
ZINC LAYERS

Alexandra Maria Curea                          team NITRO 



12. ZINC LAYERS

If a copper coin and small granules of zinc are immersed into a solution of
zinc sulphate and then heated, a layer of zinc appears on the coin. What is
the thickness of the zinc layer? What other metals can be covered with zinc
in such an experiment? Investigate and explain the effect.
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1.1 Theory

Is it possible for the copper (from the

coin) to react with zinc sulfate?



Without zinc granules no

plating takes place

Plating can only take place

under the following conditions:



The mechanism of zinc coating

When zinc and copper are in contact in an electrolyte, differences in electrical

potential develop and an electrolytic (galvanic) cell is formed.

We know the reduction potentials:

VZn = – 0,76 V

VCu = + 0,34 V

But at the cathode we have no reaction (no reduction, no oxidation). In our

case the cathode potential is 0.

In conclusion, only the potential at the anode (zinc) will manifest

ΔVCu-Zn = 0 – (–0,76) = +0,76 V

Metal in an electric field

Anode Zn Cathode Cu





The solubility of zinc depends on:

 temperature

 ph of the solvent



There is no chemical reaction between the copper (cathode) and the electrolyte!

Reaction at cathode



Zinc oxidation – reduction reaction

Anode: ZnZn → Zn2+ (aq) + 2e–

ZnZn = zinc that deposits on the

granular zinc

Zn2+ (aq) = zinc ions from the

aqueous solution

Cathode: Zn2+ (aq) + 2e– → ZnCu

Zn2+ (aq) = zinc ions from the

aqueous solution

ZnCu = zinc that deposits on the

copper



What metals can be plated with zinc?

For the galvanization to occur, three conditions

must all be present:

 sufficient potential difference between the

metals (for harsh environments: minimum

0.20 V)

 electrical contact between the metals

 an electrolyte linking the two metals



1.2 Hypotheses

1. Zinc in the granules will disolve and deposit on the copper coin, a process

known as galvanization or zinc plating.

2. Galvanization in the zinc sulphate solution can occur both with copper and

other metals (such as iron, nickel) provided that they are less reactive than zinc in

the series of chemical reactivity and the electric potential difference is minimum 0.20

V.
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 Two Berzelius beakers: 200 ml and 500 ml

 Bunsen burner

 Crucible tongs

 40 g zinc sulfate

 23 g metallic zinc granules

 Glass rod

 Distilled water

 Well cleaned copper coin

 Electronic scale

 PH meter

 Micrometer

 Calliper

Necessary materials



Cleaning of the copper coin

3 g NaCl 15 ml kitchen vinegar 9%



The cleaning solution

 Mix in a 100 ml glass 3 g of sodium chloride (table salt) and 15 ml of acetic

acid soil. 9% (kitchen vinegar).



Measuring the initial parameters of the coin:

diameter = 18.130 mm

mass = 2.76 gthickness = 1.416 mm



Conducting the experiment

40 g zinc sulfate 100 ml of distilled water



23 g metallic zinc granules pH = 3.86 heating





diameter = 18.132 mm

mass = 2,78 g

thickness = 1.424 mm

Measuring the final parameters of the coin (după placare)



The modification of the coin’s parameters

Values obtained by direct measurement

 Mass of the zinc deposited on the coin:

Δm = mf – mi

Δm = 2.78 – 2.76 = 0.02 g = 20 mg

 Thickness of the zinc layer on a face:Δl = (lf – li)/2

Δl = (1.424 – 1.416)/2= 0.004 mm = 4 μm



ρZn = zinc density (7.14 g/cm3)

Δm = mf – mi = mass of the zinc deposited

ΔV = volume of the zinc layer

We consider the coin as a cylinder and zinc is uniformly placed on the coin.

The increase in volume of the coin (cylinder) is:

Stotal = total area of the surface of the coin

Δh = increase in the coin’s thickness

Values obtained by calculation



Good job



Waste management

 The cleaning solution is thrown in the sink.

 The zinc sulphate solution and the unconsumed zinc granules are recovered

 Zinc sulphate is not thrown into the sink (sewer) because it is toxic to the

aquatic environment with long-term effects!



We have obtained the following results for the zinc plating:

o Copper coin

o Nickel coin

o Aluminium coin

 Thickness of the layer on a face

 Deposited mass: 20 mg

 Thickness of the layer on a face:

 Deposited mass: 100 mg

 No plating takes place

 4 μm (direct measurement)

 4.7 μm (theoretical calculation)

 2 μm (direct measurement)

 3.1 μm (theoretical calculation)

Results and discussions



The thickness of the zinc layer was influenced by the following

parameters:

1. Boiling period

2. Temperature

3. The concentration of the zinc sulfate solution.
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4. The pH of the aqueous solution.

5. Zinc granulation

6. Placing copper coins on the zinc granules

7. Cleaning of the copper coin.
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Conclusions

 The copper coin is covered with a layer of zinc only if the zinc granules are in

contact with the copper coin and both metals are immersed in an electrolyte (zinc

sulphate).

 The thickness of the deposited zinc layer depends on several parameters, the

most important of which are: reaction time, temperature, zinc granulation,

electrolyte concentration, contact between metals.

 In addition to copper, other metals that can be visibly plated with zinc have to

satisfy two conditions: the potential difference between the metals is greater than

0.20 V and they are located under zinc in the series of chemical reactivity

(examples: nickel, iron)



It is the kind of experiment in which we have both measurement errors and

measurement limits of the instruments used.

1. Instrument measurement limit:

 Digital micrometer +/- 0.001 mm = +/- 1 μm

 Electronic scale: +/- 0,01 g = +/- 10 mg

2. Measurement errors due to the experimenter:

 the screwing force of the micrometer must be between 5 - 10 N, but it is unlikely to

apply the same force at two different measurements

3. Errors related to the particularities of the coin: any coin does not have a perfect

flatness, it is engraved (otherwise it could not be a coin). These inlays deform the

surface of the coin, making it difficult to determine the exact thickness of the coin.
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The practical importance of galvanizing

A protective patina is generally made up of

insoluble zinc oxides, hydroxides and

carbonates, but can contain other basic zinc

salts depending on the environment.



Measuring the initial parameters of the nickel coin:



Measuring the final parameters of the nickel coin:



Copper has an electronegativity of 1.9, while zinc has a 1.65 electronegativy on the Pauling

scale. This means that more energy is needed to remove the 2 valence electrons from

copper than from zinc. In order to In order to remove the second electron, the second

ionizing energy of zinc is 1733,3 KJ / mol, iar pentru Cu de 1957,9 KJ / mol. Copper yields

the second electron harder compared to zinc.

Electronegativity scale of chemical elements (Pauling scale)

Zinc second electron is on 4s layer, while copper second electron is on 3d layer. As the

electrons on the 3d layer (layer closer to the nucleus) are more stable than those on the 4s

layer, removing the second electron from the copper will require a greater amount of energy

than in the case of zinc.


