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Understanding Fertilisers
A fertiliser is a chemical compound that is given to plants to promote growth
For plants to grow and survive, they require nutrients which they absorb from water in the soil
through their roots. These nutrients are dissolved in the water and are therefore soluble.

These nutrients need to be replaced. Fertiliser play an important role in restoring nutrients to
the soil.
Organic fertilisers come from natural products such as compost and manure.
Inorganic fertilisers are those which are commercially manufactured.
Commercial fertilisers usually provide three main nutrients in soluble form. These are
NITORGEN (N), PHOSPHORUS (P) and POTASSIUM (K). These are essential nutrients for
healthy plant growth.

NITROGEN (N)
Plants cannot absorb nitrogen from the air (N2). Therefore nitrogen is made accessible to the
plants in the form of nitrates (NO3-) and ammonium compounds (NH4+)

PHOSPHORUS (O)
Phosphorus is not available to plants in its elemental form but in minerals such as phosphates
(PO43-) and orthophosphates (HPO42-).

POTASSIUM (K)
Potassium is absorbed as K+ ions, made available through ionic compounds such as potassium
chloride (KCl) and potassium nitrate (KNO3).

Commercial fertiliser

N:P:K Ratio
Fertiliser packing may have a set of 3 numbers which are called the N:P:K ratio

2:5:4 (38)
How to interpret the NPK ratio
① The number is brackets in the purity percentage, stating of the total fertiliser given, how
much is nitrogen, phosphorus and potassium respectively.
② The three numbers (separate by a semi-colon) before the bracket is a ratio of which
parts of the percentage given is nitrogen, phosphorus and potassium respectively.
REMEMBER the ratio given (NPK) is the ratio related to composition of the percentage, not of
the whole bag of fertiliser.
③ The mass of the fertiliser may be given.

How to perform calculations
① Add the 3 NPK numbers together. This will allow you to calculate their respective
parts.
2:5:4 → 2 + 5 + 4 = 11

Example:

Therefore 2 parts of the 11 is nitrogen, 5 parts of the 11 is phosphorus and 4 parts of the 11 is
potassium
② The respective individual NPK percentages can be calculated by (1) dividing each
individual NPK number by the sum of the NPK ratio and (2) multiplying by the purity
percentage
2

Example: 11 × 38 = 6,9%
5
11

× 38 = 17,3%

3
11

× 38 = 13,8%

③ Use purity percentage and mass given for calculations.

Flowchart of the
Industrial Production of Fertilisers
The industrial process responsible for the production of ammonia, sulphuric acid and phosphoric
acid need to be known. Industrial process are used to produce chemicals which in turn produce
fertilisers.

①

Industrial process for the production of ammonia.

②

Chemical used to produce fertilisers.

③⑥⑨⑫⑬⑭

These are fertilisers

④

Industrial process for the production of sulphuric acid.

⑤

Chemical used to produce fertilisers and phosphoric acid.

⑦

Industrial process for the production of nitric acid.

⑧

Chemical used to produce the fertiliser, ammonium nitrate.

⑩

A mineral used for the production of fertilisers and phosphoric acid.

⑪

Chemical used to produce fertiliser.

Breakdown of Industrial Production
Haber Process
Used for the production of AMMONIA (NH3)

N2(g) + 3H2(g) ⇌ 2NH3(g)
Nitrogen and hydrogen gas are reacted together under pressure and heated to form ammonia in
the presence of a catalyst (Fe or FeO).
Ammonia is an important chemical used in the production of fertilisers, acting as a source of
nitrogen for the formation of nitrates.

Ostwald Process
Used for the production of NITRIC ACID (HNO3)
A three step process must be followed to produce HNO3 which is used to make soluble
nitrates such as ammonium nitrate and potassium nitrate.
4NH3 + 5O2 ⇌ 4NO +6H2O

A catalytic oxidation of ammonia (produced from the
Haber process) using a platinum gauze catalyst.

2)

2NO + O2 ⟶ 2NO2

Nitrogen monoxide is reacted with oxygen (both
colourless gases) to produce a brown gas called nitrogen
dioxide which is

3)

3NO2 + H2O ⟶ 2HNO3 + NO

The nitrogen dioxide is reacted with steam to produce
nitric acid and nitrogen monoxide (gets recycled)

1)

Contact Process
Used for the production of SULPHURIC ACID (H2SO4)
A four step process must be followed to produce H2SO4 which is used to make ammonium
sulphate (fertiliser) and phosphoric acid.
1)

S + O2 ⟶ SO2

Sulphur powder burns (heat), reacting with oxygen (gas)

2)

2SO2 + O2 ⇌ 2SO3

Heated to 450OC and reacted with oxygen in the presence
of a vanadium pentoxide catalyst (V2O5)

3)

SO3 + H2SO4 ⟶ H2S2O7

The sulphur trioxide is bubbled through existing sulphuric
acid to form oleum (fuming sulphuric acid)

4)

H2S2O7 + H20 ⟶ H2SO4

The oleum is diluted with water, forming sulphuric acid

WORKED Exam Question

Paper 2, Oct/Nov 2019, Q.10

The flow diagram below shows the processes involved in the industrial preparation of
an ammonium fertiliser.

Gas X

Nitrogen gas

Compound P

O2(g)

Gas Y

NO2(g)

H2O(ℓ
)

Acid Q

Ammonium
fertiliser
10.1

Write down the NAME or FORMULA of:

Hydrogen gas (H2)

10.1.1

Gas X

(1)

10.1.2

Gas Y

Nitrogen monoxide (N)

(1)

10.1.3

Acid Q

Nitric acid (HNO3)

(1)

10.2

Write down the:

10.2.1

TYPE of chemical reaction that converts compound P into gas Y

(1)

It is catalytic oxidation
10.2.2

Balanced equation for the reaction between compound P and
acid Q

The fertiliser is ammonium nitrate formed by
reacting ammonia with nitric acid
NH3 + HNO3 → NH4NO3

(3)

Continued…
10.3

Paper 2, Oct/Nov 2019, Q.10

Two separate bags of fertilisers are labelled as follows:

10.3.1

BAG A

BAG B

1:3:4(21)
50 kg

1:3:4(27)
40 kg

What do the numbers (21) and (27) on the labels represent?

(1)

The total percentage of fertiliser
10.3.2

Determine, by means of calculations, which bag (A or B) contains
a greater mass of phosphorous.

Mass of Phosphorus in Bag A:
NPK → 1:3:4 (21)
∴P=

𝟑
𝟏+𝟑+𝟒

× 𝟐𝟏 = 7,875%

Mass of P =

𝟓𝟎
𝟏𝟎𝟎

× 𝟕, 𝟖𝟕𝟓 = 3,9375 kg ≈ 3,94 kg

Mass of Phosphorus in Bag A:
NPK → 1:3:4 (27)
∴P=

𝟑
𝟏+𝟑+𝟒

× 𝟐𝟕 = 10,125%

Mass of P =

𝟒𝟎
𝟏𝟎𝟎

× 𝟕, 𝟖𝟕𝟓 = 4,05 kg

Bag B has a greater mass of phosphorus

(4)

Past Exam Question

10.1

Paper 2, May/June 2019, Q.10

The four steps in the manufacture of an inorganic fertiliser are listed below.
These steps are NOT written in the order in which they occur.

Step I: Sulphuric acid reacts with ammonia to produce ammonium sulphate.
Step II: Sulphur dioxide reacts with oxygen to produce sulphur trioxide.
Step III: Oleum is diluted with water to produce sulphuric acid.
Step IV: Sulphur trioxide is bubbled in concentrated sulphuric acid to produce oleum.
Write down the:
10.1.1 Correct order in which the steps occur in the preparation of the
inorganic fertiliser by using the numbers I to IV

(1)

10.1.2 Balanced chemical equation for step I

(3)

10.1.3 NAME of the catalyst used in step II

(1)

10.1.4 Balanced chemical equation for step IV

(3)

10.1.5 Reason why sulphur trioxide is NOT dissolved in water in step IV

(1)

10.2

The diagram below shows a bag of NPK fertiliser. One of the numbers of the NPK
ratio on the bag is labelled as X.

NPK

X-1-2 (20)
50 kg

If the mass of potassium in the bag is 3,33 kg, calculate the value of X.

(4)

Past Exam Question

Paper 2, Oct/Nov 2018, Q.10

In the flow diagram below, I and II represent industrial processes used in the fertiliser industry.
P and Q are chemical reactions that take place to produce ammonium sulphate and fertiliser Y
respectively.

Ammonium sulphate
P
N2(g) + H2(g)

I

NH3(g)

II

HNO3(aq)

Q HNO3(aq)
Fertiliser Y

10.1

10.2

10.3

10.4

Write down the name of the industrial process:
10.1.1

I

(1)

10.1.2

II

(1)

Write down the NAME or FORMULA of:
10.2.1

Fertiliser Y

(1)

10.2.2

The catalyst used in process I

(1)

In reaction P, NH3(g) reacts with another substance. Write down a
balanced
equation for this reaction.

(3)

The following substances are present in a bag of fertiliser:
 20 kg ammonium nitrate (NH4NO3)
 12 kg sodium phosphate (Na3PO4)
 18 kg potassium chloride (KCℓ)
Calculate the NPK ratio of the fertiliser.

(5)

Paper2,2,Oct/Nov
Oct/Nov2016,
2018,Q.10
Q.7
Paper

Past Exam Question
10.1

The flow diagram below shows the processes involved in the industrial preparation
of fertiliser Q.
N2(g) + H2(g)

Gas P

Process Y
V2O5

SO2(g) + O2(g)

H2SO4(ℓ)
Process X

Compound B
H2O(ℓ)

Compound A

Compound C

Fertiliser Q

Write down the:

10.2

10.1.1

Name of process X

(1)

10.1.2

Name of process Y

(1)

10.1.3

NAME or FORMULA of gas P

(1)

10.1.4

Balanced equation for the formation of compound B

(3)

10.1.5

Balanced equation for the formation of fertiliser Q

(4)

The diagram below shows a bag of NPK fertiliser of which the NPK ratio
is unknown. It is found that the mass of nitrogen in the bag is 4,11 kg and
the mass of phosphorus is 0,51 kg.

Calculate the NPK ratio of the fertiliser.

(4)

x – y – z (36)
20 kg

