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INTRODUCTION

L slety w0 29 (1918)
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The Synthesis of Ammonia from Its Elements

Hydrogen from
natural gas

5t
Fritz Haber
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13-1 Y2 L0 gd B (Synthetic Reaction of Ammonia)

N, + 3H, > 2NH,

22|7} CtR = AU We are concerned with a
7}z 7ickst 5}t chemical phenomenon

of the simplest possible
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13-1 L2 L|0F gd B (Synthetic Reaction of Ammonia)

of 7| Sl A| 712 2212 1004 The three substances involved have
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13-2 22|09 &2 (Demand for Ammonia)
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The synthesis of
ammonia from its
elements, if carried out
on a large scale, would
be a useful, at present
perhaps the most useful,
way of satisfying
important national
economic needs.
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13-2 &2L|0e| &2 (Demand for Ammonia)
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The need for bound nitrogen is increased by
national economic considerations, which, with the
denser population of industrialized countries, call
for increased agricultural productivity at home, and
it is yet further increased by the fact that
expanding industry requires fixed nitrogen for
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13-2 &2L|0e| &2 (Demand for Ammonia)
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13-2 &2L|0e| &2 (Demand for Ammonia)
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would be unavoidable, unless

chemistry found a way out.
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13-3 B9 WA (Chemical Equilibrium)

activation
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13-3 B9 WA (Chemical Equilibrium)
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13-3 B9 WA (Chemical Equilibrium)
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Ramsay and Young who, in 1884, during their study of the decomposition of
the gas in the neighborhood of 8000C had consistently observed a trace of
undecomposed ammonia, made great efforts to obtain this trace from the
elements at this temperature using iron as a carrier.

But with pure gases the experiment was unsuccessful.
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| therefore began
tentatively to determine
the approximate
position of the ammonia
equilibrium in the
vicinity of 1000°C.




13-3 B9 W& (Chemical Equilibrium)

At 1000°C the rate of reaction was
adequate with a small amount to
produce continuously a
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A (Haber-Bosch Process)
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By having a circulation system which
alternately brought the gas at high l
temperature in contact with the metal H.+ N,
and then washed out the ammonia at
normal temperature, the conversion Reactor —
of a given mass of gas to ammonia

could proceed stage by stage.

Condenser

<4— Coolant
in

Catalyst




13-4 sHH-E4 28 (Haber-Bosch Process)
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The most important point realized at that time was that ’
from the beginning of red heat onwards no catalyst will U
produce more than a trace of ammonia from the most
favorable gas mixture at normal pressure, and that
even at greatly increased pressure the point of St v drcruzan comimages/Physic

s/Thermodynamics/HeatTransfer/Glowin

equilibrium must continue very unfavorable. GRedMetal png




13-4 sHH-E4 28 (Haber-Bosch Process)
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It was clear that a
change to the use of
maximum pressure
would be advantageous.
It would improve the
point of equilibrium and
probably the rate of
reaction as well.




13-5 Z0f(Catalyst)

In the neighborhood of
B 200 atmospheres, the
smonsea  catalysts very easily
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13-5 Z0f(Catalyst)
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To achieve impressive
results, however, we
needed to discover
catalysts which would
induce rapid conversion
at between 500°C and
600°C.
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13-5 Z0f(Catalyst)
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We hit upon the idea of searching the
sixth, seventh and eighth groups in
the Periodic System for metals which
acted even more favorably; these we
found in uranium and osmium.




13-5 Z0f(Catalyst)

Nitrogen bacteria teach
3, 1 usthat Nature, with her
==="§ sophisticated forms of
chemistry of living

i matter, still understands
and utilizes methods
which we do not as yet
know how to imitate.
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Let it suffice that in the meantime
improved nitrogen fertilization of the
soil brings new nutritive riches to
mankind and that the chemical
industry comes to the aid of the farme
who, in the good earth, changes
stones into bread.
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Review

Hs;N
Synthesis of ammonia by Haber e 2 \ \5
Solved the nitrogen problem in fertilizer. ~ o-P-0-P-0-P-0— “N" "
But despite its huge success L
It could not replace phosphorus, oron
Because to make DNA or ATP 0
The number of - OH groups has to be three. Ho”F{""“OH
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