Chemicals from the Air, Vital on Farm and
Battlefield, a Triumph of the Laboratory

By Thomas M. Beck

BOUT fifty years Chile
waged a var

ol conquest against Peru

and as the only spoils af victory

received a large stretch ot sandy

desert This desert was quite val
uable, however since beneath s
surtace lay immense beds o
soft sandy rock that consisted o

the extent of about hall its weight
of two valuable chemicals sodium
nilrate and potassium nitrate
There were no other reserves >i
nitrates anywhere else 1n the
world, and Chile proceeded to
make the most of its monopoly

Assured of a large and continual
source of the
Chileans settled back to lead easy
and prosperous lives But during
the last fitteen resuit
of the activity of o lew German
chemists and engineers they have
seen these nitrate beds become al-
most a national liability and are
now facing the paintul problem of
trying lo find some new source of
income for the country

But before going on with this
story. it might be well to explain
why nitrates are so important The
element nitrogen is an important
component of all living material
And while the air around us is
four-fifths nitrogen this nitrogen is
uncombined with other elements
and happens to be too unreactive
to be assimilated by living mat-
ter. and so might just as well not
be there. In order to be usetul
to plants and animals. it must be
"fixed,” that is, combined with
certain elements. The two most
important forms of combined nitro-
gen are ammonia (NH;) and nitric
acid (HNO;). Both of these and
especially ammonia, are needed tc
supply the ever increasing world
demand for fertilizers; and nitric
acid has the additional value of
being the one essential ingredient
in the manufacture of all explo-
sives. Prior to obout thirty years
ago, most of the world's ammonia
was obtdined as a by-product
from the manulacture of coal gas
and coke, while the source of the
nitric acid was Chilean nitrate.

But it was a fact that the sources
of such highly essential commodi-
ties would some day be exhausted
At the start of the century the
great British physicist, Crookes,
painted a most gloomy picture ot
the white race, immersed in an
ocean of nitrogen, starving to death

national income
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Airplane view of a wrecked nitrate plant at Oppau. Germany.

The tactory was demolished by a terrific

explosion. the exact cause of which never has been accurately determined. Scores of workers were killed.

and the property loss ran into millions.
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for lack of it in the right torm. This
dreadful prospect spurred many
scientists on to try to find some
means of tapping the limitless res-
ervoir of air. The first commer-
cially practical method known as
the Birkeland-Eyde process was
first put into operation about 1905
It consists of blowing wind through
1 huge electric arc At the incon-
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Diagram showing nitrate extraction formule now in use.

ceivably high temperature ol ths
arc the nitrogen and the oxygen
of the air combine to the extent oi
a few per cent, to form a colorless
gas known as nitric oxide The
mixture is cooled rapidly where-
upon the nitric oxide combines
with some of the rest of the oxygen
forming nitrogen peroxide an un-
pleasant red gas. This gas, still
mixed with air, is then bubbled
through hot water, which converts
it into nitric acid  This method
while leaving nothing to be desired
in the way of cheapness and avail-
ability of its raw materials unfor-
tunately requires a tremendous
amount of electrical power to run
the arc About 70,000 kilowatt
hours are used up for each ton st
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tixed Consequently, the
process is nearly obsolete at pres-
ent It is used only in a few out
ot the way places in Norway
where there is a lot of water power
and not much else to use it for.
A second method is the cyana:
mide process, developed in 1908
Calcium carbide is the raw mate-
rial. This substance is well known
for its power to generate the in
inflammable acetylene gas when
mixed with water and is prepared
by heating lime and coke in an
electric furnace When heated to
2000°F. and a current of nitrogén
passed over it, the carbide ab
sorbs the gas to form calcium
cyanamide which in turn @ on
treatment with water yields am
monia This method which is the
one which the Muscle Shoals
plant built uses only a fifth
ot the power that the Birkeland-
Eyde process does but it is not
quite so efficient as the later Ha-
ber process. However, it is by no
means obsolete at the present time
Since ammonia is a compound
of nitrogen and hydrogen, the
obvious method of trying to pre-
pare it would seem to be that of
bringing these two elements to-
gether and making them stick.
The late Prof Haber undertook
this problem about thirty years ago
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Here is a typical natural nitrate plant in Chile.

In the toreground are shown the settling vats and piles ot

refined nitrate, ready to be loaded into cars or ships and transported to market.

in Germany. and while he tound
that its solution was a theoretical
possibility, the practical difficulties
were great enough to make com-
mercial application rather improb
able

But in 1914 came the World war
ond the British fleet blockaded
Germany in the confident hope of
shutting off its supply of nitrates
and therefore of its munitions Con
sequently it became imperative tor
the Germans to investigate fully
every possible source of nitrogen
fixation. Great sums of
were placed at Haber's disposal
and within a year or so he had de
veloped a beautiful method ot syn
thesizing ammonia thereby
ing the Fatherland from any tur-
ther worry about a possible muni
tions shortage.

It may be of interest at this time
to mention the subsequent fate of
Haber This outstanding scientist
who had rendered a greater serv-
ice to his country in its hour of
need than any one else. was com-
pelled to resign his positions and
honors early last year because
certain authorities telt that he was
incapable of becoming a good Ger-
man. He retired to Switzerland
where he died shortly afterward.

This process of combining nitro-
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The late Dr. Frederick Habe:. dis-
tinguished German scientist, who

during the war developed a
method of producing nitrates from
the air.

gen and hydrogen involves all
manner of technical difficulties
Haber had figured out that the

reaction gave the best yields at
very high pressures and low tem-
peratures. But at low temperatures
it goes on at an immeasurably slow
rate, and Germany could not afford
to wait a thousand years for its
fixed nitrogen. Consequentily it bs-
came necessary to find a catalyst
for the reaction. A catalyst is a
substance the presence of which
speeds up a redction in some mys-
terious way without itsell under-
going any permanent change The
one chosen for this reaction was o
special form of powdered iron.

Now the chiet trouble in using
catalysts is the fact that they are
delicate things and are very easily
poisoned by the presence of traces
of certain impurities This particu-
lar iron catalyst proved to be un-
usually sensitive toward these poi-
sons and it was necessary to ex
pend vast amounts of ingenuity
and labor to find ways of prepar-
ing super-pure nitrogen and hydro-
gen. It was found that the best
yield of ammonia could be ob-
tained by running the reaction at
1000°F and under several thou-
sand pounds pressure. Under these
conditions, the hydrogen weakened
the steel walls of the container,
with the result that the whole plant
occasionally blew up, but the en-
gineers = eventually solved this
problem

Of ‘course, ammonia is not nitric
acid. the parent of explosives, so
the whole process would have
been from a wartime
standpoint had it not been for the
simultaneous development of the
Ostwald method of making this
change Ammonia when mixed
with air and passed over a cata-
lyst of hot platinum. is burned to
nitric acid Since this reactioa
gives oft a lot of heat
is needed tor it. All that is neces-
sary is that the ammonia be dilut
ed with the correct amount of air to
keep the platinum at exactly the
right temperature
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return of peace, the
Germans had the trick of fixing
nitrogen so well worked out that
they were able to challenge the
Chilean monopoly. The natural

nitrate magnates tought back with
every trick that they could think
of. such as price fixing and output
restriction. but all they succeeded
in doing was to encourage their
rivals’ The result is
shown by the Chileans share of
the world nitrogen market which
dropped from 65 per cent in 1908
to 50 per cent in 1913 to 20 pe:
cent in 1927 and to 10 per cent in
1931  So it would appear that
Prof Crookes dire prophecies were
groundless. Instead, worried bank
ers gather together these days and
try to figure out what can possibly
be done with the world's surplus
fixed nitrogen
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Scientific Queries
Answered

Mr. Beck will be glad to answer
questions of scientific nature.
Address Thomas M. Beck, Graphic
Section, Chicage Tribune. For
personal reply. inclose stamped.
oddressed envelope.

Recently | have been reading
about a new synthetic rubber that
is being prepared Is this a result
of the work that Edison was doing
some years back? —R. R. L. Chi-
cago.

No. Edison was looking for a
new source of natural rubber. This
new rubber differs chemically from
the natural product and perhaps
should be called an imitation
rather than a synthetic rubber.
This does not imply that it is in-
ferior to the natural product As
a matter of fact, in some respects
it appears to be superior, but it is
still too expensive to find any great
general use.

How do the refineries recover or
separate the gold in jewelry from
the base metals? — E. R Chi-
cago.

The lower metals. such as cop-
per can be removed by heating
the alloy with sulphur, nitre or
some such oxidizing agent The
silver is separated from the gold
on a large scale by complex elec-
trical methods; on a small scale, by
treatment with sulphuric acid or
with aqua regia (a mixture of
nitric and hydrochloric acids).

Are the difterently colored neon
lights all made by using the same
neon gas?—C W H. Danville Iil

No. Neon itself produces only
the red color. Other colors must be
made by using other gases.

Jap Police

Radio Car | More Consecutive Twins

Tokio

of the fleet. The radio receiver

(Acme photo,)

OLICE ot Japan, recentiy i
radio squad cars for patrol duty

gets
sent out at intervals trom the police radic station, and a radio telephone
in the car enables the police on patrol to call headquarters

wuve peen equipped with two-way

first car
and bulletins

I'his picture shows the

the special calls

at any time

Most American city police departments now have radio equipped squad
cars. but few of them are two-way radios.

as
consecutive twins.

'I‘HES.E children,

you may guess
At the right are Otto and Robert Born. who

compose two more teams ol

will be 11 years old next December 27th. At left are Alired and Alma
Born, who were 13 years old on September S5th. They are the children

of Mr. and Mrs. E. Born of 1827 West 34th place, Chicago

Since the

first picture of consecutive twins appeared in these columns several
weeks ago, the pictures of nine more pairs have been received.
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