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I, General S o
The nitrogen problem is somewhat different fron the problems we
face with reference to other raw materials with which this country is
not amply supplied, as for instance tin, far there is an unlimited supply
of nitrogen as such always and everywhare availsble. Vhen we remember
that four-fifths of the air we breathe is nitrogén, and that all nitrogen
consumed returns to the air, we realize that we haie an inexhaustible
sqpply constantly at hand.
The problem, therefore, is to make this supply available in the
form and quantity desired. Nitrogen by itself doss not fulfill our wants.
It is necessary first, that the air nitrogen be fixed to soms other elasment
and then, that this cormbination be converted into the particular substance
desired. Until recent years, however, human efforts were not able to fix
nitrogen to some other element. And they were only s@ble to change the form
of nitrogen compounds to g very small extent. But witjhin the last— few years
scientific xmowledge has so advanced that we are now able to accomplish
both these objectives. |
. Hature is constantly at work fixing air nitrogen and it is the
deposits resulting from such work of nature thru the ages that have been
and still are owr mgin source of supply. The mresent day solution %o the
nitrogen problem from the standpoint of supply is therefore dependent upon
nature's present anl past activities as well as upon the works of man,
While fixed nitrogen is essential to present day warfare for strictly
military purposes, it is equally necessary to the presemt dsy peace time
life of the ngtion. In time of war requirements for ﬁhis latter purpose
mist still be mete It follows that a military discussion of the nifrogen
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problem requires & round-up from both the military and the commercial

standpo ints.

11,  Egrly History.

The: nitrogen problem in national preparedness is not a new
onss It is probably the oldest problem in mmnitions supply with which
ermies of civilized nations have had to struggle. It is, in fact, the

r

mother.

Nitrogen does not readily combine with other elements. And
ofter it is combined it is extremely prone to decomposition with the
almost instantaneous development of heat anl gas - which mean explosive
force. It is this quality which has made nitrogen so importent in the
explosives field for many centuries, and it is still vital to their
; production.

History tells us that the alchemists of the 8th century knew
of mixtures of substances which would burn so qui_ckly as to develop
explosive force. The essential substance in such mixtures was & nitrogen
compound known in the earlier days as salt petre, but known today as
potassium nitrate.

The people of that day worked under the same incentives as
~ the people of tosday. They were always in danger of war and consequently
- were glways endeavoring to find mean@ by which they could defeat the
enemy. They realized that the force containsgd .’m this new substance
would be very helpful if it could be applied against the enemy and they
set abom_; developing methods of harnessing ite. We do not hear of its

use in battle ungil sbout 1250; when one 0f the Buropesn armies burned

‘powder in a gun for the purpose of hurling a projectile against the enemy.
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This started a new ers in warfare. It was the first major gppli-
cation to werfare of the combination of chemistry, mechabics, ani engineer-
ing. .Since that day armies have realized the tremendous power stored in
chemical;: ard have constantly endeavored to utilize more and more of this
force thru the medium of mechenical, electrical and other scientific de-
velopmentss

The use of powder immediately produced serious problems for the
armies of the middle ages, especially in the matter of nitrogen. the
powder consisted of a mixture of potassium nitrate, charcoal and sulphur.
The two latter substances could be generally obtained. Buf, potassium
nitrate'was not so readily availablees The only important deposits are
loeated in India, and their usefulness depended upon a nation's ability

t0 keep open the trade routese

The armies of this period were therefore censtantly faced with
the problem of providing a supply of this essential raw material, And
they apparently endeavored to solve this raw material problen in about
the same way that we are trying to solve it fo-day; first, by maintéining
the availsbility of the foreign source; second, by developing a domestic
source; third, by developing substitutes; anl fourth, by maintaining
reservese

It so happens that smimal liquids contain considersble nitrogen
in thé form of ammonia., Wood ashes contain potassium. In the presence of
limgstone these two materials gradually combine and form potassium nitrate.
In gpplication of this pril;ciple "nitrate farms" have for several hundred
years been relied upon especially in time of war to convert smmal liquids

intoeupo tassium‘nitrate. This was their domestic source.
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His tory states that in France, during the wars of ths Revolu-
tion, when nitrate from Indis was not obtainable, the process of rumning
nitrate farms was made qompulsory by a decree of the convention and that
some 2,000 tons of potassium nitrate per year were obtained. '

At an earlier date, every land owner in Sweden was obliged %0
Afurnish the government each year a certain quantity of home made salt
petre, and we are told that all sorts of animal refuse Were‘used up
in special "salt petre plantations™ and that about 100 tons were
obtained pe year. This was a combination sodubicon o £ war resverves and
home industrye

In owr own country dwring the Civil War, ther south had to rely
in great measure upon similar farmé for the production of nitrates
for powders

During the Crimean War when Russia was prohibi ted from obtain-
ing nitrate from India due to Great Britain's participation therein,

a process was developed for making potassiuin nitrate from sodium nitrate.
This was & majar operation in substitution.

For 600 years, or from 1250 %o 1875, black powder coniinued as
practically the sols explosive used in warfare and all efforts were
towards increased anl more efficient use of ite Bup from 1875 to the
present date the development of powder and explosives has bean very
rapide Knowledge for some time had been growing end by this time was
quite wgli advanced, which allowed of the manufacture of other explosive
compounds of nitrogen such as nitroglycerine powder, nitrocelluose pow-
der, T.N.T., dynsmite, explosive "D" amd 21l the rest. It is interest-
ing to -no*be that we were still _usiné black powder as our principal pro-

pellant in the Spgnish War. Smokeless powder was only invented sbouf
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1886, and did not come into general use until the beginning of the present

century.

III, Requirements of Nitrogenm.

1, For strictly military purposes.

With the development of the nitrification of cotton. foluol, glycerine,
etCe, and their tremendous consumption in shell, mines, bombs, etc., the demand
for suitable fixed nitrogen compéunds for war purposes has very materially
increaseds

We have already seen how Sweden by its farms was ablet 0 produce only
some 100 tons of nitrate per yvear, which would equal gbout 14 tons of nitro-
£0n

In the Napoleonic wars, France produced 2,000 tons of nitrate per year,
equal to 280 tons of nitrogen or over 20 times Sweden's conswumption.

With the man-power, armament and rate of fire i.n effect at the time of
the World War armistice, one division required for its powder anl explosives
apprroximately 2500 tons of fixed nitrogen per year or nsarly ten times the
smount used by the entire French Army per year during the French Revolutionary
DPeriod. ;

A study of lr. Crowell's "America's Munitions" shows quite conclusively
how extremely large has been the increase in the rate of fire of ammnition
and in thev total consumption thereof. It shows that during one month of 1918
(which was the average of the year 1918) the French amd British consumed over
fwo and ong-half times the mumber of rounds of artillery ammmnition that wers

consumed by the Union Forces during the entire Civil War. This would in

~gengral correspond t0 & ratio of 12 o 1. But due to the increased use of
& % _R_‘




explosives, the proportionate consumption of nitrogen is s1ll greaters
During the year 1918 we:were consuming inorganic nitrogen in the
United States ot the rate of some 420,000 tons and of this over 66%
was for strietly military purposes. This consumption for military pur-
poses alone was nearly 1,000 times the French consumption during the
Napoleonic warse
It is difficult to forecast what our requirements for nitrogen
for strictly military purposes will be in & fubture war as they will
in great measure depend upon the enemy or combination of enemies that
we. are called upon to fighte But based upon the experiences of the past
there is every reason to believe that fulure requirements in & major

war effort will be materially greater than the already gigantic demande.

2e For industrial purposess
The demand for fixed nitrogen for peace pursuits can be divided
into two main classes:

() fertilizers
(b) the chemical industrye

() Nitrogen for fertilizers-

The three essential elements ofa complete plant food are
fixed mitrogen, phosphoric acid and potassiume And of these three,
nitrogen is claimed to be the most important and it is the most ex=-
pensive.

Fertilizer has, since the earliest days of human history,
been used in the growing of plents. In the first instances it consisted
in plecing back on the farm the droppings of animels as ﬁll as the re-
mains o}f cropss s chemical development has progressed, however, study
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has been made of just what elements are needed and in what form they
should be used to properly sustain and develop plant life. As a re=-
sult of this, knowledge has been gained as to the inorganic or mineral
materials that can be used to augment as fertilizers the organic sub-
stances previously useds One such substance is fixed nitrogen in one
form or anothers

Food must be raised in war as well as in peace. But due to
the decrease in ferm hands through their enrollment in the army and
through their employment in munitions and wer plants of various kinds,
it may be difficult to Wolrk as many acrese In time of war it may therew
fore be necessary to raise more crops per acre, per men. And the only
way this can be accomplished is through the more sbundant use of
fertilizere

Iimust also be remembered that the present civilization is
demanding more from the farms. A constantly increé,sing percentage of
our population is 1iving in cities and purchasing their food stuffs
rather then raising thems. In addition the natural deposits of plant
food in our used soils are constantly decreasinge *he result is that
more and more fertilizer must be used in the form of inorganic materials
end especially fixed nitrogen.v

The first use of inorganic menures occured about 1850 as a
result of German research developmeﬁt and it was some 25 or 30 years
leter that the use was teken up extensively in the United States. It
has expanded very rapidly until today the normel consumption smounts
to some 8,000,000 tons per yeares The corresponding normal nitrogen

content is about 200,000 tons, although due to the farm depression, in



the last few years, actual consumption has been lesss

(b) Nitrogen for the chemical industry-

FNitrogen is vital to that part of chemical industry con-
sisting essentially of domewtic explosives, refrigeration, the manu-
facture of dyes, artificial leather, photographic films, @lluloid,
and other products of nitrated cottone
‘We all know of the field of domestic explosives = how they
are being used in constantly increasing emounts to mine metal ores,
coal, rock, etce., to displace human labor in the excavation of ditches
and found&tidns, the planting and cutting of trees, etcs., = and we
know how important it is that this use be provided for in time of ware
The principel material used in refrigeration is ammonia,
which is sabout 80% nitrogene Refrigeration is constantly increasing
during peace and in time of war it jumps very rapidlye
The manufacture of dyes, artificial leather, photographic
films, celluloid and othepyproducts of nitrated co-b-boin is very much an
infant industry in the United States. It is, however, rapidly grow-
ing. Some parts of it could be dispensed with in time of war, but
meny could notes
This entire field is & product of the development of know-
ledge which é.llows us to nitrate certain bases by the use of nitric
acid, and was only started some 40 years ago. Its growth was at first
slow, but in later years, the progress has been more rapid ’urrbil todey

over 100,000 tons of fixed rﬁ;trogen are consumed per annume
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As a general statement of the rate of growth of the use of
inorganic mitrogen it seems to be the experience of the world that it
doubles every ten yearse

IV. Sources of Nitrogene.

Excluding organic nitrogen, the great part of which is used as food
and nearly all the balance as home farm fertilizer, we are dependent for
our supply of nitrogen on =

(1) By-product coke ovens and ges works
(2) Chilean nitrate

(3) Nitrogen fixation.

le Nitrogen from By-product coke ovens and gas works:

At present this is the main source of inorganic mibrogen in
the United Statese By=product coke ovens are most important to the future
of America.

Coke is produced from bituminous or soft coal by driving off
from the la’c*l';er all of the volatiles and reteining only the carbon and
ashe The coking of coal was developed with the iron inﬂustry, coke being
necessarily in the blast furnace +to fonﬁ pig irone In the early days
coal was coked in bee<hive ovens in which the .coal was heated sufficiently
by the Burning of a portion of it to drive off the volatiles. These '
volatiles amounting to approximately 28% of the weight of the coal are,
however, extremely valueble and in recent years steps have been teken to
capture them through the use of by-product coke ovens. 4As compared with
the production of approximately 65 ton of coke from a ton of coal by the
bee=hive process - a by=product oven will produce approximately 472

tons of coke (or 10 per cent more) end in addition some 4 pounds of fix-
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ed nitrogen in the form of emmonia, 10 gallons of tar, 5000 cubic feet
of gas and 22 gellons of light oil or motor spirite All of these are

valusble and in general terms the value of the products from this oven
is about 50% grester than from the bee=hive ovens The light oils can

be used as motor spirit in time of peace and furnish toluol and benzol
'for the menufacture of explosives in time of ware.

By-product ovens were developed by the Germans and were first
introduced into America in 1893. From this time until 1914 when the
World Wer started, development was such that énly approximately 25% of
the total coke used in the United States was coked thereine Since
then the inerease has been rapid. Growth was developed during 1915
end 1916 by the purchase by the Allies of the by-products at excessive
prices. In 1917 and 1918 the Ordnance Depariment, in order to obtain
increased sﬁpplies of toluol and ammonia, further spurred on the
sortruction of by-product ovens. 4s e result of these efforts and com-
merical growth, the country is{ at present coking in by=-product ovens
some 75% of all of its cokes

The construction of ovens in exeess of demands for their
main product - coke, and simply to obtain such valuable military by-
products as nitrogen, and toluol, could only be justified as Qn extreme
war messure as the initial cost &s very high, the time of construction
long = and the éalve.ge value for other purposes negligiblee.

Today the United States is getting about half of its peace-
time inorgenic nitrogen requirements from coke ovens.

Nitrogen is produced in gas works from coal in & manner
‘simi(la.r to the bpsproduct ovene The quantity is relatively smg.ll.
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2e¢ Nitrate 9_{ Soda from Chile.

The rainless deserts of Northern Chile contain a vast sup-
ply of raw material called “caliche" from which the commercial salt
known as nitrate of soda or Chile Saltpetre is refined. It is estimeted
that there are some 200,000,000 tons of nitrate available from known
supplies of caliche. Production averages ébout 2P0Q ,000 tons annually.
&t this rate the known supply will be sufficient for one hundred yearse.
However, the explorations upon which these figures are based have not
been thdrough and it is possible that the existing reserves are con=-
siderably greeters It is constantly becoming more and more difficult,
however, to §btain the materiale In 1501 the average nitrate content
of the caliche refined amounted to 28%, 1909 it amounted to only 19%.
In 1881 the quantity of xmfimest nitrate produced by an individual
laborer was 73 tons per year while in 1911, it has fallen to 56 tonse

This supply of meterial has been of £remendous importance
in the development of the chemical, as well as of the fertilizer industrye
The present era of explosives, dyes, artificial leather, etc., is de-
pendent upon the reaction between some base and nitric acide And prac-
tigally all of the nitric acid menufactured up to thé‘World War - and
all of it used in that war, except by Germany, was madevfrom Chilean
Sodium Witratee. &nd even today practically entire dependence except by

Germany is had on this material for the manufacture of nitric acid.
We are at pfssent able, however, to manufacture nitric acid from
ammonia, although at increased cost, and our absolute depenﬁence upon

sodium nitrate is thus stoppede
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Again - sodium nitrate was practically the firs£ inorganic
nitrogen compound used in fertilizer, and today is very largely used
for this purposes

During the ’%rld Wear the United States was dependent upon
imported Chilean nitrate to supply over 75% of its inorganic nitrogen
demand, and imported during 1918 some 2,000,000 tons of nitrates. Today
the country obtains about half of its peace time requirements of nitro-
gen from Chile.

(3% Fization of Atmospheric Nitrogen.

Scientists have long recognized that the nitrogen supply of
the future will depend upon the fixation of atmospheric nitrogen. They
have been diligently working upon the solution of this proliem and heve
mede such progress that several methods are now in operation in various
parts of the worlde The three principal processes are:

a = The Arc processe
b = ‘he Cyenamid processe.

¢ = The Synthetic Ammonia processe

a - The Arc processe

The Arc process is the most direct of all processes and
consists of burning air in the intense heat of an electric arc. The
nitrogen of the air and the oxygen of the air are thus combined with the
formetion of an oxide of nitrogenes This latter can then be converted
into nitric seid and in turn into powder and explosives or can be con-
verted into sodium nitrate end other saltse

This process is well known throughout the world, but is
not in common use beceuse of the tremendous eamount of power requirede

To fix one ton of nitrogen by this process requims some 67,000 kewe hours
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of electridty, which are the equivalent of approximetely 10 howse power
st work constently throughout the yeer. There is one small arc plant
in the U.S., located in the State of Washingtons The real home of the
process is in Scandinevia where chesp water power existse

b - Cyanemid processe

Irn the Cyanamid process it is first necessary to mamu-
facture calcium carbide or the materiel in common useé for the production
of ascetylene gase The nitrogen of the air is separsted from the oxygé}}i‘\-\_
of the air by the liquid eir process and the nitrogen so obteined is
then combined with the calcium carbides %the resultant product is cyandmide
The cyanemid nitrogen can then be converted into emmonia nitrogen, then
into nitric acid, and then into nitrate nitrogens It cen elso be con-
verted into various other forms of nitrogen useful in rtilizers end
other productse This process is also well known throughout the worlde
Among others there are plants in Germany, Scendenevia, Japan and “anadae

This is the process installed in the govermment 's nitrate
plant Toe 2 located at liuscle Shoals, Ala., which was constructed during
the wer &t & cost of some $66,000,000. This plant cen fix yearly sbout
40,000 tons of nitrogen in '.f.‘he form of cyanamid, can convert all of this
into srmonia, can convert about half of the emmonisa :’Ln'boA nitric escid and
“4then cen combine the ammonia and nitric acid into the militery high
explosive smmonium nitrates

: In this process also the power consumption is highe To
fix one ton of\nitrogen requires about 15,000 K.W, hours, or about 2=-1/3

horsepower yearse To operate the Toe 2 plent requires e continuous
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supply of approximately 100,000 horsepowere It is interesting to note

. thet the chemicel part of this plent was ready to operate several months
before its mein stesm power plant was aveilebles In other words, power
wes the weak linke

¢ = Synthetic /Ammonia pProcesse

In the symthetic emmonia process the nitrogen of the
air is welded to hydrogen with the formetion of smmoniae It is also
known as the Haber processs

There are two ?rincipal methods of obtaining the
hydrogen which is the expensi;re element in this process = one by the
electrofysis of water and the other by breeking up water through the
use of coke, called the water gas Processe

1f the former method is used the process requiees
sbout s much power as the cyanemid processe If the letter method is
used, the power requirements are reduced to approximately one quertere

The synthetic process 1s looked upon at the presemt
time with the most favor by scientific mene It involves complicated
chemicel and engineering problems which are only partielly solved from
the standpoint of efficiency, but are sufficiently solved to meke the
process worke

The -synthetic process is in use in Germany, Frence end
Ttalye Since the Armistice three smell plents have been started in
the U, S. It is the process installed in U.S. Nitra-be Plant Hoe 1 at
Sheffield, Ale., which was the pilot plent in this countrys While it
did not work sa.tisfactorily, it showed the wey fof the construction of

the first commercial plant loceted st Syracuse, N.Ye The Noe 1 plant

e




e

(N

£
r

also conteins sub-plants for converting ammonia into nitric acid, for
concentrating nitric acid, and for manufacturing emmonium nitrate.

These sub=plen is were successfule

Ve Present Status of the Business of Nitrogen Fixation & Conversione

The development of nitrogen fixation and conversion is 2
result in great measure of the World Were It required this war to
bring home to the various nations the importance of nitrogen end their
dependence upon foreign sourcese It is interesting to note that Ger-
meny did not enter the war until she had developed two methods of
fixing nitrogen, namely, the cyanemid and the Hebere Today she leads‘the
world in nitrogen fixation and is entirely self-sustaininge

In this country we know how to fix nitrogen by several
processes and we know how to convert the nitrogen into the various
desired forms. However, the business of nitrogen fixation in America
is only in its infancye The nitrogen production from America's four
opereting plants is almost negligibles Nitrogen fixation.must Pight
the battle of economis with the nastural sources, or by-productg coke
ovens and Chilean nitrates. It has scientific devel&pments, an in-
créasing merket and @ecreasing supplies of the natural deposits in
its favor and it seems sure, therefore, in the long run to prapers

The sooner this result is brought ebout, the surer will be our solution

to the nitrogen probleme
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Vi. The Military Solution of the Nitrogen Problem.

The seme basic principle applies to the solution of the
nitrogen problem as applies to all the important items of supply
of & country at war, nemely, there must always be available sufficient
stocks to supply the country until such stocks can be replenisheds

In the nitrogen problem we heve nothing to fear unless we
are cut off from importetions from Chilee But inssmuch as this is possible
the solution assumes that we will be deprived of Chilean nitrates |

Our mein reliance in time of war for increased nitrogen
production would be in nitrogen fization plants. Experience indicates
that with proper plans it would require some 17 months to construct
new plants, deliver the products thereof to powder and exploéive plants,
menufacture -hhé powder and explosives, assemble them into srmunition
end finally deliver the latter to the firing line. Such plents could
be constiucted with sufficjent capacity to meet any reasonasble require-
ments.

Our problem, therefore, is to have alweys avaiiable the
necessery plans for such expansions and at the same time have aveaileble
the most economical combinetion of stocks plus production facilities
which will supply the country until the expensions are availeblee

Tt is obvious that many assumptions must be mede in order to
reach a solutions Any change in these assumptions gives & different
aNswere

let us assume thet domestic commercial production of nitro=-

gen plus commercial stocks of nitrogen materials would teke care of
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commercial demends in time of ware The Army would then have the problem
of taking care of its own needs. On this besis we must have under Army
control sufficient stocks of nitrogen plus production facilities to supply
our Army until we can erect new plants and deliver their products to the
firing linee.

Our requirements are dependent upon mobilization, armement and
rateof firee With these data we can develop our cumulative requirements.

The govermment has retained as a reserve to be available for war
time production nitrate Plant Noe 2. We know Wi‘bh: reasonable accuracy
the production by time we cen expect from this plante Under the essumption
made, this would be our only producing plant until the new plants Erodmmkiom
were sveilsble. The products from this plamt therefore give our cumulative
'production. '

Our stocks of nitrogen must be equel to the maximum difference
between cumuletive requirements and cumulative productions And these stocks
must be in a balanced conditicn, o.r, in other words, some must be as
nitraete of soda, some as powder and explosives and some as assembled emmuni-

tione

Just such & solution has been worked out by the Ordnance Depart-
ment and the Army is now reasonably prepered in nitrogens

In the days to come new soluhions must be worked out, and if, &s
seems probable, nitrogen fixation develops on & large commerciel basis, it
will not be necessery to retain Nitrate Plant Noe 2

The greet requisite to the maintenance of a nitrogen solution how-
ever is the development of knowledge in responsible officials of the frmy to

the end that they understand the ptoblem end have alweys availeble e well



plemmed out and up-to=-date solutions They must also be able to
mbdif‘y the solution to meet the changed condition that a major wer

will dmost surely develope
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