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~he ~t.l~ogem problem is somewhat dif~e~en~ from the problem we 

~see with ~eferenee t o  o~har raw ~ t e r i a l s  w i th  ~b.tch this c~un t ry  is 

net a~ply s~ppl~e~, as fer instance tin, far there is am ~llmlted s~pply 

of nltro~en as such .always sm~ eve~/~he~e available. " ~hen we remember 

~h~_t f~-flf~hs of the ~ r  we b ~ e  is XL~L~;1"e~ anct ~;ha,~; all D.il;rOgS~l 

o ~  re~u~ ~ the alr~ we ~ealise ~hat we h~e an inexhaustible 

~ae problem, therefore, is to ~ke this supply available in ~he 

form sn~ ~u~ti~y des~1~e~, ~i~rogen by itself ~ not fUlfill, eu~ wants, 

I~ is necesssA-y fi~s% t h a t  the a~r nits~ogenbe'flxe~ to seine ether elemenl 

an~ th~ex, t h a t  ~ i s  combina t ion  b e  eonve~te~ i n t o  t h e  p ~ t i c u l s ~  sube t s~ee  

~esi~ed. Until ~e~ent yee~s, however, hums~ effo~ts were no~ able to fix 

~.l.l;rc)ge~ to seine o~he~ element. And the~ were only. able to e~=-~e t~e fc~m 

of nil;rogem ~eompounds ta ~ ve ry  maa!! e~tent, ~ut within the last few yea~,s 

s c i e n c e  k n o w l e ~ e  has so adva~ned t h a t  we a~e now a b l e  to accompl i sh  

bot;h these ob~ec~ives~ 

~at~e ..is eons~mtZy at we=~k flxing aln nlt~ogen ~d it is ~he 

~e~oaits ~esul.tin~ from such were of nature ~u ~he age~ th~ h~e been 

s~d  s t i l l  ~ e  o ~  m ~ n  s o ~ c e  of  ~ l ~ l y .  ~ e  I~esen% d ~  s o l u t i o n  ~e the  

~A~rege~.l~eblem ~ .the s~e.i~t of SuP~!y is ~ef¢~e de~e~emt upon 

z~e"s .~esent.a~ past activities ~s well as upon ~he w~k~ of ms~e 

~. _-While.flxednitrcgeez is essential.to ~resent da~ ws~fsre fc~ s.t~ietly 

~ ! i ~ a z 7  ~seS, !it is ~ l ! ~ l l y  necessaz~ to the ~rese~ ~ peace time 

life of ~he:~tion, ~./I~.~ime o~ wa~..requA~emen%s~or ~his latter ~u~pose 

, ~must s~l:X,~bemet.~ :_I~ ~ fellow~-~ ~ha ta  ~ ! i ~ a z 7  ~ise~ssion o f  the ZLI.~WOge~ 

_~- 
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a ~ l ~  ints. 

from b o t h  @he milit~ and the co~,mgrclal 

nitrogen problem i~ Dational l~reps~edness is not a new • 

one, I t - i s  probably the oldest probl~n in munitions supply with which 

armies of civilized n a t i o n s  have had %0 struggle. 

motor. 

It is, in fact, t h e  

N i t r o g e n  does no~ r e s ~ l y  combine w i t h  oth.e~ elements, And 

a f t e r  i t  i s  combined i t  i s  e x t r e m e l y  p r o n e  to  d e c o m p o s i t i o n  w i t h  t h e  

a 3 n o e t  i n s t a n t a n e o u s  develolxnent  o f  h e a t  = ~  gas  - which mean e x p l o s i v e  

force. I~ is this quali1~ which hss male nitrogen so importer in the 

explosives fiel~ for many ce~tu~ies~ sn~ it is still vital 1o ~heir 

production.. 

_. History tells us that the alchemists of the 8th centuw~ knew 

of mix~e~ of subslances which would burn so q u i o k l y  as ~o d~velop 

ex~ loa t~e  f o r ce ,  'J~.e e s s e n t i a l  subs~an=e i n  such mixtmrea was a n i t r o g e n  

compound ~ in the earlle~ d~ys as sa~It pe~e, bu~ known to da~ as 

pob~slum n~ate. 

~he people of tha~ d~ worEei under the same incentives as 

the pesple of t~1~V. ~eY m,~e alws,?s in &roger of tar and consequently 

wm, e_aZws .a   em,oz,J.  mean  which oou  defeat 

enemy, ~ e y  r e ~ : s e d  ~hat the f o r c e  oan~ainel In this new subslanae 

wculdbe v eryhelpful if i~ could be applied s~ainst the es~emy aria ~h~ 

s~ abou$ ~e~ping methods of harnes slng i~. We do not hesr of its 

use in b&t%!e ~ I  s~ou% I~, when one Of the ]~Ar~ean sz~les buz~ned 
. " : . . . .  ~ ; : . ;  . -  ; . .  . ; " _ . • . . • : , . . ~  • . . : .  • : .: - :  . .  • 

l~wde~ i n  a ~n f 'or the purpose o f  h u r l i n g  a projectile agalns~ the enem~. 



• ,ili l/!ii ~ ~i • • 

s rted a era in   f re. was the  zrst major 

cation to ws~f~re of the omnbination of chemis~, meo~.e~Os, a~d eng~ee~- 

i ~ *  :.,~ince ~ d ~  armies have rea l i zed  the ~:remend.o~ power stored i n  

chemicals a~i have ~ons~antly endeavored to utilize more a~l more o f  this 

force ~hru the medium of mechs~ieal, elec@rical an~ o ~ - ~  scientific de- 

velopmem~s. 

~ e  use of powder i~mextiately produced serious problems for  ~,he 

armies o f  the middle ages, e~pecia l ly  in  ~he matter o f  n i t rogen.  The 

po~le~ co~sis~ed of a mix ture  o f  potassium ~ i ~ r a t e ,  charcoal a~ l  sulphur. 

~he two latter substances could be gene~ally ob~aiued. But potassium 

hi.ate was not so rea~lily available. ~e only important deposits s~e 

lo~t~l in India, an~ t h e i r  usefulness depended =pon- a nation's ability 

to keep open the trade rou~es. . 

~e a~miee of this p~riod were ~ , e f o r e  c~nstantly faced wi~h 

the px~blem of l~rovidlng a supply of this essential raw m~terial~ An~ 

~hey aPParently endeavored tO solve this rs~ material problem in abou~ 

t~e same w ~  t t ~ t  we a re  t ~ n g  %o solve i t  ~ o - d ~ ;  f i r s t ,  by ~ in t&~utn~ 

~he avail~bili~ of the foreign source; seecn~, by developing a dcmee~Lo 

source; th1~d~ by developing substitutes; a~ fo~r~, by m~in~aining 

r o s ~ v ' e s  • . - 

I~ so happens ~hal e~tz~!  l i q u i d s  c~talu c~s i~e rab lo  n t t ro~e~ 

i n  "1~6 form Of ammonia. : ~ood ashes oc~Lta~n pot~sstr~__; In  the preseuce o f  

limesl~ne~ ~ese  ~ ms~ert~ls gra~a~!!~r- ~ l ) i m )  ariel fo rm petmsatum z~L~a~e, 

In applic~ian of ~is ~rlnc!p!e "nAVahO fs~ms:, have for sev~ .oral h~ndre~ 

3"m~/S "be~.n r e l i c 1  ~ o n  ~ e c i a l ! y  i n  t ime o f  wa~ to . o o m r ~  ea~maZ ! ! q u i ~  

. i n ~ o ~ , s s t u m  ni~a~e; ~iS was the!r d ~ e t l e  .SOurce. _ . .  :. ~.-_~_~ 
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His t~ S~teS %hat in ~ance, duri~ the ~Ts of the Revolu- 

tlon,~when hi,rateIT an India was not ettainat!e, the p~eess ef x-,-~ng 

nitrate fazms was made compulsory by a deeree of the convention s~i that 

some 2.000 tens of potassSum nitrate per year were ettsined. 

At an earliav date, every land c~ner in ~vedsn was obliged to 

furnish the government each year a certain quantity of home made salt 

~e.~e, ~nd we are ~oI~ %hat all surts of animal refuse were use~ up 

in special "salt pedro pl~ntations" ~ that about I00 tens wave 

obtained per y eem. This was a combination~~of ~m~ ~eserves a~ 

home in~us try. 

In our ~ country ~uriug the 0ivi!~ar, the south hal to rely 

in ~reat measume upon similar fsmms for the production of' nit~ates 
. < . 

fo r  poW~!er. 

~ n g  the ~Imes~ ~sr ~en Russia ~ s  prohibi te~ from ottain- 

ing nitrate from India d~e to @re~t ~i taln~s pa~ticlpatien ~ i~ , r~ ,  

Dzooess .was ~evelo~el for ms~in~ l~tsssium nitrate from sodium ~i~ate.  

~ e  wa~a ~ j ~ "  operation in substitution. 

.... ~or 600 Y~S, or from IS~ ~ to 1875, tl~ powder continued as 

praotioslly the sole ex~losi~e u s e d ,  in ~mrfs~e an~all e~forts were 

• ~ards inc~ease~ a=l more efficient-use of i t .  Bu~ from 1875 to the 

present date the development of l~wder s~i explosives h~s teen v ~  

rs3~i~. ~led~e for some tir%9~ had teen ~owi~ ~,,i Toy this time was 

..... .. qui e sdv ea, anm,ea ot er  loslve 

:. ......... compounds of nitrogen such as ni~roglyce~-ine~P~, ~ ni~ooelluose-~ow,~,., 

:/i .:. a.~: ~.N.T-.~ av"m"~te, explosive."])'.'.-s~ml ~11: t h e r e s t .  ItiS interest- 
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• ! B 8 6 1 ,  az~l did not- ccme into general, use • untll the beginning of the present 

~ I I ,  Reuuir~nts ~f' Nippon. 

• . : -• i • 

I. For strictly milltary purposes. 

With the development of the nitrification of cotton. %oluol, glycerine, 

ere,, a~zl thei~ J~emendpus consumption in shell, mines, b~mbs, eto., the d ~  

for suitable fixed n$~rogen comp~uncls for war purposes has very m~te~ial~v 

increased. 

We have alread~ seen how ~edma by its farms was abler o produce only  
L 

some I00 tons of nitrate per yes~, which would equal about 14 tons of nitro- 

ge~. 

In the ITapoleonic wars, Prance produced 2.000 tons of nitrate per year, 

equal to 280 t o n s  o f  n i t r o g e n  or over 20 t imes Sweden.'s consmnption. 

• ith %he man-power. ~msment az~l rate of fire in effec~ at the time of 

the ~Vorld War armistice, one division required for its powder a~i explosives 

apl~oximately 2500 tons, of fixed nitrogen per year or nearly ten tlmes'the 

amount u s ~  by ~he e n t i ~ e  ~ e m c h  Arn~ per yea~ ~ r i n g  the French 2 e v o l g t i e ~ y  

~erie~. 

~-study of ~r, ~owell's ',Americals I~p~Litions" shows quite conclusively 

how exi~emely is~ge Ires bee~ the in,ease in the rate of fire of ammunition 

an~ An ~he total cunsumptien %hereof. 1% shows ~t during one month of 1918 

(~hich W~s the average of the year 19.181. the French a~ British consumed over 

two ~ one-half time @he ~ , l - , e r  of rounds of s~till~ ~mnnition "~at were 
- 7~ " ~ -  . / ' : / ; -  ~ .  ~ .~  - ~ : : . , " . . . - ~ ~ c  5 ~  • : " ~ 

consumed by" %heUn!on Forces during the entire ~ivll W~r, ~his would in 

. ( ~ e n ~ s , l -  c0r~ esp~n~! to ~ ra~io o~ 120 ~o i. But ~ne to the increasecl use of 
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explosives, the proportionate consumption of nitrogen is ~ill greater, 

During the year 1918 we~were consuming inorganic nitrogen in the 

United States at the rate of some 420,000 tons and of this over 80% 

was for strictly military purposes. This consumption for military pur- 

poses alone was nearly 1,000 times the ~nch consumption during the 

Napoleonic wars. 

It is difficult to forecast what our requirements for nitrogen 

for strictly military purposes will be in a future war as they will 

in great measure depend upon the enemy or combination of enemies that 

we. are called upon to fight. But based upon the experiences of the past 

there is every reason to believe that ihfoure requirements in a major 

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

2. For industrial purposes. 

The. demand for fixed nitrogen for peace pursuits can be divided 

into two main classes: 

(a) fertilizers 
(b) the chemical industry. 

(a) Nitrogen for fertilizers- 

The three essential elements oSa complete plant food are 

fixed aitrogen, phosphoric acid and potassium. And df these three, 

nitrogen is claimed to be the most important and it is the most ex- 

I:~ ns lye • 

Fertilizer has, since the earliest days of hmnan history, 

been used in the growing of plants. In the first instances it consisted 

in placing back' on the~ farm the droppings of animals as well as the re- 

~-~ns. of.~ crops.~ _-As. chemical~ _ development, has progressed, however, study 

- . ?.6me 
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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. ~s 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 used. One such substance is fixed nitrogen in one 

form or another. 

Food must be raised in war as well as in peace. But due to 

the aacrease in farm hands through their enrollment in the army and 

through their employment in munitions and war plants of various kinds j 
f 

it may be difficult to work as mar~r acres. In time of war it may there- 

fore be necessary to raise more crops per acre, per man. And the only 

way this can be accomplished is through the more abundant use of 

fertilizer. 

• l~4nust also be remembered that the present civilization is 

demanding more from the farms. A constantly increasing percentage of 

our population is living in cities and purchasing their food stuffs 

rather than raisin@ them, In addition the natural deposits of plant 

food in our used soils are constantly decreasing, ihe result is that 

more and more fertilizer must be used in the form of inorganic materials 

and especially fixed nitregene 

The first use of inorganic manures occured about 1850 as a 

result of German research development and it was some 28 or 30 years 

later that the use was taken up extensively in the United States. It 

hasexpanded very rapidly umtil today the normal consumption smounts 

to some 8,000,000 tons per year. The corresponding normal nitrogen 

content is abo~ 200jO00 tons, although due to the farm depression, in 
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the last fewyears• actual consumptiQnhas been less. 

(b) Nitrogen for the chemical indus, try- 

Nitrogen is vital to that part of chemical industry con- 

sisting essentially of domewtic explosives, refrigeration, the manu- 

facture of dyes, artificial leather, photographic films, mlluloid• 

and other products of nitrated cotton. 

We all know of the field of domestic explosives - how they 

are being used in constantly increasing amounts to mine metal ores • 

coal• rock, etc., to displace human labor in the excavation of ditches 

and foundations, the planting and cutting of trees, etc., - and we 

know how important it is that this use be provided for in time of war. 

The principal material used in refrigeration is ammonia~ 

which is about 80% nitrogen. Refrigeration is constantly increasing 

during peace and in time of war it jumps very rapidly, 

• The manufacture of dyes, artificial leather, photographic 

films, celluloid and othe~products of nitrated cotton 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 

.nteny could not~ 

• THis entire field is a product of the development of know- 
/ 

ledge which allows us to nitrate Certain bases by the use of nitric 

acid, and was only startedl some 40 years ago. Its ~- growth was at first 

slow• but in later years, the progress has ~been more rapid until today 

over 100#00Otons of ~ fi~ed ~trogen are consumed per annum. 

- S N  



i! i ' ii/ill iii/!i! 

As a general statement of the rate of growth 6~-the use of 

inorganic ,m~t~o~en it seems to be the experience of the world that it 

doubles every ten years.. 

IV. Sources of Nitrogen. 

Excluding organic nitrogen, the great part of w~ich is used as food 

and nearly all the balance as home farm fertilizer, we are dependent for 

our supply of nitrogen on - 

(I) By-product coke ovens and gas works 
(2) Chilean nitrate 
(3) Nitrogen fixation. 

io Nitrogen from By-product coke ovens and gas works~" 

At present this is the main source of inorganic mi~regen in 

the United States o By-product coke ovens are most important to the future 

of ~merica. 

Coke is produced from bituminous or soft coal by driving off 

from the latter all of the volatiles and retaining only the carbon and 

ash. The ookiz~ of coal was developed with the iron industry, coke being 

necessarily in the blast furnace to form pig iron~ In the early days 

coal was coked in bee-hive ovens in which the coal was heated sufficiently 

by the ~urning of a portion of it to drive off the volatiles. These 

volatiles amounting to approximately 28% of the weigh t of the coal arej 

however, extreme~T valuable and in recent years steps have been taken to 

capture them through the use of by-product coke ovensb As compared with 

the production of approximately .65 ton of coke from a ton of coal by the 

bee-hive process ~ - ia by-product ~I oven will ,produce approximately .72 

tons of coke (orlO per~cent more) and, in addition some4 pounds of fix- 

~ ~' -9- 



ed nitrogen in the form of ammonia, I0 gallons of tar, 5000 cubic feet 

of gas and 2~ gallons of light oil or motor spirit. All of these are 

valuable and in general terms the value of the products from this oven 

is about 50~ greater ~han from the bee-hive oveno The light oils can 

be used as motor spiri~ in time i of peace and furnish toluol and benzol 

for the manufacture of explosives in time ef war. 

By-~Foduct ovens were developed by the Germans and were first 

introduced into ~nerica in 1893. From this time until 1914 when the 

V~orld War started, develo~ent was such that only approximately 28%of 

the%oral coke used in the united States was coked therein. Since 

then the increase has been rapid. Growth was developed during 1915 

and Ig16 by the purchase by the Allies of the by-products at excessive 

prices. In 1917 and 1918 the Ordnance Department, in order to obtain 

increased supplies of toluol and ammonia, further ~pur~ed onthe 

son, ruction of by-product ovens. As a result of these efforts and com- 

merioai grQw~h, the country is~ at present coking in by-product ovens 

some 75% of all of its coke~: 

The construction of ovens in excess of demands for their 

main product - coke, and simply to obtain such valuable military by- 

products aS nitrogen, and toluol, could only . b e  justified as an .extreme 

war measure as-the initial cost as very high, the time of ccnstrua.tion 

long -- and the salvage value for other purposes negligible.. 

• ~ ~ Today the United States is getting about half of its peace- 

time inor~n.ic nitrosenl requirements from coke ovens~ 

~ ..... ~ Nitrogen is produced in gas works from coal in a manner 

~i~/ similar to the ~roduct oveno The lquantity is relatively small, 
~i~ ~ ~ 
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2e Nitrate of Soda from Chile. 

The rainless deserts of Northern Chile contain a vast sup- 

ply of raw material called "caliche" from which the co.~,.ercial salt 

known as nitrate of soda or Chile Saltpetre is refined, It is estimated 

that there are some 200,O00,000 tons of nitrate available from known 

supplies of caliche. Production averages about ~09jO00 tons annually. 

• t this rate the known supply will be sufficient fe~ one hundred years. 

However, the explorations upon which these figures are based have not 

been thoroush and it is possible that:the existing reserves are con- 

siderably greaterQ It is constantly becoming more and more difficultj 

however, to obtain the material. In 1901 the average nitrate content 

of the caliche refined amounted to 28%, 1909 it emounted to only 19%. 

In 1881 the quantity• of ~ ~  nitrate produced by an individual 

laborer was 73 tons per year while in 1911, it has fallen to 56 tons. 

This supply of material has been of tremendous importance 

in•the develol~nent of the chemical, as well as of the fertilizer industry' 

The present era of explosives, dyes, artificial leather, etc., is de- 

pendent upon the reaction between some base and nitric acid. ~md prac- 

tiually all of the nitric acid manufactured up to the World War - and 

all of it used in that war, except by C~rmany, was made from Chilean ~ 

Sodium Nitrate.~ ..~nd .even today practioal!y entire dependence except by 

Germany is had on this material for the manufacture of nitric acid. 

~e are at present able, howeverj tomanufacture nitric acid from 

e m m o n i a ,  although at increased oo.Et,, and our absolute dependence upon 

( s o d i ~ n i t r a t e  i s - - t h u s  s t o p p e d ,  . :  c . .  



Again - sodiu~ nitrate was practically the first inorganic 

nitrogen compound used in fertilizer, and today .is very largely used 

for this purpose. 

During the World War 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 o f nitro- 

gen from Chile. 

(~} Fixation of Atmospheric Nitrogen. 

Scientists have long recognized that the nitrogen supply of 

the future ~ill depend upon the fixation of atmospheric nitrogen. They 

have been diligently working upon the solution of this proh~m and have 

made such progress that several methods are mow in operation in various 

parts of the world. The three principal processes are: 

a - The Arc process. 
b - ~he Cyansmid process. 
c - The Synthetic Ammonia process. 

a- The Arc process. 

The Arc process is the most direct of all processes and 

consists of burning air in the in~ense heat of an electric arc. The 

nitrogen of the air and the oxygen of the air are thus combined with the 

formation of an oxide of nitrogen. This latter can then be converted 

into nitric • acid and in turn into powder and explosives or can be con- 

verted into sodi~ nitrate and other saltse 

This process is well known throughout the world, but is 

not in common use because of the ~ tremendous -mount of power requirede 

To fix one ten of nitrogen by this process requ~s some 67,000 k,w. hours 
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of electri@ty, which are the equivalent of approximately I0 ho~se power 

at work constantly throughout the: year. There is one small arc plant 

in the U.S., located in the State Of Washington. "Abe real home of the 

process is in Scandinavia where cheap water power exists. 

b - C_~namid processo 

In the Cyanamid process it is first necessary t'o manu- 

facture calci~ carbide or the material in cc~mon use for the production 

of acetylene gas, The nitrogen of the air is s~rated from the oxyge~n\\ 
\ 

of the air by the liquid air process and the nitrogen so obtained is 

then combined with the calciun carbide, "Abe resultant product is cyanamid. 

The oyansmid nitrogen canthen be converted into a~onia nitrogen, then 

into nitric acid, and then into nitrate nitrogen. It can also be con- 

vetted into various other forms of nitrogen useful inJrtilizers and 

other products. This process is also well known ~hrou~hout the world, 

Among others there are plants in Germany, Scandanaviaj Japan and ~anada. 

This is the process installed in the government's nitrate 

plant No. 2 located at Muscle Shoals, Ala., which ~s constructed ~uring 

the war at a cost of some $66,000,000. This plant can fix y~arly about 

40,000 tons of nitrogen in ~he form of cyanamid, can convert all of this 

into ammonia, can convert about half of the smmonia into nitric acid and 

then can combine the ammonia and nitric acid into the military high 

explosive ~oni~m nitrate 

_ In this process also the power consumption is hi~h, To 

fi~ one ton of nitrogen requires about 15,000 K.~. hours, o r  about 2-1/3 

horsepower !.years . To operate the No~ 2 plan% requires a continuous : 
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supply Of approximately IOO,000 horsepower. It is interesting to note 

that the chemical part of this plant was ready to operate several months 

5efore its main steampower plant was available. In other wordsj power 

was the weak link. 

the first c~ercial plant lecated,at Syracuse, N.Y, 

Q - Synthetic. Ammonia process. 

In the s~mthetic ammonia process the nitrogen of the 

air is welded ~o hydrogen with the formation of ammonia. It is also 

known as the Haber process~ ~ 

• There are two principal methods of obtaining the 

hydrogen which is the expensive element in this process - one by the 

electro~ysis of water and the other by breaking up water through the 

use of coke, called the water gas processe 

If the former method is used the process requi~es 

about as much power as the cyansmid processe If the latter method is 

used, the power requirements are reduced to approximately one quarter. 

The synthetic process Is looked upon at the present 

time with the most favor by scientific men. It involves complicated 

chemical and engineering problems which are only partially solved from 

the standpoint of efficiency, but are sufficiently solved to make the 

process workQ 

The!/synthetic process is in use in Germany, France and 

Italy. Since the /~mistice three sm~ll~p iants have been started in 

the u. s, it is the process installed in U.S. Nitrate Plant ~oe ~ I at 

Sheffield, Alae~ which was the pilot plant in this country. While it 

did not work satis~acterily~ ~ it showed the way for the construction of 

The NO. ~ I plant 
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also contains sub-plants for converting ammonia into nitric acid, for 

concentrating nitric acid, and for manufacturing smmonium nitrateo 

These sub-plan ~s were successfule 

V. Present Status of the Business of Nitrogen Fixation & Conversione 

The develol~ent of nitrogen fixation and conversion is a 

result in great measure of the World War. It required this war to 

bring home to the various nations the importance of nitrogen and their 

dependence upon foreign sources. It is interesting to note ~hat Ger- 

m~r~ did not enter the war until she had developed two methods of 

fixing nitrogenj namely, the cyanamid and the Haber. 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 "i'oz'ms, However, the business of nitrogen fixation in ~erica 

is only in its infancy. The nitrogen production from America's ~our 

operating plants is almost negligible. Nitrogen fixation must fight 

the battle of econom~p with the natural sources, or by-product~ coke 

ovens and Chilean •nitrates. It has scientific developments, an in- 

creasing market and ~ecreasing supplies of the natural deposits in 

its favor and it seems sure, therefore, in the long run~ to pr~pero 

The sooner this result is brought about~ the surer will be our solution 

t ° the nitrogen problemo 

r k 

• •. .L/ 
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VI. The Eilitary Solution of the Nitroge n Problem? 

The same basic principle applies to the solution of the 

nitrogen problem as applies to all the important items of supply 

of a country at war, namely, there must always be available sufficient 

stocks to supply the country until such stocks can be replenished, 

In the nitrogen problem we have nothing to fear unless we 

are cut off from importations from Chile4 But inasmuch as this is possible 

the solution assmnes that we will be deprived of Chilean nitrate• 

Our main reliance in time of war for increased nitrogen " 

production would be in nitrogen fixation plants. Experience indicates 

~hat with proper plans it would require some 17 months to construct 

new plants, deliver the products thereof to powder and explosive plants, 

manufacture the powder and explosives, assemble them into ammunition 

and finally deliver the latter to the firing line, Such plants could 

be constlncted with sufficient capacity to meet any reasonable require- 

ments • 

Our problem, therefore, is to have always available the 

necessary plans for such expansions and at the same time have available 

the most economical combination of stocks plus production facilities 

which will supply the country until the expansions are availableo 

1% is obvious that many assumptions must be made in order to 

reach a solutiono Any change in these assumptions gives a different 

answer • 

Let us assume that d~nestic commercial production of nitro- 
,. °. 

gen plus commercial stccks of nitrogen materials would take care of 
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commercial demands in tim, of war. The Army would then have the problem 

of taking care of its own needs. On this basis 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 line • 

Our requirements are dependent upon mobilization, armament and 

rat.of fire. With these data we can develop our cumulative requirements. 

The government has retained as a reserve to be available for war 

time production nitrate Plant NoQ 2. We know with reasonable accuracy 

the production by time we can expect from this plant. Under the assumption 

made, this would be our only producing plant until the new plant~x ~ m ~  

were available. The products from this plant therefore give our cumulative 

production. 

Our stocks of nitrogen must be equal to the maximum difference 

between cumulative requirements and cumulative production. And these stocks 

must be in a balanced condition, or, in other words, some must be as 

nitrate of soda, some as powder and explosives and stone as assembled ammuni- 

tione 

Just such a solution has been worked out by the Ordnance Depart- 

ment and the Army is now reasonably prepared in nitrogene 

In the days to come new solutions must be worked out, and if, as 

seems probable, nitrogen fixation develops on a large commercial basis, it 

will not be necessary to retain Nitrate Plant NoQ 2~ 

The great requisite to the maintenance of a nitrogen solution how- 

ever is the development of knowledge in responsible officials of the Army to 

the end that they understand the p~oblem and have always available a well 

-17- 



planned out and up-to-date solutions ~ey must also be able to 

modi~ the solution to meet ~he changed condition that a major war 

will ~ost surely develepl 

• ~•- ...• :~•-?-,., ~- •i~. ~ ,•- . .. ~ ,  - 
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