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The Making of Ammonia 30/

Ammonia Molecule

The pungent ras atmaonia takes its name from

the Ammmomians, These ancient worshippers of the
Egvptian gowd Amun used saf vedarife tammonium

chlondel in their religions rives. Durng the Middle
Ages. ammonia was used in the dyeing ol woolen

goods and in @nning. This colorless gas 15 gener-

ally thought ol as nonflammable but will burn in air -

unider some conditions, It dissolves readily in water
Becawse 1l interacts with water molecules. The fact
that ammonia 1s extremely soluble in water is what
makes its presence so obvious to your nose. To dis-
s0lves in the agqueous mucus that coats the olfaciory

tissue of the nose. Water might smell just as pungent

o

it our nasal sensors were now constamly sarated L

with it!

Al the beginning of the rwenticth century, promi-
nent scientists were warning of approsching world
famine because of a scarcity of ferhilizer containing
nitrogen. The nitrogen is needed by planws to make .

proleins, Some types of hacwna “fix™ muogen from -+

the air, forming nitrales, which plans can use, But
large-scale farming reqguives moce abundan! nitrates.
which can be made from amimonia, Howewer,
because ammonia could not be produced in abun-
dance, most eitrates had to be imported from mined
deposits, mainly in Chile.

MNitrates dre also used in the manuiuciure of

-

4

explosives. In F913, as World War | wus approach-
ing. Germany was under pressere to oblaio amma- -
nia needed to make such explosives, These factors

led researchers 1o mvestigate meshods of produc-

ina ammonia on an industrind scale, Fritz Haber, o

e,

German chemist, leurned that amrmomia could be pro-
cuced by the dircet combination of nitrogen from the
air and hydrogen through the lollowing reaction:

Nig)+ 3H 1) = 2NH (g)

To occur at a reasenable tae, the reaction requires
the presenve of a caralyst, high temperature, and
high pressure, Because the reaction 1s reversible, the
ammonia must be removed as il is produced to keep
the reaction moving (¢ the rght. in favor of the prod-
uct. Karl Bosch, an engincer from a German com-
pany interested in Haber's work, designed equipment
that could operate at temperatures up to 530°C and
up Lo 200 atmospheres, making the large-scale pro-
duction of ammonia possible. The process developed
to produce ammonia is known as the Haber-Bosch
pricess,

Toduy, ammeonia ranks as one of the most impor-
tant industnial substances. Modemn chemical planis
that produce ummonia manufacture thousands of
tans per day. The ammonia is then used in the manu-
facture of explosives, plastics, soap. and many other
common produets.

However, the greatest percentage of ammonia is
used in the production of fenilizers. The nitrogen in
fertilizers 15 supplizd directiy or indirectly by ammo-
nia. Fertilizers replenish nitrogen and ather sub-
stances, particularly potassium and phosphorus, tha
have been reduced or exhausted in spils.

Ammonia is used as a fertilizer in both gaseous
and liguid forms. The gas is pumped directly into the
suil, The liguid form. called anhydrous ammena,
is also added directly o the soil. Plants are able 1o
absort some of the ammenia, using it wo make pro-
teins. Bacteria in the soil convert much of the ammao-
fia 10 nitntes (NO,") and then to nitrates (NG, )
Plants absorb the nitrates and also atlize the source
of nitregen in making proteins,

Many commercial fenilizers supply nitrogen in
the lorm of nitrate salts that are manufacred from
nitric avid. HNO,. Here again, ammonia plavs a role
because nitric acid is produced from ammonia from
i method catled rhe Ostwald peovess. In the Ostwald
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process, ammonia reacts with oxygen in the presence Nitrig acid is also used to produce metallic salts, '
* of a platinum-rhodium catalyst to vield nitrogen such ag potassium nitrate (KNO.}. Such salts are
moenoxide. The equation for the reaction is as follows:  impotant ingredienits in many tertilizers,
Fertilizers can be used 1o tailor soils for specific
INH,{g) + 50,(g) NO(g) + 6H.Olg) 1'0 crops, to enrich poor soils, and to increase crop
The NO produced then reacts with oxygen to form  vield. However, runoff is a prablem with these fer-
nitrogen dioxide. tilizers becaose they are highly saluble in water.
Contamination of bodies of water by nitrogen fertil-
2NQ(g) + O,(g) 2NO,(8) izers is a senous form of pollution. Increased plant

When NO, is combined with water, and the growth in the affected body of water can lead 1o
mixture is further processed, nearly pure nitric acid oxygen depletion and the “death™ of the body of
is produced. To produce high-nitrogen fertilizer, water. Controlled-release fenihizers are under devel-
nitric acid can be reacted with ammonia to produce vproent, but are currently used ondy in nonfarming
ammenium miteate, NH NG, an important fertilizer. applications, due o their cost.

L. What factors led to investigation of methods for producing ammonia on a large scale?
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