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Acids, Bases and Salts

What do | need to
know and
understand about
ammonia?
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Acids, Bases and Salts

Ammonia
(a) Describe the use of nitrogen, from air, and hydrogen,
from cracking oll, in the manufacture of ammonia.

(b) State that some chemical reactions are reversible,
e.g. manufacture of ammonia.

(c) Describe the essential conditions for the manufacture
of ammonia by the Haber process.

(d) Describe the displacement of ammonia from its salts.
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Industrial Manufacture of Ammonia — Haber Process

Ammonia is a very important chemical, used in the
manufacture of:

e Nitric acid, HNO,
e Fertilisers, such as ammonium nitrate, NH,NO,
e Explosives, such as 2,4,6-trinitrotoluene (TNT), C-H:N,;O,

@ sz n ° Plastics, such as nylon
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Acids, Bases and Salts
Industrial Manufacture of Ammonia — Haber Process

Ny + 3H, = 2NH; g,
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Acids, Bases and Salts

Industrial Manufacture of Ammonia — Haber Process
Nitrogen + Hydrogen === Ammonia

@ 0?..0
U ao = I

oo 0[@
Ny + 3H,q = 2NH;

e Ammonia is manufactured on an industrial scale by
reacting nitrogen gas directly with hydrogen gas under a
specialised set of conditions.

ﬁ% 5 >
41%& hit &3 9 4K
. Nanyang Girls’ High School




Acids, Bases and Salts

Industrial Manufacture of Ammonia — Haber Process
Nitrogen + Hydrogen === Ammonia

@ o?po
U ao = I

oo 0[@
N + 3H,) = 2NH,

e Note that the balanced chemical equation does not use a
conventional arrow, but instead uses a double-headed
arrow. This indicates that the reaction is reversible.
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Industrial Manufacture of Ammonia — Haber Process
Nitrogen + Hydrogen === Ammonia

@ o?po
W t@D = T g

oo 0[@
N + 3H,) = 2NH,

()

e The chemical reaction used to manufacture ammonia on
an industrial scale iIs reversible. This means that while
nitrogen and hydrogen react to form ammonia, ammonia
reacts to form nitrogen and hydrogen.
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Industrial Manufacture of
Ammonia — Haber Process
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Industrial Manufacture of
Ammonia — Haber Process

e Analogy for a reversible reaction.

e [magine that you stand on an J - .
escalator and start to move forwards.

e This Is the same as the nitrogen and
hydrogen molecules colliding and P
reacting to form ammonia:

No(g) + SHyg) = 2NH; ’
/
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Industrial Manufacture of
Ammonia — Haber Process

e Analogy for a reversible reaction.

e Now imagine that you turn around
and start to run back down the
escalator while it is still slowly moving
forwards.

e This Is the same as the ammonia
molecules colliding and reacting to
form nitrogen and hydrogen:
Nog) + SHag) <= 2NH3(
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Industrial Manufacture of
Ammonia — Haber Process

e Analogy for a reversible reaction.

e Now imagine walking back down the )~ .
escalator at the same rate that the
escalator is moving forwards.

e You are now at equilibrium on the P
escalator. It appears that you are
standing still, although the escalator is ,

still moving and your legs are still
moving.
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Industrial Manufacture of
Ammonia — Haber Process

e Analogy for a reversible reaction.

e The reaction between nitrogen and J - S
hydrogen reaches equilibrium when
the rate of the forward reaction equals
the rate of the backward reaction. It :
appears that the reaction has stopped, £
although chemical changes are still :
taking place: ,
Nag) + SHag) = 2NHj( L ]

/RN . ,
e b 429 44
. Nanyang Girls’ High School




Acids, Bases and Salts

Industrial Manufacture of Ammonia — Haber Process

e Hydrogen required for the manufacture of ammonia is
obtained by cracking long-chain hydrocarbons from
crude olil, e.g.

CooHizs) = CgHigry + CroHoygy + Hyg

e Nitrogen required for the manufacture of ammonia is
obtained from the fractional distillation of liquefied alir
(remember, the Earth’s atmosphere is approximately

/8% nitrogen).
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Industrial Manufacture of Ammonia — Haber Process

The conditions used for the industrial manufacture of
ammonia were discovered almost 100 years ago by a
German scientist called Fritz Haber. His discovery was
so important that he was awarded the 1918 Nobel Prize
In Chemistry. The conditions that he discovered are still
used in factories around the world today.
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Industrial Manufacture of Ammonia — Haber Process
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Pressure (atmospheres)

e Based upon the information provided in the graph, what
conditions would you use to manufacture ammonia?

e Think about the yield of ammonia and the rate at which the

ammonia is produced.
G 63 43 9 4
M Nanyang Girls’ High School



Acids, Bases and Salts

Industrial Manufacture of Ammonia — Haber Process

T 70
S L 60- 350°C
Q >’r€
> 2 8 50-
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Pressure (atmospheres)

e \What are the different consequences of using a high
temperature or a low temperature?

e What are the different consequences of using a high

pressure or a low pressure?
“ IRV PREBE:
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Industrial Manufacture of Ammonia — Haber Process

T 70
S L 60- 350°C
Q >’r€
> 2 8 50-
sS85
g g E 450°C
= v £ 30
S 95 20-
522 10 550°C
>_- § O | | | |

o 0 100 200 300 400

Pressure (atmospheres)

e A low temperature favours the production of ammonia, but if the
temperature is too low, the rate at which the ammonia is formed
IS very slow. A temperature of 450 °C is a compromise, giving a

reasonably good yield of ammonia at an acceptable rate.
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Industrial Manufacture of Ammonia — Haber Process

T 70
S L 60- 350°C
Q >’r€
> 2 8 50-
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g g E 450°C
= v £ 30
S 95 20-
522 10 550°C
>—- § O | | | |
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Pressure (atmospheres)

— — — Low temperature favours the forward reaction -» —» —

N + 3Hzq = 2NH; g,

<<« High temperature favours the backward reaction <<«
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Industrial Manufacture of Ammonia — Haber Process
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Pressure (atmospheres)

e A high pressure favours the production of ammonia, but using a
very high pressure on an industrial scale is both expensive and
potentially dangerous. A pressure of 250 atm. is a compromise
that gives a reasonably good yield of ammonia, that is both cost

S effective and relatively safe.
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Industrial Manufacture of Ammonia — Haber Process

T 70
S L 60- 350°C
Q >’r€
> 2 8 50-
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Pressure (atmospheres)

— — — High pressure favours the forward reaction -» —> —

N + 3Hzq = 2NH; g,

<<« Low pressure favours the backward reaction <<«

ﬁ% 5 >
41%& hit &3 9 4K
. Nanyang Girls’ High School



Acids, Bases and Salts

Industrial Manufacture of Ammonia — Haber Process

T 70
S L 60- 350°C
Q >’r€
> 2 8 50-
-
$ o £ 407 450°C
2 v £ 304
S 95 20-
522 10 550°C
>_- § O | | | |

o 0 100 200 300 400

Pressure (atmospheres)

e Apart from temperature and pressure, what else might affect
the yield of ammonia and / or the rate at which the ammonia is
produced?
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Industrial Manufacture of Ammonia — Haber Process

T 70
S L 60- 350°C
Q >’r€
> 2 8 50-
sS85
g g E 450°C
= v £ 30
S 95 20-
522 10 550°C
>_- § O | | | |

o 0 100 200 300 400

Pressure (atmospheres)

e To increase the rate at which nitrogen and hydrogen react to
form ammonia, an iron catalyst is used. Note: a catalyst will only
Increase the rate of a chemical reaction, it will not affect the yield

of the product that is formed.
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Industrial Manufacture of Ammonia — Haber Process

N + 3H,q) = 2NH,,

Nitrogen, Ny,
[ S

Compressor

Nag:Hag) = 1:3 —>1"250 atm.

[ S
Hydrogen, Hy,

e According to the balanced chemical equation, 1 mol of
nitrogen reacts with 3 mol of hydrogen, so the nitrogen
and hydrogen are combined together in a ratio of 1:3.
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Industrial Manufacture of Ammonia — Haber Process

N + 3H,q) = 2NH,,

Nitrogen, Ny,
[

gﬁtalyést
amber
Nyg):Hag = 1:3 b—> Compressor, Fe Catalyst
g g 250 atm. 250 atm.
450°C
—

Hydrogen, Hz(g)
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Industrial Manufacture of Ammonia — Haber Process

N + 3H,q) = 2NH,,

Nitrogen, Ny,

[
gﬁtalyl;st
amber
Nyg):Hag = 1:3 f—> CgrSng :;[?nsor —>| Fe Catalyst
. 250 atm.
450°C
[ C—
Hydrogen, Hz(g) l
Condenser
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Acids, Bases and Salts

Industrial Manufacture of Ammonia — Haber Process

N + 3H,q) = 2NH,,

Nitrogen, Ny,

[
gﬁtalyl;st
amber
Nyg):Hag = 1:3 p—> Cgrgg I:tﬁ-lSOf > ng%atalyst
: atm.
450°C
[ C—
Hydrogen, Hy, l
A
Recycled
N, and H :
2(9) < 2(g) Condenser Ammonia, NH;

(10 - 15% yield)
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Industrial Manufacture of Ammonia — Haber Process

Summary

N + 3Hzq = 2NH; g,

e Hydrogen is obtained from cracking hydrocarbons.

e Nitrogen is obtained from the fractional distillation of
liquefied air.

e Catalyst = Iron
e Temperature = 450 °C

e Pressure = 250 atm.
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How can | prepare a
small sample of
ammonia in the

laboratory?

e The displacement of
ammonia from
ammonium salts.
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ammonium salt + alkali —» salt + water + ammonia
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Acids, Bases and Salts

ammonium salt + alkali —» salt + water + ammonia

ammonium chloride + calcium hydroxide

"
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ammonium salt + alkali —» salt + water + ammonia

ammonium chloride + calcium hydroxide

calcium chloride + water + ammonia
2NH4CI(aq) + Ca(OH)Z(S) — CaCIz(aq) + 2H20(,) + 2NH3(9)
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Acids, Bases and Salts

ammonium salt + alkali —» salt + water + ammonia

ammonium chloride + calcium hydroxide

calcium chloride + water + ammonia
2NH4CI(aq) + Ca(OH)Z(S) — CaCIZ(aq) + 2H20(,) + 2NH3(9)

ammonium sulfate + sodium hydroxide

"
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Acids, Bases and Salts

ammonium salt + alkali —» salt + water + ammonia

ammonium chloride + calcium hydroxide

calcium chloride + water + ammonia
2NH4CI(aq) + Ca(OH)Z(S) — CaCIZ(aq) + 2H20(,) + 2NH3(9)

ammonium sulfate + sodium hydroxide
\J

sodium sulfate + water + ammonia

(NH,),SO45q + 2NaOH ) — Na,SO,,q) + 2H,0 + 2NHy,
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ammonium salt + alkali —» salt + water + ammonia

aqueous
sodium

hydroxide

NBOH(aq)

—— aqueops
] ammonium
chloride
\—/ NH4Cliaq)
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ammonium salt + alkali —» salt + water + ammonia

aqueous

sodium
hydroxide
A E—
o |
alkaline
S— a;qnﬂggil:.lsm solution of
—T—  chloride — ammonium
\__/ NHLCI o chloride
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ammonium salt + alkali —» salt + water + ammonia

aqueous
sodiur_'n moist red
hydroxide itmus paper
- N2 warm gently
over blue
6 Bunsen burner
flame
e —
— alkaline
aﬁ‘lqnliggil:.lsm SOIution of
iy chloride P ammonium
—/ NH4Cl(aq) Nt chloride \__/
‘ NH4Cl(aq)
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ammonium salt + alkali —» salt + water + ammonia

as%%?t?%s _ moist red
hydroxide |IE[I;IJ'Irl;I1£‘E:; pb?lf):r
" NaOHaq) warm gently due to the

over blue formation of
6 Bunsen burner alkaline

flame ammonia

6 ﬁ ﬁ gas NHS(Q)

alkaline
solutior] of
: ammonium
\_/ hmloé'lde &7, chloride \__/

Ammonium Chloride + Sodium Hydroxide — Sodium Chloride + Water + Ammonia

NH,Cl,, + NaOH,, — NaCl,, +H,0y + NHgg,

. NH " aq) + OH7aq) = HOp + NHyg,
4@9— hit &3 9 4K
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Presentation on
the Manufacture of Ammonia
By Dr. Chris Slatter

Nanyang Girls’ High School

14t February 2016
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