Toward the western
end of the range layers of sand are often encountered, interbedded with the ore,
forming the so-called ‘‘sandy’’ ores which must be concentrated to bring them
up to merchantable grades.

The Mesabi range is by far the most important iron producing district in
the Lake Superior region. The depth in some cases exceeds 400 feet, but will
probably average little more than 250 feet.

Cuyuna Range.—The Cuyuna range is located in the State of Minnesota,
about 100 miles west of Duluth. The principal towns within this area are
Deerwood, Crosby, and Brainerd.

Distinct topographical features are lacking. The surface is level, covered
with a heavy mantle of sand.

Surface indications do not assist in the prospecting for ore, and the work of
locating the deposits is largely dependent upon magnetic variation. Drilling
has proved that the lines of magnetic variation are associated with belts of iron-
bearing formation which trend in a northeasterly and southwesterly direction.
The formation is interfoliated with slate and schist and is usually steeply tilted.
In some localities igneous intrusive rocks are encountered. The iron formation
is thought to belong to the Upper Huronian series of rocks and occurs in two
belts, roughly parallel, known as the North and South ranges. The ore deposits
are usually lenticular in form and erratic in outline. There has been little
development beyond a depth of 360 feet.

Gogebic Range—The Gogebic range is a narrow belt of iron formation which
lies south of Lake Superior in Michigan and Wisconsin, the more important
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though smaller part being in the former state. Among the principal towns in
this area are Wakefield, Bessemer, Ironwood, and Hurley.

The most important iron formation is in Upper Huronian series. It is a
narrow belt dipping toward the north with a crenulated outcrop due to a series
of minor transverse folds. The iron formation rests upon Upper Huronian
quartzite and is cut by igneous dikes which combine with the quartzite to form
impervious troughs in which the ore bodies were concentrated. The ores are
soft, red, and partially hydrated hematites with subordinate amounts of hard
blue hematites.

Development has been carried to a depth of 2,300 feet at the Newport and
Montreal mines.

Iron River, Crystal Falls, and Florence Districts.—The Iron River and Crystal
Falls districts lie in Michigan, and the Florence district is in Wisconsin. The
principal towns are Iron River, Crystal Falls, and Florence.

The iron formation is found in Upper and Middle Huronian. The ores are
mostly soft red hematites, although in places they are hydrated and classified
as limonite. Development has been carried to a depth of about 1,300 feet.

These districts are generally included with Menominee district, so far as
production figures are concerned. The Iron River, Crystal Falls, Menominee,
and Florence districts are the chief districts in the group which comprise the
Menominee range.

Menominee District.—This district includes the towns of Iron Mountain
and Norway and lies wholly in the State of Michigan. The iron formation is
found in the Upper Huronian series and occurs in several narrow belts, all of
which have a steep dip. The principal belt extends east and west for a distance
of twenty miles and the important ore bodies rest on the Lower Huronian
dolomite and are covered by Upper Huronian slate.

The ores are usually bluish-black hematites, though smaller bodies of red
and brown banded hematites are found. Development has been carried to a
depth of about 1,500 feet.

Marquette Range—The Marquette range is comparatively small. It lies
in the State of Michigan and derives its name from the City of Marquette.
The principal towns are Ishpeming, Negaunee, Champion, and Republic.

The iron formation occurs in the Upper and Middle Huronian and the
Keewatin division of Archean. The ores are mostly soft red hematites, although
the hard micaceous hematites are important. Subordinate amounts of magnetite
and limonite are found. The district is cross-folded, so that the ore bodies are
irregularly distributed. In general the iron formation extends in an east and
west direction, and the ore deposits that outcrop reach the surface on the middle
or upper parts of the slopes.

These outcrops were conspicuous and led to the early discovery of the
district. Some of the ore deposits are entirely beneath low-lying areas, but in
these cases are surrounded by impervious rocks.

Development has been carried as deep as 2,470 feet.

Baraboo District.—This district cannot be definitely described as within
the pre-Cambrian area, dlthough the formation is in some respects similar to
that found in Middle Huronian. It is located in south central Wisconsin, and
its principal town is North Freedom.

The ores are hematites with soft, earthy, and hard, black and banded

3 1.O.
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siliceous phases. They are stratified and have the same strike and dip as the
associated rocks, which dip at various angles from nearly horizontal to nearly
vertical.

Michipicoten Range.—This range lies in Ontario on the northeastern shore
of Lake Superior and includes the Helen and Magpie mines. The ore deposits
were both found in the Keewatin series of the Archean. From the Helen mine
there was produced until 1918, a hard, non-Bessemer hematite. Adjacent
to the hematite area is a large and important body of siderite. Until March,
1921, the Magpie produced a siderite or iron carbonate ore which was calcined
and ncdulized to produce a commercial product.

The Magpie was developed to a depth of 581 feet.

Moose Mountain District.—This district is in Ontario. Moose Mountain
mine is situated about twentv-five miles north of Sudbury. . Here also the ore
is found in the Keewatin series. The ore is a disseminated magnetite, running
about 33 per cent. iron, and must be concentrated or teneficiated to find a
market.

A more detailed description of the Michipicoten and Moose Mountain
deposits will Le found in the Appendix, where the known iron ore deposits of
Ontario are listed and briefly described.



CHAPTER IV

PROSPECTING AND MINING METHODS

The reports and accompanying maps based on the preliminary geological
work and published by the Ontario Department of Mines and the Geological
Survey at Ottawa, contain a wealth of detailed information and form a practical
gruide for any prospector going out to look for an iron ore deposit. The report
entitled "Iron Ore Occurrences in Canada,” with reference maps, published by
the Mines Branch in Ottawa in 1917, is deserving of special mention.

Structural geology, and its influence on deposition and secondary enrich-
ment of iron ore deposits, has been referred to in Chapter II1.

No work of this kind could be expected to outline with any degree of satis-
faction, just how a prospector should go about the discovery of iron ore, or
any other mineral. The successful prospector must have a natural instinct
suiting him for that work; and perhaps no two of the successful prospectors
would undertake the same investigation in the same way. Suffice it to say that
the general order is to locate, with the assistance of the geological maps furnished
by the Government, the area that gives promise of containing the mineral
sought for—in this case, iron ore. Arriving on the ground, the prospector will
endeavour (where the formation is exposed) to ascertain and to trace the contact,
and having located a deposit of iron ore, to determine in a general way whether
or not it is large enough to justify surface trenching, or other forms of intensive
prospecting. If, in the opinion of the prospector, it is worthy of such considera-
tion, he will as a rule run cross-trenches at favourable points across the strike
of the ore body, so that he may determine and prove to anyone interested its
approximate length and width. Channel samples in these cross-trenches will
be taken where the ore is exposed. This sampling may show ore of a com-
mercial grade, or at least of a nature and quality that suggests the possibility
of economic beneficiation. Its boundaries, as far as possible, must next be
determined. This preliminary data may often be best obtained by the magnetic
survey. The magnetic method of prospecting for iron ore has been successfully
used in locating and delimiting magnetic deposits. A detailed description
of the method, as presented by Prof. A. L. Parsons, will be found in the Appendix
to this report. )

Having determined, then, that over a large area ‘the ore is of commercial
grade, or that in case it falls below that classification the ore body appears to
be of a size and quality that might justify the erection of a beneficiation plant
and its development on a large scale, we come to the preliminary stage of
investigation as to actual or positive tonnage.

Diamond Drilling and Development

In the soft ore bodies on the American side in the Lake Superior district,
different kinds of drills are used to obtain the sample well below the surface,
but so far as our present knowledge goes, Ontario deposits can best be prospected
with a diamond drill. The usual practice, having determined the strike and
dip of the contact, is to put a series of holes, 50 to 100 feet apart, in a straight

[29]
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line at right angles to the margin of the ore deposit, letting one hole in each line
go some distance below the iron formation, to make sure that the ore deposit
has been bottomed. Very careful and accurate samples are taken from the
sludge and also from the ore recovered, and all the information obtained is
carefully tabulated for each hole, and a cross-section of the ore body plotted.
With a series of these cross-sections the available tonnage of different grades
can be fairly accurately estimated, and generally sufficient information can
be obtained to settle definitely whether or not the ore body warrants further
development.

If the tonnage and grade appear satisfactory from the information obtained,
the next step is to locate a shaft, generally on the footwall side of a deposit,
and on different levels to run cross-cuts from the shaft to the farther margin of
the iron ore. This not only serves to check, in a most practical way, the results
obtained by diamond drilling, but it gives the operator some opportunity to
determine the method of mining that may best be applied, and considerable
data of use in determining approximately the cost of production.

Methods of Mining Iron Ore

In the Lake Superior district, and by that we mean in this report the iron
ore region on both sides of Lake Superior, irrespective of the international
boundary, there are two distinct methods of mining, viz., surface and under-
ground.

On the Mesabi range, where the ore is soft enough to be moved with a steam
shovel, the practice within certain limits, is to remove completely by steam
shovel the surface burden from the area to be mined, and then to take out the
ore by the same method. There are so many advantages over the usual under-
ground practice manifest in this method that it is used wherever there is not
more than one yard of overburden to be removed for every ton of ore to be
extracted, and where the vertical depth of the overburden does not exceed two
feet of stripping to one foot of ore. There are, of course, exceptions to this rule,
as, for example, when the nature of the overburden makes it difficult to move;
there is also a limit to depth when taken in conjunction with transportation
problems. Generally speaking, it may be said that all other things being
favourable, surface stripping may be followed to a depth of 150 feet and the
ore removed from depths beyond that limit. This system of open-cut mining
has been described at great length and its advantages and disadvantages set
out in detail in so many technical papers that further description of it in this
report would, perhaps, be out of place.

Underground mining falls into three divisions:—
(1) The top slicing and caving method.
(2) The milling, or open-cut glory-hole method.
(3) The ordinary shrinkage stope practice.

In the top slicing and caving method, the extraction of the ore body
commences at the top of the deposit and below the overburden. The back is
supported by timber. As the ore is broken it is dropped through chutes to the
haulage levels, and as the process continues downward, the overburden and
timber supports are allowed to cave and settle. Where the ore is soft and easily
caved, and especially where it varies radically as to grade, there are many
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advantages in the top slicing method: The extraction of the ore body is fairly
complete, since little is left in the way of pillars; selective mining is made
possible; and different grades from different parts of the mine may be blended
in such a way as to meet the consumer’s requirements. However, the number
of working places is limited. Pumping must be continued at all times, irrespective
of the rate of production, and if any sudden demand arises for ore, the method,
unlike that of the open pit, does not lend itself to sudden expansion.

The milling or glory-hole method is a combination -of open-pit and under-
ground mining. The shaft is put down in a suitable location, a cross-cut is d:iven
into the centre of the ore body, and a raise is carried through to the surface.
Stoping operations start at the surface, and the ore is broken into the raise,
which from now on functions as an ore chute. As operations continue, the
surface is naturally lowered and takes the form of a great saucer or open pit.
This is undoubtedly a cheap method of mining hard rock, but there are certain
serious disadvantages. In the first place, all the water falling upon the open pit
runs directly into the underground workings and must be pumped. During the
severe weather in the winter time, the miners often suffer from extreme dis-
comfort, and water lines cannot be kept open. If the ore body has any perceptible
dip, there has to be faced the difficulty of keeping the hanging wall scaled to a
point where it will be safe for the men working underneath; beyond a certain
depth it will probably be found necessary to break down a considerable portion
of the overhang, thus diluting the ore and lowering the grade.

The shrinkage stope method of mining is quite familiar to those with a
knowledge of the mining methods employed in this province. From the stand-
point of safety it undoubtedly has great advantages over all methods other
than the open-pit or surface method. However, the costs of breaking the ore
and extracting it, are comparatively high as compared with any of the other
methods.

Any or all of these methods may, and we hope some day will, be applicable
to the working of Ontario deposits of iron ore, but so far as the present known
deposits are concerned, the two last described processes will usually prevail.
Costs will probably not be in any case much less than $1.00 per ton delivered
at the collar of the shaft and in the majority of instances will probably exceed
this estimate.

The one dollar estimate covers, of course, only the cost of underground
operations. To ascertain cost of production other items must be added, such
as taxes, depletion, depreciation, overhead expense, selling commissions,
insurance, etc.

Actual figures covering cost of production cannot be obtained for publica-
tion, but for a certain period we can give some comparative figures.

On the following page will be found approximate costs of production of iron
ores from underground workings at mines on the Marquette, Gogebic, Meno-
minee, and Mesabi ranges, and from surface workings at mines on the Mesabi,
Cuyuna, and Gogebic ranges.

The costs at the underground mines, rather than those of surface operations,
are of importance in making comparisons with iron mines in Ontario. The -~
of steam shovels for mining iron ore in Ontario is not likely to be found possiule
at any of the known deposits.
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Mesabi open-pit ore has the lowest cost of production, and if we assume,
for the sake of comparison, that this particular ore costs $2.20 per ton to produce
at the mine, we can lay down the following statement:—

COMPARATIVE COSTS OF PRODUCTION OF IRON ORES

Average
Cost of cost of
Ores production | production
per ton per ton
. Mesabio. oo $2.200 |
Open pit {Cu_\'una and Gogebic...... ... ... ... Lo 2.50} $2.40
(Marquette. ... ... ... 3.80)
Underground | Gogebic. . . .. P 4.20 3.75
mines Menominee. . . .. ... 3.50 2
Mesabi.... ... ... o 3.50
All Lake Superior iron mines ........ ... .. ... ................ o 3.25
Ontario ore beneficiated), about. . ................ .. .......... . 5.20




CHAPTER V

CONCENTRATION OF LOW-GRADE MAGNETIC IRON ORES

~ The low-grade ores that can be beneficiated are of three general types.
These are siderite, hematite, and magnetite. - .

Siderite is an iron carbonate containing, when pure, 62 per cent. of iron
oxide and 38 per cent. of carbon dioxide. This ore is beneficiated by heating it
and driving off the carbon dioxide, as described in the chapter on sintering.

Low-grade hematite ores consist of a mixture of hematite and quartz or
silicates. There are two processes of beneficiation suited to such ores. Where
the hematite is in hard aggregates and the waste is soft or friable, a separation
can be effected by log-washing. This is practised on a large scale in Minnesota.
The log-washer consists of two parts, an inclined trough in which rotates a rough
spiral conveyor (the log). The arms on the log disintegrate the friable rock
and gradually convey the more solid material to the upper end, while the wash
water washes away the waste at the lower end. The Mines Experiment Station
at Minneapolis has developed the process of treating low-grade hematite ores
to a magnetic roast whereby the hematite is converted into magnetite which
can be separated by magnetic separators.

The third type is a mixture of magaetite and waste minerals, of which
large bodies have been found in Ontario.

On this continent it does not pay at the present to ship to the smelters
ore containing much less than 50 per cent. iron. The smelters do not want it.
It costs too much in fuel and flux to get rid of the waste material. In Ontario
there are large bodies of iron ore, containing from 30 per cent. to 37 per cent.
of iron, which consist of a mixture of particles of magnetite and waste minerals.
This waste consists largely of quartz and silicates, some pyrite (iron sulphide),
and, in much smaller quantity, some phosphorus-bearing minerals. All these
may be separated by crushing and grinding the rock. The degree of fineness
required depends upon the size of the individual particles or crystals.

In the Mineville district, in New York state, crushing the rock so that it
will pass through a five-mesh sieve, that is, a wire sieve with five holes to the
lineal inch, is sufficient to free practically all the magnetite. Crushing it to
pass through holes one inch in diameter results in freeing many pieces of prac-
tically pure magnetite of this size. This ore is easily concentrated by magnetic
separators. Most of the magnetite ore discovered in Ontario is of much finer
grain and requires very fine grinding to separate the magnetic particles from
attached waste.

For the separation of the magnetite from the waste, after sufficient fine
grinding, there are various types of apparatus, generally known as magnetic
separators. They are all based on the attracting and holding power of electro-

(33]
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Flg 1—High-power electromagnet.

Fig. 3—High-power electromagnet
with siderite.

Fig. 5—Highpower electromagnet
with ilmenite.

Fig. 7—High-power electromagnet
with magnetite.

Fig. 2—High-power electromagnet
with hematite.

Fig. +—High-power electromagnet
with pyrrhotite.

Fig. 6—High-power electromagnet
with franklinite.

Fig. 8—High-power electromagnet
with iron filings.
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magnets. This power, as applied to various minerals, is well illustrated in the
accompanying figures.

These illustrations are taken by permission from the bulletin of the
University of Minnesota, entitled ‘“Magnetic Concentration of Iron Ore,” by
Edward W. Davis, Superintendent of the Minnesota School of Mines Experi-
ment Station.

Upwards of one thousand patents have been issued through the U.S. Patent
Office, in connection with magnetic separators. A few simple types have sur-
vived. Fig. 9 shows a Ball-Norton belt separator as used at Mineville. The
ore is fed to the upper side of the lower belt. The magnetic particles are lifted
from this belt to the under side of the upper belt by the electro-magnets. The
poles of these magnets alternate in sign. The loops of magnetic particles are
broken and re-form as they pass from pole to pole, thus permitting the falling
away of any non-magnetic material that may have become entangled. This
separator works best on ore not coarser than three mesh, nor finer than one
hundred mesh, but its capacity with the finer sizes becomes very low.

Foed Hopper

Stot for Take Up
Tailing Conveyor Coneentrate
~—— Lo~

LI

&
Fig. 9—Ball-Norton belt separator.
For coarser sizes a simple magnetic drum and short conveyor belt are used,

as illustrated in Fig. 10. The magnets may be fixed and the hollow drum may
revolve about them, or they may be an integral part of the drum and revolve
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Revolving Drum

IFig. 10—Ball-Norton pulley machine.
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Fig. 11—Dijagrammatic drawing of wet cobber.
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with it. This type of machine is also called a magnetic cobber. It has been
used for finer material, both dry and wet, but is not recommended for such
work. :

For wet material between three mesh and one hundred mesh, a successful
type of machine is shown in Fig. 11. For material finer than one hundred mesh,

f

)
Blime and Wuter't Tailings Agitating Water
8lime and Water l Tailiags fAcuntlng Water

Fig. 12—Grondal wet separator.

the Gréndal separator (see Fig. 12) is much used in Norway and has been
successfully used at the Moose Mountain plant at Sellwood, Ontario.

At the Minnesota School of Mines Experiment Station, E. W. Davis has
developed an entirely new type of separator for very fine material, known as
the “‘magnetic log-washer.” Mr. Davis, in his description of this in the bulletin

)
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Fig. 13—Diagrammatic drawing of magnetic log-washer (Davis).

referred to, says: “As the name implies, this machine js similar to the log-
washers now in common use in the Lake Superior district. Magnets have been
applied to the lower side of the machine in such a manner as to place the whole
bottom of the trough in a magnetic field.” Fig. 13 is a diagrammatic drawing
of this machine. From this drawing, its similarity to the log-washers may be
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easily recognized. This machine is adapted to the concentration of finely
ground ores, and the finer the ore is crushed the better the machine operates.
The ore, in either a dry or wet state, is fed to the machine at the point indicated
in the drawing and, after sinking into the water, at once enters the magnetic
field. The magnetic particles, together with the entrained non-magnetic
particles, are drawn to the bottom of the machine where they cling, not only to
the magnets, but also to each other. As a result of the mass action, the screw

Fig. 14—Magnetic log-washer, 60-inch.

conveyor readily stirs and conveys the ore, while the wash water added at the
upper end of the machine flows through the mass toward the overflow at the
lower end, carrying away the non-magnetic particles as rapidly as they are
liberated. High-grade concentrate is carried up the incline by the screw conveyor
and is discharged from the upper end of the machine. Fig. 14 is from a photo-
~ graph of a machine sixty inches long. The standard machines of this type at
Babbitt are eighteen feet long and six feet wide and are equipped with four
spiral conveyors.
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The machine is remarkable for its simplicity and effectiveness, and also
for the fact that the finer the feed is crushed the better it works. These are
the machines from which was being produced, at the time of our visit, all the
concentrate at the Babbitt plant.

The great difficulty in the operation of individual machines lies in the
enmeshing, or entangling, of non-magnetic particles with the magnetite. When
they are in the magnetic field, the particles of magnetite form themselves into
chains and loops and entangle more or less waste particles with them. Davis
developed his log-washer in such a manner that the magnetite is allowed to
entrain the waste, which, while the mass is retained in the magnetic field, is
then freed by mechanical agitation and the current of wash water.

None of the machines described are complicated in construction or difficult
to operate. They will all make high-grade concentrate if fed with material
which has been sufficiently crushed to liberate the magnetite from attached
waste. Apparently the problem is a simple one, but this seeming simplicity
has been the cause of many failures. It has caused inexperienced men to embark

Fig. 15—Magnetic log-washer, 18 feet long, Mesabi Iron Company.

on big plants without sufficient preliminary experiment. With the perfected
magnetic log washer, the problem seems simply to obtain fine grinding. If the
grinding is fine enough to liberate the smallest particles of magnetite, the log-
washer will do the rest. If we disregard cost, this is the complete answer. But
the solution of all concentration problems becomes the balancing of costs. The
cost of fine grinding, both for plant and operation, increases very rap:dly when
we seek to get particles finer than one hundred mesh. Fine concentrate becomes
difficult to handle and to sinter. All the magnetite ores in the Lake Superior
region, including Ontario, contain some extremely small particles of magnetite.
Unless the whole product is ground as fine as these minute particles, there will
occur in the concentrate many particles made up of magnetite attached to
waste (which often contains phosphorus). This pulls down the general grade
of the concentrate. There are three solutions to this problem. The most obvious
is to grind finer, but this runs up the cost. The second solution is to improve
the machines and the operation so as to throw these mixed particles into a
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separate product, middlings, in order that it may be necessary to regrind only
these middlings. This means that the machines must distinguish between
30 per cent. and 50 per cent. iron content in the particles, or even between 40
per cent. and 50 per cent. The third solution lies in the fact that these finer
particles are generally found in the poorer portions of the rock. The magnetite-
bearing rock may show a general average content of 30 per cent. iron, but
some parts of it may be nearly pure magnetite and other parts nearly all waste,
while still other parts will show all the grades in between. If we crush the rock
into one-inch fragments it will be possible to sort out individual pieces containing
only 3, 6, or 10 per cent. of iron, and it will often, if not universally, be found
that in this low-grade stuff there are finer particles of magnetite than in the richer
stuff. The =olution of the problem, then, is to discard this low-grade rock in
the coarse sizes before grinding is commenced. In order to do this it is necessary
20 to operate the coarse separators, or cobbers, that they can throw out a tailing
which will azzay 6, 8 or 10 per cent. iron. This means that the machines should
be able to distinguish between, say, an 8 per cent. iron content and a 12 per cent.
Magnetic cobbers, previously illustrated, will do this fairly well, but there is
room for improvement.

From this it will be apparent that the general problem is not simply the
separation of magnetic from non-magnetic. It includes the separation of 6
per cent. ore from 10 per cent. ore and the separation of 60 per cent. particles
from 40 per cent., or, better still perhaps, from 50 per cent. particles. The
general problem, however, involves more than this. What is the grade of ore
that must be eliminated in the early stages—is it 3, 6, 10, or 15 per cent.? The
economical success of the plant may depend on the proper answer to this question.
This entails a large amount of work by skilled men in a suitable laboratory
under the direction of a man of experience. Even after this has been done in
a thorough manner, there will be a period of adjustment, or tuning up, in the
commercial plant. If the prel'minary testing was not thoroughly done, this
period may be an extremely expensive one and may involve a breaking strain
on the finances, coming as it does at the time when a saleable output is expected.
Other difficulties have arisen in the past with standard ore-dress'ng apparatus.
Coarse crushers have failed on account of the hardness (or other crushing
peculiarity) of the iron ore. Much trouble has been experienced with the
classifiers in the closed circuit of the fine-grinding tube mills. This is the appar-
atus which separates the stuff which is sufficiently fine from the coarser material
which must be returned to the tube mill for further grinding. Much trouble
was experienced in these classifiers when a product was sent to them that had
previously been over a magnetic separator. The magnetite had become
permanently magnetized (polarized) and particle attached itself to particle,
making classification practically impossible. The Minnesota School of Mines
Experiment Station solved this difficulty with its demagnetizer. A diagrammatic
drawing of a demagnetizer is shown in Fig. 16. It operates, on the same principle
as the instrument for demagnetizing watches, by supplying an alternating
electric current to the coil of wire which results in the production of an alternating
magnetic field within the pipe. As the ore passes through the pipe it loses its
residual magnetism because of the rapidly alternating magnetic field through
which it passes.



V(i()\‘(‘IENTRg\TIOT\' or Low-GrapE MaaNETIC TRON ORES 41

Similar troubles have caused serious delays in the hands of experienced
men at more than one plant, but the cause and remedies are being worked out,
and in the future there will be reaped the benefit of this pioneer work.
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[Fig. 16—Diagrammatic drawing of demagnetizer (Davis).

The way has been made clear for the production of a high-grade sinter from
practically any ore containing magnetite. The lowest grade of ore that it will
pay to treat depends upon economic conditions, but generally speaking, under
the most favourable conditions, the ore should contain not less than 27 per cent.
of iron in the form of magnetite. From this it is not difficult to obtain a sintered
product containing 60 per cent. of iron, and low in phosphorus and sulphur.
Technically, it is quite possible to make a product containing 70 per cent. of
iron, but the economical grade will be somewhere between these two limits
and will vary with different ores, different local conditions. and market demand.

The presentation of valuable cost data in connection with the magnetic
concentration of low-grade ore is extremely difficult. Conditions are so variable
that only through detailed study of each particular problem can reliable figures
be secured. It may be necessary to mine and crush nearly three tons of ore;
cob, fine grind, and concentrate two tons of ore; dewater and agglomerate one
ton of ore; stock-pile part of this and dispose of two tons of tailings for every
ton of final product shipped. The cost of grinding, both for plant and for
operation, increases very rapidly as it is necessary to grind finer. So it is
necessary, before any complete estimates can be made, to know how much
of the ore can be eliminated as waste in the coarser sizes, and how fine the
balance must be ground in order to produce the necessary grade of concentrates.
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Speaking generally, for large mills to crush from mine size to four mesh would
cost from 10 cents to 20 cents per ton; from four mesh to minus 200 mesh, from
30 cents to 45 cents per ton. The other milling operations, that is magnetic
separation and handling of products, will cost from 15 cents to 30 cents per ton
of material treated.

In the same way, it is impossible to estimate the construction cost of a
plant without knowing the local conditions, but it would be from $2 to $3 per
ton of yearly capacity when the plant is operated three hundred days of twenty-
four hours each per year. This does not include the power plant, or transporta-

tion facilities.



CHAPTER VI

PREPARATION OF CONCENTRATES FOR THE BLAST FURNACE,
BRIQUETTING, NODULIZING, SINTERING, AND CALCINING

Ontario magnetites require concentration because they are low in iron,
that is, they contain a large amount of rock matter, which is chiefly silica or
quartz. This rock matter, or gangue, would be made into slag if such ores
went direct to a blast furnace. In concentrating these magnetites, the rock
matter is removed as tailing. The fact that it is cheaper to make a tailing
than to make slag, is the economic reason for concentration.

To effect concentration, crushing and fine grinding are necessary in order
that the magnetite particles may be separated from the rock particles. The
result of this concentration is a product high in iron, but very finely divided.
This finely divided material is unsuited for immediate smelting in a blast furnace
for several reasons, the chief of which is that a very large proportion of it would
be blown out of the furnace by the blast. It would require additional expense
to recover this iron as flue dust. There is apparent, therefore, the need of
changing the physical form of this fine concentrate. Methods for doing this
may be classified as follows: (1) Briquetting, (2) Nodulizing, (3) Sintering.

Briquetting

Briquetting means, obviously, making into briquettes or cakes. This
may be done with a binder, but such is seldom, if ever, used for iron ores. A
briquette to be satisfactory must be able to stand handling and transportation
without disintegration; it must be resistant to exposure in the open air; and
it must be able to exist without crumbling in the upper part of a blast furnace.
Few briquetting processes can meet these rather rigid requirements.

One of the best known processes for briquetting is the ‘‘Gréndal.” This
process had its inception in Norway and Sweden. The fine, moist ore is com-
pressed into bricks, loaded on cars, and the cars are run into a furnace heated
by coal, producer gas, or similar fuel. As they enter the furnace they reach
gradually the hottest part, and on leaving they are gradually cooled. The high
cost of fuel makes this process an expensive one in Ontario.

The only criticism of briquettes made by this process is that for the blast
furnaces they are too large for the proper burdening of the furnace; also, they
are too large for ferro-silicon furnaces.

Nodulizing

Nodulizing is an agglomerating process carried out in a rotating, cylindrical
kiln about 125 feet long and 8 feet in diameter. The kiln, which inclines slightly,
is fired with pulverized coal at the lower end. The fine ore is charged at the
upper end and travels slowly toward the firing end, getting hotter as it proceeds.
The high temperature makes the particles stick together, or agglomerate into
balls or nodules, which are discharged continuously at the lower end of the
* kiln. The kiln is similar to those used in the production of cement. The plant
is expensive to install and the fuel consumption is excessively high.

(43]
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Sintering

There has been a very great improvement in the last few years in the
capacity of the machines used, and a consequent reduction in costs of operation.
There are two different types of sintering machines applicable to iron ores.
Both machines use the same principle and they differ only in the type of apparatus
employed. The principle involved may be illustrated in this way: Fine ore is
mixed with 6 to 8 per cent. of its weight of finely pulverized coal, or similar fuel,
moistened and spread on a grate in a layer about 8 inches thick; air is drawn
by a fan through this grate and the layer of mix which it bears; the charge is
ignited by a hot flame; after ignition is made the combustion of the small
amount of fuel proceeds downwards through the cake. A high temperature is
attained momentarily as this combustion proceeds, and this temperature is
sufficient to make the whole mass into a coherent, spongy cake, known as a
sinter

The process had its first application in the sintering of fine lead ores. In
the lead, copper, and zinc industries, its details have been worked out and its
success demonstrated. It is only in comparatively recent years that this
process has had much application in treating fine iron ores and iron blast
furnace flue dust; but so great has been the success achieved that this pro-
cess is almost exclusively used in modern installations.

The Greenawalt pan is intermittent in its action. The fine ore to be sintered
is mixed with the necessary fine coal or coke in a mixing cylinder, where it is
properly moistened. The cylinder discharges the ore into a bin from which it
is transferred in a car to the pan. The levelled charge is then ignited by means
of the ignition hood which is moved over the pan, covering it completely. This
hood is similar in some respects to the hood used in connection with repair
work on our asphalt paved streets. After ignition the charge burns with the
down draft, the temperature produced by the burning coal being sufficient to
partially fuse the whole mass into what is called a sinter. The structure of this
material is very similar to that of coke. The burning time is about twenty-five
minutes. When the sintering is finished the pan is rotated on its trunions; the
charge is dumped over a grizzly; the fines are returned; and the coarse goes
directly to railroad cars. The modern Greenawalt sintering pan is 24 feet by
10 feet in size, with a cast iron grate bottom. The pan rests on the wind box
from which the air is exhausted by a fan at the rate of about 20,000 cubic feet
of air per minute.

The other machine for sintering is the Dwight and Lloyd machine. In
this machine the grates, or palettes as they are called, move over a wind box
where their charge is ignited, and their rate of travel is so regulated that sintering
is completed by the time thay have reached the end of the wind box. The Dwight
and Lloyd machine is therefore continuous.

The modern Dwight and Lloyd machine is about 64 feet long and 42 inches
wide. It consists of some sixty odd trays, about 24 inches by 42 inches, with
cast iron grates and two end walls about 9 inches high. At one end these trays
receive the properly mixed and wetted charge which is made up of the fine ore
and fine coal or coke, the surface being levelled as they are filled. As they
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move on the wind box they pass under the ignition furnace which burns oil or
gas, and as the trays continue their movement over the wind box, combustion
of the coal in the mix proceeds and a sufficient temperature is attained to make
a strongly coherent cake or sinter. The trays automatically dump their charge.
The amount of coal or coke required in the mix varies with the material, ranging
from 3 per cent. to as much as 8 per cent. Sulphur when present in the ore
reduces the amount of fuel necessary for sintering, as its oxidation and removal
furnishes considerable heat.

The Dwight and Lloyd machine possesses marked advantage over the
intermittent Greenawalt pan, but the use of the large pans in the more recent
Greenawalt installations has put the two processes on a basis of equality, so
that opinions are comparatively evenly divided as to the relative merits of the
two machines for producing sinter. Both types of operations have their
champions, each claiming some advantages over the other, but they are similar
in principle and produce a similar product, so that the one which will show the
lowest operating cost will be the best for any particular case.

In addition to changing the physical form of the fine ores, the sintering
process is an excellent desulphurizer. The passage of the volume of air through
she cake during the process of sintering gives opportunity for the oxidization
and removal of sulphur in the charge. Ores containing from 3 to 5 per cent. of
sulphur are successfully reduced to from 0.1 to 0.2 per cent. sulphur.

At the E. & G. Brooke Company’s plant at Birdsboro, Pa., a Dwight
and Llovd machine is sintering and desulphurizing their French Creek magnetite.
This ore is a magnetite containing 55 per cent. iron and averaging 3 per cent.
sulphur. The ore is crushed to pass a ring three-eighths of an inch in diameter.
Sinter containing from 0.1 to 0.2 per cent. sulphur is made, using from 3 to 3.5
per cent. of fine anthracite as fuel. Ignition is made with iron blast furnace
gas. The average daily tonnage on a 57-foot machine is 400 tons per day.
The cost of sintering is about 90 cents per ton, including the royalty of 15 cents
per ton. Lower costs than this have been made. At times the sulphur content
in the ore seems considerably above 3 per cent., but a uniformly low sulphur
sinter is made.

At the present time, either the Dwight and Lloyd machine or the Greena-
walt pan offers the cheapest and most effective means of putting fine ores in
condition for blast furnace use.

The new plant of the Mesabi Ore Company, at Babbitt, Minn., employs
Dwight and Lloyd machines.

In the Eastern States the magnetite concentrates are sintered either with
Dwight and Lloyd machines or Greenawalt pans. The largest installation
(2,000 tons per day) at Lebanon, Pa., uses Greenawalt pans.

These machines are not fool proof, and the problem of making a good sinter
and a high tonnage on either has to be worked out carefully for each individual
case. It is essential that the amount of carbonaceous fuel needed, be in a finely
divided state for rapid burning, and that it be uniformly mixed with the material
to be sintered.

Inferior fuels, such as coke breeze, or possibly even finely divided peat, may
be used, although the last-mentioned has not been used in this country. -
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Treatment of Siderite

Siderite, sometimes called ironstone, is a carbonate of iron, as limestone
is a carbonate of lime. Ontario has important deposits of siderite. Of these
the best known are the Helen and the Magpie mines. Because of the high
carbon-dioxide content of these ores, the iron content is low.!

Iron ore going into a blast furnace contains, in addition to the iron, the
oxygen with which the iron is combined, and the gangue, or rock matter, that
is present in the ore. To do the smelting, coke is added and burned to CO at
the tuyéres by the blast of air supplied. The top gases contain the carbon in
the form of the two oxides of carbon: carbon monoxide CO, carbon dioxide
CO,. For the reduction of the iron a certain relationship between the quantity
of carbon monoxide and carbon dioxide must exist. If siderite, containing as
it does a high percentage of CO,, were charged directly into a blast furnace,
to maintain this relationship or equilibrium would require the burning to CO
of much more coke in the blast furnace, so much more that the removal of the
CO, from the siderite before it is charged into the furnace is an economic
necessity. This is, briefly, the reason why calcining of siderite ores is necessary.

Crushed siderite ore may be calcined and sintered in one operation, either
on the Dwight and Lloyd machine or on the Greenawalt pan. The fuel con-
sumption for this would be little, if any, higher than for sintering, say, magnetite
concentrates. The reason for this is that the equation representing calcining
of iron carbonate to Fe;O, is almost thermally balanced. If the sinter contained
much Fe,O; it would mean that the reaction had really given out heat. The
equation of the reaction may be written thus: 3 FeCO;+0 =Fe;0,+3 CO,.
The heat of formation of FeCQO; is 187,000, so that we have on the left hand side
of the equation three times this quantity of heat, or 563,400. On the right hand
side we have the heat of formation of magnetite 270,800, and three times the
heat of formation of CO,, 291,600, making a total of 562,400. The difference
between these two quantities is 1,000 calories, or 6 calories per pound of iron
and 4.3 calories per pound of magnetite sinter produced. As a pound of average
coal may contain 7,000 calories, this would be equivalent to less than one-tenth
of one per cent. of coal to sinter produced. To show the difference between
calcining siderite and calcining limestone, a similar calculation might be made
for limestone, and there will be found to be required 805 calories per pound of
burned lime, which is equivalent to about 11.5 per cent. of fuel, which would
be the theoretical requirement.

At the time the rotary kilns were installed at the Magpie, coal was cheap,
and the sintering process had not reached its present state of development, so
that there probably was, at that time, little to choose between the two processes.

These ores contain also considerable sulphur, and in their preparation for
the blast furnace it is necessary to reduce this sulphur to permissible limits.
To oxidize sulphur, more air has to be admitted into the kiln.

During the operation of the Magpie mine over a million tons of ore have
been so treated.

For average analyses of ores of the Helen and the Magpie mines, see Appendix, pages
158 and 160.
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In later years the cost of this operation has been greatly increased, due to
the increased price of coal.

The Greenawalt pan, or the Dwight and Lloyd machine, will perform
both of these operations, that is desulphurizing and calcining, as successfully
as will the rotary kilns.

Sintering Tests in 1914

In 1914, 6,000 tons of Magpie ore were sintered on Greenawalt pans, accord-
ing to reports of the Algoma Steel Company. The work extended over a period
of about seven months and was thoroughly successful in every respect. All
conditions, both of summer and winter, were met. The average on about 4,000
tons of sinter ran 0.23 per cent. sulphur, and an expenditure of 120 pounds of
coke breeze per ton of product was required.

Five hundred tons of Helen ore were run over a Greenawalt pan, producing
a sinter containing 0.146 per cent. sulphur and 55 per cent. iron. The report
shows that the Helen mine ore makes a particularly good sinter, being almost
100 per cent. product, and there is no question that the Greenawalt is a thoroughly
practical process for treating Helen Mine siderite.

Subsequent Tests on Helen Siderite Ore

Tests were subsequently made on a Dwight and Lloyd machine at the
American Steel and Wire Company’s plant in Cleveland, Ohio, and at the
Toledo Furnace Company, Toledo, Ohio.

Three cars of Helen siderite were used in the test at Cleveland. Their
summary of the result of the test at Cleveland is as follows:—

These tests show that the Dwight and Lloyd sintering machine, as installed at the Central
Furnace Plant of the American Steel and Wire Company, will reduce sulphur in Helen siderite
to about 0.2 per cent. and that a very large tonnage is possible, that is from 300 to 350 tons
per 24 hours, and that likely much more if everything was properly adjusted. However, we
could not get the ore to come uniformly good, which compels us to try the ore on the machine
at Toledo, where better mixing facilities are to be had, as the mixing is undoubtedly the cause
of the trouble.

Two cars of Helen ore were used in the test at Toledo. The analysis of the
finished product from this run is as follows:—

Per cent.
Iron................ . . ...... 55.66
Sulphur..................... ... 0.18

This test absolutely demonstrated that at least 175 tons of first class material
could be made per day of 24 hours.

The screen analysis of the material shipped for these tests was given as
follows:—

Per cent
On linch.................... 2.5
3/8 ¢ 6.7
1/4 % 32.3
1/8 “ 30.5
Through  1/8 “ ... ............. ... 28.0

This, apparently, shows crushing to approximately 1 inch size.
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The improvement in the art of sintering iron ores and the increase in the
capacity of the machine used make the sintering process more economical than
the rotary kiln process. The saving in the cost of treatment of ore by this
process may be sufficient to permit profitable operation where treatment by the
kiln process would not. The cost of fuel is an important consideration in
comparing the processes, and the superiority of sintering is now more marked
than it was when coal was cheap.



CHAPTER VII

DESCRIPTION OF BENEFICIATION PLANTS AT BABBITT, MAGPIE,
MOOSE MOUNTAIN, TRENTON, AND ATIKOKAN

Babbitt Plant

The most ambitious attempt ever made to beneficiate low-grade magnetic
iron ores on this continent is undoubtedly that of the Mesabi Iron Company,
on their Babbitt property in Minnesota.

Here, by lease and purchase, they have secured control of approximately
fifteen miles of the eastern extension of the Mesabi Iron range. The ore body
is so well exposed that surface stripping is almost unnecessary, and the results
of development work indicate that the ore body is uniform in quality, with a
natural magnetic iron content of not less than 26 per cent.

Without going into particulars, it is immediately apparent that their ore
reserves are, to say the least, ample.

This deposit has been known since the early days, but with the discovery
of the immense high-grade hematite deposits farther west on the same range,
the so-called taconites of the eastern end were entirely ignored.

In the meantime, great progress has been made in the commercial ex-
ploitation of the low-grade copper ores in the western part of the United States.
The success attending the efforts of those responsible for these new low-cost
methods was largely dependent upon the magnitude of the ore deposit which
permitted the installing of the most economic equipment and the mechanical
handling of huge tonnages, at minimum cost.

Among the names of those standing out prominently as sponsors to this
new departure in mining and milling, are Chas. Hayden and Daniel C. Jackling,
the former identified with the financial end, and the latter with the operating
and technical end. But these men were not content to rest on the success of
one adventure, great as it was. They are essentially pioneers in the mining
industry, and through a series of circumstances they conceived the possibility
of applying the same process to the low-grade iron deposits, producing a superior
product for the blast furnace that would compete commercially with even the
high-grade natural deposits of the Western Mesabi range.

They knew from experience what could be done in handling profitably the
low-grade copper ores. They thought the same process could be successfully
applied to low-grade iron ores. Could it be done? There was only one way to
find out, and capital was necessary.

In 1915, the Mesabi Syndicate was organized to investigate the whole
question. Within a short time engineers were on the field and technical experts,
in co-operation with the staff of the State Experimental Station at Minneapolis,
were investigating the process of magnetic separation. Old types of machinery
were redesigned, and the Davis log-washing magnetic concentrator was evolved.
The preliminary information thus obtained, coupled with standard design and
practice as in use in the large tonnage copper plants of the west, formed the
basis of design for an experimental or pilot mill of 100-ton capacity per day at
Duluth.

(49]
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The mill was erected and crude material was brought down from the Babbitt
property. Different machines were tested in a practical way, and results were
charted with minute care. Different combinations were given practical tests,
and this work continued in a most efficient manner until final plans were decided
upon in 1919.

This preliminary experimental work had cost approximately three-quarters
of a million dollars, and the practical application of the information had yet to
be provided for.

In 1919, the Mesabi Iron Company was incorporated for this purpose,
with the following directorate: Charles Hayden, Chairman of the Board;
Daniel C. Jackling, President; John D. Ryan, W. E. Corey, Percy A. Rockfeller,
C. M. McNeil, Sherwood Aldrick, W. Hinkle Smith, Alva C. Dinkie, Seeley W.
Mudd, Horace V. Winchell, John R. Dillan, W. G. Swart, J. Carson Agnew.

Final plans provided for quarry, transportation, and primary crushing
capacity up to 10,000 tons per twenty-four hours. Beyond this point the plant
is designed on a unit basis, and the operation may be generally described as
follows.

Mining

About a mile from the mill, the quarrying of the taconite has been com-
menced by taking out a cut approximately thirty feet deep and laying standard
grade track for steam shovels and cars. On the bank, motor-driven cyclone
churn drills operate and drill a 6-inch hole to a depth of thirty feet, at a rate
of about one foot per hour. The holes are spaced at fifteen-foot intervals along
the face of the cut. They are loaded with 60 per cent. dynamite and shot in
series. With a small amount of block holing, the blasted material can be directly
loaded by steam shovel into cars and transported as required to the crushing
plant.

The rock is a banded magnetite.

Coarse Crushing Plant

The ore is dumped from hopper cars directly into a bin feeding an 8 by 31-
foot pan conveyor, which in turn feeds it to a 48 by 72-inch jaw crusher with
a capacity of 900 tons per hour from quarry size down to about 10 inches.

The 10-inch product then passes to a 36 by 54-inch jaw crusher and is
reduced to about 4 inches. It then drops into a larger bin that has somewhat
the function of a surge tank, since it provides for any unevenness in the flow
from the jaw crushers to the following stage of reduction. From this bin the
4-inch product feeds to four No. 9 gyratory crushers, and is further crushed to
a product passing a 2-inch ring.

A 42-inch conveyor belt takes this material to the first storage pile.

This completes the cycle of operations in the coarse crushing plant. It
will be noted that it is dry crushing; no attempt has been made to concentrate,
and the’capacity is equal to about 10,000 tons per day from quarry size down
to a diameter that will pass through a 2-inch ring.

Roll Crushing Plant

From the primary storage pile where the ore has been reduced so that it
will pass a 2-inch ring, it is conveyed by apron feeders to a 30-inch conveyor,
and from there to the top of a series of screens. The oversize from 2-inch screen
passes direct to the rolls, while the undersize goes to a 114-inch Mitchell screen.
The undersize from this screen passes to another series of screens decreasing
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from stage to stage. The final undersize passes directly to the cob pile, while
the oversize in each case is taken over to magnetic cobbers, so adjusted that
they will throw out of the circuit all particles containing less than 10 per cent.
magnetic iron. The concentrates in each case join the oversize from the first
screen and are conveyed to a pair of rolls 78 by 20 inches. From the rolls they
pass to a conveyor, and from the conveyor to a 74-inch Mitchell screen. The
oversize is in closed circuit and returns to the apron feeders, while the undersize
from a 7g-inch screen passes to a 30-inch conveyor, and from there to a 34-inch
screen. The undersize of this goes to a 314-mesh Hummer screen; the under-
size of each joins the cob from the first battery of screens, and all is conveyed
to the fine storage (minus 6 mesh), cob material to be further treated in the
fine grinding plant. The oversize from the 34-inch Mitchell screen is taken
over to a grader, as is also the oversize from 34-inch Hummer screens. The
tails in each case go to waste, or for road material, while the concentrates are
taken to another pair of 78 by 20-inch rolls, are then dropped to a 24-inch con-
veyor, and are returned in closed circuit to the undersize from the 74-inch
Mitchell screen.

The cobber tails collected are run out on the collecting conveyors and are
taken to a stone trommel with round holes three-sixteenths of an inch in diameter.
The fines, or dust, are sold as road surfacing material and loaded directly into
cars where markets are available, while the oversize to three-sixteenths of an
inch is treated as marketable stone.

Fine Grinding Plant!

From the cob storage pile (minus 6 mesh) the ore is spread on an 18-inch
horizontal and incline conveyor; water is added for the first time in the process,
combining with the ore in a Dorr classifier, 6 feet by 21 feet 8 inches, set to
overflow at minus 48 mesh, such overflow being conveyed immediately to the
pumps. The sand, or plus 48 mesh, is taken to wet cobbers, where all material
running less than approximately 8 per cent. magnetic iron is eliminated. The
concentrate is conveyed through pipe launders to two 8-foot by 22-inch Hardinge
mills, and from there by pipe launders to four 8 by 22 foot Dorr classifiers.
The plus 48 mesh material is in closed circuit and is returned to join the con-
centrate from the wet cobbers. The minus 48 mesh joins a similar product
overflowing from the first classifier and is pumped by 8-inch rubber lined pumps
to a Dorr bowl classifier which splits the feed into two products, plus 150 mesh
and minus 150 mesh.

The plus 150 mesh goes to an 8 foot by 22-inch Hardinge mill, and from
there by pipe launders to a 9-foot Dorr bowl classifier; the sand running plus
150 mesh is kept in closed circuit and returned to the Hardinge mill, while the
overflow, minus 150 mesh material, joins the overflow from the first-mentioned
Dorr bowl classifier and flows into five magnetic rake washers; the tails from the
rake washers go direct to waste, while the concentrates flow into the magnetic
log washers. The tailings from these log washers are returned and join the
minus 48 mesh material below the pumps, while the concentrates constitute
the final wet magnetic concentrate.

From the log washers the magnetic concentrate flows to Dorr thickeners,
below which fine anthracite screenings are added; the combined product is then
dewatered by two continuous Oliver filters, 5 feet 4 inches by 10 feet. The

1As experimentation is being continuously carried on, the flow sheet has been changedin
some parts since this description was written in March, 1923.
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cake drops to a 24-inch belt conveyor, which in turn feeds it to a 42-inch by 64-
foot Dwight and Lloyd incline type sintering machine, ignition being obtained
by the use of kerosene oil. The sintered product is crushed and trommelled,
the fines being returned for further sintering and the coarse material dropping
on to an inclined metal conveyor where it cools and is elevated to the railway
cars for shipment to the dock.

By reference to the vertical elevation of the plant, the process can be traced
step by step from the introduction of the quarry product to the finished sinter.

By way of further explanation the following is introduced as a balanced
metallurgical statement:—

Magnetic | Magnetic | Magnetic

Product Weight iron iron iron

assay units content

per cent. | per cent. per cent.

RoLL PLANT
1.Rock..... ... 100.0 28.5 2,850 100.0
2.C0b. 70.0 36.0 2,520 88.4
3. 8tone. o 30.0 11.0 330 11.6
FINE GRINDING PLANT
4. Cob.\ it 70.0 36.0 2,520 88.4
5. Primary classifier,sand................... 59.2 38.0 2,250 79.0
6. Primary classifier, overflow...... ... ... .... 10.8 25.0 270 9.4
7. Wet cobber concentrate................... 45.4 47.0 2,130 74.8
8. Wet cobber tailing.................. .. ... 13.8 8.5 120 4.2
9. Line6,plusline 7........ .. ............. 56.2 42.7 2,400 84.2
10. Final concentrate. .. ..................... 37.3 64.0 2,386 83.7
1. Finaltailing............................. 18.9 0.75 14 0.5
Ratio of concentration 2.68 into 1. Extraction 83.7 per cent.

The analysis upon which the Mesabi Iron Company offer their sinter for

sale is as follows:— .
Dried at 212° F. Natural

Iron. ... ... 64.00 63.04
Phosphorus. ... 0.027 0.027
Silica. v 9.00 - 9.00
Manganese. o ..ot 0.20 0.20
Alumina. . .oovnn i i 0.67 0.67
Lime... ..o i 0.10 0.10
Sulphur....... ... .. .. . 0.005 0.005
Titaniumoxide........................... 0.03 0.03
Gain by ignition........... ... ... .. ... 1.83¢ 1.83
MoOIStUre. o oo e e i nil

! Gain by ignition due to oxidation of magnetite into hematite.

It will be seen from this that mechanically prepared sinter is a very high-
grade furnace product. The iron content is high. Phosphorus and sulphur
are low, and silica has been reduced to nine per cent. These chemical quali-
fications added to the physical characteristics displayed by the hard, porous
sinter would appear to make it a most desirable product for the blast furnace.

Because.it is hard, and within the Bessemer grade, it ranks on the market
with the Old Range Bessemer ore. Adding the bonus for 64 per cent. iron as
against the base 55 per cent., and a similar bonus for exceptionally low phos-
phorus content, the selling price at Lake Erie points would be around $7.47
per ton, as against a base price for Old Range Bessemer, 55 per cent. iron, of
$5.95, thus showing a margin of a little over $1.52 per ton.
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But there are additional advantages favouring the Mesabi Iron Company
as compared with those companies producing a natural high-grade iron ore from,
say, the hematite deposits of the western end of the same Mesabi range.

Stripping the hematite deposits is becoming increasingly expensive, and
probably amounts to about 50 cents per ton shipped to-day. Royalties are
payable, in many cases varying from 25 cents on State leases to over $1.50 per
ton in some cases, with a probable average of around 60 cents per ton.

Taxation of mineral lands in Minnesota has been previously discussed in
Chapter IIT.  The combined taxation levied by state, county, and municipality
to-day represents about 28 cents per ton shipped.

Summarizing then as follows:—

Market advantage in price of product. ... ... ... ... .. ... $1.52 per ton
Reduced cost by reason of noroyalty................... ... .60«
Reduced cost by reason of little stripping, say.............. .40«
Reduced cost by reason of reduced taxavion, say.......... .. .25«
Total advantage. ........ ... .. ... ... .. ... ... .. S2.77 per ton
The estimated selling price of Mesabi sinter at Lake Erie
POINTS IS « oottt e $7.47
Neducting:
Rail freight. ... .. $0.86
Dock charges. ... .05
Vessel charges. . ... o .70
Unloading. .. ... 0 .13
' S1.74
Net value at the mine.......... ... ... .. ... ... ........ 85.73
Estimated cost of production. . ... ... .. ... .. ... ... .. .. 3.50
Leaves an indicated profitof. ... .. .. .. .. ... ... ... ..... 82.23

It is to be noted, of course, that the estimated cost of production per ton
of sinter ($3.30) is based on a daily capacity of 10,000 tons of rock. The present
capacity is, perhaps, not over 1,000 rock tons per day, and the plant is essentially
an experimental one beyond the primary crushing unit. But when mechanical
difficulties and final adjustments in operating practice are solved, additional
sintering units will be added, increasing the plant capacity to around 1,000
tons rock per day for each such unit added.

This committee believes that the plant has passed the strictly experimental
stage, because the company has actually produced the finished product and,
generally speaking, proved their estimate as to quality and cost of production.
However, they are still in the adjustment stage. Changes in detail are here and
there necessary, and it would be poor economy to proceed with additional units
until this first one has been perfected. While our information is to the effect
that nothing has developed that would seriously disturb their first estimated
cost of production, the fact remains that until the whole plant is completed and
the estimates proven by practice, the cost of $3.50 per ton of sinter is an estimate,
and even if this figure were considerably increased, it would still leave a fair
margin for profitable operation.

If we were to take a short-sighted view we would point out that delay in
obtaining capacity production, with the cost of experimental work incident to
a pioncer effort of this character, coupled with interest charges on capital in-
vestment, was laying a very heavy burden on an enterprise of this kind, where,
at best, the margin of profit is narrow. However, in a situation such as we face
to-day, where new and additional supplies of iron ore must be obtained if the
world is to progress, there is no room for such a short-sighted view. We must
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look well into the future, and when we examine the prospect. in this attitude
it is at once recognized that while Mesabi Iron Company’s cost may move
upward gradually subject to the trend of events, the cost of iron ore must rise
more rapidly due to decreasing supplies, diminishing iron content, and a gradually
increasing public demand for steel products.

On the whole, then, the relative commercial position of the Babbitt plant
should become more advantageous as time passes.

Magpie Plant

At the Magpie plant where siderite ores are treated, two skips running in
balance hoist the ore from the mine and drop it directly into a No. 8 Austin
gyvratory crusher. Crushed to less than six inches, the product drops to a grizzly
where the oversize is split, half going to each of two No. 5 Austin gyratories,
set to crush everything to pass a three-inch ring.

This three-inch product, by means of belt conveyors, is transferred to a
series of bins, each with a capacity of 250 tons, located in the roast house. This
completes the preparation of the ore for beneficiation proper.

Roast House Equipment

-The roast house equipment comprises six units. Each unit, complete in
itself, consists of a rotary kiln, connected at the feed end with a dust arrester
and stack and at the discharge end with a rotary cooler, with the necessary
apparatus for injecting the pulverized fuel under air pressure.

The kiln is essentially a cylinder, 125 feet long and 8 feet in diameter, lined
with fire-brick. It is mounted at an inclination toward the discharge end, one-
half inch per foot in length, in such a way that it can be slowly rotated.

The Roasting Process

As the mixture of fine coal, dust, and air strikes the hot ore near the discharge
end of the kiln, it is ignited. This is the hot zone in the kiln, and a temperature
of between 1,000°C. and 1,100°C. is maintained. Gradually, as the hot gases
make their way to the upper or feed end, their heat is absorbed by the oncoming
ore. Finally, in a comparatively cool state, these gases pass out of the kiln
into a dust collector, and from there up a stack 100 feet high.

We have noted that the cold, raw iron carbonate ore, as it made its way
along the kiln, absorbed heat and was finally raised to a temperature of 1,000°C.,
or just under its melting point.

This roasting process provides for, first, the removal of the carbon as
carbon monoxide and carbon dioxide, and secondly, the oxidization and removal
of most of the sulphur. The chemical reactions may be indicated as follows:—

2 FeCO;3; + heat + air = Fe,0; + CO + CO,
2 FeS + air = F6203 + 2 SOZ

- The finished hot ore discharges directly into another rotary, 4 by 40-foot
kiln, lined with fire-brick, to which cool air has ready access and in which the
finished ore is gradually cooled before its discharge to the stock-pile, ready for
shipment. The hot air resulting from this cooling process is used with the pul-
verized coal on the main kiln, and its heat thus conserved.
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Results Obtained

The comparative analyses of the raw and beneficiated ore are about as
follows:—

Raw Finished

ore product

% )
Iron... .. o o 35.61 50.00
Phosphorus.............................. 0.01 0.18
Silica o vvvr i 7.28 8.91
Manganese.........couiiieniin 2.09 2.48
Sulphur.............coooi il 2.00 0.20
Lime, magnesia, alumina.............. . .... 12.00 17.03
Loss onignition..................... .. ... 30.00 nil
Moisture, lessthan........................ ..... 1.00

At the time the process was adopted and installed, the Algoma Steel
Corporation recognized that to keep within commercial limits, the capacity of
each unit must be maintained at not less than 120 tons of finished product per
day; that the fuel consumption must not exceed 250 pounds per ton of roasted
ore; and that they must desulphurize the ore without raising the temperature
to a point where the ore gets sticky and forms rings on the lining near the
discharge end of the kiln.

In 1915, with the plant operating under very favourable conditions, the
coal consumption was 271 pounds per ton of finished ore. In 1916 and 1917,
the figures were 294 and 292, respectively. A reduction was effected in 1918
and 1919, bringing the consumption to about 282 pounds. However, with
post-war conditions affecting operations, and comparatlvely poor coal, the 1920
figure was 328 pounds.

Moreover, the maximum continuous burden in the kiln was found to be
about 23 tons and the maximum production per unit, 110 tons of finished product
per day.

Under these conditions, and with iron ore prices in 1921 approaching
pre-war levels, this method of beneficiation was no longer feasible, and the
mine and plant ceased production March 1st, 1921. Thus ended the one effort
made to beneficiate Ontario iron ores that approached commercial success.

Circumstances Favouring Magpic Operation

In conclusion it must be noted, in fairness to similar attempts, that the
Magpie mine enjoyed one big advantage in the fact that the owners of the mine
were also operators of blast furnaces, and in a position, if necessary, to absorb
practically the whole Magpie production. Only those who have studied this
advantage can appreciate its value.

Still another advantage in the single ownership of beneficiation plant and
furnaces, is that the owner has access to actual furnace results, and is thus
placed in a position to take commercial advantage of the favourable features
of their product.

Sintering May Solve Problem at Magpie

If by substituting the Greenawalt or the Dwight and Lloyd sintering
system for the kilns, costs can be sufficiently reduced to permit beneficiated
siderites to meet competition in the open market, such deposits as the New Helen
offer genuine promise and are worthy of early and active development.
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Moose Mountain Plant

The Moose Mountain mine and mill are situated near Sellwood, on the
C.N.R., about 25 miles north of Sudbury. The mine is described with some
detail on page 161, and a very excellent map, showing the location and extent
of the ore bodies, the mine location, and relative position and extent of the
town-site, accompanies the report entitled ‘“‘Iron Ore Occurrences in Canada,”
issued by the Department of Mines, Ottawa, in 1917,

The concentrating plant, or No. 2 plant as it is commonly called, is situated
near No. 2 deposit, and the building itself takes, roughly, the shape of the
letter “L” inverted. The short arm lies along the top of the hill, and the long
arm extends down the hillside. In the upper building is housed the machinery
for coarse, or primary, crushing, and extending downward is the fine grinding,
concentrating, and briquetting equipment. The construction is mainly steel
and concrete.

Grinding

The primary grinding was done by a Marcy mill, in which the ore is reduced
from minus 3 inch to minus 8 mesh. The latter product was fed to two 6-foot
Hardinge conical ball mills working in closed circuit with Dorr classifiers, the over-
flow from which constituted the finished product ready for magnetic separation.

Magnetic Separation

The concentration was effected by the use of Gréndal magnetic separators
of the revolving drum type. These machines were grouped two in series and
nine in parallel, thus making nine units of two machines each. The tailings
drop into one launder and the concentrates into another, leading to the foot
of an elevator where they are raised to a Dorr thickener.

Dewatering

The underflow from the Dorr thickener was conveyed to a 6-foot Oliver
filter. The filter cake was partially dried before being dropped vertically into
the briquetting press.

Briquetting and Kiln Burning

The concentrates were moulded in an ordinary brick-making machine,
after which they were piled checker fashion on a steel car and pushed into a
long kiln fired with producer gas.

The finished product, of the composition of hematite, was loaded on cars
for immediate shipment, or conveyed to the stock-pile.

Results Obtained

Briefly summarizing the situation, a large sum of money was spent on
what must now be looked upon as an incomplete experiment. It is generally
conceded that the product was high grade. It is admitted by the company
that the cost of such production was well above the price the furnace operators
were willing to pay for it. Undoubtedly, if sintering instead of briquetting had
been adopted, a considerable saving would have resulted, but whether such
saving and the general application of improvements as ascertained and worked
out during the experimental period of production, would permit production
at a cost not in excess of the market value of the beneficiated ore, is a question
that this committee cannot answer.

5 LO.
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Trenton Plant

This plant was erected by the Canada Iron Mines, Limited, and in it they
hoped successfully to treat their magnetic iron ores from the Bessemer, Childs,
Coe Hill, and Blairton mines.

All ore was transported a distance of approximately 70 miles from the
mines to Trenton, over the Bessemer and Barry’s Bay Railway to Bessemer
Junction, and thence by the Central Ontario Railway to its destination.

The mine ore, crushed to pass 214 inches, was dumped from standard railway
cars at Trenton into receiving bins, and from there elevated to a shaking screen.
The oversize on three-quarter inch was passed through rolls working in closed
circuit. All minus three-quarter inch was elevated to trommels. Minus one-
sixteenth inch product was fed to the Gréndal wet magnetic separator, and
the larger sized ore to three Ball-Norton drum type magnetic separators.

The furnace operators claimed that the concentrate contained an undue
proportion of fines and that the sulphur content was excessive. The concentrate
produced did not meet contract guarantees. To redesign the mill and provide
sintering equipment required new capital, and operations were discontinued
in September, 1913.

Atikokan Plant at Port Arthur

The ore developed at the Atikokan mine falls naturally into two clasces
high and low sulphur ores. Those described as low sulphur contain 2 per cent.,
or less, of that element.

So far as records are available, only low sulphur ore was shipped to the
Port Arthur plant, where it was first subjected to treatment in Davis Colby
1oasters.

These bin-shaped roasters were described as having a maximum capacity
of 31 tons per hour. It was claimed that the ore would make the passage through
the roaster in forty-eight hours, and would gradually attain a heat of about
1,250° C. at the discharge end.

It was originally planned that this ore, when discharged, should be imme-
diately transferred to the blast furnace, thus conserving heat. In actual practice
this was found impossible, and practically all the ore was allowed to cool before
going to the furnace. In any case, the process was a failure at the Port Arthur
works of the Atikokan Company.

Ore Analysis

Following is the average analysis of all ore shipped from the Atikokan
mine, 1908-1912:—

Before After
roasting roasting
- % )
Silica...... ... . ... .. 8.68 8.54.
Alumina..... ... ... .. ... .. .. .. ... ..... 1.51 1.55
Metalliciron. .......... ... ... ... ...... 59.85 60.24
Phosphorus. . ....... ... ... .. ... ... .. 0.11 0.11
Manganese................. i 0.11 0.11
Lime (CaO)......... ... ... ... .......... 3.00 3.15
Magnesia (MgO)....... .................. 2.54 2.59
Sulphur......... .. .. ... ... .. 2.01 0.66
Copper. ... . o 0.12 0.12
Titanium. .......... ... .. ... ... nil nil

Nickel.. ... 0.11 0.11



CHAPTER VIII

DESCRIPTION OF THE BLAST FURNACE

It is not known when iron was first used. Research only indicates its use
by man through a period of about four thousand years. Actual evidence as to
the extent of its use during the first three thousand years of this period is lacking,
but it is probable that the metal was used more extensively than the few speci-
mens <o far uncovered would indicate. Iron is perishable, and because of its
corrosive properties leaves no trail through the centuries.

It is not likely that if the use of iron or steel were discontinued suddenly
on this continent, any evidence of its extensive use would be available a thousand
vears hence. Only occasionally is some implement or ornament found among
ancient ruins.

Only doubtful evidence has as yet come to light of its use in the building
of the Egyptian Pyramids about 4000 B.C., but positive proof exists that the
ancient Hebrews and the Assyrians used it about 1400 B.C., and later the
Greeks. Then the Romans became comparatively proficient in its metallurgy
and spread throughout Europe the art of extracting and shaping, or working
iron. Caesar, after crossing the English channel, found iron in use by the native
Briton. During the Roman occupation the industry grew to one of impq(rt,ance
in England. o

The iron was obtained by heating a mixture of ore and charcoal, probably
in a flat bottom furnace or forge, until there had collected a small body of pasty

- metal (sponge iron) which was then withdrawn from the furnace and worked
by hammering to make wrought iron. This was the process used until 1350,
when the iron makers of Central Europe succeeded in producing iron that would
melt in the furnace and permit casting. They accomplished this in a different
kind of furnace, one built of masonry enclosing a shaft or vertical opening,
and having in a crude way the lines of the modern blast furnace. In this
furnace, ore, flux, and charcoal were charged in at the top while air, under very
low pressure, was blown in at the bottom. This method was introduced into
England about 1500. In 1619, coke was first used as fuel, and about 200 years
later the hot blast was introduced.

In 1619, the first iron works was established on the James river in Virginia,
and about 100 years later the first blast furnace was built.

For about 100 years, or from 1700 to 1800, the furnaces were very crude
affairs. Some of these are still standing in Virginia, the Adirondacks, and
Pennsylvania. Most of them were about twenty to thirty feet high, of stone.
work, enclosing a circular shaft some four feet in diameter at the top and about
eight feet at the bosh, the hearth either round or square in cross-section, the
capacity ranging from one to six tons per day. By 1880 the output had increased
steadily to nearly 100 tons per day, with a daily coke consumption of nearly
300 tons.

With all the basic principles in use, it is singular that so little progress was
made in the industry during this period. About 1880, rapid development began,
and to-day there are furnaces with a daily output of pig iron in excess of 600
tons, with a coke consumption of approximately 2,000 pounds per ton of iron.

(61]
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No particular reference need be made here to unsuccessful attempts to
found an iron industry in Canada, such as that by Molson on the St. Lawrence,
at Moisie (Catalan forge), or of the early struggles of the little blast furnaces
in Nova Scotia, at Sydney; in Quebec, at Radnor; or in Ontario, at Marmora.

Modern Improvements

A description of modern methods is made difficult by the complexity of the
details involved in the process and by its recent rapid development. The
fundamental principles have remained unchanged since the founding of the
process, because experience has demonstrated that this process is the most
practical. All improvements have been made with the object of increasing
the production and at the same time decreasing the cost. These objects have
been attained to a marked degree by the use of materials of the greatest purity,
selected by chemical analysis; by increasing the size of furnaces; by economies
in fuel; and by improved methods of handling material.

The comparatively simple small plants of 100 years ago have been succeeded
by large complex affairs. The greatest changes have taken place since 1880,
and because the improvements have been contributed by a great many men,
different stages of development and different methods of attaining the same end
are evident when visiting various works.

The Modern Blast Furnace

The modern blast furnace is a cylindrical steel shell, lined throughout
with fire brick. It varies in height from 90 to 100 feet or more, and each furnace
has varying diameters from top to bottom, the lines of the furnace being in this
way adjusted to the various changes going on at different parts within it. The
walls of the hearth near the bottom of the furnace are pierced with openings
through which so-called tuyéres convey a strong blast of heated air to unite
with the carbon of the fuel.

Into the furnace top is charged continuously the ore, fuel, and flux which
go to make up the burden. The ore furnishes the iron for which the furnace
is operated. The fuel in burning gives off gases which serve to reduce the iron
to a metallic form and to supply the heat requ'red for the reactions which
occur within the furnace, and to make fluid the desired product.

The flux serves to unite with various compounds which would otherwise
be infusible at furnace temperatures, and to remove in a fluid state the ash of
the coke and the earthy materials and impurities found in the ore. It also controls
the quantities of certain elements which are required in the pig iron, but which
are desirable only within certain limited percentages.

As the various materials of the charge work their way downward, approach-
ing the hottest part of the furnace at or slightly above the tuyéres, the various
changes become more and more complete until fusion or a molten condition
finally occurs. The molten iron, being heavier than the impurities, sinks to
the bottom, while the impurities of the ore and ash, together with the limestone
flux, combine to form a slag which floats on the surface of the iron. The two
can then be easily tapped off separately through openings located at proper
levels into pig-casting machines or ladles, depending on the kind of irons
manufactured.

To carry on blast furnace operations on a large scale, extensive equipment
is needed. The central feature of this equipment is the furnace, which is provided
with apparatus for hoisting the charges-to its top and with ladles for conveying



DEscrIPTION OF THE BLAST FURNACE 63

slag and molten metal, casting beds or pig machines for casting the metal into
pigs of convenient size, and in some cases slag granulating pits. Next in
importance follow the blowing engines for producing the blast, then the stoves
for heating it. Another necessity is the pumping station, its part being to furnish
large quantities of water for steam and cooling purposes. The gases generated
in the furnace are combustible, and apparatus for their most efficient disposal
is necessary. These gases are used to heat the stoves and to generate power by
burning under boilers or in gas engines, in which case they must be cleansed of
large quantities of flue dust. Modern equipment requires a stock house topped
by bins in which ore, fuel, and flux are temporarily stored and conveniently
removed for weighing or measuring before delivery to the top of the furnace.
Adjacent to the bins will be located the stock-yard containing the ore pile,
which is spanned by ore bridges. A car dumper advantageously situated usually
completes this part of the equipment. Finally the various parts of the plant
must be connected by a system of railways for transporting the materials.

Furnace

The furnace itself is usually considered under three main divisions, hearth,
bosh, and shaft.
The Hearth

The hearth is essentially the basin or reservoir of the furnace for the molten
iron and slag. It has a heavy brick lining which varies in thickness depending
on the size of the furnace. The diameter and depth of the hearth also depend
on these features. The outside of the hearth is reinforced by a heavy metal
jacket, always cooled by water. The bottom is a solid mass of fire brick, 6 to
22 feet deep. In time metal replaces quantities of this brick, forming and
collecting until it often weighs many tons. It is called the salamander.

Tapping Hole

This is the opening through which the iron is drawn off. It is usually
located about two feet above the furnace bottom, at the front of the furnace
or facing the cast house. The opening is closed with a clay mix which soon
burns into place and seals the opening until it is broken out for tapping.

Cinder Notches

There is usually but one cinder notch, which is placed at from 45 to 90
degrees from the tapping hole. Its height above the furnace bottom determines
how high the iron may reach before tapping. The opening is stopped by a
tapered plug attached to an iron bar, which is withdrawn when it is necessary
to flush off the slag.

Tuyéres

Tuyéres, 10 to 16 in number, through which the blast is admitted, are
symmetrically placed around the upper circumference of the hearth just below
the boshes and determine the height to which the slag may be allowed to rise.
In larger furnaces this is usually about three feet.

Against the inner tuyére rests a horizontal cast-iron pipe, termed the blow-
pipe, connecting in its turn with a pipe called the down leg or tuyére stock,
which takes off from the bustle pipe encircling the furnace and supplying its
blast.
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The tuyére stock carries the blast from the bustle pipe to the blow pipe.
It is usually in two sections of cast iron and has a thin lining of fire brick. An
eye sight is located in the back of it and is closed by a piece of cobalt glass set
in a small casting to allow of observation of hearth conditions, etc.

Bustle Pipe

The bustle pipe is a large cylindrical, sheet steel pipe, about 4 feet in outside
diameter, encircling the furnace about 12 feet above the floor and distributing
the hot blast to the tuyéres. It is brick lined, 9 to 12 inches thick, and is
suspended by brackets or straps from the furnace columns.

Hot Blast Main

The hot blast main is brick lined and about the same size as the hot bustle
pipe. It carries the hot blast directly to the tuyéres from the stoves and
terminates in the bustle pipe.

Bosh

The bosh is that part of the furnace just over the hearth where the greatest
diameter is attained. In standard bosh construction, starting at the top of
the brick, 30 inches in thickness is stepped outward, externally, nearly 6 inches
for each 12 inches of actual rise.

Each step-out is supported by means of a heavy steel band, or a pair of
bands, completely encircling the bosh. In the brickwork there are inserted in
horizontal rows about 2 feet apart, vertical bronze or copper cooling plates
with a circulation of water, the plates in each row being about four or five
inches apart. The bosh as a whole is the zone of fusion, and the stock as it
approaches the zone becomes more and more pasty, occupies less and less space,
and finally melts. Narrowing or closing in of the bosh thus aids in concentrating
the softening and semi-molten mass before the tuyéres and gives it support as
well.

Mantle

At the upper limit of the bosh is the mantle, conforming to the shape of
the furnace at that point and totally encircling it. The mantle is made up of
heavy steel plates and angles upon which rests the weight of the stack. It is
supported by a series of cast iron pillars or fabricated steel structures which
rest on a foundation supported by the main furnace foundation. This con-
struction allows the entire lower portion (bosh and hearth) to be removed without
disturbing the rest of the furnace.

Shaft

The shaft is the part of the furnace above the bosh. Usually the inner
wall of this shaft is divided in an imaginary way into three almost equal parts
called the upper, middle, and lower inwalls. This portion of the furnace
is surrounded by the usual riveted steel shell.

Furnace Lines

In modern blast furnace construction, the lines, or form of the inside of
the furnace, are considered of great importance. Experience has shown that
the lower inwall should rise vertically for several feet, the boshes should be
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steep, and the upper inwall should drop vertically for a distance of about 10 feet
from the stock line. Bosh angles are now being increased from about 235 to 80
degrees. These steeper boshes are a very great improvement. The use of
sintered ore in large proportions in the furnace burden may necessitate still
further modifications and changes in the lines of present furnaces, probably
involving a decrease in diameter in order to take advantage of this new type of
rich raw material.

Furnace Linings

The brick work which forms the hearth, bosh, and inwalls of a furnace
are referred to as its trimmings. All the bricks used are made of fire clay and
are known as hearth and bosh brick, inwall brick, and top brick. Each kind
is made of such material and in such a way as will best adapt it to the conditions
surrounding its use. ’

The hearth and bosh are required to resist a very high temperature and
the action of flux and slag. Inwall brick must be able to withstand abrasion at a
moderately high temperature, and top brick must resist the impact and abrasive
forces of the charges as they are dropped at a comparatively low temperature
into the furnace. In a large modern furnace, approximately 800,000 nine-inch
bricks are required, and the average consumption of brick is a little more than
two bricks per ton of pig iron produced.

Tops

Furnace tops are somewhat complicated affairs. An arrangement called
bell-and-hopper, or cup-and-cone, is used in closing the top of the furnace
by a large circular hopper, the smaller opening of which is closed by the bell,
which can be lowered and raised at will. A second, but smaller, bell-and-hopper
is located above the first and provides a gas-tight space of large size between the
two. The raw material upon being hoisted to the top, is first dropped or dumped
into the upper hopper, whence it may fall into the larger hopper below when the
small bell is lowered. When the small bell is raised against the upper hopper,
the large bell is lowered, and the charge falls into the furnace without the escape
of gas. The bells are made of cast steel, in one piece, and of such a slope (45 to
50 degrees) as to permit the charge to slide off readily. They are usually supported
from their top centres by means of a rod and a sleeve, each attached to a counter-
balanced lever operated by means of a steam or air cylinder, or an electric motor,
controlled from the ground. The large bell is attached to the rod and the small
bell to the sleeve. The details of this construction differ somewhat to conform
to new improvements, to the type of hoist, and to the ideas of the different
builders.

Stock Distributor

One of the alleged improvements in the bell-and-hopper device is that of
the stock distributor. In a mechanically-filled furnace, when the raw materials
are dropped into the receiving bell, the larger lumps of ore and stone will have a
tendency to roll and thus collect either around the edge or to one side. The
same thing will also happen upon dropping the charge into the furnace. This
tendency results in more or less open and continuous channels being formed
through the materials and extending from the top to the bottom of the stack.
These channels, of course, offer the least resistance to the passage of the blast.
This condition, called channelling, results in higher temperatures throughout
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these passages, with the consequent cutting away of the walls where they come
in contact with them. It is to overcome this defect that the various devices
known as stock distributors have been designed.

Hoisting Appliances

There are two types of hoist used, the skip hoist and the bucket hoist.
In both cases there is an incline, a fabricated steel structure extending from the
top of the furnace to or below the bottom of the stock house. Over the tracks
of this incline pass the materials charged into the furnace. In the skip hoist
the conveying vessel is a small, open ended steel car, called a skip, that auto-
matically dumps the materials upon the little bell-and-hopper. In the bucket
hoist the solid materials are raised in a bucket, suspended from a truck or
carriage, that drops the charge directly into the space above the large bell.
When in position for dropping the charge, the bucket, being itself provided with
a small bell at the bottom, takes the place of the bell-and-hopper. During the
time the bucket is filling at the stock house, the opening left in the top is closed
with a special gas seal.

Runners

The runners are metal castings in the form of deep troughs made in sections
laid end to end and buried so that their top edges are flush with the floor of the
cast house. The trough leading from the cinder notch is elevated. It forms an
uninterrupted passage for the slag from the cinder notch to the slag ladle or
granulating pit. Beginning at a very deep trough at the tapping hole, the molten
metal is interrupted at the end of about 10 feet by the skimmer, a device for
separating the metal from the slag in the mixed flow that comes near the end
of the cast. There are two branches here, one for carrying away the slag and
another for draining the metal from this part of the skimmer trough after the
cast. Before casting, these troughs are given a heavy coating of a loam or clay
wash which acts as an insulator, protects the trough from the hot metal, and
facilitates the subsequent cleaning up. Without this wash, the hot metal
would either chill in the trough or melt it away.

The Stoves

There are nearly always four stoves to a furnace, and they are first in
importance after the furnace itself, as they heat the blast. The stove is a brick-
walled cylinder enclosing a combustion chamber and a system of regenerative
flues. Outside, the brick wall of the stove is reinforced and supported by a steel
shell of riveted plates; the top is dome-shaped. The stoves are generally as
high and almost as wide as the furnace itself, and hey vary in size with the size
of the furnace. For the largest furnace they are approximately 100 feet in height
and 22 feet in diameter. Internally, the combustion chamber extends from the
bottom to the top o° the stove and may be located at the centre, in which case
it is called a centre combustion stove, or at the circumference as in side com-
bustion stoves. The regenerative flues are filled with brick checker work, the
checkers being so laid as to form a system of vertical flues, from five to nine inches
square, which extend from the rider walls on the bottom to the top of the stove.
Stoves in which the gases from the combustion chamber pass through only
one regenerative flue, are called two-pass stoves, while in three-pass and four-
pass stoves they pass through two and three regenerative flues, respectively.
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Dust Catcher and Gas Mains

From the downcomer, the gas from the top parts of the furnace top passes
directly into the dust catcher. Its object is to clean the gas as much as possible
of the flue dust blown over from the furnace, with which the gas is heavily 'aden.
If this dust is not largely removed, it cakes upon the walls of the combustion
chamber, chokes the small flues of the stoves, and, dropping down, necessitates
frequent cleaning and delays. It also acts as an insulator on the brick, preventing
the full absorption of heat. The dust catcher is often 20 feet or more in diameter.
The principle involved in its construction is that of greatly reduced velocity,
accompanied by sudden changes in direction.

Equipment for Handling Raw and Finished Materials

The boiler house, power plant, pumping station, blowing engines, etc.,
while constituting a vital part of the blast furnace equipment, present features
of more interest to engineers than to metallurgists and are, therefore, best
omitted from this discussion.

Dry Blast

About 60 per cent. by weight of all the materials entering the blast furnace
is air. As air always contains moisture and as the decomposition of water is an
endothermic reaction, the heat absorbed by the water thus entering the furnace
may be very great. It has been estimated that during the month of July, for
instance, the average quantity of water, per hour, entering a furnace using
40,000 cubic feet of air per minute is approximately 224 gallons. That this
quantity of water may seriously affect the operation of the furnace is now well
recognized, and installations for drying the air have been made at a few plants.
The principle employed is that of refrigeration. By cooling the air at a low
temperature and by drawing it over a system of pipes cooled with brine (a
solution of common salt which is cooled with liquified ammonia), the moisture
is condensed and frozen on the pipes, leaving the air practically dry.

Cold and Hot Blast Mains

It is still the most common practice to use undried air which, compressed
by the blowing engines, is normally forced under the high pressure of about
15 pounds per square inch, through the cold blast main into the stoves from which
it issues highly heated, passes successively through the hot blast main, the bustle
pipe, and the tuyéres, and begins its work in the furnace. Leading around the
stoves from the cold blast main into the hot blast main is a small pipe, called
the by-pass, which provides a means for controlling the temperature of the hot
blast.

Stock-House Equipment

All materials charged into the furnace are accurately weighed in the stock-
house. These weighed materials, ore, stone, or coke, are delivered to the skips
by a small-track trolley hopper car with scale attachments.

Disposal Equipment for the Iron

For casting the iron the endless chain machine, carrying a series of parallel
molds or troughs with overlapping edges, is commonly used. The molten metal
from the furnace flows into ladles which are pulled into the casting house. Here
the metal is poured slowly into a trough from which it flows onto two lines of
moving moulds which are “limed” or “‘smoked” to prevent sticking of the iron.
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The chains carry the iron directly through a trough of water, or dump the half
cooled pigs upon a second conveyor to be so cooled.

Equipment for Slag Disposal

Large quantities of slag are produced. This is either run into special ladles
and used for fills or road material, or else run into pits filled with water. It can
sometimes be used for making Portland cement.

Pig Iron

Pig iron is a product of the blast furnace and is so designated because of
the fact that the hot fluid metal on being tapped from the furnace runs through
the cast house in a long sand trough from which smaller troughs branch at
right angles, these in turn being broken into by moulds into which metal runs,
forming, when solid, a sand-cast pig.

The later and up-to-date furnaces are equipped with casting machines.
These do not require casting in the sand, and the resulting product is shipped
to the foundry without any adherence of sand or kish.

Iron for use in the open hearth, or direct foundry casting, is run into large
ladles carrying sometimes over 50 tons, and transferred molten to the depart-
ment in which it is later to be used. This type of iron is called hot metal.

Pig iron is classified according to the method of manufacture, the purpose
for which it is intended, and its composition. Formerly it was graded by frac-
turing the pig and examining it, but this method has been largely superseded
by chemical analyses, and in Canada to-day practically all iron is sold by this
latter method.

Each country has different methods of grading and classifying. English
practice is different from United States practice, and that followed in Canada
differs from both.

There are two outstanding or commonly used grades of foundry pig iron,
and the others in less common use are regarded in most cases as specials. A
very large tonnage of basic pig iron is made for use in the basic open hearth
steel processes. The analysis of this varies according to the ideas of the pur-
chaser. A very much smaller tonnage of Bessemer pig iron is used for making
acid open hearth steel. Both of these latter types are regarded as specials.

STANDARD ANALYSIS OF PIG IRON

Analysis
Grade
Silicion Sulphur Phosphorus Manganese
per cent. per cent, per cent. per cent.
No. 1 Founpry (adapted for stove
plates, locks, and thin castings
generally)................... 2.25t02.75/0.04 and under| 0.50t0 0.80 |0.55t0 0.80
No. 2 Founpry (adapted for agri-
cultural implements, machinery,
radiation and all classes of work
requiring toughness, stiffness,
density, and for general foundry
castings).................... 1.75t0 2.25(0.05 and under] 0.50t00.70 |0.50t00.70
No. 3 MALLEABLE BESSEMER
(adapted for malleable castings)|1.00 to 2.00/0.05 and under| 0.20 and under |0.50to 0.80
BASIC OPEN HEARTH............. under 1.00 | under 0.05 |usually under 0.50|...........
BESSEMER. .. ............... ... 1.00 to 2.00| not over 0.05 not over 0.01 |...........
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Below is a copy of the latest tentative specification of the American Society
for Testing Materials, which is the result of the co-operative action between the
AS.T.M., the American Foundrymen’s Association, and many other bodies,
in an effort to obtain uniformity in manufacture, grading, and sale of pig iron.

There is another product of the blast furnace, namely, ferro-manganese.
This is an iron with an excessively high manganese content, usually over 60
per cent., the standard of which is guaranteed to average 80 per cent. or over.
It is produced by running the furnace on special ores at an exceptionally high
temperature.

The analysis of an average representative American ferro-manganese is
as follows:—

Per cent.
Manganese................. .. ... ... 80.20
Iron, by difference. ... ... ... ... ... ... ... .. 12.18
SIHCON...vvv 0.66
Phosphorus. . ........ ... .. .. ... ... .. ... .... 0.16
Sulphur....... .. .. ... . . Trace
Carbon.......... ... .. ... ... 6.80

Specifications for Foundry Pig Iron

The American Society for Testing Materials has issued (1922) specifications for foundry pig
iron. This is a tentative standard only, published for the purpose of eliciting criticism and
suggestions. It is not a standard of the society, and until its adoption as standard it is subject
to revision.

I. Manufacture

1. The pig iron shall be clean foundry pig iron, as free as possible from an excessive amount
of dross and sand, and may be either sand or machine cast.

II. Chemical Properties

2.—(a) The pig iron shall conform to the chemical requirements specified by the purchaser
at the time of purchase, with the following permissible variations from the specified percentage:—

Variation from specified

percentage
Silicon........................... 0.25 per cent. above and below
Sulphur.......................... not over specified percentage
Total carbon..................... not less than specified percentage
Manganese.. . ... .. ... . ... .... 0.20 per ‘Eent abn‘:zve and“below

Phosphorus.. . .......... ... ... .. 0.15

. (b) The percentage specified for phosphorus and manganese may be used as maximum or
minimum figures, but unless so specified they shall be considered to be subject to the variations
given below.

III. Sampling and Analysis

3.—(a) In sampling, each carload or its equivalent shall be considered as a unit.

(b) One pig shall be taken to every four tons in the car, and they shall be so chosen from
different parts of the car as to secure, as nearly as possible, a sample rep-esenting the average
quality of the iron.

{c) The pigs thus taken shall be sampled by drilling so as to fairly represent the composition
of the pigs as cast.

{d) An equal weight of the drillings from each pig shall be thoroughly mixed to make up
the sample for analysis.

4, It is recommended that analyses be made in accordance with the Standard Mzthods of
Sampling and Chemical Analysis of Pig and Cast Iron (Serial Designation, A 64) of the American
Society for Testing Materials.

IV. Inspection and Rejection

‘5. In case of dispute, the sampling and chemical analysis shall be made in accordance
with the Standard Methods of Sampling and Chemical Analysis of Pig and Cast Iron (Serial
Designation, A 64) of the American Society for Testing Materials, by an independent chemist
mutually agreed upon, if practicable, at the time the contract is made, whose decision shall be
final. The cost of such re-sampling and re-analysis shall be borne by the party in error.

6. All pig iron which fails to conform to these specifications shall be subject to rejection.
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Code

In using these specification it is not advised that all five elements be specified in all contracts
for pig iron, but it is recommended that, when these elements are specified, the following per-
centages be used. For convenience the accompanying code is endorsed:—

SILICON SULPHUR
Per Per
cent. Code cent Code
1.00. ... . La 0.04. . ... ... ... ... Sa
1.50. ... . . Le 0.05.. ... .. ... Se
2000 ... Li 0.06....................... Si
2.50. ... Lo 0.07... .. .. ... . ... ... ... So
3.00. .. ... Lu 0.08.............. .. ... .... Su
3.500 .. Ly 0.09.. . . ... ... L. Sy
(0. 25 allowed either way) 0.10.. ... . ... ... . ... Sh
(Maximum)
TOTAL CARBON MANGANESE PHOSPHORUS
Per Per Per
cent. Code cent. Code cent. Code
3.00............. Ca 0.20.............Ma 0.20............. Pa
3.200 ... ... .. Ce 0.40........ ... .. Me 0.40.. ... . ... ... Pe
3.40.... ... ... Ci 0.60............ . Mi 0.60.... ......... Pi
3.60........... .. Co 0.80........ .. ... Mo 0.80............. Po
3.80............. Cu 1.00.......... ... Mu 1.00............. Pu
(Minimum) 1.25.. ... ... My 1.25. . ........... Py
1.50............. Mh 1.50............. Ph
(0.20 allowed (0.15 allowad
either way) either way)

Illustration of the use of above coding: The word Li-se-ca-mo-pi indicates the following
percentages:—

Silicon Sulphur Carbon Manganese Phosphorus
2.00 0.05 3.00 0.80 0.60
with variations allowed.
Percentages of any element specified half way between the above shall be designated by the
addition of the letter “X"’' to the next lower symbol.
Example: PeX indicates phosphorus 0.50 with allowed variations (0.15) and down.



CHAPTER IX

MAGNETITES AND SINTER IN THE BLAST FURNACE
Non-Titaniferous Magnetites

Since Mesabi ores became the most important source of iron in America,
there has apparently developed among the users of these ores a certain prejudice
against magnetites, or perhaps it would be better to say, a pronounced preference
for hematites for use in the blast furnace. In the Eastern States there has grown
up again in recent years, however, a considerable iron ore industry founded on
the magnetites of Pennsylvania, New Jersey, and New York state. A few years
ago the blast furnace of the Witherbee, Sherman Company at Port Henry was
probably the only blast furnace using magnetite exclusively.

Magnetite is a denser ore of iron than is hematite, and its reduction is
more difficult. This difficulty in reduction of magnetite is ascribed to its physical
character rather than to its composition, for hematite passes through the lower
oxide stage in the furnace. Very coarse magnetite would be objectionable
in an iron blast furnace, because the surface presented to reduction would be
small compared to the weight. For this reason furnaces treating magnetite
use the ore in small sizes. On the other hand, very small magnetite, or fine
magnetite, runs ahead of reduction in the iron blast furnace and at times reaches
the hearth unreduced. The Witherbee, Sherman Company at Mineville, N.Y.,
do not resort to very fine crushing, and so their magnetite concentrates do
not contain any extremely fine material. These are the concentrates that are
smelted raw on the blast furnace at Port Henry, and this Port Henry furnace
is operating very successfully on this material.

The difficulty of reduction of the magnetite is offset by the high iron content
of the charge, so that the coke requirements per ton of pig will compare favour-
ably with Mesabi practice.

The furnaces of the Replogle Steel Company at Wharton, N.]., are running
a charge consisting of coarse magnetic concentrates and sinter. The charge
is about 80 per cent. magnetite and about 15 per cent. sinter. In speaking of it,
H. J. Briney, the blast furnace superintendent, said that this was an easier
operating furnace charge than would be a charge of Mesabi ore. His previous
experience before coming to Wharton had been, he stated, exclusively with
Mesabi ores.

At Birdsboro, Pa., the furnace of the E. and G. Brooke Company is
smelting regularly a charge containing 85 per cent. of sintered, crushed magnetite.
Their coke consumption would compare very favourably with a furnace using
Mesabi ores. The Birdsboro furnace, too, was a small one, with a 12-foot hearth.
Furnace men emphasize the even working of the furnace and freedom from slips.

At Standish, N.Y., the Chataguay Iron Company is using sintered magnetite
concentrates up to 100 per cent. of the charge.

[71]
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Briquettes made from Moose Mountain magnetite concentrates have been
successfully smelted in the blast furnace of the Steel Company of Canada at
Hamilton, as described fully in Chapter XII of this report (see page 89). The
same concentrates made into sinter would be more desirable for the furnace
operation (see page 92).

Undoubtedly the sinter is ideal material for a blast furnace. It is rough and
angular, and presents a maximum of surface for reduction. It is a comparatively
new material in the iron blast furnace charge, and very few furnace men have
had any experience with it. Some furnace men who have used magnetite express
a dislike for it in the furnace, but sinter appears to be possessed of very desirable
characteristics.

As it appears that sinter is most likely to be the form in which the product
of the known Ontario iron deposits will reach the market, the province will
watch with interest the development of the use of sinter in the iron blast furnace.
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Titaniferous Magnetites

To the extent to which magnetite contains titanium is its iron content
lowered and its value as an iron ore lessened. So far the mechanical concentration
of magnetites containing titanium has met with very little success. There are
deposits of magnetite containing small percentages of titanium, and still con-
taining enough iron to make them apparently valuable as iron ore.

There is a very pronounced prejudice, whether warranted or not, in the
minds of blast furnace superintendents against even a very small amount of
titanium in the charge. Titanium is supposed to make a pasty and difficult
slag. It is supposed to form accretions, particularly a red nitrocyanide of
titanium, in the hearth of the furnace. In the early days of the iron industry
in the Adirondacks, however, very considerable tonnages of titanium-bearing
magnetites were successfully treated in small charcoal iron furnaces. It is very
doubtful if it was known at that time that titanium was present in these iron ores,

A. J. Rossi has been a painstaking investigator of the blast furnace treatment
of titaniferous magnetites, and the results of his experiments are to be found
throughout the literature on the subject. There is no doubt that Rossi made
a very thorough success in his blast furnace experiments. It is true that he was
operating a very small furnace, but that does not detract in any way from his
success, as it requires greater skill to operate a small furnace.

Following the success of Rossi, a large scale test was made in 1914 at Port
Henry, N.Y ., under the superintendence of F. E. Bachman. A complete account
of the result of this run of titaniferous magnetite was presented by Mr. Bachman
before the American Iron and Steel Institute. Among Mr. Bachman’s con-
clusions is this statement:—

Titaniferous concentrates are reduced in the furnace with no greater, and probably with less
expenditure of heat and consequently of fuel, than non-titaniferous magnetites.

The success that both Rossi and Bachman had in smelting titaniferous
magnetites seems to have been due, for one thing, to their fluxing of titanium
as an acid. The result of the examination of the Port Henry furnace for char-
acteristic accretions, after the campaign, is given in Mr. Bachman’s words,
as follows:—

Nitrocyanide of titanium was looked for very carefully, but none could be found in any
place, with the exception, possibly, of a few copper-coloured crystals which one of the foremen
reported having seen in the layer of fused brick in the extreme bottom. He, however, did not
retain this, so that the presence of this compound in any portion of the hearth is uncertain.

Notwithstanding the success of the Port Henry campaign, little if anything
has since been done in the way of smelting titaniferous magnetites, and there
is no doubt that a prejudice against their use still exists among blast furnace
operators. If a shipment of magnetite containing over 1 per cent. of titanium,
but otherwise unobjectionable, were offered to any blast furnace plant in Canada
at the present time under any reasonable terms, it is doubtful if the lot could
be sold. Until such a time as a younger generation, less imbued with the
traditional prejudice against titanium, shall have grown up, it would seem to
be unwise to spend money on magnetites containing titanium, with a view to
their reduction in the blast furnace. The comments of some iron blast furnace
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men on the success of Rossi and Bachman, would lead one to think that they
preferred not to be convinced of the feasibility of smelting titaniferous magnetites.
It is true that a great many difficulties, and some failures, have been encountered
in tke smelting of titaniferous magnetites by others than Rossi and Bachman,
and no doubt some other successes, or partial successes, have been made. But
the failure of one man where another succeeds would indicate not that the thing
could not be done, but that the man who failed did not know how.

Apparently an electric furnace man has no particular prejudice against the
treatment of titaniferous magnetites. However, the electric smelting of iron
ores is still in its infancy, and what possibilities lie in this direction are still to
be demonstrated. At Sault Ste. Marie, experiments with electric furnaces for
smelting iron ores were made by Dr. Haanel for the Canadian Government,
and in one of these experiments titaniferous magnetite was used. Dr. Stansfield
has written concerning the electric smelting of titaniferous magnetites, and Mr.
J. W. Evans, in his electric furnace at Belleville, has carried out experiments
with such ores.

Appended to this report is a bibliography on the sub‘ect of smelting titan-
iferous iron ores which will enable those more particularly interested to become
informed of what has been done and written on the subject.



CHAPTER X

BLAST FURNACE SUPERIOR TO ALL KNOWN SPECIAL PROCESSES
FOR REDUCTION OF IRON ORE

Electrolytic Iron from Iron Anodes

There have been various methods suggested for producing iron electro-
lytically, but most of these have not gone beyond the laboratory stage. During
the war period there was in operation a plant at Grenoble in France for the
production of electrolytic iron. This plant used an iron anode and an electrolyte
of ferrous chloride. It was, therefore, a refining process, making from cast iron
and mild steel a pure iron. This plant has a capacity of one ton of electrolytic
iron per day and is still in operation.

Electrolytic Iron from Steel Anodes

The Western Electric Company have a plant at Hawthorne, Ill., for the
production from steel anodes of electrolytic iron. They used a mixed chloride
and sulphate bath or electrolyte. Their electrolytic iron is used for magnet
cores for telephones. This plant has a capacity of two tons per day and is the
only example of commercial production of electrolytic iron on the continent.

Electrolytic Iron from Ores by Eustis Process

A very interesting process for the production of electrolytic iron from ores
has been patented by F. A. Eustis. The ore best suited for the process is pyrrho-
tite. S. G. Blaylock experimented with this process at Trail, B.C., and made
some very excellent iron from the pyrrhotite tailings of the Sullivan ore. The
Eustis process has passed the laboratory stage of its development, and an
experimental plant with a capacity of one ton per day will soon be in operation
at Milford, Conn. It is interesting to know that the ore to be used in this plant
comes from Quebec. The electrolyte consists of a ferrous chloride solution
containing 180 milligrammes of iron per litre. An insoluble carbon anode is
used, which is surrounded by a diaphragm. The bath is maintained at a tem-
perature of about 100°C., and electrolysis proceeds until 20 per cent. of the
iron has been deposited. The electrolyte will then consist of 72 grammes of
ferrous iron and 72 grammes of ferric iron per litre. This liquor constitutes
the leaching solution for the finely ground pyrrhotite ore. Leaching is con-
ducted in agitators at a temperature of about 100°C. The reaction
between the ferrous chloride and the pyrrhotite is represented by the equation
FeS+2FeCl; = 3FeCl,+S. The iron goes into solution and the insoluble
material consists of the gangue in the ore and the sulphur. This is removed
as a filter cake. The process appears to be perfectly feasible. Neither the
leaching end nor the electrolytic end would appear to present unusual or insur-
mountable difficulties. In pyrrhotite we often find copper, zinc, lead, nickel,
and cobalt. Copper is dissolved by the solution, but is easily removed by
cementation on scrap iron, and would be a by-product. Zinc, lead, nickel,
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and cobalt may be removed by precipitating with calcium sulphide; at least
this appears to have been successfully done in the laboratory. Three types of
electrolytic cell are to be used in the Milford plant. In the first type there is a
rotating horizontal mandril, 12 inches in diameter and 1214 feet long. This
will run wholly immersed in the electrolyte and will produce 100 pounds of
electrolytic iron per day at the current density to be employed. Electrolytic
iron contains hydrogen and is brittle. The hydrogen may be driven off by anneal-
ing at a comparatively low temperature, when the iron becomes ductile and
malleable. These tubes will be used for the production of seamless tubes which
may be drawn to varying diameters. A second type of cell employs a larger
mandril, rotating on a vertical axis, and a third type will deposit the iron on
vertically hanging sheets or plates. The surface of the iron is very smooth,
and the tubes after removal have much the appearance of a rolled sheet. The
iron is extremely pure and is possessed of characteristic physical properties which
make it desirable for certain industrial uses. For pipes and tubes, for metal for
stamping, for transformer sheets, and as very pure material for the production
of crucible steel and special alloy steels, it might find a field.
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Fig. 18—Flow sheet of Eustis process.

Until the plant at Milford has been in operation it would be difficult to
arrive at costs, but it has been estimated that this iron may be made for from
fifty to fifty-five dollars per ton with power at twenty-five dollars per horsepower
year. One horsepower year will produce 5,000 pounds of iron. Mr. Eustis
is a metallurgical engineer who has been operating for many years in copper
and in iron and the fact that he has associated with him in this Milford enter-
prise, Mr. C. P. Perin, senior member of the firm of Perin and Marshall, one of
the very large firms of consulting iron and steel metallurgists on the continent,
gives to the venture at once a standing that new ventures seldom have.

It would seem that if the process is thoroughly demonstrated as a com-
mercial possibility, it might have very great interest for us in Ontario, as we
have a pyrrhotite containing copper and nickel. The copper, the nickel, and
the iron would be dissolved by the chloride leach liquors. The copper would be
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precipitated as metallic copper, and then the nickel as nickel sulphide. There
are, too, great possibilities in the value of the sulphur that might be recovered
from the filter cake. This apparently carries upwards of 60 per cent. sulphur,
and sulphur is an important raw material in the pulp and paper industry of our
northern country.

The process does not, however, offer any solution for an iron ore industry
as a whole, nor for those deposits which at the present time may be considered
potentially as iron ores, that is, our hematites and magnetites, as the process
is not applicable to these.

Electrolytic Iron from Ores by the Estelle Process

The issue of the Canadian Mining Journal of October 6, 1922, contains an
article by Axel Estelle on the Estelle process for the production of electrolytic
iron from ores. Axel Estelle is the patentee of the process. The article takes
exception to the chemistry of the Eustis process, and points out that the essential
leaching reactions of the Eustis processs do not occur. The article then goes on
to describe the Estelle process for the treatment of sulphide iron ores. The
net result of the leaching by the Estelle process is practically the same as in
the Eustis process. The Estelle process is carried out in two stages. The
pyrrhotite is leached with hydrochloric acid, according to the equation FeS+
2HCl =FeCl,+H,S, producing ferrous chloride and H,S gas. The H,S gas
is passed into an absorption tower where it reacts with the ferric chloride which
is produced in the electrolytic cell. The reaction between ferric chloride and
H,S is expressed by the equation 2FeCl;4+H,S=2FeCl,+2HCI+S. If the
leaching reaction essential in the Eustis process does not take place, there would
seem to be no reason for using an acid leach and recovering sulphur in the
tower from sulphuretted hydrogen gas. In addition to the Estelle process for
treatment of sulphide ores as shown in this article, Mr. Estelle has a process
for the production of electrolytic iron from oxide ores.

The bath he uses is a hot slime of iron hydroxide and caustic soda containing
30 per cent. iron oxide, 35 per cent. caustic soda, and 35 per cent. water. This
is electrolyzed without a diaphragm at a temperature of about 100° C.,
and as the iron is deposited, more ferric hydrate is added to the bath. Mr.
Estelle states the necessity of having an extremely high-grade and finely-divided
iron ore, such as may be produced by mechanical concentration of magnetites.
Obviously, concentration must be relied upon to remove any impurities. The
consumption of electrolytic power in this process is very high and preliminary
concentration is required. At the present time this process is applicable only to
magnetites. :

The Metallizing Process

We, in Ontario, frequently hear the comment that our blast furnaces are
using American and not Ontario iron ores. This is coupled with the reference
to our lack of fuel. Our waterpowers are spoken of as sources of cheap electric
power, and then the thought is voiced that through the medium of electricity
there may be worked out a means whereby iron may be made from such of our
ores as are unsuited to the blast furnace, at prices that would permit competition
from blast furnace iron.

There must be a way and some process must be found: Such is the hope.
Among processes other than that of the blast furnace, may be mentioned
metallizing. A metallizing process is a process in which the iron ore is reduced
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by carbonaceous fuel and CO gas at a comparatively low temperature. The iron
i$ not fused, but is in the form of a fine powder. It may be subsequently melted
in an electric or other furnace.

Considerable work has been carried on by the United States Bureau of
Mines at their experimental station in Seattle, under the superintendence of
Clyde E. Williams. After much preliminary experimenting, their operations
are now carried out in a kiln, 12 feet long. Both magnetite and hematite ores
respond to the treatment. In all their experiments they have found that 100
per cent. of coal to ore is necessary. That is, one ton of ore would require one
ton of coal. This would mean that with an ore containing a high-grade magnetite,
about 1.7 tons of coal would be required to produce a ton of sponge iron.
Obviously, such metallizing processes are not of much interest to us in Ontario.

In an attempt to relieve the electric furnace of the work of reduction and
thus to lessen the power consumption, James W. Moffat, of Toronto, has worked
out a process based largely on his experience with the Moffat-Irving furnace.
He reduces finely-divided iron ore with fine coal in an externally heated drum
in which the material is alternately lifted and dropped. When the charge in
the drum is reduced, it is discharged, while still hot, into an electric furnace,
where it is made into steel. He claims for a ton of steel a consumption of less
than 0.4 tons of coal, and from 675 to 800 horsepower hours, or 500 to 600
kilowatt hours of electric energy. This would be a greatly diminished
consumption over that necessary in present electric furnace practice working
with ores. Mr. Moffat would require a high-grade iron ore, and when such
is made available in Ontario his process may be considered in competition
with the blast furnace and open hearth processes. Since beneficiated iron
ores are often much purer than natural ores, their treatment in some such way
would probably produce a much cleaner steel, which for a limited tonnage
might command a much higher price in the market.

The proposed Moffat furnace is shown in Figs. 19 and 20.

Previous to the successful application of sintering, the problem of just what
to do with a finely-divided magnetic concentrate presented some difficulty.
No doubt many of the so-called metallizing processes, or direct processes, had
their inception in this problem. This material would be suitable for such a
process, and the blast furnace can not use such fine material. Since it has
been demonstrated that fine concentrates may be sintered for a probable cost
of 80 to 90 cents per ton, and thereby rendered ideal material for the blast
furnace, it gives the metallizing process less ground for attracting attention.
There have been many metallizing processes patented; they are known by name
only. Commercial success has not been achieved so far in this field. Perhaps
the most widely-known of these processes are the Bassett, the Bourcoud, and
the Moffat. In connection with the metallurgy of copper, where iron may be
used as a precipitant for copper from copper sulphate solutions, sponge iron is
an ideal material, because it presents a maximum of surface. For this special
purpose, its production has been successfully accomplished by the Chino Copper
Company. Its production requires more fuel than does the blast furnace, and
therefore it offers for us in Ontario no advantages whatever.
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Direct Smelting of Ore in Electric Furnace

At the request of this committee, Dr. Alfred Stansfield has prepared a report
on electric smelting of iron ore. (See Appendix, page 141.)

Direct smelting of ores in an electric furnace is an expensive operation.
It might be warranted, at present, to the extent to which there is a demand
for very high grade steel, in making which the electric furnace would use specially
pure ores and charcoal instead of coke as a reducer.

An electric furnace has a small capacity per unit, and to make a uniform
product great care must be exercised in operation. The fuel requirements, too,
are considerable, and amount to between 0.35 and 0.4 tons of carbon per ton of
product. The coke requirement in the blast furnace making basic iron will be
between 0.9 and 1.0 tons of coke per ton of pig. The electric furnace requires
ores high in iron. So limitations are seen in this direction, even if there should
develop large-sized electric furnaces for such work.

The Estelle process for oxide ores uses the electric current and produces
electrolytic iron with a very high consumption of electric energy per pound of
iron produced. Each and every one of these processes requires a high-grade
iron ore, the purer the better, and in the Estelle process, an extremely purified
raw material. Now the whole question goes back again to the ores. Our
Ontario ores are not high in iron: They require concentration. So com-
petition between the blast furnace and other processes begins after there has
been prepared a raw material suitable for either.

Ore Suitable for Special Processes Would be Suitable for Blast Furnaces

The point has been made with respect to our Ontario iron ores that since
they are in their natural state unsuited to blast furnace treatment, they may
be suited for some other iron-producing process. It has been suggested that we
should not try to adapt our ores to existing blast furnace processes, but should
adapt a process to our ores. There seems to be but one answer to this problem.
There have been tried out a very great many processes other than the blast
furnace for treating iron ores, but we have failed to find any process that does
not require a high-grade material, that is material high in iron; the purer the
ore the better. In other words, any ore that would be suitable for any of these
special processes that have been evolved would be acceptable for the blast
furnace. The only exception to this statement lies in the possibility of the
pyrrhotite ores being used as a source for the production of electrolytic iron by
leaching methods; but the pyrrhotite ores are not at the present time included
among what we are accustomed to consider as iron ores. The problem is con-
fined, therefore, to the production by beneficiation of suitable iron ore. This
beneficiation may be magnetic concentration followed by sintering, which
treatment would characterize deposits similar to those of Moose Mountain;
or crushing and sintering, which treatment would characterize such deposits
as the Atikokan, Helen, and Coehill.
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Blast Furnace Process Best for Ontario

We are possessed of blast furnaces sufficient, probably, for all our present
requirements. These furnaces have to compete in their product with the product
which may be imported. Likewise, Ontario iron ores when prepared by bene-
ficiation for the blast furnace will have to compete with the American ore.
It would be an artificial situation, indeed, if this were not so. Other things
being equal, the Ontario furnaces could be expected to give the preference to
Ontario ores.

The logical development of an iron ore industry in Ontario lies in the
direction of beneficiation of our Moose Mountain and Helen ores. These ore
bodies are developed, and a very small gap remains to be bridged between the
ore and the furnace. It is in this direction, utilizing the furnaces which we have,
tha* the hope of the industry lies.

The successful development of any iron property in Ontario will be an
incentive to similar development of other properties. But as long as we have
a non-operating Moose Mountain in Ontario, or a shut-down Helen and Magpie,
it is foolish to hope for capital to come into the province to develop similar ore
bodies.



CHAPTER XI

CALCULATING THE VALUE OF IRON ORES
Items Affecting Valuation of Ores

The value of an ore is dependent upon its richness in iron, its composition,
and its location, as well as its physical condition. It is impossible to consider
any one of these qualifications entirely apart from the others. For instance
a very lean ore, one low in iron, may have considerable value due to the self-
fluxing character of its gangue and the consequent low cost of smelting. On
the other hand, a rich ore may have associated with the iron, elements so dele-
terious in effect upon the pig iron as to render it valueless, owing to the cost of
removing the impurities before smelting.

In general, ores profitable to smelt will contain from as low as 30 per cent.
to as high as 60 or 65 per cent. metallic iron. In valuation each per cent. is
termed a unit: Thus an ore with 50 per cent. metallic iron will have 50 units.
It is evident that since iron is the constituent of value in any given ore, it must
be in such quantity as to bear not only the cost of the ore laid down at the
furnace, but the cost of its extraction, with profit. Furthermore, as the cost
of reduction and melting any given quantity of iron as such is constant, the
variable enters in the disposition of the gangue.

From this it will be seen that the value of an ore increases not only in
proportion to the increase in the number of units of iron, but also and to an
even greater extent, in proportion to the decrease in the quantity. of gangue to
be handled.

The gangue of iron ore consists principally of silica and alumina, together
with small quantities of lime, magnesia, and oxides of manganese and the
alkalies, as well as more or less phosphorus and sulphur. So far as the quality
of the pig iron produced is concerned, all the above elements are more or less
controlled by the burdening and operation of the furnace.

The sulphur, however, is only partly under control and requires for its
even partial removal in the furnace, additional flux and fuel. Although no
exact percentage can be given, as this is dependent on the analysis of the
particular ore, the furnace operation, etc., any ore having more than 0.50 to
0.75 per cent. sulphur must be treated to remove a portion of this before being
charged. Such added cost, together with the added expense of its smelting,
will then determine whether or not the ore is suitable for making pig iron, even
of such specifications as allow comparatively high sulphur. It might still be
used in a mix with low sulphur ore.

Manganese is another element that is but partially under control. It is
not harmful to pig iron within the limits of, say, 1 per cent. for Bessemer iron
and 214 per cent. for the open hearth. On the average, about three-fourths
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of the manganese in the ore will be reduced. However, if the percentage of
manganese is sufficiently high as to be, say, 18 to 20 per cent., or over, in the
pig, the ore is then suitable for the manufacture of standard ferro-manganese.

In phosphorus we have, more than in any other element, the controlling
factor determining whether an ore is suitable from the standpoint of composition.
It must be assumed that practically all the phosphorus in the ore goes into the
iron, as very little, if any, can be eliminated in the blast furnace. The percentage
of phosphorus leads to the two general divisions of Bessemer and non-Bessemer
ores.

The location of ore bodies is naturally a most important consideration.
Their location as regards fuel supply, means of transportation, and distance
from the market, are among the determining factors. The size of the deposits
will determine whether there is justification for the erection of a plant, although
the wisdom of such an outlay will depend, in turn, wholly on the location of the
present or future market for the output of the plant.

The whole question of ore treatment by whatever means is most vital,
and on its development depends, in a great measure, the practically unlimited
iron production of this country. Vast quantities of low-grade ore in the Superior
region, until recently considered too highly siliceous to be of value, now bid
fair to be large factors, due to processes of concentration recently perfected.

Although estimates of what may be the quantity of the ore bodies comprising
the available supply must widely differ, due to the varied assumptions made
and the many determinate factors, the ultimate exhaustion of the known rich
ore bodies within a comparatively definite period seems assured. Nevertheless,
such progress has been, and is being, made in methods of concentration as to
ensure the availability of vast bodies of lean and impure ores and to place the
date of their exhaustion far in the indefinite future.

Calculating the Value of Iron Ores from Analysis

For a good many years the value of the Lake Superior iron ores was arrived
at by adding the freight rate from Lake Erie to the Valley furnaces to the price
quoted per ton at Lake Erie on base ores, Old Range or Mesabi, and dividing
this sum by the percentage of natural iron of such base ores. This gave a base
unit value for figuring the price of all other standard Old Range and Mesabi
ores. By multiplying the natural iron in any particular ore by the base unit
value of either Old Range or Mesabi ores, as the case may be, and deducting
from the result the freight rate previously added, the selling price of such ore
at Lake Erie ports was obtained. Iron ore is mined, sold, transported, taxed,
and the royalty is paid, on the basis of 2,240 pounds to the ton.

In the case of Bessemer ores, an addition or subtraction was made to
provide for the percentage of phosphorus over or under the percentage of
phosphorus in the base ore. At the present time, and for several years past,
this deduction has been made according to a table of phosphorus values which
has been established.

In 1908, the percentage of the base ore, both Old Range and Mesabi, was

reduced to more nearly conform to the average percentage of iron in the ores
being brought down from the upper lakes. This change was thought to be more
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just to the furnace interests than by using the base percentage which had been
established some years earlier when the average yield of all ores shipped from
the Lake Superior region was higher. The present percentage in iron natural
and phosphorus dry of the base ores, are as follows:—

A. Old Range Bessemer ores, 55 per cent. iron natural and 0.045 per cent.
phosphorus, dried at 212° F.

B. Old Range non-Bessemer ores, 51.50 per cent. iron natural.

C. Mesabi Bessemer ores, 55 per cent. iron natural and 0.045 per cent.
phosphorus, dried at 212° F.

D. Mesabi non-Bessemer ores, 51.50 per cent. iron natural.

To arrive at the base unit value, add 60 cents (an average freight rate to
Valley furnaces on ores shipped from Lake Erie ports) to the base prices and
divide this sum by the base natural iron.

The following example will illustrate this point:—

Assume the selling price of Class Aoretobe........................ $6.45
Add average freight rate. ........... ... .. ... ... ... . ... ... .60
$7.05

Then the base unit value is this sum divided by the base natural iron, or $0.12818

Assuming the selling prices of classes A, B, C, and D to be $6.45, $5.70,
$6.20, and $5.55 per ton, respectively, and figuring the values as above, the
base unit values are found to be:—

For Old Range Bessemerores........................ .. ... $0.12818
For Old Range non-Bessemer ores......................... .. 0.12233
For Mesabi Bessemer ores................o..iiieiiinaon.. 0.12364
For Mesabi non-Bessemerores...................cooiiiiii.o... 0.11942

These base unit values are used to determine the premiums or penalties
to be added to or subtracted from the quoted selling prices of the base ores, in
order to arrive at the actual value of the ores which may contain more or less
than the guaranteed percentages of natural iron of the base ores.

To figure the value of Bessemer ores, the following tables are used. For
ores analyzing under 55 per cent. iron natural:—

From 55 to 50 per cent. iron natural, the value of each unit is the base unit.

From 50 to 49 per cent. iron natural, the value is the base unit, increase 50 per cent.

From 49 to 48 per cent. iron natural, the value is the base unit, increased 100 per cent.

Less than 48 per cent. iron natural, the value of each unit is 28 cents, or whatever figure is
named in the ore contract.

For ores analyzing above 55 per cent. iron natural:—

From 55 to 56 per cent. iron natural, the value is the base unit increased 1 cent.

From 56 to 57 per cent. iron natural, the value is the base unit increased 2 cents.

From 57 to 58 per cent. iron natural, the value is the base unit increased 3 cents.

From 58 to 59 per cent. iron natural, the value is the base unit increased 4 cents.

From 59 to 60 per cent. iron natural, the value is the base unit increased 5 cents.

Over 60 per cent. iron natural, the value of each unit is the base unit value, or whatever
figure is named in the contract,
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To figure the value of non-Bessemer ores the following table is used:—

Above 50 per cent. iron natural, the value is the base unit.

From 50 to 49 per cent. iron natural, the value is the base unit plus 50 per cent.

From 49 to 48 per cent. iron natural, the value is the base unit plus 100 per cent.

Less than 48 per cent. iron natural, the value of each unit is 28 cents, or whatever figure
is named in the ore contract.

The phosphorus adjustment is made according to the phosphorus table

below — .
PHOSPHORUS TABLE

Percentage of Rate of Phosphorus Percentage of Rate of Phosphorus
phosphorus progression values phosphorus progression values
0.070 0.0200 0.3500 0.037 0.0115 0.0780
0.069 0.0195 0.3300 0.036 0.0120 0.0900
0.068 0.0190 0.3105 0.035 0.0125 0.1025
0.067 0.0185 0.2915 0.034 0.0130 0.1155
0.066 0.0180 0.2730 0.033 0.0135 0.1290
0.065 0.0175 0.2550 0.032 0.0140 0.1430
0.064 0.0170 0.2375 0.031 0.0145 0.1575
0.063 0.0165 0.2205 0.030 0.0150 0.1725
0.062 0.0160 0.2040 0.029 0.0155 0.1880
0.061 0.0155 0.1880 0.028 0.0160 0.2040
0.060 0.0150 0.1725 0.027 0.0165 0.2205
0.059 0.0145 0.1575 0.026 0.0170 0.2375
0.058 0.0140 0.1430 0.025 0.0175 0.2550
0.057 0.0135 0.1290 0.024 0.0180 0.2730
0.056 0.0130 0.1155 0.023 0.0185 0.2915
0.055 0.0125 0.1025 0.022 0.0190 0.3105
0.054 0.0120 0.0900 0.021 0.0195 0.3300
0.053 0.0115 0.0780 0.020 0.0200 0.3500
0.052 0.0110 0.0665 0.019 0.0205 0.3705
0.051 0.0105 0.0555 0.018 0.0210 0.3915
0.050 0.0100 0.0450 0.017 0.0215 0.4130
0.049 0.0095 0.0350 0.016 0.0220 0.4350
0.048 0.0090 0.0255 0.015 0.0225 0.4575
0.047 0.0085 0.0165 0.014 0.0230 0.4805
0.046 0.0080 0.0080 0.013 0.0235 0.5040
0.045 0.0000 0.0000 0.012 0.0240 0.5280
0.044 0.0080 0.0080 0.011 0.0245 0.5525
0.043 0.0085 0.0165 0.010 0.0250 0.5775
0.042 0.0090 0.0255 0.009 0.0255 0.6030
0.041 0.0095 0.0350 0.008 0.0260 0.6290
0.040 0.0100 0.0450 0.007 0.0265 0.6555
0.039 0.0105 0.0555 0.006 0.0270 0.6825
0.038 0.0110 0.0665 0.005 0.0275 9.7100

Until 1872, there was practically no difference in the prices of Bessemer and
non-Bessemer ores, although in some instances non-Bessemer sold for more than
Bessemer. Since 1872, Bessemer ores have commanded a better price than non-
Bessemer ores. The difference between these two grades fluctuated from
80 cents in 1908, 1909, 1910, and 1913, to 75 cents in 1912, 1914, and thereafter
to date (1923). This differential is not so great as indicated, however, as the
two grades are sold under different guarantees. The base unit for Bessemer
ores was introduced about 1897, and the guarantee was 56.70 per cent. iron,
natural. No guarantee was given on non-Bessemer ores until 1899, when it was
fixed at 54.36 per cent. iron, natural. In 1905 and 1906, the base unit for Mesabi
non-Bessemer was 53.00 per cent. In 1907, base ores decreased from 56.70 to
55.00 for Bessemer, and from 52.80 to 51.50 for non-Bessemer ores.
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To illustrate these calculations: Assume that the analysis of an Old Range
Bessemer ore is 48 per cent. iron natural and 0.048 per cent. phosphorus, dried
at 212° F., and that the base ore which is guaranteed to contain 55 per cent.
iron natural and 0.045 per cent. phosphorus, dried at 212° F., is selling at $6.45
per ton, delivered at Lake Erie ports. The actual selling price would be cal-
culated as follows:—

From 55 to 50 per cent. equals 5 units; 5 times the base unitequals................... $0.64090
From 50 to 49 per cent. equals 1 unit; 1 times the base unit plus 50 per cent. equals... 0.19227
From 49 to 48 per cent. equals 1 unit; 1 times the base unit plus 100 per cent. equals.. 0.25636

Penalty for iron. ... ... ... . $1.08953
Penalty for phosphorus (from table)... ... ... .. ... .. . ... .. .. . . ... . .02550
Total .penalty ................................................................ $1.11503

or, in round figures, $1.12 per ton.

This penalty subtracted from the base price of $6.45 gives $5.33 as the actual selling price
of the ore.

Suppose that the analysis of a Mesabi Bessemer ore is 57.50 per cent. iron
natural and 0.043 per cent. phosphorus, dried at 212° F., and that the base
ore which is guaranteed to contain 55 per cent. iron natural and 0.045 per cent.
phosphorus, dried at 212° F., is selling at $6.20 per ton. Then the actual selling
price would be calculated as follows:—

From 55 to 56 per cent. equals 1 unit; 1 times base unit plus 1 cent equals........... $0.13364
From 56 to 57 per cent. equals 1 unit; 1 times base unit plus 2 cents equals.......... 0.14364
From 57 to 57.50 per cent. equals 1/, unit; one-half the base unit plus 3 cents equals... 0.07682
Premium for iron. .. ... ... $0.35410
Premium for phosphorus (from table). . ...... ... ... ... . . . .. . . .. . . ... . .. ... .. 0.01650
Total premium. . ......... ... $0.37060

or, in round figures, $0.37 per ton.
This premium added to the base price of $6.20 gives $6.57 as the actual selling price of the ore.

Suppose that the analysis of an Old Range non-Bessemer ore is 48 per cent.
iron natural and that the base ore which is guaranteed to contain 51.50 per
cent. iron natural is selling for $5.70 per ton, delivered at Lake Erie ports.
The actual selling price would be calculated as follows:—

From 51.50 to 50 per cent. equals 11/ units; 11/, times base unit equals.............. $0.18349
From 50 to 49 per cent. equals 1 unit; 1 times base unit plus 50 per cent. equals. ... .. 0.18349
From 49 to 48 per cent. equals 1 unit; 1 times base unit plus 100 per cent. equals. . ... 0.24466
Total penalty. ... ... $0.61164

or, in round figures, $0.61 per ton.

This penalty subtracted from the base price, $5.70 per ton, gives $5.09 as the actual selling
price of the ore,

Suppose ‘hat the analysis of a Mesabi non-Bessemer ore is 55 per cent.
iron natural and that the base ore which is guaranteed to contain 51.50 per cent.
iron natural is selling for $5.55 per ton, delivered at Lake Erie ports. The
actual selling price would be calculated as follows:—

From 51.50 to 55 per cent. equals 3'/; units; 31/ times base unit equals.............. $0.41797
This would be the total premium, that is $0.42 per ton.
This premium added to the base price of $5.55 gives $5.97 as the actual selling price of the ore.
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In a manganiferous ore, up to 4 or 5 per cent.,-the manganese is usually
calculated as a metal with the iron; that is, the total percentage of iron and
manganese in the natural, is used as a percentage of iron in calculating the value
of the ore. For ores with a higher percentage of manganese than 4 or 5 per cent.,
a special price is generally made.

Siliceous ores, that is, ores containing 20 per cent. or more silica, are generally
sold for a special price.

The market prices of Lake Superior iron ores at Lower Lake ports, for the
years 1900 to 1923, are given in the Appendix on page 118.



CHAPTER XII

DESCRIPTION OF FURNACE RUNS ON MOOSE MOUNTAIN
BRIQUETTES

Furnace tests were made on Moose Mountain briquettes at the works of
the Steel Company of Canada, Hamilton, in October, 1922, and in April and
May, 1923. In these tests approximately 10,000 tons of the material were used.

The October test run was made in “A” furnace, an old and relatively
small furnace. The later tests were made in “B” furnace, a modern-type
furnace of large capacity.

Fig. 21 (a)—Stock-pile of Moose Mountain briquettes.

In the ““A” furnace test run, for four days briquettes made up 10 per cent.
of the ore mixture. Then the percentage was increased to twenty.

In the “B’” furnace test, fifteen per cent. of briquettes was used for two
weeks, and then for a month the furnace was run with twenty-five per cent.
of briquettes on the burden.

The attempt to use briquettes on ‘A" furnace was discontinued after
fourteen days, for reasons given in the report of that run. When the figures
for that period are compared with another period immediately following, the
use of briquettes apparently resulted in better production and decreased coke
consumption. If, however, they are compared with later periods, the advantage
is lost, and decidedly so if compared with the month of May, when “A’”’ furnace
averaged 302 tons a day, as against 293 tons a day during the test.

In drawing any conclusions from what happened on “A” furnace as com-
pared with the subsequent results on ‘B’ furnace, it is necessary to take into

(89]
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“B” furnace is working more smoothly than it has heretofore, and with a blast
heat of 200 degrees hotter, which last is very desirable. The worst trouble
experienced with big furnaces is in getting them to operate smoothly in the face
of hard driving and high blast heats. This is due to the zone of fusion working
up too high in the furnace and causing dirty walls, which in turn will cause the
furnace to ‘‘hang” and work irregularly. The above condition could also be
brought about through a too open stock column failing to hold the zone of
fusion down. The principal objection to Moose Mountain briquettes arises
from the size and shape of the briquettes.

Summary of Conclusions from Test Runs

1. From the data collected, a positive statement as to whether Moose
Mountain briquettes were beneficial or detrimental in a blast furnace in com-
parison with Lake ores would be open to question.

2. From a standpoint of chemical composition Moose Mountain briquettes
are superior to most natural ores for the following reasons: (a) The iron content
is from seven to ten points higher than the majority of non-Bessemer ores, and
this results in better blast furnace yields. (b) The phosphorus is thirty-five
points below the Bessemer standard. This lowers the amount of phosphorus
to be removed in the basic open hearth furnaces; but as there is at present
practically no Canadian market for low phosphorus Bessemer pig iron, blast
furnace operators cannot pay any premium for this advantage.

3. From a standpoint of reducibility in the blast furnace, no definite state-
ment can be made, but the briquettes are apparently reduced as readily as Lake
Superior ores. - ’

4. From a standpoint of their size, shape, etc., they are not all that could
be desired, for the following reasons: (a) The run on ‘A’ furnace was brought
to a close through furnace irregularities which apparently originated in a too
open stock column, brought about by the size of the briquettes, 4 by 8 by 2
inches. (b) From the smooth working of ‘B’ furnace in the last three or
four days, the tendency of the pressure in “A” furnace to go up for a couple
of hours at a time during the tests may have been due to the zone of fusion
getting a little too high up, or possible channelling of the gases caused by
segregation of the briquettes in the furnace.

5. It has been demonstrated that at least 25 per cent. of Moose Mountain
briquettes can be used satisfactorily in a modern furnace.

A Brief Comparison of ‘“A’’ and ‘‘B”’ Furnaces

KIA"I (‘B”

ft. in. ft. in.
Overall height. ... ... .. ... ............ 72 9 90 O
Hearth diameter. ......................... 1 0 16 6
Hearth height....... ... ... ... ... ........ 8 5 9 4
Bosh diameter..................... N 16 1 20 413
Number of tuyéres..................... ... 8 8
Stock line diameter........................ 12 0 15 0
Cubic feet of volume. . .................... 9,368 19,437

The above figures give a general idea of the much larger structure of the
new ‘““B” furnace as compared with “A.”” This increase in size translated into
rated production per twenty-four hours, amounts to about 200 tons, the two
furnaces being rated at 250 and 450 tons respectively.

7 LO.
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Fig. 25—""A"" Furnace, Steel Company of Canada, Hamilton.
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Report of Operations and Conclusions Following a Twelve Days’ Run
On 20 Per Cent. Moose Mountain Briquettes in ‘““A’’ Furnace

Furnace ““A”, upon which this test was conducted, is a small furnace built
in 1894, and while it lacks many of the modern features, such as skip hoists and
revolving tops, its interior lines have been altered to conform with what is now
considered to be the best practice.

On October 17th, 1922, 10 per cent. of Moose Mountain briquettes was
placed on the burden. On the 20th this was increased to 20 per cent., at which
figure it remained until the 29th. On the 28th the furnace began hanging and
slipping, but settled down again until the 29th, when conditions grew so bad
that it was considered advisable to discontinue the briquettes.

A blast furnace is said to hang when the stock column has failed to descend
evenly as fusion takes place at the tuyéres. The slip which follows the hanging
is similar in action to the plunger in a pump, and very high pressure is momen-
tarily generated in the lower part of the furnace. This results in stock being
blown from the top or, in extreme cases, in old furnaces, the entire top may
be blown off.

From the above it is easily understood that such a condition must be
carefully avoided in an old furnace, as it not only makes good production im-
possible and threatens the furnace structure, but endangers the lives of those
working round about.

Included in this report are reproductions of two charts taken from the
gauge recording the blast pressure. One is a normal chart with the pressure
uniform in the vicinity of twelve pounds; the other is a chart for the 29th of
October. In comparing these charts it will be seen that the pressure dropped
at three-hour intervals, corresponding roughly to the hours of two, five, eight,
and eleven o’clock. These checks are normal and take place when casting the
furnace. On the chart for the 29th the drops in pressure appearing between
casts are due to the furnace being checked, or in other words, having the blast
taken off, so that the stock column will settle down as it should. It will be
seen from this chart that the furnace was working irregularly and under high
pressure for.nearly twelve hours.

In order to draw some sort of comparison between the actual furnace
conditions, with and without the use of briquettes, it was necessary to select a
period with the furnace on Lake ore, when all other conditions were as nearly
uniform as possible. Owing to the furnace having only resumed operations on
the 15th of September, after a prolonged period of inactivity, and owing to the
fact that the fuel supply is at present varying from day to day, it was impossible
to get exactly the same set of conditions, but the period selected is the best
that could be done under the circumstances.

The chief points of difference are, that the test took place about a month
after the furnace went in and at a time when it was doing the best work in its
history, that the coke used was much better during October, and that excess
scrap was charged all through the test period.
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Fig. 26—Pressure chart, Furnace “A,” October 26, 1922, showing record under
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Fig. 27—Pressure chart, Furnace “A,” October 29, 1922, showing record of
irregular high pressures.
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In connection with the fuel, the analyses given on the long daily practice
sheet represents fresh coke coming from the ovens, which was mixed at the
furnace with coke already in stock. This stock coke was of a much better
grade and was used in the proportions shown below:—

Per cent. Per cent.
stock fresh
TEsT PERIOD
October 17th to 28th, inclusive. .. ..................... 46 54
COMPARATIVE PERIOD
November 1st to 12th, inclusive:
November 1............ . ... ... ... ....... 40 60
November 6........ ... ... . . 30 70
November 8. ....... ... ... . ... . . . ... 25 75
November 11.. ... ... .. .. .. ... ... ... . . ... 15 85
November 12........ .. .. .. ... ... . . .. 10 90
AVErage. .o vt e 27.7 72.3

The larger proportion of stock coke used during the test period gives that
run a decided advantage.

The conclusions to be drawn from the results of the test as shown on the
data sheets are as follows:—

1. From the standpoint of chemical constitution and reducibility there
is no reason why a large percentage of Moose Mountain briquettes
could not be used in place of Lake Superior ores.

2. The present physmal characters, size, shape, etc., of the brxquettes
prohibit their use in any large proportions.

Present blast furnace efficiency is largely due to proper distribution of the
material over the cross-section of the furnace. This proper distribution has
been accomplished by a long series of cut and try experiments with the class of
raw materials commonly used. Briquettes the size of a nine-inch brick are so
radically different from ores commonly used that the entire distribution would
be changed by them. When these briquettes are added to the charge, the centre
is opened up. This results in too much gas passing up through the centre
of the furnace and not enough up the walls. The results of this gas action are
higher top heats, higher flue dust production, and ultimate sticking and hanging
due to dirty walls. It will be noticed that the top heat and flue dust production
were higher during the period the briquettes were used, and the hanging was
encountered after twelve days. It might perhaps be mentioned that this was
the only protracted period of hanging on the furnace since it was blown in.

Owing to the age of the comparatively thin plate in ““A”’ furnace shell, the
management has deemed it inadvisable to take any further unnecessary risks
along the line of high pressure or slips on this furnace, and no further attempts
to utilize Moose Mountain briquettes have been made in “A’” furnace.



98 REPORT OF THE IRON ORE COMMITTEE

BURDEN SHEET

Date: October 17th to 28th, inclusive.
Mixture: Basic.
Furnace: “A”

SToCck Fe Phos.| Mn | SiO: [AlLGs | CaO | MgO S
% % % % % % % %
Plymouth........................ 53.11| 0.086/ 0.50 | 3.28 | 1.25 | 0.12 | 0.18 | 0.0609
Danuvbe...................... .. .. 52.98/ 0.068 0.21 (11.37 | 0.59 | 0.19 | 0.17 | 0.0607
Cedar........ooooiii i 48.92( 0.125{ 0.23 | 7.88 { 4.2510.99 { 2.11 | 0.019
Portsmouth-Rex................. .. 35.93/ 0.274/ 6.83 | 6.11 | 3.34 | 1.44 | 0.52 | 0.022
Moose Mountain.. ... ... ... ....1 60.3310.013/ 0.05|6.84|0.3310.34|0.28 | 0.032
Scale...ov v 62.00 0.024/ 0.27 | 1.86 | 0.26 | 0.18 | 0.14 | 0.025
Scrap..........o L oS00 e
Coke, direct. . ... ............ RV D P 5.86 | 3.11]0.7210.32{1.05
Coke,stock............ ... ... oo oo 4.552.3910.650.320.75
Beachville stcne. .. ... ... 0.65 | 0.65 |53.45 | 1.29 | 0.025
MIXTURE tons %
Plymouth........... 1,766 | 28.5 | 15.13/ 0.024/ 0.14 1 0.93 {1 0.36 | 0.03 | 0.05 |......
Danube............. 1,177 | 19.0 | 10.0¢| 0.013} 0.04 | 2.16 | 0.11 | 0.04 | 0.03
Cedar............... 955 | 15.5 7.580.019/0.03 | 1.2210.66 | 0.15] 0.33
Portsmouth-Rex. . ... 923 | 15.0 5.39/ 0.041) 1.02 1, 0.92 | 0.50 | 0.22 | 0.08
Moose Mountain. .. .. 1,032 | 17.0 | 10.25| 0.002!...... 1.16 1 0.06  0.06 : 0.05 |
Scale................ 308 | 5.0 3.10] 0.001] 0.01 091001 ...... . [
Average ore......| 6,161 |100.0 | 51.51} 0.100| 1.24 | 6.48 | 1.70 | 0.50 | 0.54
WEIGHT OF CHARGE tcns | tons | tcns | tons | tons | tcns | tons | teons | tcns
Ore....oooviiiiiinnn 6,161 3,172 6.16 | 76.40(399.23/104.74| 30.80| 33.27|......
Coke, direct. ........... o659 97.22| 51.49| 11.94| 5.31} 17.42
Coke, stock................ 1,413 ... o] 64.29| 33.77| 9.18& 4.52| 10.60
Stone............... ... 1,047 ... | oo 6.80 | 6.80/559.62| 13.50}......
Scrap............ 308 277 .. .
Total ctarge. ..........|[...... 3,450| 6.16 | 76.40|567.54{196.80|611.54| 56.60] 28.02
tons
SILICA IN CHARGE. .. v\ttt tie e aeannn, e 567.54
SiQ: to provide 1.17 per cent. Siin pig......... 92.00 % Theoretical
SLAG SiOz..ooiiitl. 475.54 34.72
AlOs........... 196.80 14.40
CaO............ . 611.54 44.66
MgO............ 56.60 417
S 28.02 2.05
POUNDS SLAG PER TON PIG IRON, 871. Total slag. 1,368.50 100.00
%
Yield........... 56.80
Phosphorus. . .. .. 0.168
IrRON: 3,675 tons. Manganese. . .... 1.56
Silicon.......... 1.17

REMARKS.—The analyses glven at the top of this sheet are average analyses; in the case
of ore, the average for last season’s deliveries. In blast furnace calculations, on Lake ore the
sulphur is low enough to be disregarded; with phosphorus, anything beyond 'the third decimal
place is disregarded; on all other elements, anything beyond two places of decimals. By “tons”’
1s meant gross tons throughout.
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BURDEN SHEET
Date: November 1st to 12th, 1€22, inclusive.
Mixture: Basic.
Furnace: “A".

Stock Fe |Phos.| Mn | SiO; | ALOsz | CaO | MgO S
% % % % % % % %
Plymouth........................ 53.11{ 0.086| 0.50 | 3.28 | 1.25 | 0.12 ] 0.18 | 0.009
DPanube.........oooviii 52.98| 0.068 0.21 {11.37 | 0.59 | 0.19 | 0.17 | 0.007
Cedar........ccooovviii i 48.92/ 0.125{ 0.23 | 7.88 | 4.25 | 0.99 | 2.11 | 0.019
Portsmouth-Rex................... 35.931 0 274/ 6.83 | 6.11 | 3.34 | 1.44 | 0.52 | 0.022
Moose Mountain. ... ... ........ 60.33| 0.013] 0.05 | 6.84 | 0.33 ] 0.34 | 0.28 | 0.032
OSaANA. ..o oo 50.39) 0.470/ 0.30 | 6.23 | 3.33 | 1.36 | 1.47 | 0.027
Richmond........................ 39.69| 0.043| 0.11 |137.33 { 0.99 1 0.42 | 0.36 | 0.001
Scale..........ooi 62.00{ 0.043} 0.27 | 1.86 | 0.26 | 0.18 | 0.14 | 0.025
SCraAP . et e e 90.00[. ... ool
Coke, direct. . ........... ... oo 5.8013.1110.72|10.32|1.05
Coke,stock. ... ... 4.55}12.39]0.65(0.32]0.75
Beachville.................. ... | .. ...} 0.65] 0.65 [53.45 | 1.29 { 0.025
MIXTURE tons %
Plymouth........... 1,623 | 27.0 {14.33 { 0.023{ 0.13 | 0.88 [ 0.34 | 0.03 | 0.05 |......
Danube............. 1,879 | 31.5 [16.69 | 0.021{ 0.07 | 3.58 | 0.18 { 0.06 | 0.05 |......
Cedar...........c... 716 | 12.0 | 5.87 | 0.015{ 0.03 | 0.94 | 0.51 [ 0.12 | 0.25 |......
Portsmouth-Rex. .. ..| 895 | 15.0 5.39 | 0.041] 1.02 | 0.92 | 0.50 | 0.22 | 0.08 |......
Moose Mountain. .. .. 60 1.0]0.60 |......0...... 0.07 |..... 0. oot
Osana............... 477 8.0]4.03}0.038/0.0210.50|0.27|0.11 | 0.12|......
Richmond........... 17 0.5(0.20......[...... 0.19 |......) .. o]
Scale................ 298| 5.013.1010.001;0.01 {0.090.00 (......]...c..]cnu..n
Average cre......{5,965 [100.0 |50 21 | 0.13%] 1.28 | 7.17 | 1.81 | 0.54 | 0.55.|......
WEIGHT OF CHARGE tons | tons | tons | tons | tons | tons | tons | tons | tons
Ore.......ccoovvvii.. 5,965 12,995 | 8.19 | 76.35|427.69|107.96| 32.21] 32 80|......
Coke, direct. .............. 1,938 [......0......|...... 113.57| 60.27| 13.95| 6.20) 20.35
Coke, stock......oovn... 1,043 | ... ol 47.46| 24.93| 6.78| 3.34) 7.82
Stone. ... 1,082 |. ... ol 6.84| 6.84(562.26] 13.57|......
Scrap. ... 244 | 219.6). ... .. oo
Total charge...........|...... 3,214.6] 8.19 | 76.35/595.56/200.00|615.23| 55.91| 28.17
tons
SILICAIN CHARGE. . . ..ottt e e 595.56
SiQ; to provide 1.33 per cent. Siin pig.......... 97.20 % Theoretical
Srac SiOg.eovviiinn 498.36 35.66
Al,Oz. . ......... 200.00 14.31
CaO............ 615.23 44 01
MgO............ 55.91 4.01
S 28.17 2.01
POUNDS SLAG PER TON PIG IRON: 915, Totalslag....... 1,397.67 100.00
. %
Yield....... 55.05
Phosphorus.. 0.239
IroN: 3,420 tons. Manganese.. 1.67
Silicon...... 1.33

REMARKs.—The analyses given at the top of this sheet are average analyses; in the case
of ore, tbe average for last season’s deliveries. In blast furnace calculations, on Lake ore, the
sulphur is Jow enough to be disregarded; with phosphorus, anything beyond the third decimal
place is disregarded; with all other elements, anything beyond two places of decimals. By
“‘tons’’ is meant gross tons throughout
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BLAST FURNACE PRACTICE DATA
Furnace “A”
Period of test, Comparative
Oct. 17th to 28th, | period, Nov. 1st,
inclusive to 12th, inclusive
Grade of irOn. .. ... oo Basic Basic
Time of operation. ......... .. .. ... .............. days 12 .12
Total product.. ... ...t tons 3,519 3,274
Average daily production................. . ... .. «“ 293.2 272.8
Production per 24 hours per 100 cu. ft. volume....... 3.13 2.91
Totaloreused............. ... ... ... ... ... .... tons 5,853 5,667
Total cinderused. ............................... S e PN
Totalscaleused. .............. ... .. ... ......... «“ 308 298
Total excess scrap used. .. ... .o .o, « 308 244
Total cokeused. ......... .. .. ... .. ... ....... net tons 3,441 3,341
Total Beachville stoneused. ............... ... ... tons 1,047 1,052
Total of all materialused. .................... .. .. “ 10,957 10,602
Ore mixture per tON iroN. .. ... ... 1bs. 3,921 4,081
Scrap pertoniron...................... .. ... ... “ 195 167
Coke pertoniron............. ... .o iiii .. «“ 1,955 2,039
Stone pertoniron.............. .. ... il «“ 666 719
All material pertoniron.......... .. .........vuu... «“ 6,737 7,006
Silica in ore mixture............. ... ... ... . ... per cent 6.48 7.17
Average cokeash.......... ... ......... .. ... “ o« 9.95 10.53
Average coke sulphur.......... ... o oL “ o« 0.93 0.96
Burden ratio.............. .. .. “ o« 2.11 2.09
Theoretical yield.. ........... ... . ... ... .. ... per cent. 56.80 55.05
Actual yield.. . ... “ oo« 54.40 52.60
Lossinyield............ ... .. ... ........ “« o« 2.40 2.45
Flue dust produced. .. ..... ... ... .. ... ... ... ..., tons 296 252
Flue dust per toniron.................... ... . ... Ibs. 188 172
Average air temperature.................... degrees F. 46 48
Average grains moisture inair......... ... ... .......... 2.34 2.87
Airperpoundcoke........ ... .. ... L L cu. ft. 33.5 54.9
Airperminuteat 62° F...... ... ... ... L 21,453 21,243
Blast temperature................. ... ..... degrees F. 1,184 1,115
Top temperature......... ... .. ... ... ... “ “ 440 422
Average siliconin pig......... ... ... ... per cent. 1.17 1.33
Average sulphurin pig......... ... ............ “ oo« 0.039 0.041
Average phosphorusin pig..................... “ oo« 0.19 0.25
Average manganese in pig..................... “« oo« 1.85 1.75
Per cent. off sulphuriron........ .:......... .. “ oo« 1.04 5.20
Averagesilicainslag............. ... ... . ... per cent. 36.79 37.12
Average aluminainslag...... ... ..... ....... “oo« 15.18 16.45
Average sulphurinslag. ................ ... .. “ o« 1.92 2.00
Total timelost............... ... .. ... ....... minutes 138 171
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Moose Mountain Briquettes in ‘“B’’ Furnace

On the following pages will be found the results obtained April 16th to
April 29th, and April 30th to May 30th, 1923.

During the period April 16th to April 29th, the charge contained 15 per
cent. briquettes.

During the period April 30th to May 30th, the charge contained 235 per cent.
briguettes.

Fig, 28—"B" Furnace, Steel Company of Canada, Hamilton.
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Due to market and other conditions during the first period, the burden
on the furnace was changed every few days and this changing must be taken
into consideration when using the results obtained.

At the time of these tests, the briquettes had disintegrated badly. They
had been on the stock pile through the winter and not over 25 per cent. retained
their original form. This was not undesirable except for the large amount of dust.

The furnace worked satisfactorily throughout the test and the results
correspond to good average results obtained when using Lake Superior ores.

Fig. 29—Top of ‘B’ Furnace, Steel Company of Canada, Hamilton.
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BURDEN SHEET

Date: April 16th to 29th, 1523, inclusive
Mixture: Basic.
Furnace: “B.”

Stock Fe |Phos.| Mn | SiO; | ALOs;| CaO | MgO | S
% % % % % o %o %
Plymouth...... .................. 53.11} 0.086] 0.50 | 3.28 | 1.25 | 0.12 | 0.18 | 0.009
OSana.......covvii 50.39] 0.470| 0.30 | 6.23 | 3.33 | 1.36 | 1.47 | 0.027
Richmend......... . ........... ... 39.69] 0.043| 0.11 |37.33 | 0.99 | 0.42 | 0.36 | 0.001
Plymouth-Rex. ... ... ............ 47.45| 0.082} 2.86 | 3.29 | 1.57 { 0.17 | 0.15 | 0.013
Portsmouth-Rex. .. ...... ... .. ... 35.93| 0.274] 6.83 | 6.11 | 3.34 | 1.44 1 0.52 | 0.022
Danube........... ... ... ..... 52.98; 0.068| 0.21 |11.37 | 0.59 { 0.19 | 0.17 | 0.007
Moose Mountain.................. 60.33/ 0.013] 0.05 | 6.84 | 0.33 | 0.34 | 0.28 | 0.032
Scale.........ooiii 62.00| 0.024/ 0.27 | 1.86 | 0.26 | 0.18 | 0.14 | 0.025
Hanoverstone...............c..co|vevenilivnai]enenn. 0.45 | 0.30 (54.35 | 0.62 | 0.025
Coke. ... 5.48 13.33/10.720.34 | 1.06
MIXTURE tons %
Plymouth......... .. 1,844| 14.7 | 7.81 1 0.013} 0.07 | 0.48 | 0.18 [ 0.02 | 0.03 |......
Osana............... 2,509 20.0 [10.08 | 0.094| 0.06 | 1.25 | 0.67 | 0.27 | 0.29 |......
Richmend. . ...... ... 318 2.510.99 | 0.001}...... 0.9310.02)0.01 {0.01]......
Plymouth-Rex..... .. 75 0.6 | 0.28 |...... 0.020.02|0.01 |......0......01......
Portsmouth-Rex. .. .. 1,554/ 12.4 1 4.45 | 0.034/ 0.85 | 0.76 1 0.41 | 0.18 | 0.06 |......
Danube............. 3,648] 29.1 {15.42 { 0.020, 0.06 | 3.30 | 0.17 | 0.05 | 0.05 |......
Mocose Mountain. . . .. 1,966 15.7 | 9.47 | 0.002]. ... .. 1.07 {0.05]0.05]0.04 |......
Scale................ 624 5.0 {3.1010.00110.01 [ 0.09 | 0.01 | . .....[......|......
Average ore. ... .. 12,538(100.0 {51.60 | 0.165] 1.07 | 7.90 | 1.52 [ 0.58 | 0.48 |......
WEIGHT OF CHARGE tens | tons | tons | tons | tons | tons | tons | tons | tons
Ore...c...o.ocviiiein... 12,538 6,470 | 20.69| 134 | 990 190 73 60 |......
Coke........ooiiii 5731 ... .o 314 191 41 19 61
Stone..................... 2,64€. .. 12 8 11,438 16 |......
Scrap.. ..o
Total charge.......... |...... 6,470 | 20.69| 124 {1,316 | 389 |1,552 | 95 61
tons
SILICA INCHARGE.. . ................ e 1,316
SiOs to provide 0.93 per cent. Si in pig. . 137 9% Theoretical
SLAG ‘ SiOy. ... 1,179 35.99
AlOs........... 389 11.87
CaO............ 1,552 47.37
MgO............ 95 2.89
............... 61 1.88
POUNDS SLAG PER TON PIG IRON, 1,066. Total slag. .. 3,276 100.00
VY
TrON: 6,883 tons Yield. . ...... 54,00
Phosphorus.. 0.30
Manganese.. 1.56
Silicon...... 0.93
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BLAST FURNACE PRACTICE DATA
April 16th to 29th, 1923, inclusive

“B"" furnace,

15 per cent. Moose Mountain briquettes...................... .. .. ... ........ basic
Time of operation........ ... days 14
Total production. . ... ... i e tons| 6,148
Daily average production............ ... .. i «“ 160
Production per 24 hours per 100 cu. ft. volume. . .................... « 2.37
Total ore used. . ...t tons| 11,914
Total cinder used. ... ...t e e
Total scale used. . ... ..ot tens, 624
Total extra scrap used. . ... ...t
Total coke used. . ... o net tons| 6,419
Total Hanover stone used.......... ... .. ... .. ... ... .. .. . .. tons| 2,646
Total Beachville stone used. . ........ ... ... ... ... i
Total all materials used. . ........ ... ... ... .. ... .. .. ... tons{ 21,603
Ore mixture per tON IrON . . . . . ... .ttt Jbs. 4,511
Serap Per tON ITOM. « . ottt e .
Coke Per tON IFOM . « v vt vttt i et et e e e e “ 1,994
StONEe Per tON IrOM. . . . oottt “ 919
All material per tOn IrOM. . . ..ottt “ : 7424
Silica in Ore MIXEULC. . ..o\ o ettt e per cent., 7.90
Average cokeash..................... e “ oo« 11.17
Average cokesulphur. . ... .. .. o oo i « o« 1.07
Burden ratio. .........oviiii “ o« 2.19
Theoretical yield. . ... ... . .. . e per cent, 54.90
Actual yield. ... .. “oo« 51.43
Lossinyield. ... ... . i s “ o« 3.47
Flue dust produced. .. ... .. .. e tons 534.0
Flue dust per ton frOn. ... . .oou ittt s Ibs. 186
Average air temperature. . .. .......vveuin ot degrees F. 52
Average grains moisture in @ir.......... ... ... e 2.97
Air per poundof coke. . ...... ... . cu. ft 50.4
Airper minute at 62° Fo... ... ... . « 33,872
Blast temperature. . ... degrees F. 883
Top temMpPerature. ... ..ovvoit e « 326
Average siliCOn in Pig. .. oo oot per cent. 0.93
Average sulphur in pig. . ........ it “ oo« 0.041
Average phosphorus in pig... ... ... “ oo« 0.26
Average manganese il PiZ. . . oovuvevunnininiii i “ o« 1.37
Per cent. off sulphuriron........ ... .. ... ... ... . “ o« 1.8
Averagesilicainslag........ ... ... i per cent. 38.33
Average aluminainslag. .. ...... ... ...t « o« 13.11
Averdge sulphur in slag....... PP “« o« 1.88

hrs. min. 11.32

TIme loSt. .ot
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BURDEN SHEET
Date: April 30th to May 30th, 1923, inclusive.

Mixture:

Basic.

Furnace- “B”.

Stock Fe | Phos.| Mn | SiOQ: | ALOs| CaO | MgO| S
, w2l %l % % 2| 2| %| %
Moose Mountain.................. 60.33] 0.013/ 0.05 | 6.84 | 0.33 ] 0.34 | 0.28 | 0.032
Osana...............coe ool 50.39| 0.470; 0.30 | 6.23 | 3.33 | 1.36 | 1.47 | 0.027
Danube.............. ... ... ..... 52.98| 0.068| 0.21 |11.37 | 0.59 | 0.19 | 0.17 | 0.007
Plymouth-Rex.................... 47.45/ 0.082] 2.86 | 3.29 | 1.57 | 0.17 | 0.15 | 0.013
Portsmouth-Rex....... ... ... ... .. 35.93/ 0.274] 6.83 | 6.11 | 3.34 ] 1.44 ] 0.52 | 0.022
Cedar............................ 48.92/ 0.125( 0.23 | 7.88 | 4.25 | 0.99 | 2.11 | 0.019
Richmond.......... ... ... ....... 39.69| 0.043] 0.11 |37.33 ] 0.99 | 0.42 ] 0.36 | 0.001
Scale.............. ... L. 62.00| 0.024| 0.27 | 1.86 | 0.26 | 0.18 | 0.14 | 0.025
Scrap......oiii 90.00!. .- ..o
Coke...oovoveee 5.38(3.10{0.73|0.32 | 1.05
Hanoverstone................... ... |.....0...... 0.46 | 0.31 |54.35 | 0.62 | 0.025
Beachvillestone.......... ... ... .0 . . .o ool 0.65 ] 0.65|53.45 | 1.29 | 0.025
MIXTURE tons %
Moose Mountain.....| 7,170| 25.0 {15.07 | 0.003] 0.01 | 1.71 | 0.08 | 0.09 | 0.07 |. .. ...
Osana............... 5,484/ 19.1 | 9.62 | 0.090; 0.06 | 1.19.| 0.64 | 0.26 | 0.28 |......
Danube........... .. 4909 17.0 1 901 |0.012 0.04 { 1.93 | 0.10 | 0.03 {0.03 |......
Plymouth-Rex... ... .| 4302[ 15.0 | 7.12 | 0.012[ 0.43 ] 0.49 [ 0.23 1 0.03 | 0.02 |......
Portsmouth-Rex.. ...] 2,897} 10.0 | 3.59 | 0.027] 0.68 | 0.61 | 0.33 | 0.14 | 0.05 |......
Cedar............... 1.654 5.8 | 2.84 | 0.007) 0.01 | 0.46 | 0.25 ] 0.06 | 0.12 |......
Richmond......... .. 907 3.1 ] 1.23|0.00t]...... 1.16 | 0.03 | 0.01 | 0.01 |......
Scale................ 1,434 5.0 3.10 1 0.001 0.01 { 0.09 | 0.01 | 0.01 | 0.01 |......
Average ore.. ... |28,752/100.0 (51,58 | 0.153| 1.24 | 7.64 | 1.67 | 0.63 ] 0.59 |......
WEIGHT OF CHARGE tons | tons | tons | tons | tons | tons | tons | tons | tons
Ore...oovvviiiii .. 28,752{ 14,830 43.99] 357 |2,097 481 181 170 ... ...
Coke......oovii o 13,172 e 709 | 408 97 42| 138
Hanover stone............. 1,324, ...l o 6 4 720 8 |......
Beachville stone. . ... ....... 4679 . ... | 30 30 2,501 60 |......
Serap... .o 29 260, . e e
Total charge...........[...... 14.856/43.99 | 357 | 2,842 923 13,499 280 138
tons
SILICA IN CHARGE ..ttt et ttitttt e e aiiiie e 2,842
SiO2 to provide 1.17 per cent. Si. in pig........ 268 % Theoretical
SLAG SiOz.eviann. 2,574 34.72
Al,Os. ... .. 923 12.45
CaO.......... .. 3,499 47.19
MgO............ 280 3.78
............... 138 1.86
PouNnDs SLAG PER TON PIG IRON, 1,051, Total slag 7414 100.00
%
Yield....... 54.91
Phosphorus.. 0.22
IrRON: 135,604 tons. Manganese.. 1.72
Silicon...... 0.79
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BLAST FURNACE DATA
April 30th to May 30th, 1923, inclusive

“B" furnace,

basic
Time of operation................... ... ... ... P days 31
Total production. . ... T tons| 14,697
Daily average production........... .. ... o L “ 474
Preduction per 24 hours per 100 cu. ft. volume............... ... ... ..... “ 2.44
Total ore used. . o« e tons| 27,318
Total cinderused.............. . ........ S B
Total scale used . « ..o vttt tons| 1,434
Total extra scrap used. . . oot “ 29
Total coke used. . . ..o net tons| 14,752
Total Beachville stone used. . ........ ... ... ... . ... . . . . ... tons| 4,679
Total Hanover stone used............ ... ... ... . ... i « 1,324
Total of all material. . ... . ... .. . “ 1 49,536
Ore mixture per tON IrON. . .. ... .. ... . i Ibs.] 4,382
Scrap per tOn IrOM. . ...ttt «“
Coke per tOm irOM. v v vt v it « 2,007
Stone per tONn iTON. . . ...ttt « 015
All material per toniron. ... ... . e “ 7,308
Silica IN OF€ MUEXEUTE .+« .\ vttt ettt et e e e e ettt per cent. 7.64
Averagecokeash.......... . ... .ol “« o« 10.78
Average coke sulphur. ... oo oo “« o« 1.06
Burden ratio. ... .vvvvt it “ o« 2.18
Theoretical yield. .. ... e per cent. 54.90
Actual yield. . oo oo « o« 51.06
Lossinyield. . ... o« 3.84
Flue dust produced. . ... ... tong 976
Flue dust per ton iron.............. . . . . . . . .. 1bs. 149
Average air temperature.. .. ........oouiuii i degrees F. 53
Average grains moisture inai . ......... ... oo 3.37
Airperpound coke.. ... ... ... L cu. ft. 50.7
Airperminuteat 62° Fo..... ..o oo “ 34,725
Blast temperature. ... ...t degrees F. 834
TOP tEMPETAtUTE. . . .ot o o et e et e et « “ 287
Average silicon in pig....... ... ... per cent. 0.79
Average sulphurin pig............ ... “ oo« 0.035
Average phosphorusin pig................. .. . “oo« 0.25
Average manganese in Pig............... i “oo« 1.58
Per cent. off sulphuriron....... ... ... ... o o i “ oo« 0.0
Average silicainslag............ ... ... o per cent. 37.25
Average alumina in slag.. ... T e “« o« 12.88
Average sulphurinslag. .. ... ... ... ... ... L “« o« 1.84
TIMeE LOSt. « o vt e e hours 20.42
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Reports on Samples of Steel

The following is a report by O. W. Ellis on samples of steel manufactured
from iron produced in the blast furnace with a 25 per cent. charge of Moose
Mountain magnetite ore.

Two samples were taken from each of three different heats, Nos. 5161,
6172, and 7144. The rods from which samples were taken in connection with
heat number 5161, were three-quarters of an inch in diameter. The rods from
which samples were taken in connection with heats Nos. 6172 and 7144, were
five-eighths of an inch in diameter. The results of the tests show the steels
examined to be possessed of mechanical properties normal to alloys of the
analyses quoted.

Below are full particulars of the results of the tests:—

Fig. 30 Fig. 31

Fig. 30—Photomicrograph showing the structure of a transverse saction of rod No. 5161—
—magnification, 100 diameters, The sample has been etched in such a way as to
render the ferrite grains distinguishable and at the same time to leave the pearlite
grains clearly visible.

Fig. 31—Photomicrograph showing the structure of a longitudinal section of rod No. 5161
—magnification, 100 diameters. The sample has been deeply etched to bring out the
character of the ferrite grains. The pearlite areas are somewhat masked as a result
of the deep etching; they can, however, be distinguished by careful examination.

HEAT No. 5161
CHEMICAL ANALYSIS

per cent.

Carbon. ... ... .. 0.10

Manganese. ... ........... .. 0.35

Sulphur.... ... 0.039

Phesphorus.. .. ... o o 0.015

No. of sample Yield point, |Ultimate stress,| Elongation Contraction
Ibs. per sq. in. | lbs. per sq. 1. on 2 inches of area
per cent. per cent.
1o 29,720 52,070 41.5 74.5
2 38,350 50,880 44.5 68.5
Mean value................ 34035 51,475 43.0 71.5
inches

Sizeofrod............ ... ... ... .. . . 34 diameter

Gauge length of test sample...................... 2

Diameter of test sample.......................... 0.50t+

8 L.O.
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HEAT No. 6172
CHEMICAL ANALYSIS
per cent.
Carbon. ... ... . . 0.10
Manganese. . .. ...t 0.37
Sulphur..... . 0.037
Phosphorus.. ......... . 0.020
No. of sample Yield point, [Ultimate stress,| Elongation Contraction
Ibs. per gq. in. | Ibs. per sq. in. | on 2 inches of area
per cent, per cent.
S 39,260 50,270 48.5 75.5
G 41,870 52,100 St 74.0
Mean value................ 40,565 51,185 48.5 74.75
Error in marking gauge length of sample.
inches
Sizeof rod..... ... ... . .. . . .. .. %4 diameter
Gauge length of test sample. ............... ... ...
0.50+

Diameter of test sample

A ‘ﬁ.}.‘ *‘.5‘ \Q:vl“"-’."
h "y ".’.“\ ", -~
TRy »

Fig. 33
Fig. 32—P.hotomicrograph showing the structure of a transverse section of rod No. 6172—
magnification, 100 diameters. The dark areas represent pearlite, the light areas ferrite.

Fig. 33—Photomicrograph showing the structure of a transverse section of rod No. 7144—

Fig. 32

magnification, 100 diameters.

HEAT No. 7144
CHEMICAL ANALYSIS

The dark areas represent pearlite, the light areas ferrite.

per cent.
Carbon. ... ... ... 0.09
Manganese. . ... 0.34
Sulphur... ... 0.039
Phosphorus. ... i 0.015
No. of sample Yield point, |Ultimate stress,| Elongation Contraction
Ibs. per sq. in. | Ibs. per sq. in. | on 2 inches of area
per cent. per cent.
K 2 44,460 48,080 51.5 78.0
4o 42,220 48,180 50.0 74.5
Mean value................ 43,340 48,130 50.75 76.25
inches
Sizeofrod........... . ... . . L 9 diameter
Gauge length of test sample...................... 2
Diameter of test sample.......................... 0.50t



APPENDIX

TO THE

REPORT OF THE ONTARIO IRON ORE COMMITTEE

Containing information on transportation, etc., description of Ontario
iron ore deposits, special articles on prospecting and
metallurgy, and a bibliography.

PART 1

I. TRANSPORTATION

The cost of transporting iron ore from mine to smelter is, of course, a very important factor
in the final cost of production of iron and steel. The railways in Canada, with a view to assisting
in the development of iron ore deposits, have established and published a scale of rates applicable
between points in Canada as follows:—

RATES PER GROSS TON FOR CARLOAD LOTS OF IRON ORE APPLICABLE.
BETWEEN POINTS IN CANADA

(Exclusive of bog iron ore)

Distances Rates Distances Rates

cents cents

Not exceeding 50 miles............... 120 ||Over 225 and not over 250 miles. ..... 200
Over 50 and not over 100 miles...... 130 “ 250 « o« o« 275 o« L. 220
“ 100 %« o« 135 o« L. 140 “ 275 o« o« o« o300 « .. 230

“ o125 &« o« 50« ... 150 “ 300 « o« o« 335 « .. 240

“ o150 &« o« 75« L. 170 “ 325 « o« o« 350 ¢ ... 250

“ 175 & &« o900 & . 180 € 350 « o« o« 375 o« L. "260

“ 200 ¢« o« 235 o« L. 190 € 375 o« o« o400 % L. -270

The importance of the mining industry in the United States, from a railway tonnage stand-
point, is illustrated by the following figures, which are taken from official statistics showing the
tonnage carried by Class 1 railroads during the year 1921:—

Totaltonscarried............................... 1,691,617,051
Productsof mines.......... .. ..., 878,645,798!
or 52 per cent. of the total tonnage carried.

The tonnage of manufactured articles (iron and steel) carried during 1921 was as follows:—

' Net tons .
Iron, pig,and bloom............................. 10,327,601 -
Rails and fastenings.............................. 5,117,193
Bar and sheet iron, structural iron, and iron pipe. .. 30,099,023
Other metals, pig, bar, and sheet.................. 5,668,383
Castings, machinery, and boilers.................. 8,687,866

LThe iron ore included in this total amounted to 48,453,203 tons.

[109]



110 APPENDIX: REPORT OF THE IRON OrRE COMMITTEE

In addition to the above, the following table is shown to indicate other rates for transporta-
tion available during the year 1922:—

RATES PER GROSS TON ON IRON ORES APPLICABLE BETWEEN POINTS IN
CANADA AND THE UNITED STATES

L From
o = -
- o o - +— 3
To T2 |z la |5 |€ 8|2
Q =] ‘3 = o : c
2o 85|88 _v.‘:g To | &g £g e
KOS | TS| RS | 3 | B3 | & =3 | Qs
cents | cents | cents | cents | cents | cents | cents | cents
Ashtabula Harbor, Ohio. ....... ... .|......[. . ... .... 80 ..o
Ashtabula, Ohio (for furtherance)....| a387|. ... . .| ... .| .. .. .. ... . . . . . ...
Bethlehem, Pa.. ... ... .. ... .. ... . aST6. . e
Black Rock, N.Y. (local)..... ..... ab35t .t
Buffalo, N.Y. (for furtherance). ... . . ac32y e
Chester, Pa.. ............... ... ... Coad3T
Detroit. Mich............ ... ... ... ... . d336 ...
Duluth, Minn............ ... ... .. N DU e 90 ... . ... I
Farrell, Pa........................ af558) . . e
Hamilton, Ont.....................] a210/...... Cog316 h23C ...
Johnson City, Tenn.. ... ... ... . .... a702|.....|...... N
Michipicoten, Ont. . ... ... ... . ..|...... 280, ..
Pittsburgh, Pa...... ... ... .. ... . ] .o {7293 203 ... .. oo
1 £289 |
Point Edward, Ont. . .......... ... 0. ... ... .. 1166 80..... e
Port Colborne, Ont................[..... . ool 0 N O
Sault Ste. Marie, Ont.............. m210{......0..... ... ... n35| n 42| n313| = 35
Sharon, Pa..................... ... af558). .. e
Suspension Bridge, N.Y. (for further-

ANCE) . o it al98). ... e
Toledo, Ohio. .....................| . ... . ...1...... 801, ...
Two Harbors, Minn.... .. ......... |......|...... 0 86 ... e
Welland, Ont........... . ... ... .0 a220|...... ) .. feeeai]ona]einni]oninifonn,
West Middlesex, Pa...... ........ doaf358|. e
Youngstown, Ohio................. af3S81. o e

a Iron ore briquettes.
b Exclusive of connecting lines switching charges on traffic for local delivery.

¢ Rates include delivery to connecting lines on traffic destined beyond.
d All rail movement, distance 713 miles.

¢ Rate includes assembling at point of origin.

f Exclusive of switching at destination. ) i
¢ Rate based 86 cents rail to Two Harbors, plus 80 cents water to Point Edward, plus

Canadian mileage scale beyond. . . .
% Rate based 80 cents water to Point Edward, plus Canadian mileage scale beyond 140 miles.

i Rate includes handling at Michipicoten, Ont., and applies on iron ore pyrites when the
United States is the destinat’on.
7 Via Two Harbors, “Lake,” Ashtabula, Ohio, and “Rail.”
! Via Duluth, “Lake,” Ashtabula Harbor, and “Rail.”’
! Rate based 86 cents rail to Two Harbors, plus 80 cents water beyond.
m Applies on iron ore concentrates.
n Net to vessel; unloading charge at Sault Ste. Marie averages 15 cents per ton.
o Includes assembling, weighing, and sorting at point of origin, and storage for 10 days.

Unloading from cars and loading to vessel 5 cents per gross ton additional,
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The following figures show in gross tons the amount of ore moved from the Mesabi and
Vermilion ranges for the years 1918 to 1922,

Year Mesabi range Vermilion range
' tons tons
1922 28,055,394 1,211,467
1921 16,349,896 869,313
1020, ..o 37,147,705 1,007,433
1019, e 32,003,169 921,049
1918 .. e e 40,396,215 1,192,908

The movement covers points of destination varying in distance up to 1,000 miles, which
would be the average distance between the mines referred to and Pittsburgh.

RECEIPTS OF ORE AT POINTS IN CANADA

1921 l 1920 ‘ 1919 ~ 1918

tons tons tons tons
Sault Ste. Marie.................... 293,151 725,123 550,539 711,068
Parry Sound....... ... ... ... 23,288
Midland............... . ... ... ... 18,265 4,998 67,194
Point Edward...................... 174,191 331,879 350,757 251,575

Figures 34 and 35 show in detail the ore movement in 1920 and 1921.

WATER TRANSPORTATION FACILITIES FOR LAKE SUPERIOR IRON ORES

Trip Capacity of Lake Freighters for Season of 1922

Number of Capacity
Company vessels per trip

tons
Pittsburgh Steamship Co...... .. .. ... .. . ... ... . . ... ... 97 791,900
Interlake Steamship Co... ... ... .. .. ... .. ... . ... ... ... 51 402,800
M. A Hanna & Co........ ... ... ... ... ... ........... 28 268,100
Hutchinson & Co........... ... . . . ... . . . ... ... ... .. ... 21 178,400
Great Lakes Steamship Co......... .. . ... .. ... ... .. ... 20 153,100
G.A . Tomlinson.............. ... .. .. . . ... ... ... ..... 18 155,100
Boland & Cornelius....... ... ... ... .. ... ... ........... 16 139,900
Cleveland-Cliffs Iron Co........ .. ... .. ... .. .. ..... ... 15 125,000
Oglebay, Norton & Co.. ......... ... ... ... ........... 12 96,500
Wilson Transit Co......... .. ... .. ... ... .. .......... 10 84,700
Reiss Steamship Co.............. . ... . ... ... ... ... ...... 8 65,300
Shenango Steamship Co.... ... ... ... ... .. . ... ... .. ... 5 58,200
Becker Steamship Co.......... .. o 8 58,100
Interstate Steamship Co........ .. ... ... ... ... ... ... ... 4 44 000
H. K. Oakes. oo oo o 4 41,000
H.H.Brown & Co......... . ... ... . ... . . . . . ... .. ....... 4 38,200
D.Sullivan & Co.....ooo o 5 38,100
A T.Kinney. ..o 4 25,100
H. & G. M. Steinbrenner....... . ... ... .. ... ... ... ... . 4 32,700
C.O.Jenkins......o..... oo 3 27,100
Valley Camp Steamship Co.............. ... .. .. ......... 4 23,300
Paisley Steamship Co............. ... B 4 23,100
Morrow Steamship Co. (Paisley). . . ...................... 3 20,000
CoW.Bryson ..o oo 3 13,200
Other steamship companies (9)................. .......... 12 87,600
Total for 33 companies.......................c....... 363 3,010,500

Average vessel capacity, per trip, 8,293 tons.
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DOCK FACILITIES OFFERED LAKE SUPERIOR ORES FOR LOADING

AT HEAD OF THE _LAKES

Number of Storage
Place docks capacity
DuLutH, MINN.— tons
Duluth, Superior & Northern Railway................. 3 345,600
SuUPERIOR, Wis.— )
Great Northern Railway............................. 3 300,600
Northern Pacific Railway..................... ... ... 1 70,700
Soo Liie (Minneapolis, St. Paul & Sault Ste. Marie Rail-
WA ) e e e ettt ee e e et e e e e 1 120,600
Two HARBORS, MINN.—
Duluth & Iron Range Railroad................... ... 4 186,600
AsHLAND, Wi1s.—
Chicago & Northwestern Railway................. . ... 3 213,100
Soo Line (Minneapolis, St. Paul & Sault Ste. Marie Rail-
WAY) ¢t ves e e e 1 52,500
EscANABA, MICH.—
Chicago & Northwestern Railway..................... 4 232,000
Chicago, Milwaukee & St. Paul Railway............... 2 90,000
MARQUETTE, M1cH.—
Duluth, South Shore & Atlantic Railway......... .. .. .. 1 45,000
Lake Superior & Ishpeming Railway................... 1 50,000
Total. ... oo 24 1,706,700
DISTRIBUTION OF ORES, LAKE MOVEMENT FROM LAKE
SUPERIOR DISTRICT
1919 1920 1921 1922
tons tons tons tons
Ashtabula......................... e 8,377,277 (11,028,518 | 2,001,806 | 7,978,718
Cleveland.. .............. ..., 7,466,921 | 7,857,163 | 2,559,390 | 7,357,509
Conneaut. ......ovutinniiin i 7,056,882 | 5,989,763 | 5,329,396 | 6,799,037
Buffalo. ... 4,868,334 | 8,384,153 | 1,183,883 | 3,918,870
Lorain.......ccvineiinn i 3,379,421 | 4,030,571 | 1,788,175 | 2,885,168
Fairport. . ..ovee i 1,952,635 | 1,247,964 | 1,340,017 | 1,118,721
Toledo. ..o 1,536,437 | 2,654,957 411,241 | 1,216,115
Erie. ..o o 1,102,478 | 2,218,658 386,627 617,017
Huron......oooiiiii i 1,134,104 | 1,421,509 553,806 669,573
Detrofit. oot ie et 549,096 813,381 269,488 736,970
Total Lake Erie ports............ccoooovun... 37,423,585 |45,646,637 [15,823,829 |33,297,788
Total lake front furnaces, Lake Erie ports...... 8,008,265 (10,181,680 | 3,251,409 | 9,106,242
Total inland furnaces........................ 29,415,320 (35,464,957 (12,770,951 {24,191,546
Total Lake Michigan ports................... 8,629,377 (11,354,732 | 5,816,616 | 8,954,005
Total miscellaneous ports. ................... 906,294 | 1,075,267 490,065 640,831
On docks, Lake Erie ports, December 1st...... 10,456,314 (10,955,868 | 9,032,595 {10,000,000
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2. COMPOSITION OF IRON ORES

Iron Ore Minerals

The principal iron ores found in the Lake Superior region are hematite, limonite, magnetite,

and siderite.

Turgite and goethite are commercially included with limonite.

The residues

from roasting the sulphides for the manufacture of sulphuric acid are sometimes used as a source
The minerals described are:— :

of iron, and some ilmenite is smelted with other ores.

Mineral Composition Crystallization

OXIDEsS:

Hematite................ ... .. ... . .. Fe203 Hexagonal

Magnetite. . ....... .. .. o i FesO4 Isometric

Martite. . ..ot e Feq 03 Isometric

Ilmenite.......... .00 (FeTi)203 Hexagonal
HyYDROXIDES:

Limonite........ ... .. ... 0 .. Fe:(OH)sFe 03

Turgite. ..o e FesO5(OH).

Goethite........ ... ... FeO(OH) Orthorhombic
CARBONATE:

Siderite....... ... i FeCOs Hexagonal
SULPHIDES:

Pyrite. ... ... ... ... .. FeS, Isometric

Pyrrhotite. ... ... ... ... ... ... ... ... ... ..., FesSs to FenSie Hexagonal

Marcasite. . ...t FeSs Orthorhombic

Hematite

Composition.—Fe Os; contains 70 per cent. iron.

Description.—Occurs in masses Whlch are compact, granular, or sometimes micaceous,
and as loose, pulverulent earth. It varies in colour from brilliant black metallic to brick red.
In all varieties the streak on porcelain is red. The hardness varies from 5.5 to 6.5, and the
specific gravity from 4.9 to 5.3.

Magnetite

Composition.—Fe;O4; contains 72.4 per cent. iron.

Description.—A black mineral with a black streak on porcelain; metallic lustre; strongly
attracted by the magnet; occurring in all conditions from loose sand to compact, coarse, or fine-
grained masses. The hardness varies from 5.5 to 6.5, and the specific gravity from 4.9 to 3.2.

Martite

Composition.—Fe:0s; contains 70 per cent. iron.

Description.—Differs from hematite in form. It occurs in octahedrons which it is supposed
were derived from the oxidation of magnetite.

Ilmenite

(Iron Titanium Compound)

Composition.—(FeTi):0s; composition variable.

Description.—An iron black mineral, usually massive, occurring in thin plates, as imbedded
grains, or as sand. The streak on porcelam is black to brownish red. The hardness varies from

5 to 6, and the specific gravity from 4.5 to 3.
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Limonite

Composition.—Fe:(OH)sFezOs; contains 59.8 per cent. iron.

Description.—Varies from loose, porous bog ore and ochre to compact varieties which often
have a black, varnish-like surface and a fibrous radiated structure. It is recognized principally
" by its yellowish brown streak on porcelain and absence of crystallization. The hardness varies
from 5 to 5.5, and the specific gravity from 3.6 to 4.

Turgite
Composition.—Fes0s(OH):; contains 66.2 per cent. iron.

Description.—Nearly black and resembles limonite, but has a brownish red streak on por-
celain. The hardness varies from 5.5 to 6, and the specific gravity from 4.3 to 4.7.

Goethite

Composition—FeO(OH); contains 62.9 per cent. iron.

Description.—A yellow, red, or brown mineral occurring in distinct crystals, often flattened
like scales, or needle-like and grouped in parallel positions; also occurs massive like yellow ochre.
The streak on porcelain is yellow, or brownish yellow. The hardness varies from 5 to 5.5, and
the specific gravity from 4 to 4.4.

Siderite

Composition.—FeCOs; contains 48.2 per cent. iron.

Description.—Occurs in granular masses of a gray or brown colour, or may be black from
included carbonaceous matter. The lustre is vitreous to pearly, and the mineral is brittle,
The streak on porcelain is white or pale yellow. The hardness is 3.5 to 4, and the specific gravity
3.8 to 3.9.

Pyrite
Composition.—FeSq; contains 46.7 per cent. iron, 53.3 per cent. sulphur.

Description.—A brass-coloured metallic mineral, frequently in cubic-or other isometric
crystals, or in crystalline masses; less frequently in non-crystalline masses. The streak on
porcelain is greenish-black, the hardness 6 to 6.5, and the specific gravity 4.9 to 5.2.

Pyrrhotite

Composition.—FesSr to FerSiz; composition variable.

Description.—Usually a massive, bronze, metallic mineral which is attracted by the magnet
and can be scratched with a knife. The streak on porcelain is grayish-black, the hardness 3.5
to 4.5, and the specific gravity 4.5 to 4.6.

Marcasite
Composition.—FeS,; same as pyrite.

Description.—Differs from pyrite in form. Crystallizes in orthoerhombic forms which have
received the names of cockscomb pyrites, spear pyrites, etc. The streak on porcelain is nearly
black, the hardness 6 to 6.5. and the specific gravity 4.6 to 4.9,
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Analyses of Lake Superior Ores
AVERAGE ANALYSES OF TOTAL TONNAGE, ALL GRADES

Average | Average | Average | Average | Average
Range Year Tonnage iron phos- silica man- | moisture
| (nat.) phorus ganese

per cent. | per cent. |per cent.|per cent.| per cent.
GOGEBIC. . ........ 1922 6,161,589 52.90 0.065 7.89 0.£0 i1.36
1921 2,313,846 52.10 0.061 9.20 0.58 11.72
1920 8,098,437 52.75 0.066 7.63 0.77 11.93
1919 5,856,226 52.95 0.063 7.74 | 0.63 11.66
1918 7,884,525 52.52 0.069 7.88 0.72 11.90
1917 7,481,405 52.75 0.068 8.08 0.72 11.58
1916 8,372,406 53.21 0.064 7.60 0.64 11.63
1915 5,389,749 53.74 0.066 7.35 0.61 11.18
1914 3,518,765 54.00 0.061 7.15 0.52 11.28
1913 4,370,192 53.66 0.053 7.74 0.51 11.05
1912 4,892,285 53.74 0.055 7.94 0.55 10.84
1911 2,410,961 54.00 0.051 7.28 0.57 11.08
1910 4,289,262 53.39 0.050 7.90 0.66 11.00
1909 3,951,502 52.83 0.052 8.01 0.78 11.66
1908 2,669,488 53.23 0.052 7.87 0.64 11.05
1907 3,568,251 53.14 0.050 7.46 0.85 11.18
1906 3,603,388 53.57 0.051 7.06 0.76 11.07
1905 3,613,595 54.43 0.049 6.05 0.67 11.14
1904 2,389,026 54.66 0.045 6.05 0.63 10.78
1903 2,864,001 55.02 0.048 5.51 0.80 10.60
1902 3,338,918 55.12 0.048 5.50 0.69 10. 87
MARQUETTE. . ..... 1422 2,847,478 51.8v 0.124 10.50 0.7 9.62
1921 1,105,791 50.95 0.138 11.87 0.38 9.78
1920 4,208,148 51.70 0.122 11.11 0.36 9.69
1919 2,636,186 51.06 0.148 i 11.87 0.37 9.63
1918 4,248,869 : 52.31 0.112 10.45 0.37 9.42
1917 4,570,928 51.56 0.132 9.70 0.42 10.31
1916 5,264,627 51.90 0.125 9.89 0.41 9.93
1915 3,937,937 52.57 0.113 10.22 0.41 9.81
1914 2,393,886 51.60 0.102 10.53 0.42 9.26
1913 3,832,319 51.94 0.111 9.82 0.40 9.70
1912 3,920,103 52.20 0.154 8.81 0.49 10.65
1911 2,779,695 51.82 0.102 10.54 0.45 10.15
1910 4,254,273 51.36 0.121 9.93 0.40 9.70
1909 4,103,406 52.68 0.098 9.88 0.37 8.76
1908 2,381,453 52.53 0.101 9.58 0.33 9.90
1907 4,037,768 53.39 0.113 9.11 0.40 9.33
1906 4,007,789 54.27 0.115 8.40 0.40 9.20
1905 4,140,599 54.59 0.110 8.13 0.35 8.80
1904 2,786,275 55.21 0.093 7.54 0.41 8.32
1903 2,990,848 54.83 0.102 7.99 0.33 8.37
1902 3,825,694 54.84 0.097 8.30 0.34 7.61
MENOMINEE. . ... .. 1922 3,582,770 50.16 0.35+¢ 5.76 0.56 =, 04
1921 1,570,289 50.82 0.347 8.15 0.36 7.79
1920 6,460,244 50.20 0.332 9.22 0.57 7.62
1919 4,388,731 50.52 0.375 8.23 0.57 8.07
1918 6,294,806 50.02 0.353 9.42 0.53 7.99
1917 5,866,821 50.16 0.324 9.34 0.60 7.94
1916 6,168,908 50.25 0.333 9.43 0.59 7.86
1915 4,763,611 50.52 0.348 8.72 0.60 7.81
1914 2,953,338 49.61 0.319 11.76 0.45 7.35
1913 4,694,534 |° 49.14 0.311 11.19 0.53 7.46
1912 4,341,036 49.34 0.330 11.44 0.55 7.55
1911 3,720,900 49.25 0.320 11.80 0.51 7.54
1910 4,203,429 49.65 0.298 11.54 0.38 7.55
1909 4,904,195 49.90 0.308 | 10.87 0.34 7.70
1908 2,742,608 49.14 0.263 12.99 0.41 7.29
1907 4,793,129 49.46 0.259 12.62 0.53 7.40
1906 5,135,271 49.68 0.254 12.61 0.54 7.21
1905 4,425,971 50.46 0.236 12.52 0.37 7.10
1904 3,038,833 51.21 0.239 11.60 0.36 7.39
1903 3,592,418 50.72 0.189 11.84 0.50 6.85
1902 4,350,783 51.11 0.179 11.82 0.35 7.00
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AVERAGE ANALYSES OF TOTAL TONNAGE, ALL GRADES—CContinued.

Average | Average | Average | Average | Average
Range Year Tonnage iron phos- silica man- | moisture
(nat.) phorus ganese

per cent. | per cent. |per cent.[per cent.{ per cent.
VERMILION. . ...... 1922 1,200,008 56.67 0.055 9.56 0.12 . 5.73
1921 860,632 58.60 0.049 6.53 0.12 5.84
1920 940,118 58.62 0.057 6.79 0.10 5.63
1919 872,061 58.60 0.059 6.66 0.12 5.85
1918 1,157,674 57.90 0.057 7.71 0.14 5.72
1917 1,482,948 58.02 0.055 7.55 0.14 5.69
1916 1,926,332 57.95 0.054 7.55 0.11 5.87
1915 1,704,789 58.02 0.051 6.87 0.14 6.28
1914 1,004,170 58.56 0.058 6.38 0.13 5.94
1913 1,547,832 58.77 0.052 6.37 0.12 5.78
1912 1,826,934 59.18 0.054 6.09 0.11 5.52
1911 1,075,535 59.59 0.051 6.01 0.11 5.07
1910 1,192,415 60.14 0.054 5.18 0.11 5.02
1909 1,097,127 60.49 0.053 4.84 0.11 5.06
1908 832,924 60.57 0.048 4.55 0.12 5.14
1907 1,668,049 60.42 0.043 5.08 0.10 5.28
1906 1,785,871 60.60 0.044 4.73 0.09 5.31
1905 1,648,610 61.14 0.047 4.37 0.13 +4.95
1904 1,269,689 60.37 0.045 4.53 0.12 5.13
1903 1,659,932 60.86 0.048 4.55 0.12 4.85
1902 2,045,892 61.65 0.052 3.95 0.12 4.32
CUYUNA........... 1922 1,481,521 46.01 0.218 8.65 3.99 10.75
1921 483,719 49.66 0.175 8.90 1.59 11.45
1920 2,108,497 46.61 0.211 9.05 3.29 11.39
1919 1,777,266 48.35 0.292 8.60 1.99 11.54
1918 2,399,790 43.87 0.200 9.85 5.15 11.47
1917 2,220,263 48.06 0.199 8.92 2.52 10.92
1916 1,421,644 48.31 0.179 9.07 2.32 11.32
1915 897,782 50.06 0.224 9.06 0.50 10.75
1914 736,573 50.09 0.193 10.02 0.27 11.59
TotAL OLp RANGE.| 1921 6,334,277 52.28 0.153 9.02 0.51 9.58
1920 | 21,815,444 51.45 0.169 8.87 0.85 9.90
1919 15,530,470 51.73 0.191 8.62 0.70 9.96
1918 | 21,985,664 51.10 0.172 9.03 1.05 9.93
1917 | 21,622,365 51.68 0.164 8.81 0.77 9.85
1916 | 23,153,917 52.22 0.156 8.70 0.64 9.74
1915 16,693,868 52.79 0.164 8.46 0.51 9.37
1914 | 10,606,732 52.40 0.151 9.32 0.42 9.25
1913 14,444,877 52.28 0.152 9.27 0.45 8.96
1912 14,980,358 52.73 0.161 8.96 0.48 9.19
1911 9,987,001 52.23 0.166 9.73 0.66 8.86
1910 | 13,939,379 52.22 0.147 9.39 0.45 9.05
1909 | 14,056,230 52.36 0.155 9.30 0.46 8.92
1908 8,626,473 52.44 0.132 9.65 0.43 8.97
1907 14,067,197 52.82 0.138 9.41 0.53 8.66
1906 | 14,432,319 53.28 0.139 9.08 0.50 8.50
1905 13,828,775 54.01 0.126 8.54 0.41 8.41
1904 9,483,823 55.45 0.122 8.06 0.41 8.21
1903 11,107,199 54.45 0.108 8.08 0.47 7.92
1902 13,611,287 54.74 0.104 8.05 0.40 7.73




CoMPOSITION OF IrRON ORES 117

AVERAGE ANALYSES OF TOTAL TONNAGE, ALL GRADES—Continued

. Average | Average | Average | Average| Average
Range Year Tonnage iron phos- silica man- _ | moisture
(nat.) phorus ganese
per cent. | per cent. |per cent./per cent.| per cent.
MEsaBI........... 1922 | 27,757,928 51.99 0.062 7.92 0.67 11.39
1921 16,189,712 51.98 0.061 7.92 0.67 11.49
1920 | 36,122,984 51.84 0.063 7.69 0.73 11.81
1919 | 31,136,408 51.50 0.066 7.75 0.75 12.03
1918 | 39,987,207 51.39 0.066 7.63 0.78 12.04
1917 | 40,899,100 51.25 0.065 7.60 0.75 12.47
1916 | 42,037,986 50.64 0.065 7.61 0.78 12.60
1915 | 29,189,620 50.74 0.066 7.96 Q.72 12.39
: 1914 | 20,827,364 50.81 0.067 7.65 0.76 12.35
e 1913 | 33,461,455 50.97 0.063 7.50 0.76 12.51
- 1912 |} 30,882,865 51.20 0.064 7.44 0.73 11.90
1911 | 21,514,092 51.12 0.063 7.75 0.72 11.90
1910 | 28,426,801 51.42 0.065 7.27 0.76 12.05
1909 | 27,903,438 51.59 0.062 6.60 0.79 12.56
1908 | 17,117,611 52.66 0.059 6.24 0.70 11.95
1907 | 26,162,592 52.95 0.058 5.48 0.62 11.87
1906 | 23,168,539 53.44 0.057 5.56 0.62 11.68
1905 | 19,846,629 54.24 0.051 4.86 0.56 11.45
1904 | 11,952,165 55.45 0.047 4.58 0.54 10.26
1903 12,622,751 55.19 0.047 4.75 0.52 10.38
1902 13,165,814 | 56.07 0.045 4.35 0.52 9.71
GRaAND ToTtaL ALL ;
RANGES...... ... 1922 ) 43,431,294 51.87 0.099 8.23 0.76 10.78
¢ 1921 22,523,989 52.07 0.087 8.23 0.62 10.95
1920 | 57,938,428 51.69 0.103 &.13 0.77 11.09
1919 46,666,878 51.57 0.108 8.04 0.73 11.34
1918 61,972,871 51.29 0.104 8.12 0.87 11.29
1917 | 62,521,465 51.40 0.099 8.02 0.76 11.57
1916 | 65,191,903 51.20 0.097 8.00 0.73 11.58
1915 | 45,883,488 51.49 0.100 8.14 0.64 11.29
1914 | 31,434,096 51.34 0.095 8.21 0.65 11.30
1913 | 47,906,332 51.37 0.090 8.03 | .0.66 11.44
1912 | 45,863,223 51.69 0.096 7.93 0.65 11.01
1911 | 31,501,183 51.47 0.095 8.38 0.64 10.93
1910 | 42,366,180 51.68 0.092 7.97 0.66 11.06
1909 | 41,959,668 51.85 0.093 7.51 0.68 11.33
1908 | 25,744,084 52.58 0.083 7.39 0.61 10.95
1907 | 40,229,789 52.91 0.086 6.86 0.59 10.75
1906 | 37,600,858 53.38 0.088 6.91 0.57 10.46
1905 | 33,675,404 54.14 0.082 6.37 0.50 10.20
1904 | 21,435,988 55.02 0.080 6.12 0.48 9.36
1903 | 23,729,950 54.84 0.075 6.31 0.50 9.23
1902 | 26,777,101 55.39 0.075 6.23 0.46 8.71
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3. YEARLY MARKET PRICE, LAKE SUPERIOR IRON ORES
AT LOWER LAKE PORTS

Old Range Mesabi
Year
Bess. Non-Bess. Bess. Non-Bess.

1900, ... ... $5.50 $4.15 $4.40 $4.00
1901, ... 4.25 2.85 2.75 2.35
1902. ... 4.25 3.00 3.00 2.60
1903. .. .. 4.50 3.60 4.00 3.20
1004, ... .. 3.00 2.60 2.75 2.35
1905, . 3.75 3.20 3.50 3.00
1906, .. .o 4.25 3.70 4.00 3.50
1907 . . o 5.00 4.20 4.75 1.00
1908, . . 4.50 3.70 4.25 : 350
1909, .. ... 4.50 3.70 4.25 3.30
1910 ..o 5.00 4.20 4.75 1.00
1910, . 4.50 3.70 4.25 3.50
1912, ... 3.75 3.00 3.50 2.83
1913, .. . 4.40 3.60 4.15 3.40
1914, .. 3.75 3.00 3.50 2.85
1015, e 3.75 3.00 3.45 2.80
1016, ..o 4 .45 3.70 4.20 3.55
1917 . e 5.95 5.20 5.70 5.05

Jan. 1 to June 30....... 5.95 5.20 5.70 5.05
1918...... July 1 to Sept. 30.... ... 6.40 5.65 6.15 5.50

[Oct. 1 to Dec. 31....... 6.65 5.90 6.40 5.75
1919, . 6.45 5.70 6.20 5.55
1920, ... . 7.45 6.70 7.20 6.55
1921, . 6.45 5.70 6.20 5.55
1922, .. 5.95 5.20 5.70 5.05
1923, 6.45 5.70 6.20 5585

Base ore content (natural state), 1906 and some previous years: Bessemer 36.70, non-
Bessemer 52.80; 1907 and later: Bessemer 55.00, non-Bessemer, 51.50.
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Fig. 37—Dial compass, mounted on Jacob’s staff or tripod, used in localities where there js
local attraction and a simple means of determining the meridian is desired.

Fig. 38—Miner’s or dip compass. The needle is suspended to swing in a vertical plane. It
records the intensity of the magnetic attraction.



MAGNETIC PROSPECTING FOR IRON ORE _ 121

locate this meridian by the compass. For rough work the dip needle may be used to determine
this meridian, but for purposes of record the compass is necessary.)

The most delicate results are obtained from a needle which, while compensated for the
magnetic meridian, will give a dip of 90° in the vertical plane at right angles to the meridian.

The Magnetometer!

In the magnetometer (Fig. 39) the compass is so compensated that when held vertically,
so that the plane of rotation of the needle is at right angles to the magnetic meridian in the earth
field, the needle will be horizontal. When held over a magnetic body at right angles to the
magnetic meridian induced by that body, the needle will dip and a measure of vertical intensity
is obtained. In practice, after the compass (or inclinator) has been compensated, the field
readings are frequently made with the inclinator alone,

Fig. 39—Magnetometer, Thalen-Tiberg (after Haanel}.

Measurements in Three Planes

With these three instruments, then, there is a means of obtaining magnetic measurements
in three planes at right angles to each other. Before i incurring the expense of diamond drilling,
it is desirable to have a map showing measurements in all three planes; it is also necessary for
a correct interpretation of the results to have a contour map and as much geological information
as can be obtained.

Interpretation of Magnetic Readings

The person using results obtained by these instruments should be one who has the requisite
knowledge to correlate the information so as to minimize the chance of drilling useless holes.
He must understand the conditions that govern the magnetic phenomena observed, for while it
is comparatively easy to show the effect of a bar magnet on compass, dip needle, and magneto-
meter, the problem becomes more complicated when ore deposits which may be multipolar are
examined. He should also understand that under certain conditions even strongly magnetic
bodies fail to affect one or more of the compass, dip needle, and the inclinator of the magneto-
meter, and that the best ore may underlie such an area of balanced magnetic forces.

o 1The reader is referred to the most excellent work by Haanel for a complete description
(Op cit.)
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Effect of Bar Magnet on Compass

In order to show the necessity of having readings in three directions, it will be well to con-
sider what happens when a compass is passed over a bar magnet horizontally and vertically,
both parallel with and at right angles to the length of the magnet. The position of the magnet
with respect to the earth’s magnetic meridian has a marked effect on the phenomena observed,
so that an arbitrary position will be taken with the north-seeking pole of the magnet pointing
south (Fig. 40). As the compass is advanced from the south, it will point north until C: is
approached where the magnetic force of the earth’s field neutralizes the magnetic force of the
magnet. This is known as a neutral point and the compass is very sluggish. As the compass
is moved from this point towards N, it will point south; as it passes N, it again points north
until S is reached, when it points south as far as Ca; after which it again points north.

If the compass is moved along a line parallel with the bar, but at one side, the phenomena
observed will be the same as for the dip needle, which is next described, but in a plane at right
angles to that in which the dip needle readings are taken.

c N A s C2
| . ] ———n

S

Fig. 40—Bar magnet showing two neutral points, C; and C;, two poles, N and S, and area
of balanced forces, A.

Effect of Bar Magnet on Dip Needle

Now if a compensated dip needle is taken and held in the plane of the meridian, somewhat
to the south of Cy, there will be a zero reading; but at Ci, there will be a reading of 90°, with the
south-seeking pole down (negative attraction). Between C: and N, the south-seeking pole will
dip toward N, and at N it will again point downwards, giving a reading of 90°. Passing from
N to S the needle will dip toward the nearer pole, and at A will be horizontal. At S the reading
will be 90°, with the north-seeking pole downwards (positive attraction). Between S and Ca,
the needle will dip towards S and will be again vertical at C.. Beyond C, the dip will decrease
until the needle reaches a normal field, when it will again take a horizontal position.-

Now if the compass is held, or in this case the dip needle, so that the needle swings in a
plane at right angles to the length of the magnet, we will find some point to the south of Ci,
where the north-seeking pole will point downwards at an angle of 90°. As we approach Ci, the
dip will decrease until the needle becomes horizontal. From C; to N the south-seeking pole
will gradually dip until it becomes vertical over N. From N to A the south-seeking pole of
the compass will continue to point downwards, but at A the needle becomes horizontal. Between
A and S, the north-seeking pole dips at 90°; but between S and Cs, the dip gradually decreases
until it is zero at Co. To the north of Cs, the dip increases until the normal earth field is reached
when it again dips 90°.

Effect of Bar Magnet on Magnetometer

Through the courtesy of Dr. Charles Camsell, Deputy Minister of Mines for Canada, a
Thalen-Tiberg magnetometer was available for comparative work. In the area south of Ci, a
zero reading was observed as would be expected for a needle that is compensated for the normal
earth attraction in the plane at right angles to the magnetic meridian. ~At C it was also hori-
zontal and acted in the same way as the dip needle when held in this plane. Between Ci and
N the south-seeking pole gradually dipped, becoming vertical at N. At A the needle became
horizontal, and as it was carried toward S it again became vertical and after passing S gradually
gave lower dip, until at Cs it was again horizontal and remained horizontal to the north of Cs,
as would be expected in the normal earth field.

Measurements by the Three Instruments Necessary in Some Cases

It is shown by this that at C; and C» magnetic forces neutralize each other so that the com-
pass is apparently useless, while the dip needle appears to indicate a pole; but by turning it to
swing in a plane at right angles to the maximum dip, there is obtained a zero reading which
utterly disproves the supposition that this is a pole. It will be found, however, that the compass
readings show a radiation about this point.

At N and S the 90° dip of the dip needle and inclinator locates these as poles, and the fact
that the ordinary compass always points its appropriate pole to these two points makes all three
types of compass of value in locating the poles.

At A the compass points so as to be parallel with the magnet, which in this case also indicates
the earth’s meridian, so that its reading is of no value in locating the magnet. If, however, the
magnet is turned we get a compass variation which is of value. At this point, however, the
dip needle and inclinator give zero readings. Usually A represents a limited area, but in a
multipolar field it may assume considerable size and under such conditions the only indications
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of a magnetic body are the compass variation and the zero reading of the dip needle, when used
as an inclinator. If at this point a measure of the horizontal intensity is determined by the
magnetometer, the compass reading is of value.

It will be seen from the foregoing that neither compass, dip needle, nor inclinator, when
taken alone. gives full information at C; and Cs, and it is only when the observations with all
three are combined that we can recognize the character of these two points. At A the dip needle
alone indicates the presence of a magnetic body, except when horizontal intensity is measured.

Between N and C: and S and C: the dips obtained by both dip needle and inclinator would
lead to the supposition that a magnetic body was below, but the compass disposes of that fallacy.

In the area between N and A and in that between A and S any one of the three types of
compass will give results.

It will thus be evident that in outlining an ore body by magnetic means it is not always
safe to depend on a single instrument and it is desirable to have three measurements for every
staltlion. This costs more money, but is probably cheaper than a thousand feet of diamond
driiling.

If our bar magnet is held in positions other than the one indicated, certain variations are
found in the effects upon all three instruments, but sufficient has been said to show that care
must be exercised in making observations and in interpreting results.

Magnetic Properties of Crystals

Further confirmation of the necessity of having magnetic measurements in three planes is
obtained from a study of the magnetism displayed in crystals, which have their magnetic pro-
perties arranged with the same definite relation to the axes as is shown for other physical pro-

erties.
P Very little study has been devoted to the extension of the observations on crystals to the
investigation of ore deposits. Sufficient is known, however, to show that in dealing with a body
that has length, breadth, and thickness, it is necessary to have measurements in three directions.

\
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Fig. 41—Induced magnetic field, showing area lacking lines of magnetic
force (after Haanel).

Zero Readings

In special cases it has been observed that the dip needle gives zero readings. This occurs
where a flat deposit of magnetite dips so that it is at right angles to the normal earth field.! So
far as the writer is aware no experiments have been conducted to determine the action of the
magnetometer over such an ore body, though Haanel shows the same type of field (Fig. 41)?
and indicates a large area where he states that there are no lines of magnetic force, which would
insure a zero reading for the inclinator.

1Broderick, T. M., Econ. Geology, Vol. XIII, pp. 35-39.
*Haanel, E., op. cit., p. 13.

9 1.O.
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In case the magnet is curved so that we have the horseshoe type, with the poles at the top,
it is at once evident that the dip needle will give zero readings when held between the poles and
in the vertical line bisecting the field, but on either side of this line the needle will show a dip
with the point of attraction above. This point is of importance in prospecting in a folded region
where the poles may be on hills and the main deposit underlies a valley, and emphasizes the
necessity of topographic mapping for a final solution of the problem of locating an ore body.

Use of the Instruments by the Prospector

In most instances the first indication of a magnetic ore body will be obtained by noting the
variation of the compass, and many such variations are a matter of record in connection with
surveys of meridian and township lines. To use the compass as a further help in prospecting
is perfectly feasible when used on a picket line. The dial compass, however, permits of fairly
accurate determinations of magnetic variation without a picket line and helps to establish a
definite magnetic line. Usually the greatest compass variation is slightly north of the ore body,
though a deposit striking east and west may in certain instances cause no compass variation.

For the prospector, the dip needle will prove of valuable assistance in locating magnetic
areas. It should be borne in mind that the compensation of the needle is such that, with the
exceptions already noted, it gives the least dip when held in the plane of the magnetic meridian
and points to 90° when held at right angles to this meridian. In some dip needles the com-
pensation is made by a weight below the centre of gravity which may be sufficient to impede
the rotation of the needle to the 90° position.

Having located a strongly magnetic band the prospector should search for an outcrop of
an iron-bearing formation in or close to this magnetic area. In case the cover is not too deep, it
will be necessary to trench if an outcrop cannot be found. When a single outcrop can be located,
the strike and dip of the ore body can frequently be determined, and these taken in conjunction
with the magnetic readings give great assistance in directing trenching operations. Usually it
will be found that the greatest attraction is slightly to the north of the magnetic body, and a
second high reading may be obtained still farther to the north at the neutral point. Between
the two points of maximum dip, the compass will point in a southerly direction and at the second
point it will be sluggish and may point in any direction. Usually no ore will be found between
the points of maximum dip. In certain rare cases where the ore body is flat-lying a negative
pole may be found, and there may be a 90° dip in a negative direction. Under these circum-
stances the ore body will lie to the south of the pole, and if a positive pole is found in such a
deposit it will lie on or near the southern margin. Such deposits are, however, only exposed by
erosion and are readily accessible for prospecting by other means.

Searching for Iron Ore in Depressions in Iron Formation

For rapid reconnaisance work, particularly for deposits that lie under water, the dip needle
and compass can be used in a canoe and will quickly show areas of marked attraction, but the
detailed survey must be made in winter on the ice and the drilling, if that should prove desirable,
will in most cases have to be done in the winter. The Josephine ore body is such a sub-lacustrine
deposit, and many other lakes are known where pronounced magnetic attraction has been
observed. Such areas should be carefully surveyed, for the most important deposit of oxidized
ore in Ontario, the Helen Mine, was located under a lake.

In the writer’s experience magnetic attraction has been observed frequently in swamps and
on lakes. This is not often shown in transit surveys, as the stations are usually on elevations.

In his discussion of the ore body at the Helen Mine, the writer! has demonstrated that the
oxidized ore was originally siderite and occupied much less space than the original ore body.
In the shrinking accompanying the oxidation, a hollow was formed which filled with water and
formed a lake. The drilling of the Josephine has shown another such deposit underlying Parks
lake. Whether such deposits are peculiar or are what may be expected in certain depressions
in the formations that are associated with iron formation, is a problem that must be solved by
diamond drilling after a careful geological, topographical, and magnetic survey. In the writer's
experience the bodies of iron ore that outcrop on an elevation have invariably been low-grade,
and in his opinion the search for high-grade deposits must be made in depressions along the
strike of the formation as determined by the outcrops of lower-grade ore.

Special Readings to be Noted

The location of two points of maximum attraction gives an indication that the pole of the
deposit is near the surface, for with deep-seated deposits there will be obtained a resultant of
the forces of the earth’s field and of the field of the magnetic ore body that will give one position
of maximum dip instead of two.

A point of supreme importance in the use of the dip needle is to note the character of the
attraction, whether positive or negative. When positive attraction gives place to negative,
with an area of no dip intervening, the probability is that the deposit is continuous.

10nt. Bur. Mines, Vol. XX1V, pt. 1.
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This is rendered certain if the dip needle gives zero readings both in the plane of the magnetic
meridian and at right angles to it, for the compensation is for the magnetic meridian only. At
any other place where a zero reading is obtained in the magnetic meridian, a reading of 90°
should be obtained in the plane at right angles to it.

Abnormal Conditions Met with in Magnetic Exploration

Up to the present, it has been assumed that normal magnetic fields are being dealt with,
but in practice we frequently find abnormal conditions. As a result of faulting the two arms of
a syncline may result in a multipolar deposit. No general rules can be given for such a case.
Each deposit furnishes a separate problem.

Even where we have comparatively simple conditions the formation is frequently so tilted
that only one of the poles is effective, and an almost complete lack of magnetic data results
when the deposit is flat and perpendicular to the normal earth field.

Experience on Lake Superior Iron Ranges

In considering the application of magnetic measurements to iron ores other than magnetite,
it is to be noted that all the common ores are weakly magnetic and are good conductors. Fre-
quently they contain sufficient magnetite so that good results can be obtained by a magnetic
survey. The possibility of locating a body of pure hematite is, however, more problematical,
though if magnetite occurs in some part of the deposit information of value may be obtained.

Hotchkiss! states that, “In the Lake Superior region it is generally true that magnetic
attractions of wvery great strength are not found immediately over large bodies of hematite.
There are some notable exceptions to this, such as the Chapin mine at Iron Mountain, but it is
believed that the statement will hold true in a large majority of cases. However, there is no iron
range in the Lake Superior district which does not show at least mild attractions on or near the iron
formation. These attractions have been in nearly every case of much value in delimiting the range
and indicating favourable places to explore.”’

~ The writer has in a single case observed a pole in a siderite deposit.

Relation of Magnetic Survey Lines to Ore Body

The results of a magnetic survey will show an area which in the case of tilted rocks will be
long and narrow. By some it is called a magnetic line. Near this line will be the more favourable
place for locating drill holes, and at this stage a knowledge of the geological structure decreases
the element of chance in locating ore, for this magnetic line is dependent upon the size of the ore
body and its depth below the surface. Its position with respect to the ore body is also dependent
on the dip of the ore body, and before drilling every means should be employed to ascertain this.
If the ore body dips to the north the magnetic line will probably overlie the deposit. If the
dip is vertical the line will be either directly over the deposit or somewhat to the north. If the
formation dips to the south the magnetic line will in most cases be to the north of the deposit
so that all drill holes must be located south of this line.

In case the deposit is deep-seated and no information regarding the dip and strike of the
rock is available, this information must be obtained by drilling, in which case two holes from
one station will give the information, provided one of the holes is vertical.

In drilling the first hole it is desirable to get all possible geological data such as sequence of
rocks and the dip, and if ore is encountered the hole should be continued into the underlying
rock so as to determine its character. Every dollar so spent will be saved by the recognition of
these formations in later holes, for if one of the later holes is started in a formation that is below
the ore body, it can be immediately discontinued. In general, vertical holes will be found to
give the most information. :

In a drift-covered area the striking of ore in the first hole is an accident, even with the best
information that can be obtained, but with the increased information available with each hole
drilled, the chances of finding the magnetic body are rapidly increased.

Use of the Magnetic Surveys

In summing up, magnetic surveys to give the most reliable data should involve compass,
dip needle, and magnetometer readings. A magnetic map without compass bearings, or hori-
zontal intensity, is of little value and will lead to the condemnation of good deposits. The
geological structure should be known before the final interpretation is made, and the influence
of high hills of magnetic and non-magnetic material on the magnetic field should be known.
In the prospecting stage, certain magnetic ores can be roughly determined by any or all of the
instruments. To prepare for drilling operations requires an interpretation by a man who has
made a special study of the subject as a whole. It must also be borne in mind that the
location of a magnetic body by magnetic means gives no indication of the iron content. This
can only be determined by opening up the ore body by trenching or drilling. Money must be
spent for this, but unlikely locations may be eliminated by a thorough magnetic survey. The
most important factor of all, however, is the retaining of a competent man to interpret the
magnetic maps and correlate these with the other geological data so that drill holes may be
located with the greatest chance of striking ore.

10p. cit., p. 85.
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. cementite . . ey e .. . o . .
A decrease in the ~graphite ratio of iron results, within limits, in a decrease in its density,

hardness, shrinkage, and chilling power, and an increase in its machineability.

The strength of cast iron is almost independent of the %—’;&? ratio, It is determined

partly b}}f1 the combined carbon content of the iron and partly by the form and distribution of
the graphite.

Other things being equal, an increase in the combined carbon content of iron to about 0.80
to 1.00 per cent. will result in an increase in its tensile strength. If this content of combined
carbon is exceeded, a reduction in strength ensues, which terminates only when the carbon is
entirely in the form of graphite.

The graphite in grey cast iron occurs in the form of minute plates. These plates are some-
times flat, but usually are concave.

In surfaces of cast iron that have been exposed, polished, and finally subjected to micro-
scopic examination, traces of these plates appear as lines or as arcs of circles (approximately).
In certain grades of iron, these graphite plates are small and slender. In other grades they are
large and coarse. In Figs. 42 and 43 are shown, under the same magnification, photomicrographs
of two samples of iron, which serve to show how great may be the variations in the character of
graphite in cast iron.

Fig. 42 Fig. 43

Grey cast iron, unetched, showing differences in character and distribution of graphite
flakes—magnification, 100 diameters.

Other things being equal, the coarser the graphite plates the weaker will be the iron.

. cementite . . . . .. .
The influence of the “eraphite 'atio upon the mechanical properties of iron is nicely manifested

by the results of tests by Dr. Stead, who found that an increase of 0.10 per cent. of graphite may
reduce the transverse strength of cast iron by about 225 pounds and the tensile strength by
1,800 pounds per square inch.

The fact that the tensile strength of cast iron reaches a maximum when its combined carbon
content is in the neighbourhood of 0.90 per cent., and that this percentage of carbon is about
that of the strongest steel, has given rise to the suggestion that the grey cast irons may be con-
sidered as steels wherein graphite is disseminated in the form of plates such as have already been
described. This opinion has been amply confirmed by the microscopic examination of grey cast
irons, which have been found to consist of a matrix of steel of the combined carbon content of
the cast iron, wherein have been generated planes of weakness as a result of the deposition of
carbon in the form of graphite plates.

At one time pig iron was graded by fracture. A relationship, unfortunately of na well-
defined character, was known to exist between the fracture of iron and its chemical and mechanical
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properties. Later it was discovered that the fracture of cast iron was to some extent determined

. . tit .
by its total carbon content, and to a large extent by its %‘; ratio. It has been shown above

that this ratio is dependent upon a host of variables. The fracture of cast iron could at the best,
therefore, be but a fickle guide to a knowledge of the chemi_cal and mechanical characteristics of
a given sample of pig iron. It may be said, however, that in a general way, as the total carbon

. . cementite . .
content of iron and as its —gﬁﬁ ratio decreases, the fracture of iron changes from an open

grey, in which the plates of graphite through which rupture of the iron has proceeded are so
large as to be clearly visible to the naked eye, to a coarse grey, from a coarse to a finer grey,
from a finer grey to a close grey, from a close grey to a white dappled with grey (mottled), and
from a mottled to a white.

S1LicON

Th C———ge:;i?;e ratio of iron tends to decrease as the silicon content of iron is increased. The
reaction whereby FesC is changed into 3Fe+C, which ensues as a result of the addition of silicon
to iron, is generally referred to as graphitization. Silicon varies from 0.20 to 4.00 per cent. in
cast iron, but rarely exceeds 3.50 per cent. or falls below 0.50 per cent. It is present in cast iron
in the form of iron silicide, dissolved in the pure iron of the alloy, which within limits it tends
to render hard and strong.

The addition of silicon to iron results, within limits, in a decrease in its density, hardness,
shrinkage, and chilling power, and an increase in its machineability.

The addition of silicon to white iron results in an almost proportional decrease in the chilling
power of the resulting alloy up to a limit of 1 per cent.

The hardening effect of iron silicide is sometimes noticeable when the silicon content of iron
exceeds about 2 per cent. Hence it occasionally happens that iron relatively hard to machine
is improved by a reduction of its silicon content.

The approximate proportion of silicon required in cast iron for various purposes has been
given by Howe as follows:—

Silicon,
per cent.
Thick (hence slow cooling) castings, machinery castings......................... 1.50to 2.25
Thin (hence fast cooling) castings, ornamental castings. ................. Up to 3 or even 3.4
Radiators and castings of similar character which require density of
structure and a low content of graphite............... ... ... ... L 1.00t0 1.75
Car wheels, which require that the c;%:—;ii: ratio may be readily
controlled by chilling®......... ... ... ... ... . 0.50 to 0.80
MANGANESE

Manganese is an important constituent of cast iron on account of its affinity for oxygen and
sulphur. Such manganese as is present in a furnace (cupola or reverberatory) charge, will tend
first to react with such oxides as enter the iron (forming oxide of manganese, MnO, which com-
bines with silica, SiOs), and then to unite with such sulphur as is present in the metal (forming
manganese sulphide, MnS). The manganese silicate (MnO.SiO:) enters into and forms part of
the slag which floats upon and covers the molten metal, whether in the furnace or the ladle.
The manganese sulphide (MnS), on account of its relatively low specific gravity, tends to dis-
engage itself from the molten iron. If the temperature of the iron be high and the time for
separation be sufficient, a fairly complete removal of manganese sulphide from the iron may be
effected. The manganese sulphide, under these circumstances, forms a layer between the molten
metal and the molten slag. If the conditions are less satisfactory than have been described,
some manganese sulphide will accumulate in the upper layers of the liquid metal. In castings
made from such contaminated iron, the sulphide may cause serious trouble in machining; in any
case its presence conduces to brittleness, or, in other words, a low resistance to shock.

Such manganese as is in excess of that which combines with oxygen and sulphur, will unite
with carbon to form manganese carbide (MnsC) which, entering into solution in the iron, acts
in the manner which has already been described. Manganese is generally considered to retard
graphitization. This.is true, but this effect does not evidence itself until the manganese content
is well above that usually present in foundry irons. Hence, though the hardness of iron is
increased by the addition of manganese, the cause is not usually the retention of carbon in the
form of cementite. Manganese increases the shrinkage of cast iron. The manganese content
of good castings generally varies between 0.40 and 0.70 per cent. That of chilled car wheels
varies between 0.15 and 0.30 per cent.

SULPHUR

Sulphur tends to restrain the graphitization of cementite. On this account it increases the
shrinkage and chilling power of cast iron. It may, therefore, be termed a hardening agent.
This element should, however, be employed with great caution, if at all, in this capacity on account
of the objectionable effects accompanying its use.

!The tread of the wheel requires to be hard, the body of the wheel relatively tough.
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The presence of sulphur renders molten iron thick and sluggish. Sulphurous iron, therefore,
requires to be poured at as high a temperature as possible if castings free from blowholes are to
be obtained.

Silicon and manganese may be employed to counteract the ill effects of sulphur.

Silicon, on account of its tendency to promote graphitization, resists the effect of sulphur
in holding carbon in combination; it does not remove sulphur, nor does it prohibit the shrinkage
due to sulphur or reduce the tendency of sulphurous irons to crack.

Manganese reacts with iron sulphide, with consequent formation of manganese sulphide

and liberation of iron.
FeS+Mn=MnS+Fe.

Manganese sulphide can be removed from iron, as has been shown above. Even when it
is not removed, its presence in cast iron is fraught with far less serious consequences than is that
of iron sulphide.

Sulphur is frequently limited by specification to 0.05 per cent., but in the hands of experienced
and careful founders as much as 0.20 per cent. can be allowed in certain irons without ensuing
unsoundness. In thin castings needing great fluidity, the sulphur content should be reduced to
0.05 per cent., while if castings are to be soft enough for machining the sulphur should not exceed
0.08 per cent.

PHOSPHORUS

Phosphorus combines with iron to produce a phosphide, FesP, which with iron forms a
eutectic, the presence of which effects a marked increase in the fusibility and decrease in the total
carbon content of iron. Phosphorus is chiefly of value in increasing the fluidity of iron.

As the phosphorus content of cast iron is raised to about 0.4 per cent., so is the strength
of the cast iron enhanced. Further additions of phosphorus appear to have but slight effect
on the strength of cast iron until the percentage reaches about 0.75 per cent. Above this point
the alloys are liable to be brittle, and unless fluidity is more important than strength, 0.75 per
cent. of phosphorus should not be exceeded. For thin castings in general, which are not required
to be strong, the phosphorus can be increased to 1.5 per cent. or more, but in thin castings
such as automobile cylinders, which are required to withstand wear and tear, not more than
0.30 per cent. of phosphorus should be allowed, owing to the slight tendency towards segregation
of high phosphide irons. 'When much manganese or sulphur is present in the iron, or if the castings
are thin and hence cool rapidly, so that graphitization is retarded, the phosphorus content must
be reduced.

MALLEABLE CASTINGS

A somewhat specialized use of cast iron is found in the manufacture of malleable castings.
Two malleablizing processes are generally recognized, and the material used is common to
both processes. It is white cast iron. The compositions recommended as most suitable for
the two processes of manufacture by the Committee of the Iron and Steel Institute for Foundry
Practice (1917) are as follows:—

European process American process
Type of castings
Heavy Medium Light | Heavy Medium Light

per cent. per cent. per cent.|per cent. per cent. per cent.
Total combined carbon.|2.8t0 3.5 2.8t03.5 (2.8t03.5/2.8t03.5 2.8t03.5 [2.8t03.5
Silicon................ 0.5t0 0.7, 0.6t0 0.8 [0.7t00.9/04t00.6] 0.6t0 0.8 [0.8t01.0
Manganese............ Up to 0.15 Not over 0.40
Sulphur............... Not over 0.35 Not over 0.07
Phosphorus. ........... Not over 0.20 Not over 0.20

Castings that are to be malleablized rarely exceed 1 inch in thickness. This limit in thick-
ness is enforced by the necessity of restraining graphitization by the rapid cooling of the castings,
wherein the presence of graphite must be avoided. The structure of an iron prior to malleablizing
is shown in Fig. 44. The carbon present in the alloy is entirely in the form of cementite.

The extremely brittle white iron castings used in these processes are rendered malleable
either by removing part of their carbon by annealing them under strongly oxidizing conditions

(close-packed in iron oxide)
3 Fes0s 4 C = 2 Fe304 4 CO

or by graphitization of the cementite, which is also effected by annealing. The graphitization
of ceme):ntite results in the precipitation of graphite in the form of “temper’” carbon (Figs. 45
and 46).

Unless annealing of white iron is conducted under neutral or reducing conditions, both
graphitization and oxidation ensue. In the American process graphitization is what is aimed at;
in the European process oxidation is the goal. The products of the former process are referred
to as “‘black heart malleable castings,” and are possessed of the structure shown in Fig. 45, while
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Fig. 45—American malleable. Fig. 46—European malleable.
Magnification, 100 diameters; Illumination, vertical.

those of the latter process are known as ‘‘white heart or steely malleable castings,” and are
possessed of the structure shown in Fig. 46. Black heart annealing is conducted at temperatures
of from about 770° C. to 840° C., the annealing temperature being dependent on the composition
of theiron. White heart annealing is conducted at temperatures varying from 840° C. to 880° C.;
these too are influenced by composition. The time of exposure to the maximum temperature
varies in very thin work to very heavy work from a few hours to a few days. .

WRrOUGHT IRrRON

At one time the most important product of the conversion of pig iron was wrought iron.
Wrought iron may be described as a malleable iron which has been aggregated from pasty
particles of iron without subsequent fusion. It generally contains so little carbon that it
approaches pure iron in its characteristics.

Commercial wrought iron is still manufactured, usually by what is known as the “puddling”
process. The puddling process consists in the application of a number of oxidizing reactions,
whereby the impurities of the pig iron that form the basis of the process are removed. The
pig iron for the process is preferable when it shows the following analysis:—

per cent.
Carbon........ccooiviiiiiiinnan. .
Silicon. ... 1.5t0 2.0
Manganese........... ... ... coounn.n 0.8

Phosphorus......................... 1.0
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Other elements are considered as impurities and are, therefore, kept as low as possible.
The use of too pure pig iron involves high cost of process, less weight of product, and frequently
an unsatisfactory iron (hot short).

Oxidation of the carbon, silicon, manganese, and phosphorus of the pig iron is effected by
causing the pig iron to melt down into a fluid bath of slag holding in solution oxide of iron which
reacts with the elements referred to above and effectively removes them. The direct action of
the oxygen of the air is small and may lead to a waste in iron. The process of oxidation is effected
in a furnace of the reverberatory type, the temperature within which at the conclusion of the
process is less than the freezing point of iron. As a result the metallic product of the operation,
almost pure iron, is at its conclusion in a pasty condition. Entrapped in this iron are particles
of slag which remain permanently entangled in the metal unless it is subsequently fused. These
slag particles are compressed or elongated when the iron is deformed, and sections of wrought
iron rod taken in the direction of rolling exhibit the characteristic structure of Fig. 47. In this
photograph are to be seen the sections of crystals of almost pure iron and of the elongated particles
of slag which were entangled in it during the puddling process.

Fig. 47—Wrought iron. Longitudinal section of bar showing influence of roll-
ing on orientation of slag in groundmass of ferrite—magni-
fication, 100 diameters.

Steel

Of the modern methods of making steel, the open-hearth, converter, electric, and crucible
processes are the most important.

OPEN HEARTH

By far the largest output of steel results from the use of the open hearth furnace, which is
of the reverberatory type. The furnace hearth is shallow and is usually elliptical in plan. For
the fusion of the furnace charge heat is derived from the combustion of producer gas and air,
both preheated by passing them through regenerators. Temperatures as high as 1700° C. may
be obtained as a result of the employment of correctly designed furnaces and regenerators.

The furnace hearth may be lined with either acid or basic refractories.

The raw materials used in the open hearth process include pig iron, scrap iron, scrap steel,
ore, scale, carbon, lime, limestone, fluorspar and other fluxes, spiegeleisen and other ferro-alloys.
Pig iron may be charged either in the liquid or the solid state; scrap iron and steel are always
added in the solid state. The composition of the charge is determined by the nature of the
hearth, by economic conditions (such as the price of scrap, etc.), and by the methods of melting
and refining employed.

In acid practice the furnace hearth is lined throughout with siliceous materials, e.g., silica
sand. The charge is characterized by its relative freedom from sulphur and phosphorus, the
removal of which in the acid process is difficult to accomplish.

In basic practice the furnace hearth is lined throughout with basic materials, e.g., calcined
dolomite, sometimes mixed with a little pitch or tar. The charge may contain relatively large
proportions of sulphur and phosphorus, the removal of which is effected in the basic process
by the addition of lime or limestone to the melt.

The open hearth process may be considered as occupying three distinct periods. During
the first of these periods, complete fusion of the charge ensues; during the second, oxidation of
carbon, silicon, and manganese, and in the basic process, removal of sulphur and phosphorus
from the melt occurs; and during the third, refining of the steel resulting from the earlier opera-
tions is effected.
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In the acid process pig iron and scrap are generally charged. The iron and scrap are so
introduced into the furnace as to avoid injury to the siliceous hearth as a result of the slagging
action of the iron oxide that inevitably forms during fusion of the charge. In the basic process,
pig iron (preferably molten), scrap, ore, and limestone are charged, no restrictions being placed
upon the phosphorus content of the constituents of the charge. The precautions necessary in
acid practice to avoid slagging of the hearth by iron oxide are, for obvious reasons, avoided in
basic practice.

In both processes partial removal of carbon, silicon, and manganese from the charge is effected
during the fusion. The almost complete elimination of manganese is frequently effected during
the first period. Silicon is at the same time partially removed.

Further removal of carbon, silicon, and manganese, can only be obtained by treatment of
the charge with iron oxide (ore and scale). This treatment occupies the second period of the
open hearth process. In basic practice concurrent removal of phosphorus and sulphur from the
melt is effected by treatment of the same with lime or limestone.

The elimination of carbon may be halted when the carbon content of the melt is that required
in the finished steel. Then, after addition of ferro-manganese and ferro-silicon to the melt, the
furnace may be tapped and the finished steel removed. In basic practice the manganese and
silicon additions are usually made in the ladle. These additions are necessitated by the oxidized
condition of the melt, both the manganese and the silicon-acting as deoxidizers. The manganese
is also of value on account of its effect, first, in reducing the harmful effects of the sulphur present
in the steel, and, second, in refining the grain of the steel.

In the production of high-grade steel the second period, that of oxidation, is followed by
that of refining. During the second period a very rapid removal of carbon is at first effected.
The subsequent removal of carbon is conducted at 2 somewhat slower rate, and during the third
period, that of refining, the removal of the last few ‘“‘points’’ of carbon may oceupy an hour or
more. At the conclusion of the refining period, the oxides are practically eliminated from the
steel, having been absorbed in and retained by the slag. At the same time the carbon content
of the steel has been reduced to a minimum. Deoxidation of the melt is scarcely needed; never-
theless, additions of ferro-manganese and of ferro-silicon are usually made. The required
carll)on conl:ent is obtained by adding to the steel, either in the furnace or the ladle, pig iron,
coal, or coke.

CONVERTER PROCESS

In the converter process, due to Bessemer (1855), air is blown through molten pig iron,
and as a result carbon, silicon, and manganese are almost entirely eliminated by oxidation.

The converter process involves the use of a pear-shaped vessel known as a ‘‘converter.”
This vessel is mounted on trunnions so that it can be tilted for charging, and for pouring, etc.
When the vessel is inclined, the tuyéres, through which air is admitted to the vessel, come above
the surface of the metal; hence, on cessation of the blast, the danger of metal flowing into the
tuyéres is counteracted. Air is supplied at a pressure of from 20 to 30 pounds per square inch,
a pressure that is sufficient to force the air through the molten metal when the vessel is erected.

The converter may be lined with acid material (siliceous) or with basic material (calcined
dolomite). The original process involved the use of an acid lining and is on this account referred
to as the acid Bessemer process. The basic Bessemer, or Thomas, process to eliminate phos-
phorus from pig iron in the converter, involves the use of a basic lining.

The two processes are similar in many respects. In both the converter is first heated,
either as a result of previous operations or by means of a coal or coke fire fanned by the blast.
Into the hot vessel there is then introduced molten pig iron from the blast furnace, cupola, or
mixer. In basic practice from 300 to 400 pounds of lime per ton of metal to be blown is thrown
into the vessel prior to the addition of the molten iron.

Once the metal is charged, the blast is turned on and the vessel erected.

A short flame, accompanietl by showers of sparks, issues from the mouth of the vessel at the
moment the blast encounters the liquid iron. This flame increases in volume as the temperature
of the charge rises, and evidence of vigorous reaction within the vessel is given by the ejection
from the converter of large drops of molten slag and metal.

The appearance of the flame, the violence of the ‘““boil’’ (reaction), and other characteristics
of the blow at this stage, determine whether the heat being evolved is in excess of that required
for the successful issue of the process. If the metal is “‘hot,” addition of cold scrap is made.

The “‘boil” lessens in intensity as the blow continues. At the same time the flame contracts
and then disappears almost entirely. The ‘‘drop of the flame”” marks the almost complete
removal of carbon from the charge.

The blow occupies from 8 to 15 minutes. At this stage a marked difference in practice is
to be observed between the two processes.

In the acid Bessemer process the vessel is inverted, and to the decarburized melt additions
of ferro-manganese, or spiegeleisen, and of pig iron are made to give to the metal the desired
composition. The addition of manganese to the melt is, in most if not all cases, essential.

In the basic Bessemer process, the blow is continued for some minutes after the flame has
dropped. During this “‘after blow" the phosphorus is mostly removed. [t is necessary on many
occasions to add more lime to the bath during the ‘‘after blow,’’ the length of which is determined
by such factors as the composition and the temperature of the metal.

When the blower is satisfied that the steel is of good quality, the vessel is inverted, the slag
is removed, and the necessary additions of ferro-manganese and of pig iron are made.
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The steel in both the acid and the basic processes is poured from the vessel into the ladle
and finally turned into moulds.

THE ELECTRIC FURNACE

There-are numerous types of electric furnace used in the production of steel. Inall, the heat-
ing effect of the electric current is used to maintain the slag and metal in a fluid state within the
furnace while the necessary reactions between these two essential constituents of the melt, slag
and metal, proceed.

The electric process most frequently consists in the fusion of cold scrap which, when melted,
is first subjected to the action of a basic oxidizing slag. This slag is high in lime, and by its means
dephosphorization of the metal is effected. When the phosphorus content of the metal has been
sufficiently reduced this basic slag is removed and, prior to the introduction of the desulphurizing
and deoxidizing slag which is next formed, the necessary additions of carbon, manganese, etc.,
are quite frequently made. The removal of sulphur and the deoxidation of the metal are partially
effected by the addition of ferro-manganese and ferro-silicon to the metal, the manganese com-
bining with the sulphur to form manganese sulphide, and the silicon combining with iron oxide
to form iron silicate. The elimination of sulphur is effected more perfectly, however, by the
formation of a slag largely composed of silicate of lime. This slag, reacting with sulphur, effects
its removal from the molten metal in the form of calcium sulphide. By careful operation, the
phosphorus and sulphur contents of the charge may be reduced to exceptionally low proportions
and steel of remarkable purity thus obtained. In no other type of furnace is it possible to make
heat entirely from scrap metal such, for example, as steel and iron turnings, nor does any other
process offer such possibilities in purification as does the electric process.

CRUCIBLE STEEL

The manufacture of steel by the crucible process involves the fusion in crucibles either of
blister steel or of mixtures in suitable proportions of iron or steel with charcoal or cast iron,
The higher grades of ‘“‘cast steel,”” such as should be used for tools, are made by the fusion of
blis(tier steel, sometimes of a carbon content slightly in excess of that required in the finished
product.

The melt is brought to the required analysis by the addition of a small proportion of high-
grade scrap of somewhat lower carbon content. Inferior grades of crucible steel are made from
mild steel scrap of open hearth and converter origin. These products, however, cannot compare
with those made from the material described above.

The details of the manufacture of steel by the crucible process need not be entered into
here. Sufficient has been said to make it clear that if the raw materials employed in this process
are devoid of impurities, the finished product will be characterized by a like freedom, provided,
of course, that fusion of the charge has been carried out under conditions which have precluded
the entrance of impurities into the crucible during the melting of the charge. In the higher
grades of crucible steel, elements other than carbon rarely exceed in amount the proportions
given below:—

per cent.
Silicon............. .. .. .. ..o 0.20
Manganese. ... ............c........ 0.35
Sulphur............................ 0.02
Phosphorus......................... 0.02

Composition and Properties of Steel

It will have been gathered from the above discussion that steel is essentially an alloy of iron
and carbon to which proportions of silicon and manganese are intentionally added and in which
sulphur and phosphorus are present as impurities.

f’[l‘lhe maximum proportions of the elements present in commercial carbon steel are about
as follows:—

per cent.
Carbon.............cooiiiiiiin 1.50
Silicon............. o i 0.30
Manganese................ ... ... 1.00
Sulphur............................ 0.08
Phosphorus......................... 0.08

As to the reliability and quality of the steel produced by the processes above described,
no hard and fast rule can be given; so much-is dependent upon the skill exercised in
conducting the operations involved in these processes. Speaking generally, however, the reli-
ability and quality of carbon steel varies in order of decreasing excellence in the following manner:

. Steel made by the crucible process.

. Steel made by the electric process.

. Steel made by the acid open hearth process.

. Steel made by the basic open hearth process.

. Steel made by the acid Bessemer process.

. Steel made by the basic Bessemer, or Thomas process.

QP W -
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The cost of manufacturing steel by the electric and crucible processes militates, however,
against their extensive use in general engineering work.

Comparing acid steels with basic steels, it is widely admitted that under general conditions
of working the former are the more reliable. Assuming that pig iron of the required quality
is used in the acid process, the risk of obtaining high phosphorus steel is completely eliminated.
However great is the care of the furnace man, there is yet a risk in basic practice that the product
will be insufficiently dephosphorized. This danger is more appreciable as the carbon content
is increased, since recarbonization of the melt frequently leads to its rephosphorization (phos-
phorus being reduced from the slag). In the manufacture of dead-soft steel the danger of re-
phosphorization is small. In respect of sulphur and its removal, the basic processes are at an
advantage in respect to the acid processes; though removal of sulphur in basic practice is some-
what erratic, removal of sulphur is always effected to some extent. As to the control of carbon
content, the acid process (open hearth in particular) is more desirable than the basic process,
since in the latter case recarbonization of the melt must be effected outside rather than within
the furnace.

Where high-grade pig, ore, and scrap are used in the basic open hearth, the superiority of
the basic process over the acid process is unquestionable.

Comparing converter steel with open hearth steel, there is no doubt that the quality of the
latter is higher than that of the former. In the first place, a better control of operations is possible
in the open hearth process. In the second place, there is less risk of super-oxidation of the melt
in the open hearth process.

The mechanical properties of annealed carbon steels are dependent on a number of factors.
Of these, the most important are: method of manufacture and chemical composition.

That the method of manufacture of steel may determine, to some extent, its mechanical
properties, has been demonstrated on numerous occasions. Harbord was probably the first to
show this clearly. The following table, based on his results, will serve to indicate the influence
of the process of manufacture upon the character of steel:—

Carbon Content of Steel
Tensile strength
Acid Basic Acid Basic
Bessemer Bessemer open hearth open hearth
Lbs. per sq. in. per cent. per cent. per cent. per cent.

56,000 0.14 0.11 0.12
67,200 0.14 0.17 0.18 0.25
78,400 0.25 0.27 0.34 0.36
89,700 0.35 0.39 0.41 0.43
100,800 0.43 0.46 0.48 0.51
112,000 0.50 0.52 0.56 0.59

This table directs attention to the fact that the strength of steel of a given carbon content
is dependent upon its mode of manufacture. Speaking generally, open hearth steels are softer
than converter steels, and basic steels are softer than acid steels.

The above table also demonstrates the influence of carbon upon the strength of steel. It
will be seen that increase in carbon content is in every case accompanied by increase in tensile
strength. It is also found that manganese, silicon, etc., are somewhat similar to carbon in their
effect upon the strength of steel.

The strengthening effect of carbon changes with the proportion of carbon present in the
pure iron-carbon alloys. It ranges from 875 pounds per square inch to 1,150 pounds per square
inch for each 0.01 per cent. of carbon between the limits 0.00 and 0.70 per cent. The maximum
stress of commercial steels (untreated) is raised on the average by about 1,000 pounds per square
inch for each 0.01 per cent. of carbon up to 1.00 per cent. The ductility of untreated steel in
terms of percentage elongation on 2 inches is reduced by about 0.35 per cent. for each 0.01 per
cent. increase of carbon content.

From a microstructural point of view, the steels may be considered as divided into two
classes; those containing less than about 0.85 per cent. of carbon (mild and medium carbon steels)
and those containing more than about 0.85 per cent. of carbon (high carbon or tool steels). Steels
of the former class consist of two constituents: ferrite (almost pure iron holding silicon, etc., in
solid solution), and pearlite (an intimate mixture of ferrite and carbide of iron, Fes C, cementite).
The photomicrographs of Figs. 48 to 50 show the uniform increase in the amount of pearlite in these
steels that ensues on increase of their carbon content. The 0.85 per cent. alloy consists almost
entirely of pearlite. Steels of the latter class consist of the two constituents, pearlite and
cementite. The photomicrographs of Figs. 51 and 52 show the proportions of cementite in
alloys containing from 1.2 to 1.5 per cent. of carbon.

The presence of pearlite in steels confers upon these alloys the most important property
of increasing in hardness when rapidly cooled from above certain critical temperatures, which
are dependent mainly upon the composition of the steels.  With certain critical rates of cooling
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from above these critical temperatures, full hardness may be obtained. The hardening power
of steel is almost directly proportional to its carbon content.

The addition of silicon to pure iron has but little effect upon its ductility. The tenacities
of the alloys of iron and silicon, however, are slightly in excess of that of iron, the increase in
maximum stress per 0.01 per cent. silicon being about 125 pounds per square inch for alloys
annealed at 970° C, Silicon in the proportions usually present in commercial steel may be
considered to have but little influence upon its mechanical properties.

The addition of manganese to pure iron is without influence upon its ductility. The tensile
strength of the alloys of iron and manganese are in excess of that of iron, the increase in maximum
stress per 0.01 per cent. of manganese being about 90 pounds per square inch for alloys annealed
at 30° C. above the transformation range.

Fig 48 - Fig. 49 Fig. 50
Sections of steel showing increase of pearlite with increase in carbon content.
Pearlite: dark. ) Ferrite: white.

Fig. 48—0.33 per cent. C steel (forged).
Fig. 49—0.60 per cent. C steel (annealed 850°C).
Fig. 50—0.85 per cent. C steel (cast).

Magnification, 100 diameters.

In pure steels (free from all but the smallest trace of elements other than iron, carbon, and
manganese), the rate of increase of proportional limit and tensile strength per 0.01 per cent.
increase of managanese is as high as 230 pounds per square inch for steels containing upwards of
about 0.75 per cent. of carbon. It will thus be seen that manganese may be expected to confer
upon commercial steels properties well in excess of those that would be possessed by steels free
from this element.

In commercial steels a proportion of manganese is associated with sulphur as manganese
sulphide. Such manganese as is present in excess of that which combines with the sulphur
of the steel (the percentage of sulphur as combined being about 1.7 times that of the percentage
of sulphur present in the steel) is free to excerise an influence similar to that which is exercised
by manganese upon the pure carbon steels.

Sulphur appears to reduce the yield point, maximum stress, and percentage elongation of
steel and to increase its percentage reduction of area and resistance to shock. Sulphur occurs in
steel in combination either with manganese or with iron.

Sulphur combines with iron to produce a sulphide, which with iron forms a eutectic, con-
taining about 30 per cent. of sulphur and melting at a temperature of 985° C. This eutectic
occurs in iron in the form of ovoids, oval laminae or membranes enveloping the crystal grains.
It is the prime cause of hot shortness in steel.
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 Fig. 51 Fig. 52
Sections of steel showing increase of cementite with increase of carbon beyond
0. 85 per cent.
Pearlite: dark. Cementite: white.

Fig. 51—1.2 per cent. carbon steel (cast).
Fig. 52—1.35 per cent. carbon steel (cast).

Magnification, 100 diameters.

The compound of sulphur and manganese, manganese sulphide, is, however, free from the
objectionable characteristics of iron sulphide, and quite appreciable quantities of manganese
sulphide may be present in steel without serious results ensuing; in fact, the free-cutting proper-
ties of certain steels are due to the deliberate introduction of sulphur, such steels sometimes
containing as much as 0.15 per cent. of this element. Manganese sulphide is not without influence
upon the mechanical properties of rolled steels. Ship plates, boiler plates, etc., containing
manganese sulphide in quantity are weaker transversely than in the direction in which they are
most extended by rolling, :

The sulphur content of steels is advisably limited by specification. In structural steel,
for example, a limit of 0.06 per cent. is usual, in tool steel 0.025 per cent., and so on.

Phosphorus has a marked effect upon the mechanical properties of carbon steel. Stead
quotes the following figures for the influence of 0.10 per cent. of phosphorus in steel:—

Yield limit is raised 5,600 pounds per square inch.
Maximum stress is raised 5,400 pounds per square inch.

Percentage elongation is reduced 0.7 per cent. length _ 8).

area
Percentage reduction is reduced 1.5 per cent.

The resistance of steel to shock is reduced as a result of the addition of phosphorus. In
low-carbon steels not more than 0.10 per cent. is, as a general rule, allowable, though in machine
stock relatively high proportions of this element are acceptable on account of the improvement
in machineability induced by the phosphorus. In most cases a limit of 0.07 per cent. is specified.
In high carbon steels the embrittling effect of phosphorus is quite appreciable, an increase of
0.01 per cent. in 100 per cent. carbon steel Having a marked effect. An upper limit of 0.04 per
cent., or even less, is considered advisable in tool steels.

ALLOY STEELS

Steels which contain silicon or manganese in excess of the amounts specified on page 133,
and steels which contain elements other than silicon, manganese, sulphur, and phosphorus,
may be termed alloy steels. Alloy steels may be defined as steels to which elements have been
added for the express purpose of conferring upon them special characteristics.
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The manufacture of silicon steels is preferably conducted in the acid open hearth furnace.
’I;hese t:);teels contain up to 4.52 per cent. of silicon, and rarely contain more than 0.50 per cent.
of carbon.

The addition of silicon leads to a slight increase in the strength and hardness of steel. It is
considered to increase the resistance of steel to shock, and on this account is a constituent of
steels for automobile and railway springs. The silicon steels so used are generally referred to
as silico-manganese steels, though the proportions of manganese present in these alloys do not
exceed those present in commercial carbon steels. Typical specification requirements for silico-
manganese steel bars for automobile and railway springs, are as follows:—

Automobile Railway
springs springs
per cent. per cent.
Carbon...... ... ... .. ... ... ... ... 0.45 to 0.55 0.55 to 0.65
Manganese. . ......... ... .. .. 0.60 to 0.80 0.50 to0.70
Sulphur........ ... ... ... . 0.045 (maximum) 0.045 (maximum)
Phosphorus. ... ...... ... ... .. . 0.045 to 0.050 0.045 to 0.050
Silicon. ... 1.80 to2.10 1.50 to 1.80

These steels require special care in their heat treatment.

Silicon steels of low carbon content and containing from about 4 to 4.25 per cent. of silicon
are extensively used in the manufacture of transformer sheets. The characteristics of these
steels are a very low hysteresis combined with a high electrical resistivity.

A typical analysis of silicon steel for transformer sheets is as follows:—

per cent.
Carbon........ ..o, 0.08
Manganese............ ... .. ... . ..., 0.11
Sulphur........... ... . ... ... 0.06
Phosphorus........................ ... .. 0.01
Silicon........ ... 4.18

Aluminum, phosphorus, nickel, and tungsten are similar in their effect upon the electrical
properties of steel, but silicon is, on account of its cheapness, the element most extensively
employed in this connection.

It is convenient to distinguish between manganese steels which on slow cooling are possessed
of the structure of slowly cooled carbon steels (pearlitic manganese steels) and manganese steels
which on slow cooling are characterized by a martensitic or austenitic structure. The pearlitic
steels may be considered as containing up to 0.6 per cent. of carbon and from 1.0 up to 2.5 per
cent. of manganese. The addition of manganese to steel results in a depression of the trans-
formation range, and this fact should be taken into consideration whenever manganese steels
of a pearlitic structure are the subject of heat treatment.

The investigations of Lang have demonstrated that manganese not only increases the
hardness, the strength, and the hardening power of low-carbon steels, but that it does so without
impairing the ductility of the steel. Lang has also shown that manganese in quantities up to
1.5 per cent. at least adds to rather than subtracts from the shock-resisting qualities of annealed
mild steels. That pearlitic manganese steels of relatively high carbon content (0.60 per cent.
carbon and 1.25 per cent. manganese) can also withstand shock when thermally treated in a
scientific manner, is shown by the fact that such steels have been employed with success in the
manufacture of shrapnel shells of as high a calibre as 13.5 inches.

Of martensitic steels, those containing from 7 to 8 per cent. of manganese have found
employment in situations where the austenitic manganese steels are generally used. They are
cheaper than the austenitic steels, which usually contain from 11 to 14 per cent. of manganese.
They are, however, much less ductile than the austenitic manganese steels.

The austenitic steels are those generally referred to as ‘“‘manganese steel’”’ and the name
‘“loman’ has been suggested as a suitable title by which to distinguish the low manganese alloys
referred to above from the 11 to 14 per cent. manganese steels.

The ‘“‘manganese steels” are of the following approximate analysis:—

per cent.
Carbon............c.cooiun. .. 1.00to 1.3
Silicon............ ..o, 0.3t00.8
Sulphur...................... .. Trace
Phosphorus..................... 0.05 to 0.08
Manganese..................... 11.0 to 14.0

These steels are practically non-magnetic and are possessed of a remarkable resistance to
abrasion. They may be forged and rolled, but are difficult to work. They are also hard to
machine. The manganese steels are always used in a water-toughened state, water toughening
consisting in heating the steel to about 1050° C., and quenching it in cold water.
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Cast manganese steels are used in the lining of rock crushers working at low speeds; in the
manufacture of car wheels that are to run at slow rates; in the manufacture of frogs, switches,
and curved rails; of burglar-proof safes and vaults; and, on account of its non-magnetic properties,
in the cover plates of heavy lifting magnetos.

Manganese steel has been successfully rolled into rails for railroads, and forged manganese
steels have also found favour in other fields.

The manufacture of ‘“manganese steel’”’ is a somewhat specialized operation.

Chromium steels are manufactured by the same process as the carbon steels. They are
rarely used in the untreated condition. Chromium raises the transformation ranges of steel.

The chromium steels may, for convenience, be divided into three classes:—

bg. Steels containing about 0.5 per cent. of chromium, and from 0.50 to 1.50 per cent. of
carbon.

2. Steels containing from 1.00 to 3.00 per cent. of chromium, and from 0.80 to 1.00 per cent.
of carbon.

b3. Steels containing from 12.00 to 17.00 per cent. of chromium, and up to 1.00 per cent. of
carbon.

The chromium steels of the first group have somewhat higher mechanical properties than
the corresponding carbon steels. The steels of lesser carbon content {below 1.00 per cent.) find
employment in the manufacture of the shoes and dies of stamp mills* for pulverizing gold and
silver ores. They have also been used for chisels. The steels of higher carbon content have
been extensively employed for drills, files, and saw blades.

Chromium steels of the second group are used on account of the extreme hardness that may
be given to them by suitable heat treatment. For ball bearings and roller bearings, steels con-
taining from 1.00 to 1.60 per cent. of chromium are used. For armour-piercing projectiles, a
chromium content of about 2.25 per cent. has proved of service. For rolls (for cold rolling
metals), 2.00 to 3.00 per cent. chromium steels have been used.

The chromium steels of the third group comprise the so-called ‘‘stainless steels.”” The
resistance of these steels to corrosion is reduced by increasing the carbon content. Their chief
use, at present, is in the manufacture of cutlery, the carbon content of such steel being about
0.30 per cent.

Certain of the higher carbon steels of this class have proved of service as valve steels in
medium hot engines. They are superior in their machining properties to 18 per cent. tungsten
steel and prove, therefore, of economical value in certain cases. A chromium steel containing
about 17 per cent. of chromium and 1 per cent. of carbon has been used as a die steel.

“The range of strength available with ‘stainless steels’ is quite considerable, and, in fact,
is equal, if not superior, to that obtainable with any other steel.” .

The nickel steels are manufactured by the same processes as the carbon steels. Nickel
lowers the transformation range of steel.

What is generally referred to as ‘“‘nickel steel” is the 3.5 per cent. alloy, which has proved
of immense value in engineering work generally. Not only has it found employment in the
manufacture of machine parts, engine parts, and automobile parts, but important quantities
have been used with success in the construction of bridges of wide span, such, for example, as
the Quebec bridge.

In the manufacture of automobile parts, 3.5 per cent. nickel steels containing 0.20, 0.30
and 0.40 per cent. of carbon are employed.

. Low-carbon (0.10 per cent.) nickel steels containing from 2 to 6 per cent. of nickel are used
in case-hardening practice.

Austenitic nickel steels (steels containing upwards of 25 per cent. of nickel and of low carbon
content) are used in limited amounts. Tabulated below are the analyses of certain of these
steels and the uses to which they are put:—

AUSTENITIC NICKEL STEELS AND THEIR USEs

Per cent. nickel

24t032............. Resistance wire (electrical).

27 Bits, stirrups, spurs, etc. (owing to its resistance to corrosion).

30, .. Boiler tubes (owing to its resistance to corrosion).

360 .. Invar. (clock pendulums, etc.); coefficient of expansion, 0.0000008 per
degree C. : :

46. ... ... Platinite (substitute for platinum); coefficient of expansion equal to that

of glass.
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Tungsten steels are made almost entirely by the crucible process. Three steels of this type
are worthy of note:—

. 1. Three per cent. tungsten steel. This steel, which contains about 1 per cent. of carbon,
is treated under almost the same conditions as the carbon steels. It may be considered as an
improved tool steel; it is more desirable than straight carbon steel and is able to cut at a.higher
speed.

. 2. Six per cent. tungsten steel. This steel, which contains about 0.6 per cent. of carbon,
is used in the manufacture of permanent magnets for electric motors, small dynamos, etc.

3. Eighteen per cent. tungsten steel. This steel, which contains about 0.65 per cent. of
carbon, is of value on account of its retention of strength at high temperature. It is used in the
manufacture of valves for use in the hottest automobiles and aircraft: engines.

The molybdenum steels are very similar in character to the tungsten steels, one part of
molybdenum conferring upon carbon steel properties approaching those conferred by two to
three parts of tungsten. The molybdenum steels have not been widely used owing to difficulties
encountered in their production and also to the scarcity of molybdenum. These steels have
been used in situations similar to those in which the tungsten steels are employed.

The simple vanadium steels are somewhat limited in their application at the present time-
Vanadium is, however, of frequent occurrence in more complex alloy steels. Vanadium is a
powerful deoxidizer, and its use in this connection has been quite extensive. Vanadium increases
the hardness of steel, and steels containing about 1 per cent. of the element have been used with
success in the manufacture of tools. A steel containing about 0.20 per cent. vanadium has been
employed for constructional purposes.

Steels to which more than one element is added with a view to modifying their physical
and mechanical properties are frequently referred to as ‘“‘complex’’ alloy steels. Examples of
such steels are the nickel-chromium, the chromium-vanadium, the molybdenum-chromium,
and the high-speed tool steels. )

The nickel-chromium or chrome-nickel steels are perhaps the most important of the structural
alloy steels. Steels containing up to 4.5 per cent. of nickel and 1.5 per cent. of chromium have
found employment in the construction of automobile and aeroplane parts.

These constructional steels may be divided into three classes:—

Class Carbon Nickel Chromium
per cent. per cent. per cent.
) 0.2t0 0.5 1.5 0.7
20 o 0.1to 1.5 3.0 0.6t0 0.9
K 0.1t0 0.5 3.5 1.5

The low-carbon steels of each class are used in manufacture of parts finally to be case-
hardened; the medium carbon steels are used for shafting and simflar parts; and the higher
carbon steels are employed in the manufacture of such parts as gears, crank shafts, and trans-
mission lines.

These steels are almost invariably subjected to heat treatment before use. A wide range of
properties is obtainable by varying the heat treatment of the steels in each class; a still wider
range of characteristics is therefore attainable by the use of the whole series.

Chrome-nickel steels are used in the manufacture of armour plate and of armour-piercing
projectiles.

A so-called natural chrome-nickel steel is made from ores mined at Mayari, Cuba. Mayari
steel contains from 0.2 to 0.7 per cent. of chromium, and from 1.0 to 1.5 per cent. of nickel.

The chromium-vanadium steels are of recent development. These steels lie within the
following limits of composition:—

per cent.
Carbon.......................... 0.10 to 0.95
Manganese....................... 0.50 to 0.80
Chromium. ...................... 0.80to 1.10
Vanadium........................ Over 0.15 (0.18 per cent. if desired)

These steels are similar in their physical properties to the chrome-nickel steels, but are
relatively more ductile.

Chrome-vanadium steels find their largest use in the automobile industry. They are
almost invariably used in the heat treated condition.

10 1.0.
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The uses to which the chrome-vanadium steels of varying carbon content are put, are
tabulated below:—

CHROME-VANADIUM STEELS AND THEIR USEs

Per cent. carbon

0.15t00.25............ Case hardened parts.
0.25t00.32............ Automobile forgings.
0.32t00.40............ Locomotive axles, crank-shafts, and

crank-pins; automobile transmission
lines and rear axle shafts.
O5. Automobile and railway springs.
OS5 Rolled wheel and tire tools.

The molybdenum-chromium-nickel steels, containing small percentages of molybdenum
(less than 1.00 per cent.) appear to have a promising future. They have been used with success
in the manufacture of light engines, crank shafts, and armour plate. Chrome-molybdenum
steels have also been used with success in the manufacture of armour-piercing projectiles.
Analyses typical of steels of these types are as follows:—

Steel for Steel for
crank shafts projectiles
per cent. per cent.
Carbon...................... 0.30 0.65
Manganese................... 0.69 0.80
Chromium................... 0.98 2.19
Molybdenum................. 0.54 0.84
Nickel............iviin. .. 3.05 ..

High-speed tool steels are all made by the crucible or electric furnace processes. They
contain, apart from the usual elements, tungsten, chromium, and vanadium, sometimes cobalt;
and rarely nickel and molybdenum. The carbon content of high-speed tool steel varies from
0.55 to 0.75 per cent. The tungsten content varies from about 13.0 to about 19.0 per cent.
The chromium content from about 3.0 to about 5.0 per cent., and the vanadium content from
about 0.5 to about 2.5 per cent.

Apart from the use of these complex steels in tools, they have found employment in the
manufacture of exhaust valves for automobile engines and for dies in extension presses for brass.
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6. PROGRESS IN ELECTRIC IRON SMELTING AND COST OF
ELECTRIC SMELTING IN ONTARIO

By Alfred Stansfield

I. Progress in Electric Iron Smelting

The electric smelting of iron ores for the production of pig iron was started experimentally
about the year 1900 in Europe, and in 1906 in Canada. Its greatest development has been in
Sweden, where experiments were conducted from 1907 to 1909, and where it has been used
commercially from 1910 to the present time. Electric smelting has been conducted commercially
for a time in California, Japan, Italy, and elsewhere; but Sweden and Norway are the only
countries in which the industry has become firmly established. The success of the industry
in these countries cannot be explained entirely by the low cost of electric power and other supplies,
but depends, also, on the existence in Europe of a market in which Swedish pig iron, smelted with
charcoal from pure ores, commands a high price. In general it will not be possible to produce
pig iron by smelting iron ore in electric furnaces unless the resulting iron, on account of its greater
purity, can command a higher price than iron made by smelting the same ores with coke in a
blast furnace, and it would be necessary, therefore, to find a market for the special qualities of
iron that could be made by electric smelting.

In Sweden, electric smelting of iron ores is conducted almost entirely in the Elektrometall
furnace, a somewhat elaborate appliance with a shaft like a blast furnace and with a system of
circulation of the furnace gases. This furnace is more economical in fuel and electrical energy
than other furnaces that have been tried, and it is the only one in regular commercial use for
the production of pig iron from iron ore; but it is very costly and is not very well suited to the
production of high-silicon or foundry iron. Iron ores have also been smelted electrically in
open pit furnaces of the kind that is used regularly for the production of ferro-alloy. These
furnaces are less economical of electrical power and of charcoal or coke, but they are far less
costly; they are, also, I believe, more suitable than the Electrometall furnace for the production
of high-silicon or foundry iron.

By the year 1921, fifteen Elektrometall furnaces had been built (fourteen in Sweden and
one in Japan), having a combined electrical power of 54,000 kilowatts, or an average power of
3,600 kilowatts for each furnace. Furnaces planned and under construction were: four in Sweden,
six in Italy, two in Brazil, and three in Norway, having a combined power of 50,000 kilowatts
for the fifteen furnaces. The following table shows the production of pig iron in the Elektro-
metall and other electric furnaces in Sweden:—

Year Elektrometall Year Elektrometall Open pit Total
nietric tons metric tons metric tons metric tons
1908 132 1914 26,854 |l 26,854
1909 302 1915 35075 | 35,075
1910 890 1916 43,612 1,170 44,782
1911 5,786 1917 57,793 9,266 67,059
1912 17,561 1918 59,176 16,508 75,684
1913 31,966 1919 57,883 6,587 64,470

The records show that 10 Elektrometall furnaces, with a combined power of 36,000 kilo-
watts, had been constructed by the year 1917, but the output during the years 1917, 1918, and
19119 corresponds to the continuous operation of only 5 furnaces with a combined power of 18,000
kilowatts,

Open pit furnaces were used in Sweden during the war for the production of foundry iron,
but this was mainly by the fusion of steel scrap with carbon, and only to a small extent by the
smelting of iron ore.

In California, the furnace that was found most suitable was a rectangular furnace like a
ferro-alloy furnace, but having a roof and charging chutes for the ore. The product required in
California was a foundry iron, and it was no doubt for this reason that this simpler type of furnace
was preferred. The smelting of iron ores in the West was given up about the year 1914, appar-
ently for financial rather than technical reasons. During the war a quantity of foundry iron
was made there in an open pit furnace such as is used for making ferro-alloys. .

Pig iron made in electric furnaces in British Columbia and other parts of Canada during
the war, was mostly “synthetic pig iron,” that is, iron produced by melting steel scrap with the
necessary carbon and other additions. .
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I1I. Cost of Electric Smelting of Iron Ores in Ontario
INTRODUCTION

This report is intended to show the probable cost of making pig iron by smelting Ontario
ores in electric furnaces.

I was requested by the committee to base the report on the smelting of three different ores:

1. A hematite ore containing 50 per cent. of iron and with the ordinary siliceous gangue.

2. A magnetite ore containing 50 per cent. of iron and with the ordinary siliceous gangue.

3. A magnetite concentrate, such as that from Moose Mountain, containing 64 per cent. of
iron and sintered or briquetted.

The committee also furnished me with analyses of Atikokan, Moose Mountain, Magpie,
and Helen ores, and with coke and limestone analyses, all of which are given on page 151.

I was not furnlshed with the cost of the ore, fuel, and other supplies, but was asked to leave
my estimate in such form that these costs could be inserted to suit any particular locality. In
regard to electric power, however, I was asked to assume that the cost would be $18 per e.h.p.
year.

The estimate was to apply to the cost of making pig iron in a plant of 350 tons per day, and
the cost of such a plant was also to be given. The kind of pig iron to be made was not specified,
but I have estimated on the production of a low-silicon iron, suitable for steel-making, and also
on a high-silicon or foundry iron. I was asked to give my opinion as to the quality of pig iron,
so made, as compared with the various grades of pig iron that would be made in the blast furnace
from similar ores.

No location was assigned to the proposed plant, but I have assumed that it would be at
some point in Ontario where ore and other supplies could be obtained by water transportation
and where electric power would be available at a moderate cost.

In view of the information available with regard to the smelting of iron ores in the Elektro-
metall and the open pit furnaces, I am of the opinion that the former would be found to be the
more economical for the production of a low-silicon pig iron, but that the latter would be pre-
ferable for the production of foundry iron. I have made estimates of the cost of smelting iron
ores in furnaces of both kinds.

PLANT FOR ELECTRIC SMELTING

The proposed plant is to have an output of about 350 tons of iron per day. I shall assums
that the product will be partly low-silicon iron, suitable for steel-making or the production of
malleable castings, and partly h1gh silicon iron suitable for the grey iron foundry.

In order to determine the size of the plant, I shall make the general assumption, in view of
the character of the ores and of the pig iron, that each electric horse power supplied to the plant
will produce 0.25 long tons of iron per annum. This figure corresponds approximately, having
regard to the probable load factor, with the consumption of 2,400 kilowatt-hours per long ton.
On this basis, an average daily output of 350 long tons would need 51,000 e.h.p., or 38,000 kilo-
w]atts. These figures will include the lighting and mechanical power needed in the smelting
plant.

I have obtained from the A/B Elektrometall of Sweden, through the kindness of their
American representative,! an estimate of the cost of a plant of the Swedish type having the
desired output. Their calculation is based on the use of an ore mixture containing equal parts
of low-silicon iron and foundry iron. It also provides for the use of either coke or charcoal,
presumably in equal proportions.

They recommend the installation of seven Elektrometall furnaces, each of 6,000 kw., one
of which would be held in reserve. They would thus have a total working load of 36,000 kw.,
a figure which agrees with my previous estimate, made independently. These furnaces are
each provided with eight electrodes of 28-inch diameter and are of the usual Swedish type with
a high shaft and circulation of the gases. The A/B Elektrometall gives the following estimate
of the cost of such a plant:—

ESTIMATED COST OF ELEKTROMETALL PLANT

Electrical transformers, motors, controls, and low tension conductors.......... $450,000
Seven furnaces, complete with fan, gas pipes, connections, and refractories. . . ... 700,000

Drawings, plans and specifications, and operating license, and all miscellaneous
EXPENAILUTE. .. ot vttt ettt e e it et e e e b e e e 285,000

Excavations, levelling, railway tracks, storehouse for ore, coke, charcoal, furnace
FOUNAATIONS. . v v . ot sttt et ettt ettt et et e e, 140,000

Buildings: Furnace building ($300,000); crusher plant laboratory, workshop for
repairs, store house, etc. ($30,000). . ... ... i e 330,000
Travelling cranes and transporting devices..............c.. ... iiiiennnnn.. 100,000
Moulds, ladles, tools, and instruments.............. ... ... .. 0., 60 000
Ore crushers............... P 10,000
Water pipes and waste PIPES. ... .o uuu ittt 25,000
Total. ..o e $2,100,000

1Frank Hodson, President of the Electric Furnace Construction Co., 908 Chestnut Street.
Philadelphia.
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I have obtained from the Volta Manufacturing Company, of Welland, through the kindness
of Mr. Robert Turnbull, an estimate of the cost of a plant of the same output, but provided with
furnaces of the open pit type.

The plant would contain 10 furnaces of 4,000 kv-a. each, or 40,000 kv-a. in all. The cost
is very much less than for the Elektrometall plant

ESTIMATED COST OF PLANT WITH OPEN PIT FURNACES

~ Main building, 456 ft. long, 55 ft. span, with lean-to for transformer room, 456 ft.

by 17 ft., approximately 35,000 sq. ft............ ... ..o $60,000
Machine shop building and machinery............. ... ... ... .. ... ... ... ..., 15,000
10 three-phase, 4,000 kv-a. transformers.............. ... ... ... .............. 150,000
Control equipment, meters, etC.. .. ... ..ottt et ittt 20,000
1 main oil circuit-breaker. ... ... ... . e 3,000
High tension wiring and supports. .. ......... oottt 2,500
Electrode equipment complete, including regulators................. e 60,000
Pump and water SuUpPPly ... .ou ittt e 3,000
Crusher and CONVeYOr. . ... ..o ittt e et 4,000
Pig machine and equipment. . ...... ... ... .. . 20,000
1ten-ton derrick. . . ..o ik 15,000
2R B o W o = o =1 O 20,000
110ComOtIVE. . .ot e 17,500
Bins and storage equUIPmMent. . . ... ... ... e 25,000
10 furnaces, complete with linings. . ........ .. .. .. ... .. L 35,500
Total. ..o $450,000

Mr. Turnbull considers that with the addition of $50,000 for contingencies, bringing the
total up to $500,000, the estimate can be safely accepted.

Comparing the two estimates, it is found:—

1. The Elektrometall estimate provides seven furnaces, of which only six will bz in use at
once, while the Volta estimate provides merely the number in use. A spare furnace is essential
to the Swedish plant as a considerable time would be needed for rebuilding or serious repairs
to a furnace of that type.

2. The electrical transformers, motors, controls, and low tension conductors in the Swedish
estimate cost $450,000, while the corresponding items in the Volta plant amount to $85,500.
The electrical transformers are necessarily more costly in the Swedish design, as they are single-
phase instead of three-phase, and as they must provide a variable voltage.

The cost of transformers forms an important part of the whole cost of an electric smzltinn
plant, and as it is an item for which a definite figure could be obtained, I askad the Canadiag
General Electric Company for an approximate estimate for this part of the design.

The plant using open pit furnaces needs 10 three-phase, 4,000 kv-a. transformers, which
are estimated by the Volta Company to cost $150,000. The Canadian General Electric
Company quote a price, f.0.b. Davenport works and subject to Government sales tax, of $8,750
per transformer, or $87,500 for the ten transformers.

The Elektrometall transformers are more costly for the following reasons: (a) The trans-
formers are single-phase instead of three-phase. (b) They have taps on the primary windings’
so as to reduce the voltage by steps from 100 to 60. This makes the construction more complicated
and practically doubles the size of the windings, as the full power must be available at each
voltage. (c) For the 8-electrode furnaces, which use a double two-phase current, the Electric
Company advise that it would not be convenient to employ the usual Scott connectlon on account
of the primary taps, and recommend the use of two extra transformers per furnace for changing
from three-phase to two-phase current.

The Canadian General Electric Company’s estimate for one 7,000 kv-a. furnace would bz
as follows:—

4 1,750 kv-a. single- phase transformers at $6,200............. ... ... ....... $24,800
2 600 kv-a. “« 2, 900 ........................ 5,800

$30,600
Transformers for seven furnaces.......... ... ... .. ... ... .. ... ... ... .. $214,200

The transformers for the open pit furnaces have a combined capacity of 40,000 kv-a., While
those for the Elektrometall furnaces have a capacity of 49,000 kv-a. If we increase the former
cost in the ratio of 49 to 40, w2 obtain a figure of $107,000. .

It will be seen that the transformars for the Elektromestall plant would cost twice as much
as those of the open pit plant for equal capacity.
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The Elektrometall estimate for transformers, motors, controls, and low tension conductors
was $450,000. The cost of the transformers was found to be $214,200, and the other items may
raise this figure to $250,0C0 or $270,000.

The information cbtained from the Canadian General Electric Company explains in part
the great difference between the estimates for electrical apparatus in the two plants, but it does
not fully explain the very high cost of the Swedish plant.

3. The Swedish furnaces cost $100,000 each, while the Volta furnaces cost $3,500 each, for
an equal cutput. The Swedish furnace is undoubtedly far more expensive than the open pit
furnace, but a ratio of ten times would seem to be a sufficient difference.

4. The buildings in the Swedish plant cost $330,000, while those in the Volta plant cost
$75,000. On account of the greater height of the furnaces and of the gas circulation apparatus,
the Swedish furnace room will have perhaps three times the volume of the Volta furnace room;
it is rrobable also that a more substantial building is intended.

5. Inthe Swedish estimate there is an item of $285,000 for drawings, plans, and specifications,
and operating license, which does not appear at all in the Volta estimate.

In conclusion, without going any further into details, it appears probable that the Elektro-
metall rlant could be built somewhat more economically under Canadian conditions, and that
the Volta estimate may need to be increased to represent an equally permanent type of plant.
In my calculations, however, I have assumed that the Swedish plant would cost $2,000,000 and
the Volta plant $500,000.

SUPPLIES FOR ELECTRIC SMELTING

' have calculated the amount of ore, charcoal or coke, and limestone that would be needed
for the production of one long ton of pig iron from each of the three ores. The calculations
show the quantities needed for the production of a foundry iron and of a basic iron, using charcoal
and using coke, and smelting in the open pit and in the Elektrometall furnace. They also show,
in each case, the amount of slag produced. There are twenty-four separate cases to be cal-
culated, and I wish to thank Mr. W. R. McClelland, a graduate student in the Metallurgical
Department at McGill, who did most of the numerical work under my direction.

The results of such calculations depend very greatly on the precise assumptions that are
made as to the analyses of the ore, fuel, slag, and furnaces gases. I am, therefore, giving the
data that were assumed in each case. It will be easy, in any actual case, to modify the results
in view of the change in the data.

DATA ASSUMED FOR THE CALCULATION OF CHARGES

Fe | Si0Oz | Al:Q3 | CaO | MgO [Fe:0; [CO:|CO| C S (Ash | Si
% % % | Y% | %| % % | % | %

Hematite........... 50
Magnetite. ......... 50| 11
Sintered concentrate.| 64 4
Limestone.......... e g

05144 |....]......
) A T e, 1885 1075 ... ...
Charcoal........ .. AU DR P A IR RS PR RN R RV A o2,
Foundry iron....... 94 | . RPN IR EC . T R I
Basiciron.......... 95 | RS P R T
Furnace gases:
Elektrometall
furnace:
Hematite....... FRRS Y PN DS SR DO 30|60 |......
Magnetite. .. ... B R Y IS 25165 |......
Open pit furnace:
Hematite....... TR R I O 10 | 80 {......
Magnetite. .. ... PR Y Y AN Y DR 90 Ll
Slags:
Coke:

ON-
o L

Foundry.. .....|....| 36 11 50 ... R PO
Charcoal:
Basic.......... .. 38 10 48 ... R R
Foundry....... .. 40 11 45 | R PR P

1Fixed.
2Equal to 0.6 per cent. available base,

The amount of lime and magnesia in the ores is rather high for a “siliceous gangue,” but
it was adopted in view of the analysis of the Atikokan ore, while the Magpie and Helen ores are
far higher in lime and magnesia. An ore containing only 50 per cent. of iron and 15 or 16 per cent.
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of silica would need a very large amount of flux and would be very costly to smelt. The ores
are supposed to contain 2 or 3 per cent. of moisture. It is assumed that the concentrate has
been sintered and that the iron is in the form of FesO4. The limestone represents a mean between
the Dundas and Hanover stones.

The relation between the CO and CO: in the furnace gases makes it possible to calculate
the amount of fuel needed per ton of pig iron. This calculation should be accurate in the case
of the Elektrometall furnace, which is closed; butin the open pit furnace, fuel may be burned by
exposure to air at the top of the furnace, and itis impossible to estimate this. The use of unburnt
limestone increases the consumption of fuel, and this has been included in the calculations.

The alumina in the slag cannot be controlled with a given ore, and is included in the table
merely to give a general idea of the analysis; the essential feature being the ratio of lime and
magnesia to silica.

In the calculations it is assumed that 98 per cent. of the iron in the ore enters the pig iron.

The following tables give the results of these calculations together with the consumption
of electrical power and electrodes and the average daily product in each case. Charges for repairs,
labour and staff, interest and depreciation, are entered in the table and are explained further on.

CALCULATIONS FOR ELEKTROMETALL FURNACE PER 2,240 POUNDS

OF PIG IRON
Charcoal Coke
Basic iron Foundry Basic iron Foundry
ron ron
CONCENTRATE: .
Ore.......cooiiiiiiin. long tons 1.52 1.50 1.52 1.50
Fuel..................... “ o« 0.36 0.36 0.31 0.31
Flux.......... .......... oo« 0.10 0.01 0.22 0.07
Slag............ L, & 0.17 0.11 0.24 0.16
Electrodes..................... lbs. 12 17 13 19
Kw-hrs........................... 1,900 2,100 2,000 2,200
Hopvear....... .. ............... 0.32 0.36 0.34 0.37
OQutput................... long tons) 425 385 400 365
Iéegairs. O RTIT LIS $(1) ;8 $(1)4812 $(1)§8 $(1)gg
abour andstaft............... .. . .
Interest and depreciation....... . 2.05 2.30 2.20 2.40
HEMATITE:
Ore..............coo... long tons 1.95 1.92 1.94 1.92
Fuel...... ............ .. “ oo« 0.37 0.38 0.35 0.34
Flux..................... “« oo« 0.22 0.16 0.45 0.22
Slag..................... “« o« 0.48 0.44 ©0.60 0.50
Electrodes..................... Ibs. 15 20 16 22
Kw-hrs.........oooo 2,300 2,500 2,400 2,600
Hop.year........................ 0.39 0.43 0.41 0.44
Output................... long tons 350 320 335 310
II‘Qegairs. RS $(2]g:§5 $(2)g§ 35(2)?2 $ggg
abour and staff................ .. .
Interest and depreciation........... 2.50 2.75 2.60 2.85
M AGNETITE:
Ore....... ... ... long tons 1.94 1.92 1.94 1.92
Fuel............ I o oo« 0.36 0.37 0.34 0.33
Flux..................... “ o« 0.22 0.08 0.50 0.23
Slag................ T 0.52 0.44 0.70 0.54
Electrodes. ................... Ibs. 15 20 - 16 22
Kw-hrsooooo oo 2,300 2,500 2,400 2,600
Hop.year............. e 0.39 0.43 -0.41 : 0.44
Output.................. long tons 350 320 335 310
gegairs. RIS $(2)£4)§ $g~;g $(2)§g $ggg
abour andstaft.................. . .
Interest and depreciation........... 2.51 2.75 2.61 2.85

1 h.p. year at 90 per cent. load factor, equals 5,880 kw-hrs,
Output calculated on a 50,000 h.p. supply.

Labour calculated on $715 per daily output.

Interest and depreciation on $2,000,000, or $877 per day.
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CALCULATIONS FOR OPEN PIT FURNACE PER 2,240 POUNDS OF PIG IRON

Charcoal Coke
Basic iron Foundry Basic iron Foundry
iron iron
CONCENTRATE:
Ore.........oooiiiiinn.. long tons 1.52 1.50 1,52 1.50
Fuel.............. ... ... “ o« 0.43 0.43 0.38 0.37
Flux... . ............ Lo 0.13 0.03 0.24 G6.10
Slag..................... “ o« 0.17 0.12 0.26 0.18
Electredes..................... Ibs 22 27 23 29
Kw-hrsooooooooo oo 2,100 2,300 2,200 2,400
Hopoyear......................... 0.36 0.39 0.37 0.41
Output................... long tons 385 350 365 335
Repairs..... ... ... $0.35 $0.45 $0.40 $0.50
Labour and staff.................. 2.10 2.30 2.20 2.40
Interest and depreciation........... 0.60 0.65 0.60 0.65
HEMATITE
Ore........ooooiii. long tons 1.94 1.92 1.94 1.92
Fuel..................... w oo« 0.46 0.46 0.41 0.40
Flux. ................. ... @ o« 0.22 0.09 0.46 0.23
Slag............. “ oo« 0.48 0.42 0.64 0.53
Electrodes..................... Ibs 25 30 26 32
Kw-hrs..........coiiiiii i, 2,500 2,700 2,600 2,800
Hop.year........................ (.43 0.46 0.44 0.48
Output................... long tong 320 300 310 290
Repairs..........ccoiiivivioaa.. $0.45 $0.55 %0.50 $0.60
Labourandstaff.................. 2.50 2.65 2.60 2.75
Interest and depreciation........... 0.70 0.75 0.70 0.75
MAGNETITE:
Ore.......covvvivnain. long tons 1.94 1.92 1.94 1.92
Fuel..................... w oo« 0.44 0.44 0.41 0.40
Flux, .................... “ o« 0.23 0.09 0.49 0.25
Slag. ...l “ou 0.52 0.44 0.70 0.56
Electrodes..................... Ibs 25 30 26 32
Kw-hrsoo oo 2,500 2,700 2,600 2,800
Hop.year......................... 0.43 0.46 0.44 0.48
Output................... long tons 320 300 310 290
Repairs.............. ... .. ... $0.45 $0.55 $0.50 $0.60
Labourandstaff.................. 2.50 2.65 2 60 2.75
Interest and depreciation........... 0.70 0.75 0.70 “0.75

Output calculated on a 50,000 h.p. supply.
Labour calculated on $800 per daily output.
Interest and depreciation on $500,000, or $219 per day.

POWER CONSUMPTION

A large amount of detailed information has been published with regard to the operatlon of
the Elektrometall furnace at TrollkAttan, and by a study of this it is pOSSIble to arrive at fairly

dependable figures.

The Swedish company.gives data showing the differences between the production of foundry
iron and basic iron, and between the use of magnetite ores of different percentages of iron. I do
not find any important difference between a magnetite and hematite of the same percentage of
iron. The A/B Elektrometall gave me the following figures for smelting a mixture of the three

ores:—
Charcoal Coke
Basic iron Foundry Basic iron Foundry
iron iron
Kilowatt hours. .................... 2,300 2,500 2,400 l 2,600
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These figures agree with those I have given for magnetite ores and are 6 per cent. higher
than the average of my figures. I regard this difference as a factor of safety or as an allowance
for irregular use of the power, which I have provided for at a later stage.

Very little information is available with regard to the consumption of power in open pit
furnaces. The amount will be higher for the following reasons:—

1. In view of the lower percentage of CO: in the waste gases, the carbon of the fuel will
furnish less heat to the furnace, and, therefore, more electrical power will be needed. This
difference, even in spite of the fact that more carbon is used in the open pit furnace, means from
200 to 300 kilowatt hours more in the open pit than the Elektrometall furnace.

2. The gases escape from the open pit furnace at a far higher temperature than from the
Swedish furnace, and so take more heat from the furnace. The difference between the two may
be from 100 to 300 kilowatt hours per ton of iron.

On the other hand, the Swedish furnace is larger than the open pit, and there is more surface
from which radiation- can take place.

Balancing the various points, it seems safe to assume that there is a difference of at least
200 kilowatt hours per ton between the two furnaces, or an average increase of 8 per cent. above
the Swedish furnace, and this figure has been used in preparing the calculations for open pit
furnaces. In this connection the American representative of the Swedish company assures me
that the Swedish furnace is 25 to 30 per cent. better than the open pit, while Mr. Turnbull con-
siders that owing to the more direct control of the smelting that is possible in the open pit,
this furnace will use as little power as the Swedish furnace. The figures I have given for the
open pit furnace are in agreement with data given me by Mr. Turnbull, and are lower than
I have from other sources.

Cost of Power

The committee gave me the figure of $18 per electrical horse-power year. This would repre-
sent a flat rate for each horse-power contracted for, and in changing from kilowatt hours into
horse-power years, constancy of the load must be considered. In my Swedish report, 1914, T
calculated that a single furnace of the Elektrometall type only used 82 or 83 per cent. of the
power supplied to the plant, the difference representing mechanical power and light in the plant,
imperfect load factor while operating, and delays for repairs and holidays. In a large plant with
at least four furnaces, it is claimed that as much as 92 per cent. of the power can be utilized, but
for the purpose of this report I have made my calculation on a basis of 90 per cent., and have used
the same factor for both types of furnace, This means that I have assumed a year of 8,760
hours multiplied by 0.9, or 7,884 hours in converting from kilowatt hours to horse-power years,

The “output’ in the tables means the average daily output during the year, on the basis
of a total supply to the plant of 50,000 horse-power. The actual daily output when there were
no delays might be 5 per cent. higher.

Electrodes
The consumption of electrodes appear to be decidedly higher in the open pit than in the
Swedish furnace. I have assigned figures to the various cases in the Elektrometall furnace

and have made a constant addition of ten pounds to these for the open pit operations. These
figures refer to good quality carbon electrodes which cost about 5 cents per pound.

LABOUR AND STAFF

The Volta plant furnished me, through Mr. Turnbull, with the following estimate of the
labour and staff required for their proposed plant of ten 4,000 kv-a. furnaces:—

3 men per furnace, 3shiftsperday.............. ... ... ... ... ... 90
5 charge men, 3 shiftsperday................ ... R ... 15
Tforeman..............c.o L. o1
15 yardman, 1S plus 7...... ... ... .. e e 22
1foreman............. A e A |
6 machinists, 6 plus 2....... .. ... 8
3helpers, 3plus 1..... . .. .. 4
1foreman.............. e o1
1superintendent. ... ... .. .. ... ... .. 1
2chemists................. . ... e o 2
2 RIPPEES. . ettt 2
1 storekeeper, 1 plus 1.......... ... ... e 2
4 electricians, 4 plus 1....... ... ... ... e 5
6officehelp.............. e 6
lmanager.......... ............ e 1

Total...... . .. ... . . e 161
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For the Elektrometall plant of six 6,000 kilowatt furnaces, I have assumed 4 men per furnace,
or a total of 72 furnace men, instead of 90, and the remainder of the staff as above, making a total
of 143. At an assumed rate of pay the daily charge for the open pit plant came to $800, while
the charge for the Elektrometall plant came to $715, the difference depending on the larger units
in the latter plant. The cost per ton in each case has been obtained by dividing the total daily
cost by the daily output.

The A/B Elektrometall give the following hours ot. abour as required for one ton of iron
in the following cases:—

hours
Basiccharcoaliron....... ... ... . . ... . . ... . ... .. ... 2.0
Foundry charcoaliron....... ... .. .. .. ... ... ... ... ... .. ..... 2.2
Basic coke Iron. .. ... 2.1
Foundry coke iron....... ... ... i i 2.3

Assuming a rate of 60 cents per hour, we find a charge of $1.20 to $1.38 per ton, which is
very much less than the above mentioned charges. It probably does not include the cost of the
officials and the remainder of the staff.

The Swedish firm give a charge of 30 to 40 cents for “overhead.” I have not included this
in the tables as it is largely included in the charge I have assigned to ‘‘labour and staff.”” Some
charge should, however, be made for overhead.

REPAIRS

A/B Elektrometall gave the following charges for repairs per ton of iron:—

cents
Basic charcoaliron. ........ ... ... ... ... .. . ... .. 40
Foundry charcoaliron........ ... ... ... ... ... . . ... ... .. .. 50
Basic COKE IrOn. . . ..ot e 45
Foundry coke fron. .. ... .t e 55

I have modified these slightly in view of the different grades of ore and have assumed the
same figures for the open pit furnaces.

INTEREST AND DEPRECIATION

In view of the very high cost of the Elektrometall plant, it is essential to include a figure
for interest and depreciation in making a comparison between the costs in the two plants. 1
have taken interest at 6 per cent., and depreciation at 10 per cent. This amounts to $877 per
day on the $2,000,000 Elektrometall plant, and $219 per day on the $500,000 open pit plant.
In each case in the tables I have divided these figures by the daily output.

COST PER TON OF PIG IRON

The main items of cost can be made up from the table, The following are given as examples,
acsuming that the 50 per cent. ores cost $4.50 per gross ton, and the sintered concentrate $6.50
per gross ton; also, that coke costs $8.00 per net ton, and charcoal $15.00 per net ton; limestone
$2.00 per net ton, and electric power $18.00 per continuous horse-power year.

EXAMPLE 1.—BASIC IRON, SMELTING HEMATITE WITH COKE IN
SWEDISH FURNACE

Ore, 1.94 tonsat $4.50 perton..... ... ... ... . ...coiiiiniin. .. $8.75
Coke, 0.35 tonsat $8 pernetton..................coiiinann. 3.15
Limestone, 0.45 tonsat $2 pernetton......................... 1.00
Electrodes, 16 Ibs. at Scentsperlb............................ .80
Power, 0.41 h.p. yearat $18. ... ... .. ... ... ... ... ... 7.40
REPaITS. .\ttt e .50
Labourandstaff. ... ... . ... . ... . ... . . ... . 2.15
Interest and depreciation.............. ... .. . it 2.60




Cost oF ELECTRIC SMELTING OF IRON ORES IN ONTARIO 149

EXAMPLE 2.—BASIC IRON, SMELTING HEMATITE WITH COKE IN
OPEN PIT FURNACE

Ore, 194 tonsat $4.50 perton........... ... ..o iuiinn... $#8.75
Coke, 0.41 tons at $8.00 pernetton....... .................... 3.65
Limestone, 0.46 tons at $2 pernetton.......................... 1.00
Electrodes, 26 lbs. at 5centsper pound........................ 1.30
Power, 0.44 hop.yearat $18....... ... ... . ... .. ... ... 7.95
RePaIrS. o vt et .50
Labourandstaff. ... ... ... ... ... ... ... L 2.60
Interest and depreciation............ ... .. ... . ... .. 70

Total. ... $26.45

The average price quoted for basic blast furnace iron during 1922 was about $24.

EXAMPLE 3.—CHARCOAL FOUNDRY IRON FROM CONCENTRATE IN
SWEDISH FURNACE

Ore, 1.50 tons at $6.50 per ton..............co i $9.75
Charcoal, 0.36 tons at $15 pernetton......................... 6.05
Limestone, 0.01 tons at $2.00 pernetton....................... .02
Electrodes, 17 Ibs. at 5centsperpound........................ .85
Power, 0.36 h.p. yearat $18....... ... .. ... ... .. ... ... ... 6.50
Repairs. ..ot .45
Labourandstaff....... .. ... ... .. ... ... ... ... ... 1.85
Interest and depreciation............... ... ... ... ... ... 2.30

Total..... . ... .. . $27.77

EXAMPLE 4.—CHARCOAL FOUNDRY IRON FROM CONCENTRATE IN
OPEN PIT FURNACE

Ore, 1.50 tons at $6.50 perton................... .. ..o ivuiuon. $9.75
Charcoal, 0.43 tonsat §15 pernetton......................... 7.25
Limestone, 0.03 tonsat $2 pernetton......................... .07
Electrodes, 27 lbs. at Scentsperpound........................ 1.35
Power, 0.39 h.p.yearat $18.. .. ... .. ... .. ... . ... 7.05
Repairs. .. .ouu i .45
Labourandstaff.......... .. ... . ... ... ... .. ... .. 2.10
Interest and depreciation................ ... ... .. 60

Total. ... o $28.62

The average price for Lake Superior charcoal iron during 1922 was $31.66.

These examples show that there is very little difference in cost of operation between the
Elektrometall and the open pit furnace, when the interest and depreciation are taken into account.
They also show that the operation of an electric smelting plant will be more likely to be profitable
if a high-grade iron can be made and sold than in the production of an ordinary grade of iron.

QUALITY OF THE PIG IRON

Pig iron made in the electric furnace is, in general, superior to iron made from the same
ores in the blast furnace.

1. When smelting with coke in the electric furnace, the amount of coke is about 35 per cent.
of the amount used in the blast furnace, and thus, when ores that are low in sulphur are being
smelted, the amount of sulphur in the charge for the electric furnace will be less than half of
that in the charge for the blast furnace. In consequence the resulting pig iron should be much
lower in sulphur.

2. It is possible in the electric furnace to effect a more perfect removal of sulphur than in
the blast furnace, as was shown in the experiments at Sault Ste. Marie, and it may thus be possible
to produce pig iron of fair quality from an ore that is high in sulphur. In view, however, of he
high cost of electric smelting, I would not recommend its use for sulphurous ores, but would
assume that an ore, such as the Atikokan, which has 2 per cent. of sulphur, would be roasted to
remove the sulphur before being smelted.

3. When ores are being smelted with charcoal, very little sulphur is introduced with the fuel,
but the charcoal carries an appreciable amount of phosphorus. In electric smelting, as much
less charcoal is used, it is possible to obtain a lower percentage of phosphorus in the iron than
when smelting in the blast furnace. In coke smelting, also, the electric furnace product will be
lower in phosphorus.
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4. The electric smelting furnace, particularly the Elektrometall furnace, is very suitable
for the production of exceedingly low silicon pig iron by smelting with charcoal, as a low silicon
iron can be obtained without danger of having a high sulphur content.

5. High silicon pig iron can be obtained with ease in the electric furnace, and for this purpose
the open pit furnace seems to be the most suitable.

6. Electric furnace iron is apt to be somewhat low in carbon when compared with blast
furnace iron, but apparently the carbon is high enough for steel-making or the foundry.

7. Electric furnace iron is usually freer from oxides and is stronger than similar iron made
in the blast furnace.

COMPARISON OF THE OPEN PIT AND THE ELEKTROMETALL FURNACE

The operating cost of producing pig iron must be lower in the Elektrometall than in the
open pit furnace, but when allowance is made for the higher cost of the former plant, it appears
that there is not much difference between the two. The Elektrometall is, however, the only
furnace that has been operated commercially for any considerable time, and as other types of
furnace have been tried in Sweden, it may be concluded that for the production of basic iron,
the Elektrometall furnace is better commercially than the open pit.

In calculating the cost of operating the open pit furnace, I may have underestimated the
consumption of fuel, as some may burn on top of the charge; on the other hand, a cheaper grade
of fuel can be used in the open pit furnace. I have assumed that these considerations will
balance.

It should be remembered that the Elektrometall furnace is a finished metallurgical appliance
which works regularly and quietly, while the operation of the open pit furnace is attended with
the production in the smelting house of a large amount of flame, furnace gases, and dus*, which
make the operation far more unpleasant. In view of this, the charge for labour should probably
be relatively higher for the open pit than the Elektrometall furnace.

The A/B Elektrometall state that foundry iron can be made and that coke can b= used in
their type of furnace, but I would prefer to try the open pit furnace if foundry iron is required,
and perhaps also when coke is to be used for fuel.

CONCLUSION

I have given figures with regard to cost of plant and operating expenses from which the cost
of electric smelting of iron ores can be calculated.

The cost of electric smelting is necessarily somewhat high, but in view of the rapid increase
in the cost of coke for blast furnace operation, the electric smelting of iron ores may become
commercially possible in suitable localities.

In view of the high cost of the process, it should be used for fairly high-grade ores, to keep
the cost as low as possible, and for ores that are low in sulphur and phosphorus, so that a high-
grade iron will result. It seems desirable to use charcoal instead of coke, if this can be obtained
at a reasonable cost. .

If conditions are found which make electric smelting feasible, I would recommend that 2
plant be designed to contain two separate electric furnace installations, one of open pit furnaces
intended for the production of foundry iron, and the other of Elektrometall furnaces for the
production of basic iron. I would suggest the erection at first of one Elektrometall furnace
and perhaps two open pit furnaces. These would be operated under careful control for six
months or a year so that a full comparison could be obtained of their operation. After that the
remainder of the plant could be erected in view of the experience gained.
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ANALYSES OF ORE, STONE, AND COKE

The following analyses and other information were collected in view of this report.

IRON ORES
Moose Mountain ore
Helen ore | Magpie ore | Atikokan
raw roasted ore as Natural Dried
shipped
per cent, per cent, per cent. per cent. per cent.
Iron.................. 35.61 50.00 59.85 59.48 63.03
Silica................. 7.28 8.91 8.68 6.79 7.20
Alumina............... 1.39 1.51 0.32 0.34
Lime.................. 12.00 7.72 3.00 0.28 0.30
Magnesia.............. 7.92 2.54 0.24 0.26
Manganese. ........... 2.09 2.48 0.11 0.07 0.07
Sulphur............... 2.00 0.20 2.01 0.03 0.032
Phosphorus............ 0.016 0.018 0.11 0.015 0.015
Copper...oovvi i 0.12 ..o
Nickel....ooooo oo 0.11 Lo
Titanium........ooo oo none ...
Loss on ignition........ 31.56 NONE ..o
Moisture. .........ooo oo, 1.00 ... 5.63 ...,
LIMESTONE
Dundas Hanover Algoma
stone stone Co.’s stone
. per cent. per cent. per cent.
Silica. . vvvtie i 1.30 0.40 1.50
Alumina and ironoxide. . ... .. ... ... ... ..... .. 1.20 0.30 0.50
Lime................... . 31.00 54.50 53.50
Magnesia.... ... ... .. ... i 19.50 0.54 0.80
Sulphur....... ... . ... 0.15 0.028 [............
COKE

Algoma Co.’s
coke

Hamilton coke,

air dried

Composition of ash
in sample 2

Moisture

Sulphur................
Phosphorus.............

per cent.
88.56
0.96

10.48
0.75
0.018

per cent.
86.62
1.16

12.04
1.07

per cent.

Silica....... 5.86
Alumina and iron
oxide...... 5.02
Lime........ 0.70
Magnesia....0.34

e Iron..... ... 0.74
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DESCRIPTION OF PLANT DESIGNED BY THE VOLTA COMPANY FOR SMELTING
IRON ORES IN OPEN PIT FURNACES

Ten furnaces of 4,000 kv-a. each. Each with three 24-inch electrodes. The furnace shell
16 feet long by 8 feet wide by 6 or 7 feet high. Placed 40 feet apart, centres. The furnace
building 456 feet long with a span of 55 feet and a 22-foot rise. A lean-to on one side, 17 feet
wide, for the transformers.

The building would be extended 220 feet at one end for a storage and mixing department.
At the other end a pig-moulding machine would be installed. The molten metal would be brought
to the machine by an overhead crane, and the pigs would be dumped into cars, or on a dump
heap.1 Two 10-ton cranes would be provided for handling the raw materials and the molten
metal.

The raw materials are carried by a belt conveyor to overhead bins which discharge at points
convenient for each furnace.
N A 10-ton travelling derrick and a locomotive are provided for handling the materials in
the yard.

The cost of the plant has already been given.
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7. THE OPEN HEARTH AND BESSEMER PROCESSES OF
STEEL-MAKING

By J. G. Morrow

The Open Hearth Process

The open hearth process of steel-making is divided into two classes: acid and basic. These
designations apply to the slags used, which in turn determine the bottom material. Aside from
the nature of the bottom, the furnace structure is identically the same.

Briefly, an open hearth furnace may be divided into four parts: the furnace itself, built of
silica brick, bound with steel stays in such a way that expansion and contraction may be taken
care of; the regeneration chambers filled with brick, laid in such a way that the hot gases must
pass through countless small openings; the valves for reversing the direction of the flow of the
gases; and the stack for carrying away the spent gas.

In operation, the direction of flow is reversed every fifteen or twenty minutes, so that while
air for combustion is being preheated in one generator, the products of combustion are giving
up their sensible heat to the mass of brick work in the other. By this means a temperature high
enough to melt steel is easily obtained in the furnace proper, the real problem being to so control
the temperature that the furnace structure itself will not suffer damage.

In the basic process, which is the predominate one, the bottom is built up of magnesite
brick, over which grain magnesite is scattered in thin layers, each layer being completely fused
before the next is added. In acid practice, clay brick and the purest obtainable silica sand are
used in the same fashion.

The capacity of these furnaces will run anywhere from 15 to 20 tons for a small foundry
furnace, and to 100 tons in the case of a modern basic furnace for ingot production.

basic furnace is charged with limestone, scrap, and pig iron (or hot metal) in the order
named. The metallic charge would be roughly 40 per cent. iron and 6