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the fourth lap began Jarrott led by a minute, and at
the fifth iap Gabriel was one minute ahead. But when
the sixth and last lap came, a chain accident put Ga-
briel out of the race, and Jarrott shot ahead. Zbrow-
ski and Mr. Vanderbilt, both Americans, finished
creditably. The times of the chief contestants for the
total distance of 512.41 kilometers are as follows:
Jarrott, 5h. 53m. 39s.; Gabriel, 6h. 2m. 45s.; Vander-
bilt, 6h. 22m. 11s.; Rigolly, 6h. 52m. 16s.; Zbrowski,
6h. 44m. 40s.; Girardot, 6h. 556m. 55s. After racing
512 kilometers Mr. Jarrott made a run of 100 kilome-
ters to Sedan to get a bed.

FORMATION OF THE DIAMOND BY THE ELECTRIC
FURNACE.
BY THE PARIS CORRESPONDENT OF THE SCIENTIFIC AMERICAN.

Among the important discoveries made by M.
Moissan with the electric furnace, none is more strik-
ing than the artificial production of the diamond.
While the specimens he obtained were of almost micro-
scopic size, it is none the less true that crystallized
carbon has been obtained, and it is the object of the
present article to show some of the steps in the process
and the results which were finally reached. Before
commencing the work M. Moissan made a series of re-
searches upon the different forms of carbon, both
those which occur in nature and the different varieties
oi graphite formed by the electric furnace. From
these studies he became convinced that if the diamond
could be reproduced, the first crystals obtained would
be of microscopic size.

It may be considered that the diamond of nature
has been formed in the midst of a liquid or pasty
mass, and the natural questicn is., what solvent has
been used for the carbon. M. Moissan found that iron
in fusion is the best solvent for carbon, and he was
led to search for the crystallization of carbon in melte:d
iron under high pressure. A meteoric iron from the
Diablo Cafion, Arizona, shows in the midst of the
metallic mass two small transparent diamonds. Here
nature seems to have been taken in the act. The iron
containing the carbon must have been at first in the
liquid state, and owing to a sudden cooling there oc-
curred a violent contraction of the mass, and the car-
bon passed from a density of 2.0 to that of 3.5, giving
the diamond. From these considerations M. Moissan
was led to the experiments in which he succeeded in
producing microscopic crystals of carbon which gave
all the characteristics of the diamond.

To carry this out he utilized the pressure produced
by the increase in volume of a mass of iron when pass-
ing from the liquid to the solid state. Solid iron, as
is well known, has a less density than the melted
metal; pig iron, for instance, floats on a bath of melted
iron. Like water, iron increases in volume at the mo-
ment of solidifying. The iron is now to be saturated
with carbon at a high temperature and then suddenly
cooled at the surface. The interior, while still liquid,
{s thus subjected to a high pressure. The iron must
be saturated with carbon at a high temperature, and
for this the electric furnace is used; the iron then
dissolves a great quantity of carbon which it afterward
abandons in the form of graphite or crystallized car-
bon. The electric furnace is of the type shown in the
engravings. A block of chalk or quicklime, having a
cover of the same material, contains a central cavity
for the carbon crucible. The carbons are moved back
and forth on their sliding supports and the arc is
formed just over the crucible. In the first experiment
15 ounces of soft Swedish iron were placed in the
crucible and covered with sugar-charcoal. The cruci-
ble is then heated under the arc with a current of 350
amperes at 600 volts; the cover of the furnace is re-
moved and the crucible taken out and plunged into
cold water. When cold, the metallic mass is attacked
by hydrochloric acid to dissolve all the iron, and there
remain three kinds of carbon; graphite, a brown-
colored carbon (such as was observed in the Diablo
Canon specimen) and lastly a very small quantity of
a denser carbon. All the carbon except the latter was
dissolved out by a series of reactions, and the portions
of very high density were separated by placing in
bromoform. This liquid has a density as high as 2.9,
and only the heavy particles fell to the bottom, consist-
ing of black and transparent diamonds. By using a
still denser liquid, the iodide of methy-
lene, which has a density of 3.4, the
black diamonds were made to float. and
only the transparent crystals fell to the
bottom. The former were first examin-
ed; under the microscope they have a
gray-black appearance and their density
is above 3. Some of them have well-
defined angles and approach the cubi-
cal form. They will easily scratch the
polished surface of a ruby. [t only re.
mained to burn them in oxygen., and
this was done by placing them on a sup-
port inside a platinum tube through
which a current of oxygen was passed;
the tube was heated to 1,20. deg. C. by
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were fouud to burn easily ip oxygen, giving car-
onic acid gas and leaving a trace of residue. The
transparent fragments were, of course, the most
interesting. They had the characteristic brilliant
appearance and oily luster of the unpolished dia-
mond. Their surface showed a number of parallel
striz. Some of them were round and others ap-
peared as broken fragments; others, again, were
cubical or of irregular form. The density of all
these specimens was about 3.5 (seeing that they sank
in" the iodide of methylene). They scratched the
ruby very deeply and could be burned in oxygen with
scarcely a trace of ash. The yield of crystallized
carbon is very small by this method, and a long series
of reactions must be made in order to obtain a minute
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quantity of the crystals. A second method was em-
ployed, using a small cylinder of soft iron which is
hored out and closed by a screw stopper. The cavity
fecrmed is nearly iilled with sugar carbon, which is
strongly compressed by the serew. A quantity of sott
ircn is melted in the crucible and the cylinder is quick-
ly plunged in the liquid bath. The crucible is then
talien out and plunged into a bucket of water. In the
meantime the cylinder has melted and the center of
the mass is saturated with carbon. By the sudden
cooling, a layer of solid iron is formed on the surface
of the mass, and when this crust is at low redness the
whole is taken out and cooled in the air. On breaking
the mass a portion rich in carbon is found at the center
in which are minute diamonds, both black and trans-
parent. One of the clear specimens measures nearly
0.02 inch and answers to all the tests for the diamond.
Another specimen was very pure and well crystallized.

It was found that by the water-cooling method the
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mass is surrounded by a layer of water vapor, and the
cooling takes place rather by radiation across the
vapor than by conduction, and is thus not rapid
enough. To cool the mass more quickly and give a
more sudden compression a bath of melted metal, pre-
ferably lead, was employed, and the resulting diamonds
were found to be of better quality. In this case the
crucible containing the iron, melted and saturated
with carbon at 3,000 deg. C., is quickly plunged to the
bottom of a bath of melted lead. The mass, which
was at first pasty, becomes liquid on cooling and sends
to the surface of the lead bath a number of small
globules of iron, like shot. These globules contain the
diamonds, which are separated as before. The strik-
ing point about this method is the brilliancy of the
specimens which are obtained. One of the transparent
diamonds whose diameter reached 0.02 inch, presented
a triangular form with rounded angles. A curious
fact is to he remarled in the case of this specimen;
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after three months it split into several fragments, and
a second specimen became almost reduced to powder.
This phenomenon is identical with that which occurs
with some of the Cape diamonds, and it may be at-
tributed to the unstable equilibrium of the mass which
has been formed at a high pressure. Some of the
specimens from the latter process are smooth and
brilliant, while others have a shagreen surface; widely
varying forms are obtained, from those which appear
to be an assemblage of crystalline masses to specimens
looking like a drop which has been suddenly solidified.
The shagreen surface of the latter is identical with
that of certain Brazil diamonds.

An interesting experiment was that of letting the
melted iron fall through a hole in the bottom of the
electric furnace in the form of globules or shot. Cne of
the carbons is hollow. and through it an iron rod can
be slid into the arc (Fig. 2). The melted globules
drop into a vessel of mercury placed underneath the
furnace. The spheres thus obtained gave black and
transparent diamonds; the latter were small, but re-
markably regular in form. Some of them were octa-
hedra, measuring less than 1-1000 inch in their greatest
length. One of the best methods is that of cooling the
mass by direct contact with solid metal. A block of
copper has a cylindrical hole bored in it in which fits a
stopper of the same metal. The iron saturated with
carbon is run into the Dblock and the hole quickly
corked; in this way the cooling is very rapid. When
c¢old the copper and the outer iren are turned oif in a
lathe and the diamonds are found in the interior. This
method gave a better yield and the specimens were
fine and transparent.
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Increased Ulse of Oil Fuel,
BY E. P. WATSON,

The discovery of new sources for the supply of fuel
oil has reawakened the possibility of using it in At-
lantic liners and other high speed vessels. The objec-
tions hitherto have been uncertainty as to the con-
tinuance of the present oil fields, the slight margin
of saving in comparison with coal in many localities,
and want of success in obtaining good results through
inexperience in the management of oil fuel, but these
disappear, in great part. with the apparently unlimited
production of the Texas and other new oil wells, and
new types or systems of burners which are an improve-
ment upon their predecessors. Many of the naval
powers are now fitting out war vessels to use oil fuel,
and others are experimenting with a view to its adop-
tion later on. The German Admiralty have used oil
on their China station for auxiliary purposes for
months in lieu of coal. The Hamburg-American Com-
pany has four ships using liquid fuel wholly, and the
North German Lloyvd two, while the Dutch mail and
cargo boats in the Far East employ oil solely as fuel.
There are over thirty depots, or stations now where
oil can be procured regularly by vessels, and more are
being laid down as rapidly as possible.

Oil fit for fuel purposes has the following chemical
composition: Carbon, 88 per cent; hydrogen, 10.75 per
cent; oxygen, 1.256 per cent. The two other impurities
present in the mass are water and sulphur. The ac-
tion of water is obvious, whiie the sulphur if free, not
in chemical combination, attacks both iron and steel,
and mechanical means to separate the water, if -oil is
used on ship-board, are mnecessary. Recent experi-
ments show that two tons of oil are equivalent to three
tons of coal. while by volume 36 cubic feet of oil are
equal.to sixty seven cubic feet of coal as ordinarily
stowed in bunlers. This increases the radius of action
of a war vessel 50 per cent upon the bunker weight
allotted and nearly 90 per cent upon the bunlker
space, without any alteration of the ship. It is also
urged in favor of oil that it is easily supplied in mid-
ocean—from transports—while coal presents great
difficulties under the same conditions. In commercial
work the gains predicted for oil vs. coal are surprising.
In high-speed ships the weight and space occupied by
the propelling machinery leave no room of any account
for freight. The change from coal to oil would add
nearly two thousand tons to the carrying capacity
of a given ship, while, as oil fires never have to be
cleaned. the speed would be constantly maintained.
With these and many other advantages in favor of
liquid fuel it is not unreasonable to
look for its general adoption in the
near future, both on land and sea.
Many locomotives are now ucing it, and
others are being built for oil service,
both in this country and abroad.
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Announcement is made that the
United States War Department has ar-
ranged with Ehrhardt. of Diisseldorf, to
re-arm the United States field artillery
with Ehrhardt’'s new piece. The gun
which the United States has acquired
the right to use is said to be an im-
provement on the models supplied to
Great Britain, of lighter weight and of
longer range,
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