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THE MOND

NICKEL COMPANY LIMITED

ICKEL may certainly be classed amongst the more modern While he and Dr. Carl Langer were experimenting in working out a method
‘metals, although alloys containing Copper, Nickel and for the elimination of Carbon—monox1de from gases containing Hydrogen,
Zinc are said to have been used by the Chinese from time they discovered that Nickel possessed the remarkable property of
immemorial. The discovery of Nickel in modern times, forming a volatile compound with Carbon-monoxide, which compound,
however, has been attributed to Cronstedt, a Swedish when heated to 150°/180° C., is spht up into metallic Nickel and
chemist, who worked in and about the year 1751, but it Carbon-monoxide.

was not until the year 1775 that the metal was
obtained in its pure form.

The Nickel mines of Scandinavia were
probably the first to be worked on a commercial
scale until the discovery of very large deposits
in New Caledonia, and later in Canada led to
rapid progress in the development of the Nickel
industry.

With the ever-increasing demand for faster
sh1ps boilers to work at Iucrhex pressure, greater
strength with lighter mrders, heavier guns and
more. irresistible projectiles and—as a natural
corollary, armour plate capable of offering
increased resistance thereto—to say nothing of
the numberless other applications of Steel to the
‘service of man, it is obvious that in order to
keep even pace with the march of the times,
recourse must be had to a material of higher
tensile strength, and one possessed of greater
toughness and increased ductility than anything
that ordinary Carbon Steel can offer. Indeed,
it is literally true that the Alloy Steels in use
at the present time are bringing about nothing
less than a series of revolutions in the various
industrial fields in which Steel is largely
employed ; and as Nickel plays a leading part
in modern Steel practice, the importance of the
metal is so obvious as to require no emphasis.

FOUNDING AN IMPERIAL INDUSTRY

One of the most interesting events in the
history of Nickel was the discovery in 1889, by the
late Dr. Ludwig Mond, F.R.S., of a volatile com-
pound consisting of Nickel and Carbon-monoxide.

Bl.

_ On this reaction was based an entirely novel
process for the production of metallic Nickel of
. practical chemical purity.

This process has been fully described by the
late Professor Sir William Roberts-Austen, in a
paper read before the Institution of Civil Engineers
in 1898. Moreover, as a brief account of it will be
found in the section of this book in which the
Mond Nickel Company’s Refining Works are
described, it is unnecessary to go into further
details here.

Dr. Mond eventually decided to develop this
nickel-refining process on an industrial scale.
The question of securing a sufficient supply of
nickel ores had next to be considered.  Dr. Mond
secured the services of the Mining and Metallur-
gical Engineer, Dr. Mohr, who, on his behalf,
visited and reported upon most of the nickel ore
occurrences in North America, Norway, and on
the European Continent.

As a result of these investigations, Dr. Mond,
on the advice of Dr. 1\/Iohr took an option
on the purchase of the most promising looking
properties in the Sudbury district. These
properties were then, under Dr. Mohr’s
superintendence, examined by diamond drilling,
which eventually led to the acquisition of the
Victoria and Garson Mines in 1899.

Taking advantage of the magnetic properties
of the Sudbury Nickel ores, Dr. Mond was the
first to apply the magnetic dip needle, which had
been successfully used on Iron ore deposits in
Sweden, to the Sudbury mining fields. He engaged
two Swedish engineers experienced in this work,

THE LATE Dr. LUDWIG MOND, F.R.S.,
FounpeER OF THE MoND NICKEL COMPANY.



INTRODUCTION—continued

who, by making a careful survey of the ore fields and noting down the

lines of equal attractions, succeedéd in defining approximately the
extension of the ore deposits. Following up the magnetic surveys by
diamond drilling it-was possible to estimate pretty accurately the quantity
of ore to a certain depth. By these means we were able to locate and
acquire for the Company in the course of years, a large number of other
. important mining properties in the district, and thus establish the large
ore reserves which the Company possesses. . e ¥

About the same time, Dr. Mond began the construction of the
Refining Works in Scuth Wales. _; '

At .the present time Dr. Mond’s invention is being worked by the
Mond Nickel Company, Ltd., who own various Mines and Smelting
Works in Canada, as well as the Refining Works in Wales. The head-
quarters of the Company are at 39, Victoria Street, London. The Company
was formed in the year 1900 to take over the Nickel Patents, Refining
Works, and Mines owned by Dr. Mond. v

The Company thus owns its raw material, the ore being derived
from its own Nickel-Copper Mines in Ontario. The ore is mined and
roasted, then smelted and converted into Bessemer matte, at Coniston,
near Sudbury, Ontario. This matte, which contains about 809, of Copper
and Nickel combined, is shipped from Canada direct to Swansea, for
treatment by the Mond process at the Company’s Refineries at Clydach.

SUPREME IMPORTANCE OF ALL-BRITISH NICKEL

 Extensive Nickel-Copper properties have been acquired from time
to time by the Mond Nickel Company in the Sudbury district, so
that at the present time the Company hold some 29,000 acres of
mining land. The history of the successive acquirements of mining
‘properties indicates, better than anything else could do, the rapid
“expansion of the Mond Nickel Company’s business.

When the Company was formed in 1900 the mining properties
consisted of the Victoria and Garson Mines. . Extensive exploration
work has since been undertaken by the Company, and has resulted
‘in the acquisition of additional mining properties in the townships of
McKim, Drury, Blezard, Garson, and Levack, all in the Sudbury
district, Ontario, Canada. Mining operations have been extended as
rapidly as success in exploration permitted, so that at the present
time five mines in all—Victoria, Garson, Worthington, Levack, and
Bruce mines are now being worked. _

The ‘number of men employed by the Company in Canada has
been gradually increasing with the opening up of various mines and
the general expansion of the Company’s operations. During the

' edrlier years they numbeted only 100 to' 150, ‘but since 1908 each year

has séen an annual increase, until to-day about 1,900 men are employed,
and it is anticipated that the number will shortly be increased.

With reference to the . production of Nickel in Canada, the
following interesting statement is made in the Final Report of the
Dominions Royal Commission (Cd. 8,462, p. 34, par. 173, Mch. /1917) :—

“ The production is growing very rapidly, and. the importance
of this great asset can hardly be exaggerated. It represents, in
combination with the much. smaller. output of New Caledonia, a
virtual monopoly of a metal which is becoming of ever-increasing
importance in the national industries, and is an absolute ‘necessity
in the production of satisfactory war material. '

‘ When we arrived in Canada,” the Commissioners continue,® our
information led us to the conclusion that the proved reserves of ore
containing on an average 8} per cent. of Nickel and 1} to 2 per.
cent. of Copper were not less than 70,000,000 tons. But developments
have been so rapid that before we left we had reason to think that
the reserves may be found to be not much less than double this amount.”

The Commissioners.- point out in their Fifth Interim Report
(Cd. 8,457, p. 45, par. 156) that this 70,000,000 tons of ore represents

“about 2,500,000 tons of pure Nickel.

“ The Nickel produced in Canada,” states this latter Report
(p. 45, par. 152), ‘“‘is of. exceptional interest, not only in respect of
its magnitude in relation to other sources of supply, but because of
the invaluable improvements which its use has effected in the
preparation of war material. . As is well known, it increases both
the strength and ductility of the. steel, and it has, consequently, been
freely specified by the Naval and Military Authorities for use in
warships, guns and other war material.” .

“Tt is, therefore,”” the Report continues, ‘@ matter for sincere
congratulation that 80 per cent. of the world’s output should -be found
within the British Bmpire ; practically the whole of this is in Canada,
and in the Sudbury district of Omtario.”

The superlative importance of the Base Metal Industry has been
prominently brought before the world by the war. In this connection, .
the Mond Nickel Company’s -enterprise has proved of the utmost
consequence to the British .Empire, of which it is now one of the
leading industrial undertakings. '

The fact that the Corapany’s :Mines; Shfelter .and Refinery- are
all in British territory .is of great moment, as the Mond Nickel
Company is the only undertaking which places on the market Nickel
that is from first to last an entirely British product.
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THE NICKELCOPPER ‘MINING PROPERTIES °

, : OF THE MOND NICKEL . COMPANY LIMITED

HE MINING propert1es of the Company ‘cover approximately Levack Garson - Worthington ©~ Frood Extension
Victoria North Star Kirkwood : Blezard

29,000 acres in the Sudbury district of Ontario, Canada, the n Quarts C i

most important source of the World’ 'Nickel suppl - Bruce Quartz Copper Munes
At the present time the most im ortant mines of the Com ar? p:rle — Owing to the large ore reserves developed ‘o the Copany’s
B P L ‘ properties, only the followmo mines are being worked at present:—-
Levack  Garson 'Worthmoton VlC‘tOI‘la Bruce Mines

VICTORIA MINE.
F{OCI{ HousE AND MINING PLANT.

D



MINES—continued

VICTORIA MINE

THE DEEPEST MINE IN CANADA

O go for a moment into somewhat greater detail respecting the
Mond Nickel Company’s mine properties in Canada, we may
vefer, in the first instance, to Victoria Mine. This, the

pioneer mine, was practically the Company’s only source of ore
during the first few years of its operations, and it still remains the
most interesting of all its mining properties. Shipments were begun
in 1901, and, with short interruptions, mining operations have
continued steadily from that date.

The three-compartment vertical shaft of the mine is the deepest
in Canada, it having been sunk to a depth of 2,600 ft., and is now being
sunk to 3,000 ft. The west orebody is developed to the 2,600 ft. level.

Up to the present time, the mine has produced over 600,000 tons of ore
of “high grade. ,

During the first eight years of work at Victoria Mine, steam
power only was available, but in 1908, when the Company’s electric
power plant at Wabageshik on the Vermilion River was put ito
operation, the mine was equipped with electrical machinery, and since
April, 1909, electrical power only has been used. To ship the ore to the
Coniston Smelter, a ‘new rockhouse was erected in 1913, from which
the ore is shipped to Sudbury by the Algoma Eastern Railway and
thence by the Canadian Northern Railway to the Company’s Smelter
at Coniston.

VICTORIA MINE.

ErecTRICAL HOIST.

6



MINES—continued

~ NORTH STAR MINE

ORTH STAR MINE was worked to some extent in the years Railway, which connects at Sudbury with the Canadian Pacific Railway,
1902-4 and 1912-14, to a depth of about 400 ft. This mine, ‘ and shipments were made by this route to the Smelter, then situated
which has now been shut down, is one of the smaller mines - " at Victoria Mine, and later at Coniston. '

owned by the Company. It is situated on the Algoma KEastern North Star Mine is connected with the Company’s Electric Power
o plant at Wabageshik.

NORTH STAR MINE.

(FENERAL VIEW 0 MINE PLANT.



MINES—cor;tfn ued

GARSON MINE.

GENERAL VIEW OF PLANT.



MINES—continued

(GARSON

S mine was acquired at the same time as Victoria Mine, but
it was only opened up in 1906-7. Shipments of ore began
in 1908, and since then Garson has been one of the principal
producers. The shaft has been sunk to 1,000 ft. The mine has been
developed by eight levels, the deepest being the 1,000 ft. level. Tt is
worked at present by one central shaft, and consists of a number of
orebodies at some distance apart which appear to converge at a
lower depth. The existence of ore has been proved by diamond-
drilling to a vertical depth of 1,300 ft. below the surface. ‘
The growth of the mine has necessitated increasing the plant
from time to time. - The present power plant includes a'transformer

MINE

station, a large electric hoist, and four electrically-driven compressors,
having a total capacity for seventy-two rock drills. ~The ore is
received at the rockhouse, where it is sorted and then shipped by
the Canadian Northern Railway to Coniston.  The plant also
comprises machine and blacksmiths’ shops, warehouses and wash-
houses for the workmen.

Garson Mine is connected with the Company’s electric power
plants at Nairn Falls and at Wabageshik by a pole-line over forty
miles in length. From this source a considerable portion of its
power supply is obtained, the remainder being derived from the
Wahnapitee Power Company’s Plant, some seven miles distant.

GARSON MINE.
EXTERIOR VIEW OF WORKMEN'S WasH-HOUSES.

GARSON MINE.
INTERIOR VIEW OF NEW WASH-HOUSE FOR- WORKMEN.



WORTHINGTON MINE.

GENERAL VIEW OF MINING PLANT.




MINES—continued

belonging to the Dominion Mineral Company in the Sudbury district,-

IN 1913 the Mond Nickel Company acquired all the mining properties

of which the principal are the Worthington and Blezard Mines.
Worthington Mine was one-of the earliest mining enterprises in the

Sudbury district, having been discovered during the construction of the

Canadian Pacific Railway Company’s lines, near which the property
is situated.

The mine was worked by the Dominion Mineral Company from
1890 to 1894, during which period 25,000 tons of ore were mined.
It was shut down from that time until 1913, when it was acquired
by the Mond Nickel Company, whose Mining Engineers, after extensive
exploration work, located an orebody of considerable size.

WORTHINGTON MINE.
ELEcTRIC COMPRESSOR.

HIS is a relatively small mine, about two miles west of
Garson. It has only been operated on a small scale since
1913, and 70,000 tons of ore have been mined from it.

WORTHINGTON MINE

KIRKWOOD MINE

IX

]

A three-compartment shaft has been sunk, which is at the present
time, 750 ft. deep, and levels have been driven at various depths.
The continuance of the orebody to a considerable depth has been
proved, and shipments from the mine are now regularly made to the
Company’s Smelting Works at Coniston.

The mine has been equipped with up-to-date electric mining
machinery, and the power plant includes transformers and an electrically
driven hoist and compressor. ;

The rockhouse arrangements are, in a general way, similar to
those at Garson, and include 3 Hadfield crushers and suitable picking
arrangements:

The power supply is derived from the Wabageshik power plant.

WORTHINGTON MINE.
EvrecTRICAL HoIsT.

Kirkwood Mine was connected by aerial tramway with Garson Mine,
whence the ore was shipped by the Canadian Northern Railway to the
Company’s Smelter at Coniston. The mine is at present shut down.



MINES—continued

LEVACK MINE.
GENERAL VIEW OF MINING PLANT.



MINES—continued

LEVACK MINES

HE Levack properties comprise three separate mines, acquired
by the Company in 1913. A large amount of exploration
work has been carried out at these mines by the Company.

Since the acquisition of the property by the Mond Nickel Company,
one of the most important nickel deposits owned by the Company
has been developed in the mine known as Levack No. 1.

LEVACK No. 1
This mine is situated in Lots 6 and 7, concession 2, Levack township.
It has been connected with the Ca.nadmn Paaﬁc Railway by a
branch line, five miles long, and the Company has also constructed
a railway bridge over the Onaplng River.
Levack \To 1, which is one of the largest mines owned by the
Company, is now in full working order, and Nickel-Copper ore of
excellent quality is now being regularly Shlpped to the Company’s

Smelter at Coniston.
An electric transmission line, 28 miles long, delivers powe1 at
44,000 volts, from the Company’s power plants to the mine. The

LEVACK MINE.
BREAKING SURFACE ORE.

13.

mine is connected with the Company’ s two generating stations at
Wabageshik and Nairn Falls.

The mine has been equipped with extensive, up-to-date plant
and machinery. It contains an 1,800 cubic-foot Rand, compound,
duplex compressor, belt-driven by a 300 h.p. motor; a 3,200 cubic-foot
Ingersoll-Rand, Rogler valve, compressor, direct-driven by a 550 h.p.
motor.

The hoist-house contains an Allis-Chalmers hoist with two cylindrieal
drums, 7ft. diameter and 61ft. face. This is capable of handling
a 4-ton load in the skip, and is driven by a specially-designed
Allis-Chalmers” motor of 250 h.p.

A five-compartment inclined shaft has heen sunk to the seventh
level, 590 ft. deep, measured vertically.

The ore has been developed in five levels, and has been proved
to a depth of 1,400ft. Very extensive exploration and development
work has been carried out by the Company, which has disclosed
large orebodies of good ore, estimated ‘by the Company’s engineers
at from 6,000,000 to 8,000,000 tons.

LEVACK MINE.
BREAKING LARGE Brocks oF ORE IN aN OpEN CasrT.



MINES—continued

LEVACK MINE.

INTERIOR VIEW OF PoweER HoUSE, sHOWING DIRECT CONNECTED MOTOR-DRIVEN AIR COMPRESSOR.



MINES—coanL’rec']
BRUCE MINES

HESE mines were acquired by the Mond Nickel Company in
1915. They are Copper Quartz mines. Copper Quartz is
used by the Company at the Smelting works at Coniston

as flux in the converters. Bruce Mines are sﬂ:uated on the main
line of the Canadian Pacific Railway Company, on the north shore
of Lake Huron. The orebodies occur in the Nipissing Diabase and
consist of Quartz veins containing Chalcopyrite.

BLEZARD MINE

LEZARD Mine was worked by the Dominion Mining Company
from 1889 to 1893, when the orebody gave out. During this
period the production of ore from the mine was about 100,000

tons. The open pit was 60 ft. deep, but the lower workings of the
mine reached a depth of 172 ft.

Since the Mond Nickel Company acquired thlS property a cons1derable
amount of exploration work has been carried out. The mining engineers
came ‘to the conclusion that the orebody of the mine was cut oﬂ by
a dyke, and they have since discovered the continuance of the orebody
west of the dyke and proven its continuation to a depth of about 1,000 ft.

It is not the intention of the Mond Nickel Company to open up
th1s mine at present.

FROOD EXTENSION MINE.
1 Power House anp TeEMPORARY Rock Housk.

FrOOD EXTENSION MINE

HIS mine was purchased in 1911, and at the end of that year
a four-compartment shaft 21 ft. by 7 ft., was started. In 1914,
the shaft reached a depth of 1,005 ft., at about which depth the
main orebody lies. .
Three stations have been cut, at 400 ft., 750 ft., and 900 ft. respectively.
The plant comprises the most modern mmmtr equipment, as the
bulk of the Frood Extension ore lies at a much o"reater depth than that

‘in any of the other mines of the Company.

The power-house has been completed, its equipment comprising
the following machinery :—

One 23 in. and 23in. by 48in. Nordberg geared hoist with two
drums, 10 ft. in diameter with 78in. faces. It is equipped for either
air or steam. Provision has been made whereby a third clutched
drum, for hoisting workmen, may be added when desired.

One 2,800 cubic ft. Nordberg air compressor.

One 1,750 cubic ft. Rand air compressor, belt driven.

The construction of the rockhouse and dry was in progress when
the shut-down occurred at the beginning of the war, at which time
Mr. J. H. Stovall was superintendent, and from 100 to 145 men
were employed.

Diamond drilling, which is still in process, has already indicated that
Frood Extension will be a very large and important mine.

FROOD EXTENSION MINE.
STATION AT #7350 ft. LEVEL.



CONISTON SMELTER.
GENERAL VIEW.
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CONISTON SMELTER

RIGINALLY, the Mond Nickel Company, Limited, carried on its

smelting operations at Victoria Mine Smelter ; indeed, as recently

as June, 1909, the plant was remodelled for electric power. But
the increase in the tonnage of ore to be smelted was so rapid that,
in 1911, it was decided to abandon Victoria Mine Smelter, and to erect
new smelting works at Coniston, a site which, both o"eowraphxcallv and
topographically, is almost ideal.

Coniston lies eight miles east of Sudbury, at a junction of three rail-

ways, in a district consisting chiefly of low rocky hills. It is on the main
line of both the Canadian Pacific Railway and the Canadian Northern
‘Railway, and is also served by the Toronto Branch of the Canadian
Pacific Railway, which joins the main line a little further west. These
railways afford direct connection with all the Company’s mines in
the district.

The ore and other materials are received from the Canadian Pacific
Railway and the Canadian Northern Railway in standard gauge cars,
which are self-dumping and of fifty tons capacity. Sintered and roasted
ore is delivered to the Smelter bins in similar cars owned by the Company.
The Company operates its own steel bottom-dump fifty-ton ore cars, flat
cars, slag cars, and locomotives, as well as two switching engines. There

- are about ten miles of railway track of standard gauge (1a1]s 80 lbs. per

vard) owned by the Company.

The Coniston Plant consists -of a Sintering Department, containing
two Dwight Lloyd straight line sintering machines, a Roastyard of 120,000
tons capacity, a Smelting Department with four modern 50 by 240 inch
blast furnaces, and a Converting Department with four Pierce-Smith
basic converters, 25 ft. 10 in. long by 10 ft. in diameter.

The Sintering Plant agglomerates the fine ores and flue dust into a
product su1tab1e for blast furnace smelting and low in sulphur content.

) CONISTON SMELTER.
ErectrIc TRAVELLING CRANE OVER CONVERTER FLOOR.

7

CONISTON SMELTER.
CONVERTOR RECEIVING FURNACE MA’I_‘T&E.



CONISTON —continued

Whatever further preliminary sulphur elimination is necessaw is accom-
plished by roasting coarse ore at the Roastyard. Practice is progressing
steadily in the dlrectlon of the elimination of heap roasting.  Successful
operation without the use of roasted ore has been carried out at Coniston,
and this will probablv be future practice.

The main constituent of the charge fed into the smelting furnaces
is coarse crude ore, the balance being made up of sintered fine ore, roasted
ore, limestone, coke, and any metal bearing scrap made while handling
intermediate products. These materials are dehvered to the smelter bins
in cars of 4,000 lbs. capacity hauled by electric locomotives. Each furnace
has thlrty-two 4} in. tuyeres, through which air is blown at 35 to 45 oz.
pressure. ‘ 2

The ore is concentrated in the blast furnaces, into a matte containing
the Nickel and Copper, and part of the Iron in the form of Sulphide. Most
of the Iron and the rocky matter in the ore are converted into slag. The
molten matte and slag flow from the bottom of the furnace into a large

. settler lined with chrome brick. Here a separation is obtained, the matte'

containing the Copper and Nickel settling to the bottom, while the slag
floats on the top and is allowed to overﬂow to waste. The operation is
continuous. Furnace matte is drawn off from a tap-hole at the bottom
of the settler from time to time. Each furnace is capable of smelting from
400 to 500 tons of ore per day.

The furnace matte is run from the settlers into ladles of about ten tons
capacn:y, and these are lifted by electric travelling cranes. The matte
is then poured molten into the converters. These are lined with basic
brick. Each holds about forty tons of matte. Through this molten
matte about 7,000 cubic feet of air is blown per minute. The Iron

and Sulphur are oxidised, the Sulphur dioxide passing off as a gas and .

the Iron dioxide being made into an easily fusible slag by the addltlon of
silicious copper ores.-

The final result is a Bessemer Matte containing about 410" of Copuper,
419, of Nickel, 17%, of Sulphur, and less than 1%, of Tron. This is poured
molten into ladles and thence into moulds, where it solidifies. It is then

crushed and barrelled, and is ready for sh1pment to the United Kingdom. -

It might be mentioned here that the Mond Nickel Company was
the first in the Sudbury district to make a commercial success of using

Bessemer converters for the concentration of Blast Furnace Matte into
Bessemer or Concentrated Matte, containing 80-82% of metals, the practice
in the Sudbury district having been, heretofore, to make Blast Furnace

Matte containing 20-26% Copper-Nickel.
The maomtude of the Smelting Plant is graphically illustrated by

the photoc'raphs which show :—

1. Site of the Works before Erection. Septembel, 1911.

9. TFoundations of the Plant. June, 1912.

3. Works in course of erection. October, 1912.

4. Works nearing completion. December, 1912.

Great credit is due to the Company’s management and Engineering
Staff for the laying-out, design, and erection of the mao*mﬂcent Works
at Coniston.

The following is a list of the chief officers of the Company

in Canada :—
- Manager

Mines Superintendent . .
Local Mine Superintendents—
Levack Mine F. J. EAGER.
Garson Mine J. R. THOENEN.
Worthington Mine R. N. PALMER.
Victoria Mine W. J. MUMFORD.
Bruce Mine A. D. CARMICHAEL.
Exploration Engineer .. i 4 V. P. Row.
Superintendent of Reduction Works v J. F. ROBERTSON.
Smelter Superintendent ; . E. T. AusTIN.
M1l and Sintering Plant Swpemm:cudeazt K. S. CLARKE.
T. M. Paris.

Chief Chemist
Chief Engineer .. . W. L. DETHLOFF.
Mechanical Supe?mteﬂdmt .. F. G. HERMAN..
Electrvical Superintendent . S .. W. H. SouLE.
Power Plant Superintendent .. . GEORGE HILLYARD.

Chief Draughtsman .. R. J. McKay.
Cashier -and Chief of Office Smﬁ . W. A. McDoNELL.
Chief Accountant - J. A. Ross.
Purchasing Agent F. Smmms.

Agricultural Expert J. LAUGHLAND.
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CONISTON SMELTER DURING ERECTION 1911-1912

CONISTON SMELTER SITE BEING CLEARED. A PART .OF THE FOUNDATIONS OF CONIS'J.'_O';\T SMELTER.
SEPTEMBER, IQIIL. . = JuxE, 1912

CONISTON SMELTER IN COURSE OF ERECTION. | o CONISTON SMELTER NEARING COMPLETION.
¢t , OcToBER, 19T2. I9 DECEMBER, T9T2.



PLANT

CONISTON

DuMPING SraG CARS.

PLANT.

CONISTON
BessEMER MATTE MoUuLDS IN SMELTER.
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CONISTON PLANT

CONISTON PLANT.
TRAIN OF CARS BEING CONVEYED BY L0OCO.
T0 Stac Duwmp.

CONISTON PLANT.
CHARGING TRAINS LEAVING SMELTER BINS.
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CONISTON PLANT—continued
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CONISTON PLANT—continued '
: WATER SUPPLY

ATER is obtained from the Wahnapite River, and is pumped against a head of 500ft. The pumps are connected direct to

‘/‘/ to a tank of 160,000 gallons capacity at the Smelter 300 h.p. electric motors. Coniston village is supplied by a 6 in.

through 6,000 ft. of 10in. steel pipe. Duplicate turbine branch from the 10in. line. Pump-pressure is constantly available

pumps are installed in a concrete pump-house 24 ft. by 26 ft. in case of fire, the house services being taken from pressure-
Each pump is capable of delivering 1,500 gallons per minute reducing valves.

CONISTON PLANT. CONISTON PLANT.
BracksMITHE'S SHOP, MACHINE SHOP, ETC. S LocoMoTIvE AND TeENDER. Torar WeicaT, ONE HUNDRED aND THirTY ToONS.



CONISTON PLANT-—continued

POWER HOUSE

HE Power House building is 72 feet by 120 feet in size, with concrete
foundations resting on rock, structural steel frame and trusses
for supporting the roof, the walls are brick, the roof reinforced

concrete tile, and the floor steel plate supported on steel girders and
columns.

Attached to one corner is a transformer house, 36 feet by 24 feet, and
along one side is the switchboard extension, 16 feet by 84 feet all built of
the same material.

Power is received from the Wahmnapitee Power Company at 16,000
volts, three-phase alternating current, and from the Lorne Power Company
at 47,000 volts, three-phase alternating current, and is transformed to
550 volts, all machinery bheing connected by double-throw switch to the
two-sets of bus bars.

For supplying air to the blast furnaces at about 40 ounces pressure,
there are installed two 200 H.P. induction motors, one with three speeds
driving two Connersville Blowers, each of 17,700 cu. ft. per minute capacity,
two Connersville Blowers, each of 54,000 cu. ft. capacity, one driven by

two 300 H.P. induction motors through silent chain belts, and the other

‘is driven by two 300 H.P. Synchronous motors through Herringbone

Gear Reduction.

A Rateau low-pressure turbo-blower of 65,000 cu. ft. capacity, direct
connected to induction motor, is being installed.

Two Nordberg Blowing Engines, drlven hy 500 and 315 H.P. induction
motors respectlvely, supply 10,000 and 7,500 cu. ft. of air, and one Rateau
turbo-blower, direct connected to 2 1,250 H.P. induction motor, supplies
23,000 cu. ft. air per minute, all at eleven pounds per square inch pressure,
to the Converters.

Air for pneumatic tools and power hammer, etc., is provided by
200 H.P. motor, driving a 1,200 cu. ft. Compressor, and one 75 H.P. motor,
driving a 360 cu. ft. Compressor at 100 lbs. pressure.

F01 electric lighting the Reduction Works and power for shops,
electric charging locomotwes electric travelling cranes, and a number of
small motors current is supplied by two motor Generators of 100 and
150 kilowatts capacity.




CONISTON PLANT —continued

.CONISTON POWER HOUSE.

INTERIOR VIEW, SHOWING 400 CU. FT. BLOWER AND MOTOR GENERATOR SETS.




'CONISTON PLANT

CONISTON OFFICE.
CanaDIAN GENERAL Orrice oF THE Mownp Nicker Co., L1D.

GENERAL VIEW OF CONISTON SMELTER AND VILLAGE.
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POWER PLANTS

HE Company’s Mines and Smelters were at first operated by

a steam plant at Victoria Mines. Owing, however, to the

great increase in the power requirements of the Company,

it was decided in 1907 to employ electricity instead of steam for purposes

of power, and the Mond Nickel Company’s Mines and Reduction
plants are, therefore, now operated electrically. ’

Since the original charter of the Mond Nickel Company did

not provide for any developments of hydro-electric power, a subsidiary

Power Company, known as The Lorne Power Company, Limited,

was formed. This Company has erected a power-station at the
Wabageshik Falls, about four miles from the village of Nairn, Ontario,
on the Soo branch of the Canadian
Pacific Railway. At this' plant,
which is on the Vermilion River,
there are two pair of 38 in. diameter
. water-wheels, under 54 ft. head at
high-water stages and 70 ft. head
at low-water stages, developing
4,400 horsepower.

At the forebay the water passes
through thé intake racks and
through two 10 ft. diameter screw-
operated steel gates, to the two
steel penstocks, ‘which are 8 ft. in
diameter and made of 5/16-in.
steel. At the lower end these
penstocks form part of the water-
wheel casings. Directly connected
to the two pair of water-wheels are
the two 3-phase, 60-cycle, 2,200-volt,
1,500 K.V.A. Generators. Between
the two water-wheels and generators
are two 60 K.W. Exciters con-
nected direct to two small water-
wheels. The current at 2,200 volts
from the Generators is stepped-up
to 47,000 volts in the three

WABAGESHIK POWER PLANT.
~ ExtErior VIEwW oF Power HoOUSE FrRoM DOWN STREAM.
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1,000 K.V.A. single phase transformers located in the Transformer
Tower. This Power Plant is equipped with switchboards on which
are mounted switches for Execiter control, main Generator control,
outgoing line control, all with necessary instruments, and switches
for lighting circuits. The lightning arresters are of the electrolytic
type and are of ample size to protect the plant and line.

To meet the still further increased demands for Power, the Lorne
Power Company has erected another Power Plant near Nairn, on the
Spanish River. The head ranges from 27 to 31 feet, and about
4,800 h.p. can be developed. Two vertical high-speed water-wheels
are capable of developing about 2,400 h.p. with 30 ft. head. These

- * wheels approach 90 per cent. in
efficiency. They drive two genera-
tors, 1,600 K.V.A. each, running at
about 100 revolutions. The Plant
also jincludes one vertical Exciter,
180 h.p. water-wheel driven, and
a motor-generator set. The Nairn
plant has been so constructed that
a third unit can be added if
required.

up with the Wabageshik Power
plant, so that in case of any
accident to either plant, the mines
can be kept in operation up to
the limit of the power generated
at any one of the Company’s Power
Plants. ,

Another water power, the
“ High Falls” on the Onaping
River, close to the Levack mines,
has been arranged for in order to
provide power for any future need
at the Company’s Mines and Smelter
at Coniston. '

The plant has been connected



POWER DISTRIBUTION

HE Power is distributed by copper wire carried on cedar poles spaced

about 100 feet apart and on 25 steel towers spaced about 400 feet.

The pole line from the Wabageshik Power Plant and the one

from Nairn Falls Plant form junction at Mond, Ont., and through the

double-throw switches at this point, power can be delivered to any sub-
station from either power plant.

The first power is taken off at Worthington Mine over eight miles
of the pole line, and at this point 600 H.P. is used. The current is received
at 47,000 volts and transformed to 550 volts, at which voltage it is used
in motors. '

The next sub-station is located at Mond, Ontario. At this point,
twelve miles from the Power Plants, by pole line, another 600 H.P. is
taken off and used in the same way
as at Worthington.

From about a mile beyond the
junction of the pole lines, from both
Power Plants and over seventeen
miles of pole line, another 1,000 H.P.
is taken to XLevack Mine and
transformed to 550 volts in the
sub-station, and so distributed about
‘the mine plant. ‘

The Garson Mine sub-station,
located 43 miles by pole line from
the Power Plants of the Lorne
Power Company, transforms. about
1,620 H.P. to 550 volts for use at
the mine plant.. In addition to
this, 600 H.P. can be supplied by
the Wahnapitee Power Company
over about seven miles of pole line
at 16,000 volts and transformed to
550 volts. All machines at Garson
Mine are arranged with double-
throw switches, so that any machine
can he operated from either of the
Lorne Power Company Plants, or

WABAGESHIK POWER PLANT.
INTERIOR VIEW OF POwWER HOUSE.
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alternatively from the plants of the Wahnapitee Power Company,
this station being -connected with both distributing stations.

In addition to the power required at the mines for the equipment
of Compressors and other machinery, power 1s required intermittently by
the hoists at the different mines, and rarely the full hoisting capacity is

“ used at any two mines at the same minute ; the raising of the Company’s

dam at the Wabageshik Power Plant so increased the power available,
that this plant is capable of operating alone the total mine equipment
installed by the Company at the present time.

Part of the power required to operate the Coniston Smelter Sintering
Plant and Test Plant is purchased under long-time contract from the
Wahnapite Power Company. This power is generated at the Wahnapita
Power Plant, located only one-and-
a-half miles from Coniston, having
the advantage of short pole line, or in
case of accident, or of any unavoid-
able shutting-down of the Wahnapite
plant, power can be furnished from
the Burnt Chute Plant, which is
Jocated eighteen miles below the

Wahnapite Plant.
The current from these plants

‘is brought in at 16,000 volts to
the transformer station at the Power
House, transformed and delivered to
the Wahnapitee Power Bus Bars
behind the switchboard at 550
volts.

The remaining power required
at the Coniston Reduction Works
is taken from the Lorne Power
Company at 47,000 volts, trans-
formed and delivered to the Lorne
Power Bus Bars behind the switch-
board at 550 volts, all machinery
being connected to both sets of bus
bars by double-throw switches.



WABAGESHIK POWER PLANT

WABAGESHIK POWER PLANT.

Mamnw Dam Anp Loc CHUTE!

WABAGESHIK POWER PLANT.
View oF ForBaYy AND OPERATING MECHANISM OF INTAKE GATES.

LorNE PoweER CoMPANY, LIMITED.
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WABAGESHIK POWER PLANT.
INTERIOR VIEW SHOWING No. 1 UNIT.
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WABAGESHIK POWER PLANT

WABAGESHIK POWER PLANT.
INTERIOR VIEW sHowING No. z UnIT.
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POW ER—-continued

NAIRN FALLS POWER PLANT

'NAIRN FALLS BEFORE HARNESSING.

SHOWING MIDDLE Farr iv MaN CHANNEL OF SPANISH RIVER, WHERE THE New HyDrO-ELECTRIC POWER PLANT
HAS BEEN ERECTED.
(LorNE Power CoMmpANY, LIMITED).



NAIRN FALLS POWER PLANT DURING CONSTRUCT ION; 1915

e

NAIRN FALLS PLANT. CONSTRUCTION OF NAIRN FALLS PLANT.—SEPTEMBER, 1915.

SHowiNG HEAD WATER ON MAIN CHANNEL OF SPANISH RIVER AT NAIRN FALLS. SHOWING THREE MAIN UNIT INTAKES AND EXCITER INTAKE, AND PART OF THE BASEMENT WALL OF
: ' Power HoOUSE INTAKES. ON LEFT 1s WING WALL. FORM WORK STILL IN PLACE.

CONSTRUCTION OF NAIRN FALLS PLANT.—SPRING, 19I5. * CONSTRUCTION OF NAIRN FALLS PLANT.—OCTOBER, 1915.

SHOWING FIRST COFFER DAM LOOKING UP-STREAM OF SPANISH RIVER, SHOWING INTAKE SIDE OF POWER HOUSE WITH FORM WORK PARTLY REMOVED, AND STRUCTURAL STEEL

FRAME COMPLETED, READY TO COMMENCE TILE WALLS AND RoOF.
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NAIRN FALLS POWER PLANT.

Dowx STrREAM SIDE oF MaiN Dam, SHOWING LoG SLIDE
AND Stor Loc WiNCH.

NAIRN FALLS POWER PLANT.
EXTERIOR VIEW, INTAKE SIDE, SHOWING GATE OPERATING
MECHANISM AND FORBAY.



NAIRN

FaLLs POWER PLANT

NAIRN FALLS POWER PLANT.

GENERAL VIEW FROM DOWN STREAM, SHOWING Power HOUSE,
Maiy Dam axp Loc CHUTE. °

NAIRN FALLS POWER PLANT.

' GENERAL VIEW FROM Up STREAM, SHOWING Power HOUSE,
Mary Dam AND INTARE RACKS.



POW ER—continued

- NAIRN FarLLs POWER PLANT
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NAIRN FALLS—AFTER HARNESSING.

SuowiNG HyDRrRO-ELECTRIC PoweR HOUSE AFTER COMPLETION OF PLANT.



POW ER—continued ‘

NAIRN FALLS POWER PLANT
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NAIRN FALLS PLANT.

INTERIOR VIEW OF PoweEr Housg, MAIN GENERATOR FLOOR LOOKING FROM UP STREAM SIDE TOWARD SWITCHBOARD Evnp,
‘ SHOWING GOVERNORS AND HyDRavLIC ExXCITER UNIT. :



THE REFINING WORKS AT CLYDACH

THE

HE Bessemer matte is shipped from the Company’s Smelters
at Coniston vii the Canadian Pacific Railway or the Canadian
. Northern Railway to Montreal, and thence to Swansea,
Wales, near which port. the Company’s Refining Works are situated.
Here the matte, which consists of a mixture of about equal parts of
Nickel Sulphide and Copper Sulphide, and a small percentage of Iron,
is refined by the process Lnown as the Mond Nickel, or Nickel
Carbonyl, process.

This process is based on the discovery made in 1889 by Mond,

Langer & Quincke (C.T. 57, 749) that finely divided metallic Nickel
combines at’ ordinary temperature with Carbon-monoxide to form a

volatile compound, Nickel Carbonyl, which has the property of
. decomposing into its component parts at a temperature of 150° to 180° C.

To prepare the finely divided crude Nickel from the matte three

OpelatIOIlS are necessary :—

I. The matte has to be converted into a mixture of Nickel and
Copper Oxide. This is done by submitting the finely-ground
matte to an oxidizing calcination.

The bulk of the Copper present in the matte is removed by
treating the oxides with dilute sulphuric acid at a temperature
of 80° C.- '
3. The dried Copper extracted matte is reduced to the metallic
state by means of water gas at a temperature of about
350° C.
The finely divided _crude Nlckel obtamed is now ready for the
treatment with Carbon-monoxide. This operation
4. is carried out in an apparatus called a Volatilizer. In this
Volatilizer the metal powder is spread out over a large
surface to enable the Carbon-monoxide to come into intimate
contact with the Nickel. A continuous flow of Carbon-
monoxide through the Volatilizer is kept up by means of a
circulating blower.  The Nickel Carbonyl is very volatile and
is therefore carried out of the Volatilizer by the gas stream.
5. To recover the Nickel, the gas mixture from the Volatilizer
is passed through an apparatus' called a Decomposer. This
apparatus is heated to a temperature (180° to 200° C.), at

[SV]

PROCESS

Carbonyl is decomposed into metallic
The Carbon-monoxide passes

which the Nickel
Nickel and Carbon-monoxide.

.on to the Volatilizer and takes up a fresh lot of Nickel, ete.

The Nickel is deposited on Nickel shot contained in the
Decomposer. ~ This shot is kept in continuous motion to
prevent the newly-deposited Nickel from "baking the whole
mass together. When the shot has grown to a certain size
it is removed from the Decomposer and replaced by a smaller
size Nickel shot. As every speck of Nickel dust in the
Decomposer is nickel-plated and gradually grows to the size

~of standard shot, no new Nickel shot need be introduced

after the process has once been started.
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NICKEL REFINING WORKS.
No. 4 ENGINE HOUSE, SHOWING AIR BLOWER.



REFINING WORKS—continued

From the Volatilizer a certain amount of residue is discharged,
consisting of unextracted Copper and Nickel and all the impurities
contained in the original matte. This residue is re-melted to remove
the impurities as much as possible and re-treated like the fresh matte.

The Nickel produced by -this process is of the highest purity
(99-8 to 999 per cent. N.) and free from Cobalt, as the latter does
not' form a volatile Carbonyl under the conditions in which the process
is carried out. ‘

NICKEL REFINING WORKS.
PreE RANGE IN ROADWAY.
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Large quantities of coal are required for this process, and full
advantage is taken of the situation of the Refining Works, which are
in the midst of the Welsh Anthracite and Steam Coalfields. It is
therefore possible for the Works to be supplied, at a very low cost,
with the coal which the process requires for power, steam, and gas.

The products made in the process are:—
1. Sulphate of Copper.
2. Nickel.
3. Nickel Salts.

COPPER SULPHATE

Copper Sulphate (also known as Blue Vitriol, or Blue Stone),
of 99/100% purity, is manufactured by the Company in very large
quantities.

It is used in agricultural, dyeing, and other industries, the
principal consumption being for agricultural purposes in the vine-
growing countries, as a prevention against diseases of the vine, such
as mildew, phylloxera, etc.

‘Tt is also used for spraying potatoes, peas, beans, etc., and fruit
trees, as a preventative against the common diseases to which these
plants and trees are subject. It is also in great demand for wheat
dressing, and takes an important place among weed-killers; and
again, it is well known as a sheep dip. ‘

Tt is recognised that spraying with Sulphate of Copper is the
only preventative against these diseases, and great cfforts have been
made by the agricultural departments to impress upon growers the.
advantages of spraying, and in some countries the spraying of plants
has been made compulsory.’

Copper Sulphate is largely exported from Swansea to Italy,
France, Algiers, Spain, Portugal, Roumania, Switzerland, Russia, and
other vine-growing countries.

NICKEL SALTS .

Nickel Sulphate and Nickel Ammonium Sulphate, of high purity,
are manufactured by the Company. These products are largely used
in the nickel plating industry, both at home and abroad.

Nickel Sulphate is also used for catalysing purposes, which Industry
has been developed on a large scale during the last four years, and
by the introduction of this process many fats and oils, previously
unusable, have been made ‘available for the soap, margarine, and
various other industries.



REFINING WORKS— continued

THE MOND NICKEL COMPANY’'S REFINING WORKS, CLYDACH, NEAR SWANSEA.



REFINING WORKS—continued

THE MOND NICKEL COMPANY’S REFINING

WORKS,

CLYDACH, NEAR

SWANSEA.



REFINING WORKS—continued

NICKEL REFINING: POWER PLANT.
INTERIOR OF WORKS, SHOWING TOP OF DECOMPOSERS. ‘ View 1x No. 5 EnGINE HouUsE, sHOWING Soo K.W. GENERATOR.

NICKEL REFINING. POWER PLANT.
INTERIOR OF WORKS, GROUND FLOOR, SHOWING DDECOMPOSERS. ) AxoTHER ViEw 1¥ No. 5 ENGINE House, sHOWING Sco K.W. GENERATOR.




"THE USES OF NICKEL

A GENERAL SURVEY

HE wuses of Nickel are so many and so diverse, and are
extending so rapidly, as to be almost innumerable. Whilst
the importance of pure Nickel is continually increasing, its

chief utility lies in the production of alloys, and particularly of

Nickel Stecl, in which at the present time, the greater part of the

Nickel refined is employed.

The alloy of Nickel and Iron is no novelty, since practically all
native Iron, of terrestrial and meteoric origin, contains Nickel. . Moreover,
as far back as 1822, experiments were made by Faraday in alloying
Nickel and Iron, since which time improvements in the process have
been made continually. :

By veason of the war, Nickel has been brought very prominently
before the notice of the publie, for without Nickel no modern war
can be carried on, and no modern battleship built. Indeed, that for
certain purposes Nickel is essential, no more conclusive evidence can
well be required than that afforded by the proportionately large
amount of tonnage reserved for Nickel in the cargoes of the submarines
*“ Deutschland ” and ** Bremen,” when undertaking their perilous
voyages between Germany and the United gtates in the latter part
of 1916.

Nickel being indispensable in numerous branches of modern steel
manufacture, the importance of the metal is self-evident. Steel to
which a small proportion of Nickel has been added is considerably
altered in character, this improvement of its qualities rendering it
particularly well adapted for constructional work of many kinds.
For this reason, Nickel Steel is now very extensively employed in
bridge building, in the manufacture of naval and military armaments,
and for motor building, and many similar industries.

The remarkable properties of Nickel—which approaches the
precious metals in its powers of chemical resistance while far exceeding
them in hardness and toughness—have of late years led to its
employment - in the manufacture of high-class cooking utensils and
kitchen-ware, and in an ever-increasing degree for eookers dishes,
forks and spoons,” coffee-pots, teapots, table-jugs, basins, baths,
crucibles, stills, and hollow-ware of every description used throughout
~ the technical arts.
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Being not only sanitary and easy to clean, but taking a high
polish, d1ﬂicu1t to discern from that of silver, and retaining thl‘; wfch
the expenditure of very little labour, Nickel ‘is an ideal metal for
cooking utensils, as anyone will discover on walking through the
kitchens of a great Amierican railway express. Naturally, therefore,
Nickel is in ‘increasing demand in the hotel world, as evidenced by
such beautiful and glittering kitchens as, for instance, those of the
Curzon Hotel, .or the famous White Star Liner, *‘ Olympie.”

It is of interest to add that military field kitchens employing Nickel
utensils are so perfectly designed that food for 260 men can, it is stated,
be prepared in the course of a few hours, even when on the maxrch.

Owing to the fact that Nickel is malleable, ductile and hard,
and that it takes a high polish, and possesses great powers of
resistance to atmospheric oxidation, it is in great request for the
electro-plating of small articles made of iron, steel and other metals,
to prevent them from rusting, and in the manufacture of rifle bullets,
upon which a layer of Nickel is deposited which confers upon them
a hard, clean surface that will not foul the barrel. For the same
reason, a considerable amount of Nickel, in the form of Nickel-Silver
and Electro-plate, is used in the manufacture of table-ware, ornamental
articles, wire, medals, and ' coins.

Nickel, in a very finely-divided state, and in the form of Nickel Salts,
is employed in the hardening of oils and fats. By the action of hydrogen
in the presence of finely-divided Nickel, liquid oils, such as fish oil, linseed
oil, olive oil, etc., can be ““hardened” into solid fats suitable as basis
materials in the manufacture of candles, soap and certain foodstuffs.

For these purposes it is essential that the Nickel be very pure.

Nickel is largely imported into European countries in the forms
of Nickel ore, Nickel matte and Nickel oxide. It is also imported

and exported in such forms as sheets, plates, strips, cubes, bars, rods,

wires, tubes, pipes, ingots, pellets, etc.

‘Canada is the country where a large percentage of Nickel ore is found,
and an extremely important industry has been built up in the Sudbury
district of Ontario, where the Nickel-Copper mines are situated. That
British capital and enterprise have taken a large share in developing this
industry will be apparent from the particulars embodied in this volume.



USES OF NICKEL-—continued

GROWTH OF THE'SUDBURY' NICKEL INDUSTRY

The rapid- crrowth of the Nickel Industry in Lanada is an indication of the increasing demand

for this metal. The following table gives the production of Nickel in Canada since 1902 :—

PRODUCTION OF NICKEL.

YEAR. I TONS. . YEAR. - 1‘ ~ TONS.
1902 ‘i 5,045 1910 | 18,636 )
1903 | 6,998 1911 .. 17,049
1904 | 4,729 1912 } 22,421
1905 . 9,503 ‘ 1913 | 24,838
1906 - 10,776 . 1914 5 292,759
1907 | 1.0,602 | 1915 | 34,039
1908 - 9,563 1916 41,299
1909 i 13,141 | |
\ i

The above table shows that there has been a steady increase in the production of Nickel during
the last.fifteen yedrs. The years 1906—1910 show an increase of 78°6 per cent. over the preceding
four years; 1911—1915 shows an increase over 1906—1910 of 101°9 per cent., and the increase of 1916
over 1915 was 18 per cent. This rapid - development is clearly the result of an increasing demand,
a fact which is further illustrated by consideration of some of the many uses to which Nickel is put.

A survey of these is contained in the following pages.



USES OF NICKEL—coniinued

HE demand for Nickel is so great, and is so continuously
increasing that it is not too much to say that the consumption
of Nickel is more directly dependent upon the available

supply than that of any of the other useful metals.

The opening of the now famous Nickel mines of the Sudbury
region of Ontario, where the first important Nickel mining operations
took place in 1886, brought about a radical and welcome change in
the Nickel industry. The Nickel matte from the Sudbury region can
normally be delivered in New York within four days, and in European
markets within a fortnight, as -compared with about two months
consumed in transporting the earlier-known South Pacific ores from

NICKEL METAL

the French mines on the New Caledonia Islands.  The natural
corrollary of this fact was that former prices have been very greatly
lowered. '

Nickel has ' physical properties similar to those of Iron and
Copper. It allies with both these metals in practically all proportions.
It is harder than either of them, is magnetic, has a greyish-white
colour, takes a fine polish, and may be rolled easily into thin sheets
or plates, or drawn into wire.. It has, moreover, the useful properties
of being unappreciably affected by either atmospheric action or salt
water. Nickel is not difficult to cast, and bars of cast Nickel are
compact and tough after hammering or rolling. ‘

NICKEL STEEL

OR a considerable time past, scientific research has been energetically
and consistently directed upon the art of uniting clements in
such proportions that they may be more serviceable than in

their pure state. As a natural consequence, of the making and
experimenting with alloys there has been no end, and amongst them
it has been established that Nickel will alloy with most of the useful
metals, and that the addition of Nickel generally confers upon the
union the qualities of hardness, toughness and ductility. It will,
however, be generally conceded that of all the numerous_alloys with
which scientific research has been concerned during recent years, the
one which shows the greatest range of adaptation, and has met with
the largest measure of approval, is Nickel Steel.

Nickel Steel was first introduced to public notice by Mr. James
Riley, of the Steel Works of Scotland, in his paper,  Alloys of
Nickel and Steel,” read before the Iron and Steel Institute in 1889.
Its field of usefulness has been rapidly enlarged, until, at the present
day, the use of Nickel Steel is thoroughly recognised, and is of
world-wide extent.

Nickel Steel containing from 239, to 31% of Nickel has certain
of its properties greatly improved, so' that for many purposes it is
replacing ordinary structural Steel.

elastic strength. .
On low Carbon Steels not annealed, .the addition of each 1 per
cent. of Nickel up to 5% causes approximately an increase of 5,000 lbs.
in the elastic limit and 4,0001bs. in the ultimate strength. The
influence of Nickel on the elastic limit and ultimate strength increases

The chief characteristic which"
distinguishes Nickel Steel as compared with simple Steel is its high

with the percentage of Carbon present, high Carbon Steels showing
a greater gain than low Carbon Steels. The addition of Nickel to
Steel raises the proportion of elastic limit to ultimate strength and
adds to the ductility of the Steel. This effect of Nickel upon the
elastic limit accounts for the increased working capacity of Nickel Steel
over Carbon Steel and its increased resistance to molecular fatigue.
The following table, which shows a comparison of Carbon and
Nickel structural Steels, gives some idea as to its superiority :—

Medium Medium

; Carbon Steel Nickel Steel *
Percentage of Carbon .. - 0-20 0-38
Percentage of Nickel .. - 0 3:50

Elastic limit (lbs. per sq. in.).. 30,000 (Min.)
Ultimate tensile strength (lbs.

per sq. in.) ..

60,000 (Min.)

60,000 (Min.) 105,000 (Min.)

Modulus of elasticity 29,000,000 30,000,000
Safe working stress in tension
(Ibs. per sq. in.) 16,000 28,000

It may be explained that the ° Modulus of Elasticity,” or
“ Co-efficient of Elasticity,” as it is sometimes called, is the constant,
indicating the relation between the amount of physical effect and
that. of the force producing it. The term, therefore, expresses the
relation between the amount of extension, or compression, of a
material, and the load required to produce that extension or COMpTression.

This may be referred to, in passing, owing to a little prejudice
still existing in the minds of some engineers against Nickel Steel,
on the supposed grounds that the modulus of elasticity is lower for
Nickel Steel than for Carbon Steel.” ' ' ‘ o
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As a matter of fact, however, while the high Nickel Steels,
especially those containing 209 and over, have a lower modulus of
elasticity than Carbon Steels Nickel Steels, such as would be used
for structural purposes, and containing about 4 per cent. of Nickel
or less, have the same modulus of ela:stzczty as Carbon Steels, namely,
approximately 29,500,000 lbs. per sq. in.

Perhaps the most important use to which N1ckel Steel is put
is for the manufacture
of armour and heavy
ordnance, where its great . -
strength and toughness :
has proved of special
value. It has been used
for engines and propeller
shafts for a number of
years and has proved so
much superior to other
steels that it is now
considered unrivalled for
such purposes. On ac-
count of the increase in
strength or decrease in_
weight, it. has been used
for crank pins, lightforged
engine frames, bolts for
extreme hydraulic pres-
sure,- hydraulic forged
cylinders, and railway
axles; and from its
peculiar resistance to
fatigue under vibration,
it is employed very
successfully for piston
rods in steam engines
and drills.

The value of Nickel
Steel for armour plates,
when cemented and face hardened consists not only in 1ts greater
resistance to penetration, but in its non-fissibility. So completely is this
recognised, that since the Washington Navy Yard first began experimenting
with Nickel Steel, in 1876, every country in the world has come to
rely on Nickel Steel for the armour-plating of its first-class ships
of war. '

THE MANHATTAN

BRIDGE, NEW YORK CITY.

THIS GRACEFUL STRUCTURE, WHICH SPANS THE EAST RIVER, IS ONE OF THE MODERN BRIDGES IN THE
CONSTRUCTION OF WHICH NICKEL STEEL HAS BEEN ADVANTAGEOUSLY EMPLOYED. s
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In this connection it may be mentioned here that Nickel prepared
by the Mond Nickel Company is largely used in the manufacture of
armour-plates for the British Government.

The great value of Nickel Steel as employed for the purposes
of shlpbmld_lng and armour-plating has been recogmsed with ever-
increasing clearness durmg the past two decades. It is, therefore, of
interest to staté the views of a well-known authority, expressed

twenty years ago, based
. upon the result of
s e : - practical experiments and
: personal experience.

- In the course of a
scientific paper, ‘* Nickel
Steel’ as an Improved
Material for Boiler Shell
Plates, Forgings, and
Other Purposes,” read at
the Thirty-eighth Session
of the Institution of
Naval Architects, on April
9th, 1897, the author, Sir
William Beardmore,Chair-
man of Messrs. William

~ Beardmore & Company,
Limited, the well-known
Engineers and Ordnance
Manufacturers, gave ex-
pression to his opinion
as follows :—

“In the history of
iron and steel there
have been many alloys
which, on their first
introduction, gave pro-
mise of great useful-
ness; but a more
extended acquaintance

Jed to disappointment. Quite the reverse, however, has it been with
that alloy to which I now desire to direct your attention.

 Nickel Steel has, by this' time, won its spurs, and proved
itself worthy of the confidence placed in it by those to Whom its
remarkable qualities are best known. ¢ W &

SRR ‘
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The sine qua non of a structural material is that it be
reliable.

We require a metal which can be worked without any special
care on the part of the artisan; a metal which in shipbuilding will
enable us to reduce the scantlings, take from the weight of the
boilers, add to the strength and reliableness of the p10pe11e1 shafts ;
a metal which will give the same results to-day and to-morrow, in
China or Peru.

Nickel Steel fulfils these conditions, and is, in my
opinion, a most suitable material with which to meet the demands
for a metal stronger than steel. .

If we admit that the strength of steel is its elastic limit, it
will not be difficult to make out a very good case for Nickel Steel,
as it is here that this alloy shows its most striking characteristic.

In Nickel Steel of *26 per cent. carbon, we have a metal whose
elastic limit is equal to the ultimate strength of ordinary Carbon Steel.
Mild Nickel Steel gives all the properties of high Carbon Steel without
the treacherous bnttleness so painfully evident in the latter. .

As a material for tyres and axles, Nickel Steel has many clairhs
on our attention. Indeed, I am of opinion that there is a mde
-field for its use in this direction.

A very striking feature of Nickel Steel is that a crack appearing
in it will not develop, as in Carbon Steel.

As you will see from spec:lmens broken under the hammel the
appearance of the fractures is very different. In the case “of the
Carbon Steel it is crystalline, but in the Nickel it is. fibrous, and
shows clearly the feature I wish to emphasize, namely, that Nickel
Steel tears gradually, while Carbon Steel, once cracked, breaks short.
Speaking a few years ago on the metal of the future, Mr. Edison,
the great electrician, sa1d ‘ Nickel Steel is the coming thing; steel
will crack Nickel Steel you cannot crack.”

It seems to me, after numerous .trials with the same results,
that we have here a fact of immense importance and one which
marine engineers would do well to bear in mind. .o

There are many other points connected with Nickel Steel on
which I should liked to have touched. . but enough,
perhaps, has been said to show that Nickel Steel fulfils in a most
satisfactory manner the conditions 1equ1red of a material for ship-
building and engineering purposes in an age not characterised by
the modesty of its demands.”

We may supplement the fore'going' remarks by the following
interesting table, from which it will be seen that the Yield Point of

B
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Nickel Steel of D226 grade is about equal to the ultimate tensile of
ordinary Steel :—

COMPARISON OF YIELD POINTS AND BREAKING STRAIN
OF NICKEL AND CARBON STEELS.

|
E CARBON STEEL. | NICKEL STEEL.

THICKNESS. ULTIMATE YIELD POINT. ULTIMATE YIELD POINT.
‘Tons per sq. inch. Tons per sq. inch. Tons per sq. inch. Tons per sq. inch.
|

5 27-5 13-7 ! 51-7 : 29-0
27-4 137 | 54-3 28-0
3 27-8 13-9 | 5403 28-3
35 27-6 13-8 | 531 29-4
4 27-9 14-0 | 52-6 30-6
¥ 28-0 14-3 51-6 30-8
5 28-5 14-3 Y 52-1 286
28-4 14-2 49-8 286
g 28-5 14-1 . 50-8 28-7
‘i 28-4 14-0 53-1 289
1 27-9 14-3 48-9 29-2

In view of the many important advantages of Nickel Steel,
succinctly outlined, it is natural to find an increasing demand for
this material in the building of bridges.

Nickel Steel has been emp]oved in the rebuilding of the Quebec
Bridge, which collapsed so disastrously a few years ago. The same
material has also entered largely into the construction of the
Manhattan Bridge, New York.

A novel feature of the Manhattan Bndae is the use of Nickel
Steel in the upper and lower truss cords, which are subjected to a
working stress of 40,0001bs. per sq. in., and notwithstanding the
higher cost of the Nickel Steel, the saving is such as to make the
trusses actually - cheaper than if they were built entirely of ordinary
structural Steel.

The weight of Steel in the superstructure from anchorage to
anchorage, excluswe of the cables, is 10,500 tons of Carbon Steel and
8,000 tons of Nickel Steel. The weight of the cables is 6,300. tons,
a.nd the total weight of Steel in the whole bridge, including anchor
chains, cables, towers and suspended span is 42,000 tons.
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The suspension bridge proper, disregarding the approaches, consists
of a main span 1,470 ft. long, and two side spans, each 725 ft. in
length. The total width of the floor of the bridge is 120 ft.

Although the span is 140 ft. less than the span of the big cantilevers
of the Forth Bridge, the enormous load which the bridge is designed to
carry necessitates a weight of cables and suspended superstructure that
makes this the heaviest suspension bridge in existence, and, for its
length, by far the heaviest and strongest bridge yet constructed.

The increased strength and decreased weight secured for this
structure by the employment of Nickel Steel are factors of high
importance, for without the use of Nickel Steel the construction of
the bridge would necessarily have presented problems of greatly
increased difficulty, owing to the remarkable weight of the structure.

The approximate saving in the weight and cost of bridges effected
by the use of Nickel Steel is shown in the following table :—

Mixed Nickel and Carbon Steel :—
Saving in Weight up to 25 per cent.
Saving in cost up to 17 per cent.

Nickel Steel throughout : —

Saving in weight 10 to 30 per cent.
Saving in cost up to 12 per cent.

In addition to the applications to which Nickel Steel is being put

in armour-plate, gun forgings, propeller shafts and other- marine-

shafting, and in structural Steel-work, it has a wide field of employ-

ment in the manufacture of heavy castings, car-couplers, car-wheels,

boiler-plates, pinions - and - knuckles, shear-knives, gears for motors,
bicycle spokes, ete.
the older forms of Steel that it is recognised as unrivalled for these
and similar purposes—in a word, for practically all kinds of work
demanding hardnéss, toughness and malleability.

The increased strength and decreased weight secured by its
employment, render Nickel Steel specially suitable for the manufacture
of crank-pins, ‘light forged engine frames, bolts for extreme hydraulic
pressure, hydraulic forged cylinders, feed-water heaters, axles for rolling-
stock, and various other purposes in which these qualities are essential.

‘It is especially valuable for motor-car parts, owing to its high
tenacity, great durability and remarkable co-efficient of expansion.

For the same reason Nickel Steel is particularly well adapted
as a material for the manufacture of Steel rails, and in sections where
railway lines are liable to special stress it is used to great advantage.
_ For instance, it is estimated that in a sharp curve one Nickel Steel
rail has a life as long as that of four rails made of ordinary Steel.

Nickel Steel has proved itself so much superior to
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‘expansion as low as 0-000,000,8.

Nickel Steel is also used for making wire cables, torpedo defence
netting, electric lamp wire, umbrella wire, corset wire, mountings for
lenses, mirrors, balances for clocks, weighing machines, springs, cutlery,
harness mounting, boiler tubes, brakebeams and transoms for  field
artillery wagons, as used by the French Army since 1898.

Plates of Iron or Steel and Nickel, when laid together and
heated to welding temperature, may be rolled out into thin plates
with a continuous Nickel surface on both sides, or Nickel on one side
and Tron or Steel on the other. = Moreover, the union of the two
metals is not merely a welding, but is of the nature of cementation,
an actual alloy being formed to some depth below the surface of
contact. It is found that ships sheathed with this material do not
foul or corrode where so sheathed, even after months of constant
service and continued exposure to the action of ‘salt water.

Nickel Steel containing as much as 309, of Nickel may be drawn
into wire as easily as ordinary Steel. Wire of this class, containing
sufficient - Nickel to make the non-corroding qualities. of the metal
prominent, is especially adapted for hawsers and cable-service in ‘salt
water. The high tensile strength of such wire, accompanied, as it
is, by a comparatively small reduction in elongation and contraction
of area, indicate the extreme toughness of the material; and as, at
the same time, the wire is not acted upon by salt water, it admirably
tulfils the requirements of marine service:

There is a highly useful alloy of Iron and Nickel which is known
as Invar, owing to the fact that it suffers no appreciable variation of
length for ordinary variations of temperature. It contains 369, of
Nickel and 0-29% of Carbon. It has a guaranteed co-efficient of
It is for this reason very useful for
making tapes used in surveying, and for many other purposes. It is well
suited for making clock pendulums, especially those used in hot countries.

Nickel Steels of the Invar type, containing more than 24 per
cent. -of Nickel are characterised by a low degree of magnetic
permeability, and some of them .are practically non-magnetic at
ordinary temperatures. They are used for electrical resistance.’

Another alloy, known as Cupro-Nickel, is used for making bullet-
jackets, for which purpose it is admirably adapted on account of its
non-corrosive qualities. It contains 859, of Copper and 159%, of Nickel.

It will be obvious from the foregoing particulars—which' do not
attempt to do .more than afford a brief summary of the present
status of Nickel—that the already recognised and established uses
of this remarkable metal are both numerous and of great wvariety.
The field for its future employment is undoubtedly one of great
magnitude, for the era of its development is still ‘in its early years. &
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THE QUEENSBORO’ BRIDGE, QUEBEC, CANADA.
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ROUND-2: ¢

ROUND. |
SVIBRTES)
s

| _ROUND_1
S\V.1887F.

N ARMOUR PLATE FOR BATTLESHIPS.
OXE OF THE MOST IMPORTANT USES OF NICKEL IS ITS EMPLOYMENT IN THE MANUFACTURE OF ARMOUR PLATE. THESE TWO ILLUSTRATIONS SHOW OBVERSE AND REVERSE VIEWS
OF ARMOUR PLATE 1x wrIcH MOND NICKEL wAS USED, AS IT APPEARED AFTER OrriciaL TESTS BY THE BRITISE GOVERNMENT.
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1 Shdhi.

1 Ochr-el-guerche.

-guerche.

2 Ochr-el

PERSIA, 1900.

EGYPT, 1886.
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“Centesimi (1894-1901).

10 Satangs.

5 Satangs.

ITALY, 1894,

SIAM, 1898.

"sosag 01

*s0sad (g

P B M . ‘189) PUB IBaMm TOI]
UOEIONaJep ou Af[esrjoeid moys sIeed (g UBYY 2I0W
10} UOIJB[NOIIO Ul USSQ SABY YOIYAL SOUWIIUID (F JO savard
S$1AAG JBYY [RJOUL STYZ ST ‘Poopul D[qeInp 0 -28euron oy}
Jo AqriqEimp 2y) s2Insus (931N 2and JO SSOUPIBY Y],
‘redwe [ UL 9peW SUTOD snonds Y3 pajepunul ses Axjunoo
9Y3JEYL. J0B] 9Y3 03 SUMMO ISPUEIS B 03 SWED ‘ZOT Ul
PoOUSUIII0D SEM YOTYM ‘8910 0Jul SuT0d 1oddo)-[oqaIN JO
uorjonpoIjul 3y} ‘ARG "Z06T Ul 21N 2and £q peoeld
a1 SeM STYJ, “FGST UL A[BI] Ul PasI[esod] uaaq sey %¢g jo
£O[[e Wy "92IN0S IdY] 40239p 07 2[qIssod Sutaq 3T INOYIIM
“HOT}R[NAII UI 9Q 0} PUNOF Ses suoo [PypIN-1addop jiof
-123Unoo Jo Iequnu 95Ie] AIoA € JBUJ SeM 25BUIOD [9XIIN
and o3 Expin-reddopy wory aSueyo & 109f0 03 Are1l
peonpur yolys suorjerspisuod [edoumd Y3 jo suQ
-Sur3$93 JO suBdwW APeal B 03 WAd0 2I10J2I5Y] ST SUTIOD [AIIN

JO SseuBUMUAIS 9y, 30U aIe suiod 1addo))-[ayIIN sesIays |
O1PUSEW 218 SUIOD [9NOIN “I93III3FUNCD B JW0IAY PIIOM

sur09 [axo1N 2and jo uorgonpoxd oy} I0j Aressevau Ajroedes
pue aSpamouy o7y Surssessod uostad Aue yery a7qeqoxduur

99130p 152ySIY Y3 UI ST 31 9BUJ UONS 918 SIMOIYIP [eo1u -

-yo93 a3 pue ‘[PyoIN 2and jo sosp axredard oy Lreurgoeur
pue jueld oarsuadxs, sormbar 9] ‘sIoUIOd pesLIOYINEUN
071 9[0®1Sq0 9[qeIadNSUL 1SOTUB UL SISJJO [BILTIL 33 JO $S9U
-prey ay3 ‘Sunyrepreyunod Jo Lypiqissod ay) spaeSar sy

" “snouostod Surwoosq Jo IPSUBP OU IS0 PUE. “DZIPIXO
jou op ‘guySesm ur JyuSI[ 9Te SUI0d [9NAIN ‘A3T[IqEeIej[Eum
pue sssupiey jo seryiyenb [e1jUass? 971 SUISSISSOJ "TIATIS
uey} A[psoo ssop [ePw Ieyjo Aue Aq oqeyseoxddeun

2061 *VANVON ANV VORIV LSVA HSLLIYE
D 1

"sosag
'L68T ‘'LLIVH

's3uaD Q1

0s . 'S05%d §

wmucpuﬁ.um% % UM 9Ip 9y} Jo sseadwur oy3 S9NBY [SYOIN
2ouel[[LIq 32915 Aq POsSLIaOBIBYY) *[[946 OS SYOO] YDA d1[BA
-£oua1Ind 407 Jo wIod ou A[pajqnopurt st 2197, -eouereadde

- romadns A19A Jo suo pue ‘ezuorg Io roddop) Jo asn 8Y3 wroIf

aqissod st wey) 958UI00 JUBYSISIL 2I0W PUEB JOUBI[D ‘193yS1]
& jo uorpdope ayz Io0] Aqrungioddo uwe SIDfO [IIIIN

"SIDYIO PUE “O0IXSJN ‘OISOUSIUOIY ‘ATel]

‘Auetuaas) ‘90UeL ‘YIewud(] ‘AreSunpy-eLgsny Surpnpour
‘S9LIIUNOD 1910 SnowreA Ag PIINPOIUT sBM  AdUdIIND
[PYOIN PU® ‘ss000ns paasIyoe Afprder sutod mau o, -e0a1d
SIUTUID ()7 I} JO SINGOBINUBUL DY} I0F TS Ul (231N 2and
pafordure JUAIUIUISAOL) SSTMG 93 ‘UOIFENOID jo polrad
Suol B J[9531 I0J 2INSUD 2INJBU S AQ PUT ‘SISIIDFIAIUINOD
JO S3I07p° 93 JSuTESE 9IN29S 2 SYI[B P[NOM YOIYM 25BUI0D
' Sumreiqo 03 Mol B PM—TERPIN damg
"SI 0 SULOD DALY SUOTY
-1o0doxd snouas jo suoryerado Surjeyejunoo [nyssedons ou
sy quasaxd o177 07 dn 9By] SISUIOD JIDIY[T 0F SJUITITLIN0D
-SIp PUB SIMMOIIP Yons Juasard 03 SUIqIOd ‘1 HI0M
0} Aressoosu Iomod-sUIyorW PUE [[INS [ENUBW 29U} PUE
KLorre stz jo @91xd ySiy Aparyeredurod 913 J1q “9JI97UN0D
0} JOIP A[UC JOU 2IB SUIOD [FYRIN-0IdN)) ‘I9ACRION]
‘onfea enba jo ozuorg pue toddo) jo 9SOl UBYY IZIS
J9[RWUS JO 9PBUI 3¢ UED } UWIOIJ PAINJOBRJNUEBW SUIOD 181
afeueape Sunue[eqIaUNod 3] seY 91 ‘ozuoig 10 raddop
uBy) A[3S00 210 ‘ATPallIuuIp® ‘ST [9Y2IN-0IdNY) ISTIYAL
“UOTIB[NOIID JO IBI] PUE IBIM Y] OF 90UBISISAX AI0JDBISIYES
I9JJ0 07 pue ‘A NOTHIP YA PINIOM 20 0} PILY A[Udlogyms
21 A9U} puUB ‘UCIIBZIPIXO 03 920UB)SISAI 1815 Iofjo

"T06T *DUYNOIWNAXNT
.mvn:«...-ﬁunu Oﬁ

SIWRUID §

‘FLET - VIHWOTOD

€061 'VOId V.LSOD

‘8083 7

‘0sad

'somyuID) 7




10 Centimes.

20 Centimes.

BELGIAN -CONGO, 1906.

5 Centimes.

S0 0§ . 5199 01
0061 “TVONLYOL

‘seicd Q1

‘ "€g0°086°¢68 Suaq ZIGT JO puS 9y} 3
UOTYEMOID Ul SUL0D [N 2Ind Jo soqumu Y3 ‘Teak Jeqs
JO PUS 9Y3} 38 UMBIPYIIM 9T9m 52091 TWISIFUSD 67 UEBI[E] -
000°0¢%°eT IMOQE YIIUM JO ‘000°000°606 PIPadxa 161
JO 9509 913 03 PANSST SUI0D [N 2and Jo Ioquunu 9,
‘ZI6T 0

‘pUS 92U} 03 UMOP 9SOU} 9Ie P[I0A U} Jo Sa5eurod

SZUOIG-[OYOIN PUE [9XDIN 213 J10] saandy [ewijo jsajer’
Ay, ‘erew poLo[[e 93 Ul PInSSI 9194 SOWIIUD & PUE (T
‘0z JO SUIOD WayM ‘T98T ul wniS[g ul pasn A[remsal sem
[OYPIN 12U} POpPE 29 LB 3] "SIE24 UDAQS UOTYE[NOID Ul
pauTeweI 91, ‘UAOUNUN ST pansst oqumu 9y, "teddoy
7O %88 pue [ONDIN JO Y&l SUIUIRIU0D ‘Sjuso ozuolg
-PYPIN oTea surod 9sdyy, -1addop jo ssoyy ypm Apjusx
-INDU0D  ATJUNOD JRY] UL PINSST 2IM SULOD IZUOIL-[INOIN
‘1681 ‘Arenxqag I 1O 10V UB I9pun pue ‘sajejg pajtun
oyj Ul po3seSSns 9sIy uWIaq ARy 03 ‘wadmoy sreadde
SUI00 10] [ONOIN JO 9STL 9T, "TISST Ul Pansst £oy3 ‘pajess
sB “UoIyM ‘[PYIN 2Ind Jo SUI0D ST 0F JSIY Y3 Iom JUIW
-UIDA0X) SSIMG 91 PUB ‘06ST “ABIY L ‘PUB[IOZIIMG JO 1BY] ST
aSBuI0n) [9YPIN 03 preSor ur JustioRwS [BS9 ISIY AT,
AONIIIND TIHADIN S.ATIOL

102y poysiidwoooe ue ojur uoredmrue
WLIOJSUEL} O} 2INITLY 9Y) 03 JOO] A[FUIPYU0D LB oM J€Y]
amyeu & Teorporad 0s pue rewysuaq os jo dogs sarssarford
® sT “o8euion Arerpisqus jo sasodand 10] 9zU0Ig PUE [2DIN
-oxdny 10 s0ed ur [exoIN 2and jo uomMIMSNS Y YRy
POMSIADI SUOIBISPISU0D 213 wolf juaredde ag [[m 3]

FO8T VIDYES

'seIed (T A

‘SOWISPUID) §

"(€061-0981) SWHUID 0T “(€061-0981) SPWHUID (1 “(€061-0981) SPwWHUID §

098T 'WNIOTILD

o o “BUly) puE
AoyaIng, ‘e1sIog ST ‘90UBISUL 0] “UoNS ‘SIIIFUNO0D JWOS Ul
ape13 woay pareaddestp Aduns aary sutoo waddop) ‘xaddo)
Jjo @o1xd 2y} UI 9SLI 9yg 03 Summ() "SUOIFENION] [BNUIFUOD 0F
yoalqns usaq ‘stesk. £3aryg gsed oy3 Sutmp ‘sery zaddop jo
ooud oy} seataym ‘Tezaur oyl Jo 9o1xd JY] UI SSPUIPEIIS 93
st Aouarmy) [SIN jo oSejuespe juejrodu I9YOUY
*08BUIod 0JUTI 2INIDBINUEBW
$]1 pue [BjoW oY1 Jo 3509 dwiad Y] Ul WOIOMPaAT I[EN[EA
® 0} yuaeAmbs st suroo [N 2and Jo II[ pedueyUL 273
QIOULSYIINY “9SU2d X9 [BIFIUL UL 9DOUSIDFIP Y3 JOSHO 03 I8
05 [oxo1y 2and Sursn jo seSejuespe 9yj g ‘PYPIN-01dn)
10 UBU} [ONOIN 0] drowr A[IUSI[S SI SUI0D 2U3 SULNLIIS
IO pue ‘syue[q 93 SUNBW IO [BJOW IY3 JO 3502 Y],
Sumafi Buipeaoons
oyp up voumpsodwn 41l syp fo 29 0 aaosd fivuw U0YWID
10nusYyo pue 9oerd S9Ye] WOIIPUOD Y] UL 95UBYD © e}
WMOWY [[oM ST 3T ‘UOTIB[MAIID JO SYIUOWL M) ISIY 3Y3 JO
95IN0D 9Y3 UL PIAOWAL U 9ABY SITPd YSNOI 973 Waym
10q “UOISBIGE 0} 9NP ST UI0D MU B JO JyS1am Jo ssof pides
U3 JeY3 JqNOP S ST ST, * ° ° 7 7 Youin JOOVUYD 0]
POUDISISDL DLOUL TIYS S42LJ0 ay0ru s0 Yons ‘(o esnd T
“SUOTIN]OS PI[OS Snouadouwroy w0} Aay3 yeys 108} oU3 03
peInquge oq 0} jqnop ou are,, ‘Ajuoyine siyj Les
. ‘skoreppIN-19ddoy) jo saryirenb Sutreom pood oy, ,,

—(pe d F16T ‘proday Yyy-£310, ) WOPUOT UL [BAOY

93 JO JIB[[0TUC) PUB IISEY Amdaq oy3 jo aoday
EnUuy 2yl 03 papuadde UMPUEBIOWRY B UL 03 PALIdfal
st uorjsenb sSryy, -poolsIapun A[ISUIIO] SEM UEBY3 I9jjeul
xorduios 10U Tef B ST UOTIR[NDID UL SUIOD JO TBIM ],

" 1061 'AVAONAN
‘SOTISHITID T

-owIsRUID 1

0981 ‘WNIDTAL

‘sawpuan) ([

'SAMPUID) ST

'SOWPRUIAD §




=)
o
)
e
@
=}
=
g
=
2
3]
o
)

]
~
w©
—
&
—
=]
=
N
=
z
=
=

20 Centimes.

SWITZERLAND, 1887.

5 Centimes.

. 1214 Centimos (1896).
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