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Npt 3, > 2, RO, + 0= 28,

Choosing the optimum conditions
So when manufacturing ammonia, it is best to:

e use high pressure, and remove ammonia, to improve the yield

e use a moderate temperature, and a catalyst, to get a decent rate.

Obtaining the reactants &

The conditions: a

summa ry nitrogen
exothermic Air is nearly 80% nitrogen, and
== S = 2NH, 20% oxygen. The oxygen is
endothermic removed by burning hydrogen:
4 molecules 2 molecules 2H, (g) + O,(g) —> 2H,0 (/)
to improve the yield' That leaves mainly nitrogen, and

a small amount of other gases.
e a pressure of 200 atmospheres

(or 20 000 kilopascals)

‘ hydrogen
e [lemove ammonia e It is usually made by reacting
tural th ith
for a reasonable rate: ;:a‘r:_a _ant i
o
o 450 C | (Q) + 2H O(g) catalyst
e use a catalyst (iron) 0, (g) + 4H, (g)

e Itis also made by cracking
hydrocarbons from
petroleum. For example:

catalyst

C,H, (9) > C,H, (g9) + H, (g)

ethane ethene

The conditions used in the Contact process

The key reaction in the Contact process is reversible, as in the Haber
process. So the factory faces the same challenge: to increase the
yield.But once again, the issues of speed, safety, and cost must

be considered.

How to improve the yield
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280, (g) + 0, (g2)

3 molecules

exothermic
endothermic

250, (g)

2 molecules

Applying what we know already, these will increase the yield:

e a low temperature, since the forward reaction is exothermic

e high pressure, since there are fewer molecules on the right

e remove the product, to lower its concentration so that more will fo

The graph on the right shows how yield falls as the temperature rises.

The chosen conditions
In fact the first two conditions above would make the process
unprofitable for the manufacturer. So here are the actual conditions used:

450°C. The catalyst is essential, but is inactive below 400°C, and
works better at higher temperatures. So 450°C is a compromise

2 atmospheres (or 200 kilopascal) of pressure. This is low, but the yield
is acceptable. Raising the pressure further would cost more

e removal of the sulfur trioxide - safely — by dissolving it in sulfuric acid

e the catalyst of vanadium(V) oxide.

Not a closed system ‘

When a reversible
reaction takes place in a
closed system, no
particles escape.

So the reversible reaction
reaches equilibrium, and
will never go to
completion.

In the Contact process -
and the Haber process —
the system is not closed.
The aim Is to prevent
equilibrium being
established!

Instead, the product is
removed, and unreacted
gas(es) are recycled, to
get as high a yield as
possible.



