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Abstract 

Rusting is the undesirable corrosion of iron which weakens the strength of iron, causes 

serious destruction of facilities and leads to economic loss. There are various methods which 

prevent iron objects from rusting, but seldom do they focus on the remedy for rusted objects. 

Therefore, we aim to make use of rust to achieve self-sustaining protection against further 

rusting. 

In our studies, we discovered that by applying tannic acid to rusted objects, a blue-black and 

water-insoluble layer --- iron-tannate complex is formed. This layer acts as protective coating 

against further rusting. We explored the effect of duration, temperature, and pH value on 

coating formation. We also made progressive improvement by introducing phosphoric acid as a 

binder and provision of acidic medium. We also found that the addition of polar organic solvent 

can make the coating smoother and more even. Relationship between polarity of polar organic 

solvents is drawn. The optimum concentrations of tannic acid, phosphoric acid and ethanol 

were determined as the recipe of our άRustworthyέ solution. 

Environmental friendliness is also a great concern in our investigation. Tea leaves are rich in 

tannin, the main ingredient of Rustworthy. Thus, we investigated extraction of tannin from tea 

leaves. We decided to use acetone in extraction of tannin from brewed tea leaves so as to 

promote recycling in real life. We successfully proved that the rust prevention power of tannin 

extracted from natural sources is comparable with that of synthesized tannic acid. 
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Introduction 

Background 

In the presence of oxygen and water, iron metal corrodes to form rust, which refers to a series 

of iron oxides, usually hydrated iron(III) oxides Fe2O3·nH2O and iron(III) oxide-hydroxide 

(FeO(OH), Fe(OH)3). Given sufficient time, the iron metal eventually converts entirely to rust 

and disintegrates. The oxide layer on the surface on iron metal leads to readily further rusting 

of iron as it is porous and permeable to oxygen and water in air, instead of forming a coating to 

protect the metal from further corrosion just like that of aluminium. Rust is associated with 

degradation of iron-based tools and structures. Every year, millions of money is spent in the 

world for rust preventing work. Corrosion of iron can create severe structural problems. 

In our daily life, many objects surrounding us are found rusting, such as the iron wiring, tables 

and chains. There are a few common methods in rust prevention, for example, the method of 

painting on iron metal surface is mostly adopted in daily life aspects. Other methods like 

electroplating and sacrificial protection are also used, but they are much expensive and 

inconvenient. All of these methods required the removal of iron rust from the metal before 

applying further treatment on them.  

It was known that many years ago, people in the archeology field were applying tannin solution 

onto rusted iron surface. With tannin as the main ingredient, the tannin solution acts as a 

chemical solution to transform the porous and permeable layer into a coating which prevents 

the iron from further rusting. We wonder why this method was lost and was not as popular as 

the methods people are frequently using now.  

Aims of our investigations 

Our aim is to make rust worthy. Therefore, we named our solution άRustworthyέ, which can 

react with iron rust and form protective coating. 

In our investigation, we find out iron rust can form coating on the metal surface by reaction 

with tannin. We studied the relationship between factors like duration and temperature and 
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the formation of surface coating. We explore how the addition of other chemicals such as 

different phosphate groups and polar organic solvent alkanols and ketones to the tannin 

solution, which may enhance the formation and effectiveness of iron-tannate layer. Hence, 

optimum concentrations of chemicals, with tannin as the main ingredient, for protective 

coating formation were found. We compare the effectiveness of the solution by investigating 

on both the adhesion of the coating on the iron nails, and the further rusting prevention ability 

of the iron-tannate layer. 

Another goal of our investigation is to achieve a more environmentally friendly way of making 

our Rustworthy solution, as we suppose the Rustworthy solution would be engaged in large-

scale production, which involves a massive use of chemicals. We considered that extracting 

tannin from materials found in daily life is better than using synthetic chemicals found in 

laboratory. Besides, tannin is an organic compound that can be found in numerous plants, such 

as legumes, berries and coffee beans.  

Tannins can also be found in tea and tea can be easily obtained in daily life. We suspect that 

tannin from tea can also be used to make Rustworthy solution, so we studied in the tannin 

content in different kinds of tea. We then found the optimum concentration of organic solvent, 

acetone, for extracting largest amount of tannin from tea with same volume of solution added. 

The effectiveness of the coating on iron metal surface formed by immersing in Rustworthy 

mainly composed by tea tannin was also studied, and the optimum amount of tea used for 

making the most effective solution for coating was found. To make the Rustworthy solution 

much greener in its production, we therefore also investigate on the tannin content in tea 

residues, collected from various places after use. 

Mechanism of formation of iron-tannate complex as the main component in the surface 

coating 

Tannins have such a corrosion inhibiting mechanism when used: 

Fe + 3H+ + 
3
4 O2 ҦFe3+ + 

3
2  H2O 
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Fe + 2H+ + 
1
2  O2 ҦFe3+ + H2O 

Fe2+ + 
1
4  O2 + H+ Ҧ Fe3+ + 

1
2  H2O 

Tannin-OH + Fe3+ Ҧ (Tannin-O- Fe3+)2+ + H+ 

Tannin-2OH + Fe3+ Ҧ (Tannin-2O- Fe3+)+ + 2H+ 

Tannin-2OH + (Tannin-2O- Fe3+)+ Ҧ (2Tannin-4O- Fe3+)- + 2H+ 

In rusting of iron, initially the oxidation of Fe into Fe2+ is involved. Then, Fe2+ is oxidized 

into Fe3+ due to oxygen forming of FeOOH. FeOOH are reduced to Fe2+ ions when iron metal is 

contacted with FeOOH in the pores of rust layer. Iron(III) oxides are readily formed by the 

reoxidised Fe2+ compounds readily. With the presence of tannins, the blue-black coating layer 

was formed. It is because active iron rust rapidly react and form non-polyphenolic parts of 

tannin molecule with iron ions, which then forms a highly cross-linked network of iron-tannates. 

Tannin makes the active rust turned into compounds that are more stable and corrosion 

resistant. Rust-phase components are found to form a mixture of mono and bis complexes (see 

Figure 1(a), (b)) with tannin in aqueous solution. This ferric-tannate formed, which appears dark 

blue in colour, is highly insoluble and act as a protective barrier layer on the surface of iron 

metal which effectively protects the inner iron metal from further rusting.  

 

(Recent Development of Vegetal Tannins in Corrosion Protection in Corrosion Protection of Iron 

and Steel, Rahim and Kassim) 
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Method of assessing the adhesion of iron-tannate layer on the iron metal nails 

We make our test solution with known volume and concentrations of ingredients, such as 

tannic acid and distilled water for immersing the iron nails. After the fixed period of time, we 

take the iron nails out and dry them. The nails were put into Petri dish. 

The appearance of coating on the surface of iron nails was observed. For assessing the adhesion 

of the coating, we would be scrape the surface coating of the nails to test the strength of the 

iron-tannate layer coated on the metal surface. 

 

Method of assessing the degree of rusting on the iron metal nails 

We then conduct the rust indicator test to test the degree of rusting of the iron metal nails. 

According to the fixed ratio of gelatine to the volume of agar solution required, known amount 

of gelatine powder was dissolved in certain amount of hot water. The rust indicator, which is 

potassium hexacyanoferrate(III) (C6N6FeK3) in nature, was mixed with agar solution and poured 

to the Petri dish until the water level fully covers the nails. The rust indicator turns blue in the 

presence of Fe2+ ions. Hence, it can be used to detect iron oxidation that will lead to rust, in 

turn representing the degree of rusting of the iron nails after certain treatment in our 

experiments. 

 Method of Extraction of tannin 

According to a laboratory manual (FAO/IAEA Co-ordinatedResearch Project, 2000), large 

amount of tannin can be extracted from tree foliage with 70% acetone. In our investigation, 

tannin is extracted from tea leaves by heat reflux of tea leaves with 70% acetone for 45 minutes. 
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Chemicals 

 

   
Tannic acid powder Phosphoric acid Anhydrous disodium 

hydrogen phosphate 

Manufactured by  
Uni-Chem 

Manufactured by 
Farco Chemical Supplies 

Manufactured by 
Farco Chemical Supplies 

   
Trisodium phosphate 12-
hydrate 

Sodium dihydrogen 
phosphate 

Methanol  

Manufactured by 
Uni-Chem 

/  /  
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Ethanol Propan-1-ol Propan-2-ol  

Manufactured by 
Riedel-de Haën 

Manufactured by 
Uni-Chem 

Manufactured by 
Riedel-de Haën 

   
Butan-1-ol Butan-2-ol 2-methypropan-1-ol 

Manufactured by 
BDH 

Manufactured by 
Riedel-de Haën 

Manufactured by 
GPR 
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Propanone (acetone) Butanone Iron(III) chloride hexahydrate 

Manufactured by 
Fisher Scientific 

Manufactured by 
Riedel-de Haën 

Manufactured by 
Sigma-Aldrich 

   
Hydrochloric acid Gelatine Rust indicator 

Manufactured by 
BDH 

/  /  

 
Distilled water 

/  
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Precautions 

 

Warning hazard Chemicals 

 

Corrosive 

Gloves should be worn when handling as the 

chemicals destroy or irreversibly damage eyes, 

the skin, and the tissue under the skin if 

comes into contact.  

Phosphoric acid 

Hydrochloric acid 

 

Flammable 

The chemicals should be kept away from heat 

and open flame. 

Methanol 

Ethanol 

Propan-1-ol 

Propan-2-ol 

Propanone 

Butanone 

 

 

Harmful 

 

Butan-1-ol 

Iron(III) chloride hexahydrate 
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Irritant 

 

 

Anhydrous disodium hydrogen phosphate 

Trisodium phosphate 12-hydrate 

Propan-1-ol 

Butan-2-ol 

2-methypropan-1-ol 

Propanone 

butanone 

 

Toxic 

Gloves should be worn when handling. Avoid 

handling them when you have cuts in hands. 

Methanol 

Rust indicator 
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Apparatus 

 

Common apparatus 

 

Quick fit set 

 

   

Adapter Condenser Joint clip 

Beaker Dropper Filter Funnel 

Filter paper Forceps Glass rod 

Graduated pipette Label Measuring cylinder 

Oven Petri dish Pipette 

Pipette filler pH meter Spatula 

Stand and clamp Test tube Test tube tack 

Thermometer Volumetric flask 
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Pear shaped flask Receiver adapter Screwcap adapter 

  

Stillhead Stopper 
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Other apparatus 

 

   

Electronic balance Electronic water bath Hot-plate heater 

  

Magnetic stir bar Round-bottomed flask 
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1.1 Choosing optimum concentration of tannic acid for forming iron-tannate complex 

Iron-tannates formed by the reaction between rust and tannin solution inhibit further 

rusting. In our investigation, we choose to conduct our experiments using tannic acid, which is a 

type of tannin. In order to produce a solution which most effectively reacts with rust to form 

iron-tannate and protects the inner iron metal from further rusting, we investigated the 

optimum concentration of tannic acid for coating. We try to compare the relative rate of rusting 

among nails immersed in tannic acid of different concentration by rust indicator test.  

Eleven concentrations of tannic acid with regular intervals were prepared for immersion of 

rusted nails. The rates of rusting of nails were tested by rust indicator test. The nails were put 

into Petri dish with agar mixed with rust indicator. When the agar around the coated nails 

turned from yellow, the original color of agar mixture, to blue, it indicates the formation of 

iron(II) ions on the nails. By comparing the area of agar turned blue, the respective rates of 

rusting among the nails immersed in different concentrations of tannic acid were found. The 

agar around the nail with the least blue area or the lightest blue colour intensity indicates the 

least amount of rusting within the experiment time, hence indicating the corresponding 

concentration of tannic acid is the most suitable in preventing further rusting of iron. It should 

be chosen for coating the iron objects or further investigation. Keeping all the other factors 

such as the duration of coating constant, we can find out which concentration of tannic acid is 

most suitable to be used in coating formation. 

Procedures 

A. Preparation of standard solution of tannic acid (0.1 g dm-3) 

1. 25.0 g tannic acid powder was weighed with an electronic balance. 

2. The powder was dissolved in about 200 cm3 distilled water in the 250 cm3 beaker. The 

solution was heated by the hot-plate heater with continuous stirring with glass rod in order 

to dissolve the powder completely.  

3. The heater was turned off when the powder had completely dissolved. Then, the solution 

was cooled with running tap water until its temperature was approximately the room 

temperature. 
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4. The solution was transferred into a 250 cm3 volumetric flask through a filter funnel.  

5. Distilled water was added until the bottom of the meniscus reached the graduation mark. 

6. The flask was inverted for several times to ensure the solution was mixed well. The 

standard solution of tannic acid was produced. 

 

B. Testing the optimum concentration of tannic acid for forming iron-tannate complex 

1. 10.0 cm3 graduated pipette was used to add the following chemicals into 12 test tubes 

respectively. 

0.1 g dm-3 

tannic acid 

added (cm3) 

0.0 1.5 1.6 1.7 1.8 1.9 2.0 

Distilled water 

added (cm3) 

10.0 8.5 8.4 8.3 8.2 8.1 8.0 

Concentration 

of tannic acid (g 

dm-3) 

0 15 16 17 18 19 20 

Concentration 

of tannic acid 

(mol dm-3) 

0 0.00882 0.00941 0.00999 0.0106 0.0112 0.0118 
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0.1 g dm-3 

tannic acid 

added (cm3) 

2.1 2.2 2.3 2.4 2.5   

Distilled water 

added (cm3) 

7.9 7.8 7.7 7.6 7.5   

Concentration 

of tannic acid (g 

dm-3) 

21 22 23 24 25   

Concentration 

of tannic acid 

(mol dm-3) 

0.0123 0.0129 0.0135 0.0141 0.0147   

2. The test tubes were tabbed to mix the solution well. 

3. A rusted nail was put into each test tube with different concentrations of tannic acid and 

was left overnight. 

4. The nails were taken out and were dried by pressing them against tissue paper gently. The 

nails were then put into respective labeled Petri dish for carrying out the rust indicator 

experiment. Control for this experiment is the rusted nail immersed in distilled water only 

for one overnight. 

 

C. Rust indicator experiment 

1. 25.00 g of agar was weighed with an electronic balance. 

2. 300 cm3 of water was measured using a 100 cm3 measuring cylinder and poured into a 600 

cm3 beaker. 

3. The 600 cm3 beaker with distilled water was heated on the hot-plate heater until the 

water was boiled. 

4. 25.00 g of agar was added into the distilled water with constant stirring until the agar 
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completely dissolved. 

5. Heater was turned off and the beaker was removed from the heater. 30 cm3 rust indicator 

was measured using a 20 cm3 measuring cylinder and added into the agar. It was stirred to 

mix the rust indicator and agar thoroughly. 

6. The mixture was poured to each of the 12 labeled Petri dish with nails until the mixture 

completely covers the nail. After about 30 minutes, the mixture solidified. The colour 

change around the nails was observed. 

 

Results 

At first, each nail was covered with rust. After immersing in tannic acid, blue-black coatings 

were formed in the surfaces of all nails except control. However, some coating was not evenly 

coated, for example, the nail immersed in 0.0147 mol dm-3 showed its original grey colour.  

In the rust indicator experiment, agar of control shows the largest blue area, while the agar 

with tannic acid of concentration 0.0118 g dm-3 shows the smallest. In the agars that the nails 

were treated with tannic acid, light blue colour of a smaller area was shown. 

Concentration 

of tannic acid / 

mol dm-3 

Before immersion After immersion 
Rust indicator 

experiment 

0 (Control) 
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0.00882 

 
  

0.00941 

 
  

0.00999 

   

0.0106 

   

0.0112 
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0.0118 

   

0.0123 

 
  

0.0129 

 
 

 

0.0135 
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0.0141 

 
  

0.0147 

 

 
 

 

Interpretation 

All nails immersed in the solutions with different concentrations of tannic acid were coated 

with blue-black coating. In the rust indicator test, all agars of nails immersed in tannic acid had 

shown smaller blue area than that of control. Among different concentrations of tannic acid, 

the nail immersed in 0.0118 mol dm-3 tannic acid was found to have the smallest blue area, 

which in turn suggesting that the least rust was found in that dish within the period of time. It 

indicates that the solution, regardless the concentration of tannic acid it has, have suppressed 

the rusting of nails, with 0.0118 mol dm-3 tannic acid giving the best protection to the iron nails. 

The blue-black coating was suspected to be a protective layer, which is formed by the 

reaction between the tannic acid and outer rust layer of the nails. Hence, among all tested 

concentrations, 0.0118 mol dm-3 tannic acid formed the best protective layer with rust 

originally adhering on the surface of iron nails. We then derived that 0.0118 mol dm-3 is the 

optimum concentration of tannic acid for forming protective layer.  
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In the experiment, tannic acid successfully formed iron-tannate complex with rust on the 

surfaces of nails. However, when the nails were taken out and dried by gentle pressing against 

tissue paper, the coating could not adhere to the surface of the nails firmly and they could be 

easily scratched off from the nails. Moreover, by our observation, the coating had a very rough 

surface.  

Conclusion 

Optimum concentration of tannic acid for iron-tannate complex formation is 0.0118 mol 

dm-3. 

Further investigation 

As the coating can be easily detached, we suspect that tannic acid can only form 

complexes with rust in ǘƘŜ ƻǳǘŜǊƳƻǎǘ ƭŀȅŜǊ ƻŦ ǘƘŜ ǘƘƛŎƪ Ǌǳǎǘ ŀŘƘŜǊƛƴƎ ƻƴ ǘƘŜ ƴŀƛƭǎΩ ǎǳǊŦŀŎŜΦ ¢ƘŜȅ 

cannot approach deeper into the rust layer to form complexes, so the protective coating was 

thin and it was far from the iron metal surface of the nails. The nature of iron rust layer on the 

metal is porous and readily detachable from the metal. As the protective layer was set up 

above the rusted layer, with slight force applied onto the coating, it easily fell off from the nail 

and lost its function as a protective layer to the nail to prevent further rusting.  

Concerning the poor adhering ability of the protective coating formed by the reaction of 

tannic acid and rust, we would like to find ways to strengthen the protective coating formed by 

rust and tannic acid and attach protective layer to the iron nails more firmly. This will 

apparently improve the protection against further rusting of iron.  



P.23/89 

1.2 Determining minimum duration of coating by tannic acid 

Besides optimum concentration of tannic acid, which was found to be 2.0 g dm-3, duration 

of coating iron objects is also a crucial factor affecting the performance of formation of 

protective coating. As the coating formed previously was readily detached, we would like to 

study how duration of coating relates with the degree of attachment of coating. Moreover, we 

were interested in finding the minimum required duration for coating formation so that the 

process of further investigation would be more efficient.  

Five durations of coating, including 6 hours, 12 hours, 18 hours, 24 hours and 48 hours 

were chosen for this experiment. After being immersed in tannic acid for the above durations, 

the nails would be scraped to test the strength of coating. The time required for forming 

smoothest and darkest coating with least shatters would be chosen as the duration for coating 

in further investigation. The concentrations of tannic acid were kept constant so that we can 

find out which duration of coating is the most suitable for coating formation. 

Procedures 

A. Immersing nails in 0.0118 mol dm-3 tannic acid with different durations 

1. 8.0 cm3 of distilled water was added to each test tube with 10.0 cm3 graduated pipette. 

2. 2.0 cm3 of 0.0118 mol dm-3 tannic acid was added to each test tube with 1.0 cm3 pipette. 

3. The test tubes were tabbed to mix the solution well. 

4. A rusted nail was put into each test tube and left for 6 hours, 12 hours, 18 hours, 24 hours 

and 48 hours respectively. 

5. After the chosen time interval, the nails were taken out and dried by pressing them against 

tissue paper gently. 

6. The coating would be scraped by forceps in order to test its strength and adhesion. 

 

Results 

Among the five durations, the iron nail immersed in tannic acid for 48 hours showed the 

darkest coating. The colour of nail immersed for 24 hours was comparable to that of nail 
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immersed for two days. Nails immersed for 6 hours, 12 hours and 18 hours were not coated 

completely on the surface. After scraping, all the five coatings easily fell off. 

Duration Before immersion After immersion and scraping 

6 hours 

 

 

12 hours 
 

 

18 hours 
  

24 hours   

48 hours 

 
 

 

Interpretation 

The iron nail immersed in tannic acid for two days showed the darkest coating, which was 

the best result among all tested durations. The nail immersed for 6 hours had the most uneven 

coating, which was unsatisfactory. 
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A trend was found that the colour intensity of coating, which implied the thickness, 

increases with the duration of coating. It was suspected that the tannic acid reacts more 

completely with rust when given a longer time, so more rust on the outer layers can react and 

form iron-tannate complex. Thus, the increasing number of iron-tannate complex molecules 

gives a thicker and darker coating. 

However, the difference between the colour intensities of nails immersed for 48 hours and 

24 hours was very small. This may imply the effect of coating for 24 hours is marginal. By this, 

we deduced that it is not necessary to immerse the nail in solution for more than 24 hours. 

Hence, the minimum required duration of coating by tannic acid was 24 hours. 

Conclusion 

24 hours was chosen to be the duration of coating. 

Further investigation 

Although the minimum required duration of coating was determined to be one day, all 

the above coatings were easily detached, including the nail immersed for the longest duration. 

This was a disappointing result as the iron-tannate complex was only formed on the outermost 

layer of rust but was not strongly adhered to the iron object. Therefore, the coating formed 

cannot protect the iron object after it fell off and the function of iron could not be enhanced. 

Moreover, as the outermost layer of rust is more readily to form inert layer, which is iron-

tannate with tannic acid, this initial reaction increases the impermeability of the outer layer. 

Hence, the newly formed coating at outer layer of rust acts as a barrier and prevents the 

further reaction between tannic acid and iron oxide-hydroxide at inner layers of rust. 

The newly formed iron-tannate molecules would then block the path for the entrance of 

tannic acid entering inner part of the rusted areas. As a result, only the surfaces of the nails 

were coated with the tannate, while the inner part still contains lots of rust, leading to lack of 

adhesion the layer. Therefore, it can be easily scraped off. 
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Discouraged by the results, we decided to investigate other factors in coating formation. 

We suspected that temperature was also a factor affecting the reaction between iron and 

tannic acid. Therefore, in our further investigation, temperature should be varied in order to 

draw a relationship between temperature and performance of coating formation. 
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1.3 Choosing optimum temperature for forming iron-tannate complex 

The blue-black iron tannate coating was proved to be able to exert a protective effect on 

the iron nails as it reduced the rate of rusting. Nevertheless, the coating was not smooth and it 

only loosely adhered onto the surface of iron. To tackle this problem, we studied the duration 

of coating iron objects may affect the performance on coating formation, yet no significant 

improvement was shown by varying the duration of immersion. We suspect there may be other 

factor affecting the effectiveness and coating formation.  

In this experiment, we would like to study how temperature of the solution, which is the 

environment for immersion of iron nails, relates to the degree of attachment and effectiveness 

of coating. We suspect that temperature can alter the formation, the degree of attachment and 

effectiveness of coating because temperature has always been a key factor affecting the 

reaction rate.  

Eight temperatures in 5oC interval for coating, including 5oC, 10oC, 15oC (the room 

temperature of the environment when the experiment was conducted), 20oC, 25oC, 30oC, 35oC 

and 40oC were chosen for this experiment. After being immersed in tannic acid for one 

overnight, i.e. 24 hours, the appearance of iron nails would be observed. The nails would be 

scraped to test the strength of coating. We also planned to find the optimum temperature for 

coating formation so that the process of further investigation would be more efficient. The 

concentrations of tannic acid were kept constant to eliminate other variables. 

Procedures 

A. Immersing nails in 0.0118 mol dm-3 tannic acid with different temperatures 

1. 8.0 cm3 of distilled water was added to each test tube with 10.0 cm3 graduated pipette. 

2. 2.0 cm3 of 0.0118 mol dm-3 tannic acid was added to each test tube with 1.0 cm3 pipette. 

3. The test tubes were tabbed to mix the solutions well. 

4. The test tubes were put into electronic water bath in eight different temperatures, which 

were 5oC, 10oC, 15oC, 20oC, 25oC, 30oC, 35oC and 40oC respectively. A rusted nail was put 

into each test tube and left overnight. 
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5. The nails were taken out and dried by pressing them against tissue paper gently. 

6. The coating would be scraped by forceps in order to test its strength and adhesion. 

 

Results 

All five iron nails give thick blue-black coating on their surface. Among the five 

temperatures, the iron nail immersed in tannic acid of 20oC showed the darkest and smoothest 

coating, and that of 25oC gave a comparable result. For the nails immersed in tannic acid from 

5oC to 20oC, when temperature increases, darker and smoother coating were produced. 

Coating on surfaces of nails immersed in high temperature, from 30oC onwards, the coatings 

formed were incomplete, with that from 40oC having the least coating on the surface of the 

iron nail. 

Generally, the coatings on the nails are thick but quite easily detachable. After scraping, the 

coatings easily fell off, especially for nails immersed in tannic acid of 35oC and 40oC. 

Interpretation 

As all nails have the blue-black coating on surface, it shows that the reaction between 

tannic acid and iron rust carries out in different temperatures. The iron nail immersed in tannic 

acid of 20oC showed the darkest coating, which was the best result. The nail immersed in 40oC 

acid had the most uneven and incomplete coating, which was the most unsatisfying result.  

A trend was found that the colour intensity of coating increases with the temperature 

during treatment from 5oC to 20oC, and that decreases with temperature from 25oC to 40oC. 

For the trend from 5oC to 20oC, it was suspected when temperature increases, the kinetic 

energy of tannic acid and iron oxide-hydroxide increases. They can move faster, leading to an 

increase in the rate of effective collisions. As a result, the rate of reaction between the 

reactants increases. More tannic acid molecules are able to react with iron rust to form iron-

tannate complex, which is the protective layer on the iron metal surface with increasing 

temperature.  
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For the trend from 25oC to 40oC, the colour intensity of coating decreases with 

temperature. It was suspected although the tannic acid molecules and iron oxide-hydroxide 

gain kinetic energy to move faster and collide with each other for reaction, the reactant 

particles move too fast that they are not able to form iron-tannate complex that can firmly 

adhere onto the surface of iron nails. Hence, the decreasing number of iron-tannate complex 

molecules gives a less complete blue-black iron-tannate coating when the temperature is too 

high.  

After scraping, the coatings of all nails easily fell off, which is still an unsatisfying result as 

there is no significant improvement on the adhesion of coating by varying the temperature. 

Conclusion 

Tannic acid of 20oC and 30oC showed the best results. In lower temperature (< 30oC), the 

effectiveness of the coating formation are similar; while for higher temperature (> 30oC), the 

effectiveness of the coating formation decreases with temperature. As there is no significant 

improvement on the adhesion of coating to iron surface, for convenience, we would choose to 

use conduct the test simply in room temperature. 

Further investigation 

After investigating in factors like duration of immersion and temperature, which were 

suspected affecting the adhesion of coating on the iron nail surface, we found that both factors 

did not attribute to the adhesion of coating as the coating of iron-tannate complex can still be 

easily scratched off in the previous investigations. These prove that the temperature and 

duration of immersion are not key factors causing the ready falling off of the coating. This was a 

disappointing result as the iron-tannate complex was not strongly adhered onto the iron object, 

hence greatly reduces its effectiveness in preventing the iron from further rusting.  

Therefore, we suspected that immersing iron nails in tannic acid only was not adequate 

for satisfactory coating formation. We planned to continue our investigation by introducing 

other chemicals so as to find out the how additional chemicals affect the degree of attachment 

of coating. 
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1.4 Determining the best phosphate group for assisting protective coating formation 

Our previous investigations showed that the best duration of immersing nails in tannic 

acid is 24 hours. There are blue-black colour complex, which are protective layers formed by 

ǘƘŜ Ǌǳǎǘ ŀƴŘ ǘŀƴƴƛŎ ŀŎƛŘ ƻƴ ǘƘŜ ƴŀƛƭǎΩ ǎǳǊŦŀŎes. However, the coatings were uneven and could be 

easily scraped off. As a result, the nails would continue rusting and could not be protected well. 

After varying factors such as duration and temperature of the reaction, the feasibility of adding 

other chemicals to the Rustworthy solution to enhance the rust preventing ability of tannic acid 

should be investigated. 

According to a research paper (Afidah A. Rahim and Jain Kassim, 2008) about iron-

phosphate complex, the following phosphate precipitation reaction is proposed: 

H3PO4 + FeOOH Ą FePO4 + 2H2O (1) 

2H3PO4 + 3Fe3O4 + 5H2O Ą Fe3(PO4)2.8H2O + 3Fe2O3 (2) 

3Fe2O3 + 3H2O Ą 6FeOOH (3) 

2H3PO4 + 3Fe3O4 + 8H2O Ą Fe3(PO4)2.8H2O (vivianite) + 6FeOOH (4) 

With the addition of phosphate ions, iron phosphate complexes were formed and mixed 

into the layer of iron-tannate complexes in the protecting coating. 

Different scientists suggest that iron oxide hydroxide and phosphate can form iron-

phosphate complex which acts as a binding agent. It was proposed with the presence of iron-

phosphate, the impermeability of the iron-tannate on outer layer of rust is reduced, leading to 

a better and deeper penetration of tannic acid molecules into the inner inert layer of rust. 

Therefore, we conduct our experiments in addition of phosphate group (PO4
3-), as phosphate 

group is one of the active ingredients for forming iron-phosphate complex. 

Four chemicals containing phosphate groups, including H3PO4, H2PO4
-, HPO4

2- and PO4
3- 

were chosen for testing the effect of formation of protective coating according to their basicity, 

so that the relationship between pH value and the reaction with iron can be determined. After 

immersing the nails into the above solutions with different phosphate groups, rust indicator 
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experiment would be conducted. The agar with the least blue area or the lightest blue colour 

intensity should be chosen for coating the iron objects or further investigation. 

The concentrations of phosphoric acid (H3PO4), sodium dihydrohen phosphate (NaH2PO4), 

disodium hydrogen phosphate (Na2HPO4) and trisodium phosphate (Na3PO4)
. were kept 

constant. Keeping all the other factors such as the concentration of tannic acid unchange, we 

can find out how pH value affects the coating formation. 

Procedures 

A. Preparation of standard solution of phosphoric acid (51%) 

1. 150.0 cm3 of 85% phosphoric acid was transferred into a 250 cm3 volumetric flask using a 

50.0 cm3 pipette. 

2. Distilled water was added until the meniscus reaches the graduation mark. During dilution 

of acid, the temperature was carefully controlled as the dilution process is exothermic. 

3. The flask was stoppered and inverted for several times to ensure it is mixed well. 

 

B. Preparing standard solution of compounds containing different phosphate groups 

1. The following weight of compounds containing phosphate groups were weighed by 

electronic balance and transferred into separate test tubes. 10 cm3 distilled water were 

added to each test tube by a 10.0 cm3 pipette. 

 

 NaH2PO4.2H2O Na2HPO4 Na3PO4.12H2O 

Weight / g 1.39 1.26 3.38 

Volume of water / cm3 10 10 10 

 

2. The test tubes were put in water bath   above  a hot-plate heater to assist dissolution. 

3. Their corresponding pH values were measured by a pH meter 
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C. Immersing nails in different phosphate groups 

1. 10.0 cm3 graduated pipette and 1.0 cm3 pipette were used to add the following chemicals 

into 5 test tubes respectively. 

 

Phosphate groups control H3PO4 NaH2PO4 Na2HPO4 Na3PO4 

Volume of solution of 

phosphate groups (cm3) 
/  1.0 1.0 1.0 1.0 

Standard solution of 

tannic acid added (cm3) 
2.0 2.0 2.0 2.0 2.0 

Distilled water added 

(cm3) 
8.0 7.0 7.0 7.0 7.0 

Concentration of solution 

of phosphate groups(mol 

dm-3) 

/  0.8899 0.8899 0.8899 0.8899 

pH value of solution /  2.7 5.2 9.8 11.9 

 

2. The test tubes were tabbed to mix the solutions well. 

3. A rusted nail was put into each test tube with different pH values and was left for 24 hours. 

4. The nails were taken out and were dried by pressing them against tissue paper gently. The 

nails were then put into respective labeled Petri dish for carrying out the rust indicator 

experiment. Control for this experiment is the rusted nail immersed in tannic acid and 

distilled water only for 24 hours. 

 

D. Rust indicator experiment 

1. 10.42 g of agar was weighed with an electronic balance 

2. 125 cm3 of water was measured using a 100 cm3 measuring cylinder and poured into a 200 
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cm3 beaker 

3. The 200 cm3 beaker with distilled water was heated on the hot-plate heater until the 

water was boiled. 

4. 10.42 g of agar was added into the distilled water with constant stirring until the agar 

completely dissolved. 

5. Heater was turned off and the beaker was removed from the heater. 12.5 cm3 rust 

indicator was measured using a 20 cm3 measuring cylinder and added into the agar. It was 

stirred to mix the rust indicator and agar thoroughly. 

6. The mixture was poured to each of the 5 labeled Petri dish with nails until the mixture 

completely covers the nail. After about 30 minutes, the mixture solidified. The colour 

change around the nails was observed. 

 

Results 

After immersion, the coating of the nail immersed in phosphoric acid (H3PO4) has the 

darkest color and smoothest surface. However, the coating of the nails immersed in sodium 

dihydrohen phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4) and trisodium 

phosphate (Na3PO4) solutions were rough and easily detachable, which was not satisfactory. 

In rust indicator experiment, the control shows the greatest blue area. Among the agars 

that the nails were treated with different phosphate groups, phosphoric acid showed the 

smallest area of blue colour. Agar of nail immersed in sodium dihydrohen phosphate (NaH2PO4) 

showed slight blue. The area and blue colour intensity of trisodium phosphate (Na3PO4)
 solution 

is the highest. 
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Phosphate 

group 

Before immersion After immersion Rust indicator 

experiment 

Control 

   

Phosphoric 

acid (H3PO4) 

pH: 2.7 

   

NaH2PO4 

solution 

pH: 5.2 

   

Na2HPO4 

solution 

pH: 9.8 
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Na3PO4 

solution 

pH: 11.9 

   

 

Interpretation 

Among different phosphate groups, the iron nail treated with phosphoric acid showed the 

most even coating and the least blue area in the rust indicator experiment, indicating a 

satisfactory appearance and better performance in preventing further rusting. The bluest area 

was shown in the agar of nails immersed in trisodium phosphate (Na3PO4)
 solution. Agar of nails 

immersed in sodium dihydrohen phosphate (NaH2PO4), disodium hydrogen phosphate 

(Na2HPO4) and trisodium phosphate (Na3PO4) were even worse than the control, which had 

larger blue areas than control. 

Considering the nail coated more successfully, we deduce that some of the rust reacted 

with the phosphoric acid and form iron-phosphate complex. The iron-phosphate complex is mix 

with the iron-tannate coating layer, hence reducing the impermeability of iron-tannate layer. 

Tannic acid molecules are able to penetrate deeper into the inner layers of iron rust and react 

with rust to form complexes. Hence, the iron-tannate layer gets thicker than before. Therefore, 

the coating can be tightly attached to the iron nail. As a result, the coating formed will be much 

long-lasting, and have better rust preventing effect.  

By the rust indicator experiment, we found a trend which the blue area increased with pH 

value. Therefore, we deduced that lower pH value assists formation of protective coating. It is 

suspected that hydroxyl group which originally bonded with iron rust was substituted by 

phosphate anion. Hydroxide ions were released and the concentration of hydroxide ions in the 

solution increased, which led to a higher pH value. By shift equilibrium, if the released 
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hydroxide ions are consumed, the iron oxide hydroxide will release hydroxide ions at a higher 

rate. Phosphate ions could be more readily substitute the hydroxide ions and react with rust.  

The iron-phosphate complexes could be formed more efficiently, and exert a greater enhancing 

effect on the iron-tannate layer. Thus, the performance of protective coating formation was 

improved. 

High pH value was the reason for disappointing results in nails immersed in sodium 

dihydrohen phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4) and trisodium 

phosphate (Na3PO4). Due to the more alkaline media, phosphate could not effectively 

substitute hydroxyl group in rust. Thus, instead of forming iron-phosphate complex which 

assists penetration of iron-tannate, phosphate groups in relatively alkaline media tend to act as 

mobile ions and accelerate the rusting process. This can be accounted for why the nails 

immersed in sodium dihydrohen phosphate (NaH2PO4), disodium hydrogen phosphate 

(Na2HPO4) and trisodium phosphate (Na3PO4) rust faster than the control.  

Conclusion 

Phosphoric acid (H3PO4) is the best phosphate group for assisting coating formation 

Further investigation 

After the decision of using phosphoric acid as an additional chemical in the following 

experiments, we would like to study other factors affecting the effectiveness in rust prevention 

of the iron-tannate layer formed. As there was no significant effect when varying duration and 

temperature of coating, we decided to investigate how concentration of phosphoric acid affects 

its role in enhancing the formation of iron-tannate, as well as providing an acidic medium for 

this reaction. 
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1.5 Choosing optimum concentration of phosphoric acid for forming iron-phosphate complex 

In the above experiments, it was proved that phosphate ions contribute to a less 

impermeable layer when rust reacts with tannic acid. Thus, tannic acid can further react with 

the inner rusted part of the nails, forming iron-tannate complex, to provide a more protective 

structure for the nails with better adhesion. After verifying the necessity of addition of 

phosphate ions and finding out the best phosphate group, which is phosphoric acid, we would 

like to investigate the optimum concentration of phosphoric acid which can assist the tannic 

acid to form the most adhesive coating to prevent further rusting of iron. 

Ten concentrations of phosphoric acid with regular intervals were prepared for the test. 

Blue-black coating formed on the nails can show the presence of the protective layer. Then, the 

nails were put forward to carry out the rust indicator experiment. The blue area shown in the 

agar indicates rust existence. Afterwards, the agar with the least blue area or the lightest blue 

colour intensity will be chosen, indicating the condition(s) which is (are) the best for reaction of 

forming protective coatings on the iron objects. Then the data will be used for further 

investigation.  

Keeping all the other factors such as the volume of distilled water added, we can find out 

which concentration of phosphoric acid is most suitable to be used in coating formation. 

Procedures 

A. Determine the optimum concentration of phosphoric acid for assisting coating formation 

1. 10 cm3 graduated pipette and 1 cm3 pipette were used to add the following chemicals into 

11 test tubes respectively. 

51% phosphoric acid added 

(cm3) 
0.0 0.5 0.6 0.7 0.8 0.9 

Standard solution of tannic 

acid added (cm3) 
2.0 2.0 2.0 2.0 2.0 2.0 
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Distilled water added (cm3) 8 7.5 7.4 7.3 7.2 7.1 

Concentration of 

phosphoric acid (mol dm-3) 
0 0.4449 0.5339 0.6229 0.7119 0.8009 

 

51% phosphoric acid added 

(cm3) 
1.0 1.1 1.2 1.3 1.4 

Standard solution of tannic 

acid added (cm3) 
2.0 2.0 2.0 2.0 2.0 

Distilled water added (cm3) 7.0 6.9 6.8 6.7 6.6 

Concentration of 

phosphoric acid (mol dm-3) 
0.8899 0.9789 1.0679 1.1569 1.2459 

 

2. The test tubes were tabbed to mix the solutions well. 

3. A rusted nail was put into each test tube with different concentration of phosphoric acid 

and left for 24 hours. 

4. The nails were taken out and were dried by pressing them against tissue paper gently. The 

nails were then put into respective labeled Petri dish for carrying out the rust indicator 

experiment. The control of this experiment was a rusted nail immersed in 0.0118 mol dm-3 

tannic acid for 24 hours. 

 

B. Rust indicator experiment 

1. 22.92 g of agar was weighed with an electronic balance. 

2. 275 cm3 of water was measured using a 100 cm3 measuring cylinder and poured into a 600 

cm3 beaker. 

3. The 600 cm3 beaker with distilled water was heated on the hot-plate heater until the 



P.39/89 

water was boiled. 

4. 22.92 g of agar was added into the distilled water with constant stirring until the agar 

completely dissolved. 

5. Heater was turned off and the beaker was removed from the heater. 27.5 cm3 of rust 

indicator was measured using a 20 cm3 measuring cylinder and added into the agar. It was 

stirred to mix the rust indicator and agar thoroughly. 

6. The mixture was poured to each of the 11 labeled Petri dishes with nails until the mixture 

completely covers the nail. After about 30 minutes, the mixture solidified. The colour 

change around the nails was observed. 

 

Results 

Originally, the surface of the nails was covered with rust. After immersing in tannic acid 

and phosphoric acid, in general, the iron nails have slightly lighter blue-black colour than 

coating with tannic acid only, but more even coatings were achieved.  

In rust indicator experiment, agar of control shows the greatest blue area. In the agars 

that the nails were treated with tannic acid and phosphoric acid, light blue colour of a smaller 

area was shown. The agar with 0.7119 mol dm-3 phosphoric acid shows the smallest blue area. 

 

Concentration 

of phosphoric 

acid  

Before immersion After immersion Rust indicator experiment 
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0 mol dm-3 

(Control) 
 

 

 

0.4449 mol 

dm-3 

  
 

0.5339 mol 

dm-3 

 
  

0.6229 mol 

dm-3 

   

0.7119 mol 

dm-3 
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0.8009 mol 

dm-3  

  

0.8899 mol 

dm-3 

 
 

 

0.9789 mol 

dm-3 

 
  

1.0679 mol 

dm-3 

 
  

1.1569 mol 

dm-3 
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1.2459 mol 

dm-3 

 

  

 

Interpretation  

All the nails were successfully coated with dark blue coating after being immersed in 

different concentrations of phosphoric acid, which showed that in all concentrations of 

phosphoric acid tested, the phosphoric acid assists tannic acid to form complex with iron rust 

ƻƴ ǘƘŜ ƴŀƛƭǎΩ ǎǳǊŦŀŎŜ ǎǳŎŎŜǎǎŦǳƭƭȅΦ 

Interestingly, the colour intensity of all coatings formed by immersing iron nails in 

Rustworthy were lower than that of coatings formed by immersing nails in tannic acid only. We 

suspected that as the outer layer of coating was a mixture of iron-tannate and a little amount of 

iron-phosphate, instead of the mere iron-tannate complexes in the coating formed when the 

nails were immersed in tannic acid solution only, the outermost layer has slightly less iron-

tannate complex so it has a lighter colour. 

In the rust indicator experiment, by comparing the area of agar around the coated nails 

turned from yellow, the original color of agar mixture, to blue, which indicates the formation of 

iron(II) ions on the nails by observation the respective rates of rusting among the nails 

immersed in different concentrations of phosphoric acid were found. 

Firstly, the nail immersed in solution without addition of phosphoric acid shows the 

largest blue area when compared with all the other nails. It is because the tannate protective 

layer formed on the surface blocks other tannic acid from penetrating through the layer or 

reacting with the inner rusted part of the nails. By this, we deduced that the presence of 

phosphoric acid can allow the entrance of tannic acid and react with the remaining rusted part, 

so as to increase the thickness of the iron-tannate complex coating and the adhesion of 
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protective layer. Hence, the necessity of phosphoric acid to assist the penetration of tannic acid 

into deeper rusted layers, and hence forming better protective layer was confirmed. 

Furthermore, among different concentrations of phosphoric acid, the nail immersed in 

0.7119 mol dm-3 phosphoric acid was found to have the best result, which had least rust 

detected in the rust indicator experiment. Hence, solution with 0.7119 mol dm-3 phosphoric 

acid added to 20 g dm-3 tannic acid can most successfully reacts with rust, forms the best 

protective layer and most effectively prevents further rusting. It shows the best ratio between 

tannic acid and phosphoric acid is needed to form a layer that is protective and permeable at 

the same time. When a solution is added with 20 g dm-3 tannic acid and 0.7119 mol dm-3 

phosphoric acid, the formed outer layer has the penetration power and rust-resisting power in 

a balance, reaching a critical condition. Hence, the coating effect is improved. 

Conclusion 

The optimum concentration of phosphoric acid for assisting coating formation is 0.7119 

mol dm-3 

Further investigation 

It was proved that the strength and adhesion of coating to the iron object had increased 

after addition of phosphoric acid to tannic acid. However, under scraping, traces could be seen 

on the coating formed by tannic acid and phosphoric acid as the below figure. 

 

This implied the coating still could not adhere to the surface of the nails firmly. Moreover, 

by our observation, the surface coating was still rather rough, uneven and thin. Therefore, 

although phosphoric acid was proved to be an essential ingredient of Rustworthy, its protection 

against further rusting of iron could still be improved. 
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Tannic acid is an organic acid with large molecular size and phosphoric acid is a mineral 

acid with smaller molecular size. Although phosphoric acid assists iron-tannate complex 

formation, both the sizes and polarities of tannic acid and phosphoric acid are quite 

incompatible with each other. The mix of organic and inorganic compounds may hinder the 

even distribution of the solution.  

Besides the main ingredients - tannic acid and phosphoric acid, we will investigate on the 

effect of other additional chemicals, with the aim of increasing the smoothness and achieving 

even distribution of protective coating. 
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1.6 Choosing optimum organic solvent for assisting protective coating formation 

In the previous investigations, it was discovered that the mixture of tannic acid and 

phosphoric acid forms more adhesive coating than using tannic acid only. However, we would 

like to increase the effectiveness of the protective layer coated on the iron metal. Hence, we 

would like to further investigate on how to improve the penetration power of our Rustworthy 

solution by adding other chemicals besides tannic acid and phosphoric acid. 

As tannic acid is organic and has a relatively large molecular size while phosphoric acid is 

inorganic and much smaller, the differences between the two create problems in even 

distribution of iron-tannate and iron-phosphate complexes. To achieve smooth and even 

coating, we would like to add extra chemicals, most probably solvents that can blend the tannic 

acid and phosphoric acid.  

We searched in the internet and got reply from the well-known science forums that adding 

solvents may enhance the formation of iron-tannate. We decided to study the effect of alkanols 

and ketones as they are very common organic solvents in daily life. To find out which kind of 

alkanols or ketones would exert the best effect on enhancing the penetration power and the 

adhesion of coating to the iron metal, 7 alkanols: methanol, ethanol, propan-1-ol, propan-2-ol, 

butan-1-ol, butan-2-ol and 2-methylpropan-1-ol and two ketones: propanone and butanone 

were chosen for testing the effect of coating formation due to their difference in polarity and 

molecular size, so to investigate the relationship between properties of various organic solvents 

and the smoothness in coating. 

After immersing the nails into the mixture containing different polar organic solvents, rust 

indicator experiment would be conducted. The agar with the least blue area or the lightest blue 

colour intensity should be chosen for coating the iron objects or further investigation. 

The volumes of all types of organic solvents used for mixing Rustworthy solution were kept 

the same. Keeping all the other factors such as the concentration of tannic acid constant, we 

can find out which organic solvent is most suitable to be used in assisting coating formation. 

Procedures 
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A. Immersing nails in different organic solvents for assisting coating formation 

1. 10.0 cm3 graduated pipette and 1.0 cm3 pipette were used to add the following chemicals 

into 10 test tubes respectively. 

Organic solvent Control Methanol Ethanol Propan-1-ol Propan-2-ol 

Volume of organic 

solvent added 

(cm3) 

/  2.0 2.0 2.0 2.0 

51% phosphoric 

acid added (cm3) 
0.8 0.8 0.8 0.8 0.8 

Standard solution 

of tannic acid 

added (cm3) 

2.0 2.0 2.0 2.0 2.0 

Distilled water 

added (cm3) 
7.2 5.2 5.2 5.2 5.2 

 

Organic solvent Butan-1-ol Butan-2-ol 
2-methyl 

propan-1-ol 
propanone butanone 

Volume of organic 

solvent added 

(cm3) 

2.0 2.0 2.0 2.0 2.0 

51% phosphoric 

acid added (cm3) 
0.8 0.8 0.8 0.8 0.8 

Standard solution 

of tannic acid 

added (cm3) 

2.0 2.0 2.0 2.0 2.0 
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Distilled water 

added (cm3) 
5.2 5.2 5.2 5.2 5.2 

 

2. The test tubes were tabbed to mix the solutions well  

3. A rusted nail was put into each test tube with different concentration of ethanol for 24 

hours. 

4. The nails were taken out and were dried by pressing them against tissue paper gently. The 

nails were then put into respective labeled Petri dish for carrying out the rust indicator 

experiment. The control for this experiment was a nail immersed in 2.0 cm3 of tannic acid, 

0.8 cm3 of phosphoric acid and 7.2 cm3 of distilled water. 

 

B. Rust indicator experiment 

1. 20.83 g of agar was weighed with an electronic balance 

2. 250 cm3 of water was measured using a 100 cm3 measuring cylinder and poured into a 250 

cm3 beaker 

3. The 250 cm3 beaker with distilled water was heated on the hot-plate heater until the 

water was boiled. 

4. 20.83 g of agar was added into the distilled water with constant stirring until the agar 

completely dissolved. 

5. Heater was turned off and the beaker was removed from the heater. 25 cm3 rust indicator 

was measured using a 20 cm3 measuring cylinder and added into the agar. It was stirred to 

mix the rust indicator and agar thoroughly. 

6. The mixture was poured to each of the 10 labeled Petri dish with nails until the mixture 

completely covers the nail. After about 30 minutes, the mixture solidified. The colour 

change around the nails was observed. 

 

Results  
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 5% 10% 15% 20% 

Methanol ***  ****  *****  ****  

Ethanol ***  ***  ****  ****  

Propan-1-ol **  **  ***  ***  

Propan-2-ol **  **  ***  ***  

Butan-1-ol *  **  **  **  

Butan-2-ol *  **  **  *  

2-methyl 

propan-1-ol 

*  *  **  *  

Propanone *  *  *  *  

Butanone *  *  *  *  

 

Key:   * = Roughest suface 

***** =  Smoothest surface 

 

 

Nail immersed in 15% methanol showed the smoothest and most even coating 

 

Coating of the nail immersed in 15% ethanol was comparable to that of 15% methanol 
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Mixture containing 2-methyl propan-1-ol 

Interpretation 

All nails tested were coated with a blue-black coloured coating, as what seen on the control, 

hence suggesting that for any type of organic solvent added, it does not affect the formation of 

iron tannate, the protective layer on the surface on the iron nail. However, coating of nails 

immersed in propanone and butanone were unevenly coated, which was a disappointing result 

We discovered that the mixtures remained after the immersions have surprising 

observations. For the remaining mixtures of 2-methylpropan-1-ol, butan-2-ol and butan-1-ol, 

compared with those with other alkanols added, there are two layers of mixture. The upper 

layer is brown in colour and the lower layer is paler and yellow. We suspect that the upper and 

lower layers are organic layer and inorganic layer respectively. 

An explanation for that can possibly be the separation of mixtures due to the difference in 

the polarity of solutions added, as both organic and inorganic solutions were added. For the 

brown layer, it is very possible to be the layer of organic mixtures. As for organic solvents with 

ƭŀǊƎŜǊ ŀƭƪȅƭ ƎǊƻǳǇΣ ǿƛǘƘ ƴǳƳōŜǊ ƻŦ ŎŀǊōƻƴ Ŝǉǳŀƭǎ ƻǊ ŀōƻǾŜ ŦƻǳǊΣ ǘƘŜ ŜŦŦŜŎǘ ƻŦ Ǿŀƴ ŘŜǊ ²ŀŀƭǎΩ 

force among molecules begins to have dominant influence in the intermolecular force than the 

hydrogen bond due to the hydroxyl group. Hence, the solvent molecules get less polar, they 

have lower dissolution ability towards polar solvent, like water. The organic tannic acid 

molecules, which actually do not dissolve much in water, dissolve in organic solvents. The low 

polarity organic mixture at last do not dissolve much into water and form a layer on top of the 
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aqueous layer, as it possesses lower density than that of aqueous mixture. Tannic acid 

molecules are brown in colour and organic solvents are usually colourless, so the organic layer 

possesses brown colour. On the other hand, as both water and phosphoric acid is colourless, 

the lower inorganic aqueous layer is colourless. 

From the rust indicator experiment, the blue area in the rust indicator test decreases when 

the polarity of the organic solvent used increases. It shows that the performance of coating 

formation increases with polarity. The solution with methanol has a smallest area of agar 

observed blue in colour, followed by that with ethanol. Methanol exerts the best effect in 

improving the effectiveness of the Rustworthy solution. 

Alcohol increases the dissolution of tannate and the velocity of penetration of solution into 

the inner impermeable rust (C.A. Barrero et al. / Corrosion Science 43 (2001) 1003-1018). 

Moreover, alcohol can help to increase penetration and also dissolution of the tannate, (C. A. 

Barrera, L. M. Ocampo, C. E. Arroyave, 1999), therefore tannic acid and water molecules can be 

well-mixed. 

Therefore, the adhesion of the whole coating system will be enhanced with the addition of 

alcohol. As the most polar molecule, methanol, has the best effect and performance in coating 

formation decreases with polarity of organic solvent used, we suspected that polar organic 

solvent molecules can well dissolve in both water and act as organic solvent, allowing the 

better dissolution and mixing of tannic acid into water.  

In general, more polar organic solvents have smaller molecular sizes. With its small size, it 

can then dissolve and carry the organic tannic acid molecules to get through the pores of the 

rust layer more easily, and hence penetrate into the more impermeable and inert inner layer of 

rust, with a faster speed. Inner layer of rust can react with tannic acid and phosphoric acid to a 

larger extent. For those alkanol molecules with larger size and more branched structures, 

besides water-insoluble, they may not be able to penetrate into the inner layer of rust. As a 

result, the coating adheres much firmly to the metal surface and can exert better rust 

preventing effect. 



P.51/89 

Methanol was found to have exerted the best effect on enhancing the penetration power 

and the adhesion of coating to the iron metal. However, our team would continue our 

experiments using ethanol, which produced comparable results with respect to methanol, 

because we consider methanol to be much more toxic compared with ethanol. It is dangerous 

to use methanol in experiments. We would like to use a solvent which is safer in our 

experiments, as our project aims to produce Rustworthy solution that is safer and convenient 

to all people. 

Conclusion  

Ethanol would be included in the ingredients of Rustworthy solution. 

Further investigation 

As addition of ethanol increases the smoothness of coating, we would like to further 

investigate on the relationship between concentration of ethanol and its effect on smoothness 

of coating formation. We aim to produce more evenly distributed coating so that the 

appearance of nail can be enhanced. 
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1.7 Choosing optimum concentration of ethanol for assisting protective coating formation 

In the previous investigation, we discovered that addition of ethanol increases the 

smoothness of coating formation by dissolution of tannate and mixing tannic acid and 

phosphoric acid well. We would like to optimize the concentration of ethanol when it is added 

to the Rustworthy solution.  

Therefore, we conduct our experiments in addition of pure ethanol. In order to investigate 

the concentration ethanol required to form a solution most effectively protects the inner iron 

metal from further rusting, we choose the optimum concentration of ethanol for coating 

formation. In the experiment, we try to investigate how the reaction is affected by the 

concentration of organic solvent. 

To find out which concentration of ethanol would produce the best effect on enhancing the 

penetration power and the adhesion of coating to the iron metal, ten different concentrations 

of ethanol were chosen for testing the effect of coating formation, so as to estimate the 

relationship between concentration of organic solvent and effectiveness in coating formation. 

After immersing the nails into the mixture containing different concentrations of ethanol, 

rust indicator experiment would be conducted. The agar with the least blue area or the lightest 

blue colour intensity should be chosen for coating the iron objects or further investigation. 

The volumes of all types of standard tannic acid and phosphoric acid were kept constant. 

Keeping all the other factors such as the concentration of acids constant, we can find out which 

concentration of ethanol is most suitable to be used in assisting coating formation. 

Procedures 

A.  Immersing nails in different concentrations of ethanol for assisting coating formation 

1. 10.0 cm3 graduated pipette and 1.0 cm3 pipette was used to add the following chemicals 

into 11 test tubes respectively. 
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Tannic acid added 

(cm3) 
2.0 2.0 2.0 2.0 2.0 2.0 

Phosphoric acid 

added (cm3) 
0.8 0.8 0.8 0.8 0.8 .0.8 

Distilled water 

added (cm3) 
7.2 6.0 5.9 5.8 5.7 5.6 

Ethanol added (cm3) 0 1.2 1.3 1.4 1.5 1.6 

Concentration (% 

v/v) 

0 

(control) 
12 13 14 15 16 

       

Tannic acid added 

(cm3) 
2.0 2.0 2.0 2.0 2.0 

Phosphoric acid 

added (cm3) 
0.8 0.8 0.8 0.8 0.8 

Distilled water 

added (cm3) 
5.5 5.4 5.3 5.2 5.1 

Ethanol added (cm3) 1.7 1.8 1.9 2.0 2.1 

Concentration (% 

v/v) 
17 18 19 20 21 

 

2. The test tubes were stoppered and the solutions were tabbed to mix well. 

3. A rusted nail was put into each test tube and left for 24 hours. 
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4. The nails were taken out and dried gently by tissue paper. 

5. The rust indicator experiment was carried out. Control for this experiment was a nail 

immersed in solution without ethanol. 

 

B. Rust indicator experiment 

1. 22.92 g of agar was weighed with an electronic balance. 

2. 275 cm3 of water was measured using a 100 cm3 measuring cylinder and poured into a 600 

cm3 beaker. 

3. The 600 cm3 beaker with distilled water was heated on the hot-plate heater until the 

water was boiled. 

4. 22.92 g of agar was added into the distilled water with constant stirring until the agar 

completely dissolved. 

5. Heater was turned off and the beaker was removed from the heater. 27.5 cm3 rust 

indicator was measured using a 20 cm3 measuring cylinder and added into the agar. It was 

stirred to mix the rust indicator and agar thoroughly. 

6. The mixture was poured to each of the 11 labeled Petri dish with nails until the mixture 

completely covers the nail. After about 30 minutes, the mixture solidified. The colour 

change around the nails was observed. 

 

Results 

The nail immersed in 15% ethanol In rust indicator experiment, agar of nail immersed in 15% 

ethanol showed the least blue area. 
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Rusted nail after immersing in 15 % v/v ethanol 

 

Rust indicator experiment of nail immersed in 15 % v/v ethanol 

Interpretation 

All the nails were successfully coated with dark blue coating after being immersed in 

different concentrations of ethanol. It showed that in all concentrations of ethanol tested, 

ethanol could mix phosphoric acid and tannic acid well. In such way can the acids react and 

successfully form complex evenly distributed on the surface. In addition, the adhesion of 

coating increased due to the dissolution of iron-tannate complex by ethanol, leading to 

protective layers formed inside the nails.  

The coating of control nail was still uneven and rough compared with all the other nails. It is 

because the tannic acid and phosphoric acid cannot be mixed well without the presence of 

ethanol. In addition, iron-tannate protective layer was formed near the surface without 

entering deeper parts of the nails.  

Furthermore, the remaining agar showed little bluish area, meaning that rusting rarely 

occurs. Among all of the nails, the nail immersed in the solution with 15% ethanol shows the 

least blue area, and therefore it was chosen to be the optimum concentration of ethanol in our 

Rustworthy solution. In general, the blue area increased when the concentration of ethanol 

decreased. Thus, we suspected that if the concentration of the ethanol is too low, the number 

of moles of ethanol existing will be smaller, leading to an unsatisfactory dissolution of tannate 

and uneven  distribution of tannic acid and phosphoric.  
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Further investigation 

As we have already optimized all the concentration of the ingredients in Rustworthy 

solution, we would like to investigate its general effect and the most effective way is to 

compare it with that of commonly used protective methods. 

Nowadays, painting is the most common method to protect iron-made objects from rusting. 

However, paint is easily scraped off, then rusting occurs again. That is why we suspect that the 

adhesion of paint is not strong enough, thus hindering the protecting effect. Therefore, we 

would study the adhesion and strength of coating. As a result, we can determine which method 

is better. 
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1.8 Comparing tannate and phosphate coating with other surface protection methods 

There are various kinds of paint in daily life, for example, brushing lacquer, enamel and 

varnish. Painting is commonly used as a surface protection of iron as the layer of paint can 

block the contact between oxygen, water moisture and the iron metal. Therefore, hydroxide 

ions can hardly be formed and thus suppress the rusting process of iron. In addition, it has low 

cost when compared with other methods. These can be accounted for why most of the 

manufacturers prefer painting as the iron protection method.  

The adhesion of paint is weaker than that of coating of our solution. The main reason is that 

when paint is painted on the iron object, only the surface of the object will be covered with 

paint. The paint coating is only attached on the surface of the object, and the layer is not held 

tight with any iron atoms. Moreover, the layer of paint is usually thin. As a result, the protective 

layer can easily be scratched off form the surface, leading to rusting as oxygen and moisture in 

air are in contact with the iron metal. On the other hand, for our Rustworthy solution, the 

protective coating is formed by the reaction between the hydrated iron(III) oxide, iron(III) 

oxide-hydroxide, tannic and phosphoric acid. The product of the reaction is a layer in blue-black 

colour, which is also insoluble in water. Moreover, the layer is a mixture of tannate and iron 

phosphate formed by addition of phosphoric acid and organic solvent, ethanol. By this, tannate 

and phosphate molecules can enter the inner part of the rusted object due to increase in 

permeability of coating on surface. Thus, the blue-black protecting layer will not only be formed 

on the surface but also in the inner parts. As a result, the adhesion of the protective coating 

formed by the solution is better. 

However, if the paint is not scratched off, the ability to resist rusting is comparable with 

that of our solution. Therefore, painting is still an ideal choice for rust prevention. 
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Conclusion of part one 

From the above series of investigations, we studied the protective effect of tannic acid, as 

a type of tannin, on iron rust. A blue-black coating was formed on the metal surface, which is 

iron tannate in nature, effectively protects iron from further rusting. To improve the 

effectiveness of the coating, we investigate in factors such as duration and temperature 

controlling the coating effectiveness, and the methods to increase the adhesion of coating and 

penetrating power of ions to react with iron rust. After several sets of tests, we found out that 

adding phosphoric acid and ethanol decrease the impermeability of the outer layer of iron 

tannate to allow further reaction with inner layers of iron rust, and increases the dissolution of 

tannic acid in the aqueous mixture respectively. Also, the optimum duration of immersing of 

the iron nails in reaction mixture is found. We proved that the coating has a comparable 

effectiveness in preventing further rusting as painting in general on the metal surface. However, 

we would like to say that there is still room for improvement, as further investigation on the 

application of the reaction mixture to various objects with different shapes, and also the use of 

this tannic-phosphoric acid mixture onto larger objects, like the wire netting outdoor. 

Once the mixture for rust protecting is adapted and put into large-scale production, it is 

very possible that massive use of synthetic laboratory chemicals will be involved. We suspect 

that there can be a more environmentally friendly and economical way in the production of the 

mixture. Concerning environmental influences, we would like to find a way of collecting tannin 

from daily life, most probably by recycling of waste materials. From general knowledge we 

learn from our daily life, we know that tannin, an organic compound found in plants, actually 

can be found in many types of food, such as red wine and tea. We would like to start 

investigations on the tannins from tea residue, including the extraction of tannin from tea 

residue and the effect of the tea tannin, provided that we can successfully extract from tea 

residue, on the effectiveness of preventing further rusting of the iron nails in forming blue-black 

ŎƻŀǘƛƴƎ ƻƴ ǘƘŜ ƛǊƻƴ ƴŀƛƭǎΩ ǎǳǊŦŀŎŜΦ 
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2.1 Determinating the best percentage of acetone used for tannin extraction 

After we have obtained the best composition of tannic acid based Rustworthy from the 

preceding investigations, we would like to study the feasibility of replacing synthetic tannic acid 

with tannin obtained from natural products. Tannins are large polyphenolic compounds 

containing hydroxyl groups. Different  tannins have similar chemical properties. As tannic acid is 

a type of tannin, we hypothesize that tannin should have similar reaction with rust and can also 

form protective layer just like tannic acid. Tea leaf is one of the most easily accessible and 

inexpensive sources of natural tannin. Hence, we would like to extract tannin from tea leaves to 

replace synthetic tannic acid.  

In the first part of this investigation, extraction of tannin will be carried out by refluxing Shui 

Xian ( ) tea leaves with 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100% acetone as solvent 

separately.  

After the extraction with different percentage of acetone, the tannin extracted will be 

collected separately and distillation will be carried out to remove the solvent from the 

extracted tannin. Fixed amount and known concentration of phosphoric acid, ethanol and 

distilled water will then be added to the tannin to make up Rustworthy. Two drops of the 

solution will be collected to test for the presence of tannin by iron(III) chloride test. Tannin 

forms black iron(III) tannate precipitate with iron(III) ion. Larger amount of black precipitate 

indicates larger amount of tannin in the solution. Hence, higher colour intensity (ie. more black 

precipitate) shows that more tannin is extracted with that corresponding solvent.  

After performing iron(III) chloride test, we would further investigate the effect of protective 

coating formed by tannin extracted with different solvents. Rusted nails are added into the 

Rustworthy separately and left overnight. Rust indicator test will then be carried out to 

compare the protecting effect of different coating layer by observing the blue area formed in 

the agar.  

The disposal of acetone is harmful to the environment. Its high solubility in water poses a 

potential risk of oxygen depletion in the aquatic systems due to the decomposers activity. 
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Therefore, after distillation, acetone will be collected and reused in the subsequent extraction 

process, so that less acetone is required to carry out extraction. In addition, the cost of the 

Rustworthy can be reduced if less solvent is required in the extraction. 

The only variable in this investigation is the percentage of acetone used in the extraction of 

tannin from tea leaves. Other factors such as temperature, duration and volume of chemicals 

and water were remained constant. It was expected that higher percentage of acetone used 

will provide a better protective layer. 

 

Procedures 

A.  Extraction of tannin from unbrewed Shui Xian tea leaves 

 

1. 2 g of unbrewed Shui Xian tea leaves were weighed with an electronic balance and 

then transferred to a 250 mL round-bottomed flask. 

2. 30 mL of 30% acetone was pipetted into the flask. 

3. A reflux system was constructed as shown in Fig.1 and Fig.2. 

                   

         Fig. 1 

4. The round-bottomed flask was immersed into the water bath.                  Fig.2 

water out  

water in  

heat 



P.61/89 

5. The mixing of tea-solvent system was facilitated with a magnetic stir bar. 

6. The mixture was refluxed for 45 minutes.  

7. The round-bottomed flask was removed from the water bath and allowed to cool 

down to room temperature after reflux. 

8. Steps 1-7 were repeated under the same conditions with 40%, 50%, 60%, 70%, 80%, 

90% and 100% acetone as the solvent.  

 

B. Making up Rustworthy with tannin extracted from tea leaves 
 

1. The extracted tannin was carefully decanted from the round bottomed flask to another 

round bottomed flask. 

2. Distillation set up was constructed as shown in Fig.3 remove the solvent. 

 

                      

Fig.3                              Fig.4 

3. The round-bottomed flask was removed from the set up when all solvent was removed. 

4. 0.8 mL of 51% phosphoric acid, 7.7 mL of distilled water and 1.5 mL of 100% ethanol 

were added to the round-bottomed flask containing the tannin extracted. 

5. The solution was mixed well until all tannin dissolved. 
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6. The Rustworthy was carefully poured into a test tube. 

7. Repeat steps 1-5 with the other 7 sets of tannin extracted by different solvent. 

   

 

C.  Preparing 0.02M iron (III) chloride in 0.1M hydrochloric acid 

1. 1.35g anhydrous iron(III) chloride was weighed with an electronic balance and 

transferred to a 100 mL beaker. 

2. 12.5 mL of 2M hydrochloric acid was pipetted into the beaker. 

3. The iron(III) chloride hexahydrate was completely dissolved. 

4. The solution in beaker was poured into a 250mL volumetric flask. 

5. Distilled water was added until the bottom of meniscus reached the graduation mark. 

6. Solution was mixed well. 

 

D. Performing iron (III) chloride test to determine the tannin content  

1. 3 mL iron (III) chloride was transferred into 8 test tubes separately using a graduation 

pipette. 

2. 2 drops of solution were collected from each of the test tubes containing Rustworthy 

and then transferred to the 8 test tubes separately. 

3. The result was observed and recorded immediately. 
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E.  Performing rust indicator experiment 

1. A rusted nail was put into each of the 8 test tubes containing Rustworthy with different 

composition and was left overnight. Another rusted nail was placed in a test tube 

containing Rustworthy without any tannin to act as a control.  

2. The nails were removed from the test tubes and dried on a tissue paper gently.  

3. The nails were then placed on petri dish separately.  

4. 22.92 g of agar was weighed with an electronic balance. 

5. 275 cm3 of water was measured using a 100 cm3 measuring cylinder and poured into a 

600 cm3 beaker. 

7. 22.92 g of agar was added into the distilled water and boiled with constant stirring 

until the agar completely dissolved. 

8. The agar was allowed to cool down.  

9. 27.5 cm3 rust indicator was mixed with the agar.  

10. The mixture was poured to each of the Petri dishes with nails until the nails were 

completely covered by the agar. 

11. The colour change of the agar was observed after 30 minutes. 
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Results 

Test of tannin using iron (III) chloride 

Percentage of solvent Colour intensity of solution after addition of 

iron (III) chloride  

30% **  

40% **  

50% ***  

60% ****  

70% *****  

80% *****  

90% *  

100% /  

 

Key:     * -- the lowest colour intensity 

 ***** --the highest colour intensity 

 

Rust indicator experiment 

Blue black coating was observed on all nails immersed in Rustworthy accept for the control. 

For nails immersed in the Rustworthy made up of tannin extracted with lower percentage of 

acetone (30%, 40%, 50%), the blue black coating is relatively lighter in colour. Nails immersed in 

Rustworthy made up of tannin extracted with higher percentage of acetone (60%, 70%, 80%) 

have a relatively darker coating. Comparing the blue black coating of 60%, 70% and 80% 

acetone, coatings of 70% and 80% acetone were darker than that of 60% acetone.  

Comparing the adhesion and smoothness of different nails, protective layer of 60%, 70% 

and 80% acetone is better than that of the coating formed by 30%, 40% and 50% acetone.  
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All agars of nails immersed in Rustworthy have a smaller blue area than that of the control. 

The blue area formed in the agar of 60%, 70% and 80% acetone is smaller than that of 30%, 

40% and 50% acetone, with 70% and 80% acetone having the smallest area. 

Interpretation 

After distillation, fixed volume and known concentration of phosphoric acid, ethanol and 

distilled water was added into the round-bottomed flask to dissolve the extracted tannin. 

However, the tannin extracted with 90% acetone and 100% acetone cannot dissolve in the 

solution. We suspect that a lot of non-tannin materials are extracted from the tea leaves with 

90% and 100% acetone. Further investigation of these two sets of extraction cannot be carried 

out since tannin extracted with these two solvents cannot be made up to Rustworthy. 

According to the results of the iron(III) chloride test above, tannin extracted with 30% and 40% 

acetone have lower colour intensity compared with the others. This may due to the fact that 

most tannin is left in the tea leaves and not extracted when low percentage of acetone is used 

for extraction. The colour intensities of tannin extracted with 50%, 60%, 70% and 80% acetone 

are relatively higher, showing that more tannin can be extracted with these solvents and can 

dissolve in the Rustworthy solution.  

In the rust indicator experiment, a blue-black coating was observed on the nail surface after 

the nails was immersed in the Rustworthy. However, no coating is observed on the control nail. 

This proved that tannins extracted with 30%, 40%, 50%, 60%, 70% and 80% acetone have the 

ability to form protective layer to protect the rusted nail and that tannin is required to form the 

blue-black coating. The nails immersed into the tannin extracted with 70% and 80% acetone 

have the most adhesive and smooth protective layer compared with nails immersed in the 

other solvents. Moreover, smallest blue area was observed in these two agars. Therefore, it 

showed that 70% acetone and 80% acetone have comparable effect. However, 70% acetone 

was used instead of 80% acetone in the following investigations in order to save solvent. 
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Conclusion 

70% acetone is the best solvent used for tannin extraction.  

 

Further investigation 

In this investigation, 70% acetone was proven to be the most suitable solvent for extraction 

of tannin. Shui Xian tea leaves are used in this investigation. Therefore, in the next investigation, 

we would like to determine whether tannin can be extracted from different kinds of tea leaves 

with 70% acetone as the solvent.  
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2.2. Investigating on feasibility of tannin extraction from different kinds of tea leaves 

In the preceding investigations, we have proved that tannin can be extracted from tea 

leaves by carrying out reflux at fixed condition. During the investigations, we have used Shui 

Xian tea leaves as the only kind of tea leaves for extraction. It is commonly known that tannin is 

present in all kinds of leaves. Therefore, in this investigation, we would like to find out whether 

tannin can be extracted from different kinds of tea leaves. After that, we would also like to 

investigate if tannin extracted from different tea leaves can form a stable protective layer. We 

have collected unbrewed tea leaves from our classmates and relatives. The name of tea leaves 

we have used in this investigation is listed below: 

a Da Hong Pao red tea( ) 

 

b Lychee tea ( ) 

 

c Lipton red tea ( ) 

 

d Shui Xian tea( ) 

 

http://hk.wrs.yahoo.com/_ylt=A8tU3qYIcoJLaA8ATK7wzAt.;_ylu=X3oDMTEzbHJoaGs2BHNlYwNzcgRwb3MDMQRjb2xvA2hraQR2dGlkA2hrMDA5Ml8z/SIG=122j0b8v3/EXP=1266926472/**http%3a/www.lalulalu.com/thread-581899-1-1.html
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e Ting De Hong( ) 

 

f Xi Hu Longjing tea ( ) 

 

g Ximen Longjing green tea( ) 

 

h Japanese tea( ) 

 

http://en.wiktionary.org/wiki/%E9%BE%8D
http://en.wiktionary.org/wiki/%E9%BE%8D
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In the first part of this investigation, extraction of tannin will be carried out with different 

types of tea leaves listed above together with 70% acetone for 45 minutes. After extraction, 

distillation will be carried out to remove acetone from the extracted tannin. Other components 

such as phosphoric acid, ethanol and distilled water will be added to tannin to make up 

Rustworthy solution. A small amount of Rustworthy will be used to carry out iron(III) chloride 

test to determine whether tannin can be extracted from different kinds of tea leaves. The 

remaining Rustworthy will be used to carry out rust indicator experiment to test which tea can 

provide the best protective layer for rusted nails. 

During investigation, type of tea leaves used in reflux is the only variable. Other factors such 

as temperature, time, volume and amount will be kept constant. By comparing the results of 

iron(III) chloride test and rust indicator experiment, the type of tea leaves with best coating 

effect can be determined. 

Procedures 

A. Extraction of tannin from unbrewed green tea leaves 

 

1. 5g of unbrewed Shui Xian tea leaves were weighed with an electronic balance and 

then transferred to a 250mL round-bottomed flask. 

2. 30 mL of 30% acetone was pipetted into the flask. 

3. A reflux system was constructed. 

4. The round-bottomed flask was immersed into the water bath. 

5. The mixing of tea-solvent system was facilitated with a magnetic stir bar. 

6. The mixture was refluxed for 45 minutes.  

7. The round-bottomed flask was removed from the water bath and allowed to cool 

down to room temperature. 

8. Steps 1-7 were repeated under the same conditions with the other eight kinds of tea 

leaves.  

 

B. Making up the tannin extracted to Rustworthy 
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1. The extracted tannin collected from part A was carefully decanted to another round-

bottomed flask. 

2. Distillation was set up to remove the solvent (i.e. acetone). 

3. The round-bottomed flask was removed from the set up when all solvent was removed. 

4. 0.8 mL of 51% phosphoric acid, 7.7 mL of distilled water and 1.5 mL of ethanol are 

added to the round-bottomed flask containing the tannin extracted. 

5. The solution was mixed well until all tannin dissolved. 

6. The Rustworthy was carefully poured into a test tube. 

7. Steps 1-5 were repeated with the other eight sets of tannin extracted from different 

types of tea leaves. 

 

C.   Performing FeCl3
 test to determine the tannin content  

1. 3 mL iron(III) chloride prepared was pipetted in the last investigation into 9 test tubes 

separately with a graduation pipette. 

2. 2 drops of solution was collected from each of the test tubes containing Rustworthy 

and then transferred to the 9 test tubes separately. 

3. The result was observed and recorded immediately. 

 

D.  Performing rust indicator experiment 

1. A nail was put into each of the 9 test tubes containing Rustworthy and was left 

overnight.  

2. The nails were removed from the test tubes on the next day and dried on a tissue 

paper gently. They were then placed on petri dish separately. 

3. The agar gel was prepared similarly with the last investigation. 

4. The agar gel mixture was poured to each of the 9 labeled petri dish with nails until the 

mixture completely covers the nail.  

5. After about 30 minutes, the mixture solidified. The colour change around the nails was 

observed. 
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Results 

 

Before addition of iron(III) chloride  

Da Hong 

Pao 

Ting De 

Hong 

Ximen 

Longjing 

Xi Hu 

Longjing 

Shui Xian Japanese 

tea 

Lychee tea Lipton red 

tea 

      
  

After addition of iron(III) chloride 

Da Hong 

Pao 

Ting De 

Hong 

Ximen 

Longjing 

Xi Hu 

Longjing 

Shui Xian Japanese 

tea 

Lychee tea Lipton red 

tea 
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Types of tea leaves used Colour intensity of solution after addition 

of iron (III) chloride  

Da Hong Pao red tea( ) ***  

Lychee tea ( ) *****  

Lipton red tea ( ) ****  

Shui Xian tea( ) ***  

Ting De Hong( ) *****  

Xi Hu Longjing tea ( ) *  

Ximen Longjing green tea( ) ****  

Japanese tea( ) **  

Key:     * -- the lowest colour intensity 

 ***** --the highest colour intensity 

 

Rust indicator experiment 

All nails immersed in the Rustworthy showed a blue-black coating which is darker than the 

control. The protective layers of Ting De Hong and Lychee tea leaves are the darkest among the 

other protective layers. For the adherence and the smoothness of coating, all nails immersed in 

the Rustworthy formed a better coating compared with the control. The protective layers of 

Ting De Hong and Lycheee tea leaves are the best. 

All agar of nails immersed in the Rustworthy shows a smaller blue area compared with the 

control. The blue area of Ting De Hong and Lychee tea leaves are the smallest while the the Xi 

Hu Longjing tea shows the largest blue area. 

 

http://hk.wrs.yahoo.com/_ylt=A8tU3qYIcoJLaA8ATK7wzAt.;_ylu=X3oDMTEzbHJoaGs2BHNlYwNzcgRwb3MDMQRjb2xvA2hraQR2dGlkA2hrMDA5Ml8z/SIG=122j0b8v3/EXP=1266926472/**http%3a/www.lalulalu.com/thread-581899-1-1.html
http://en.wiktionary.org/wiki/%E9%BE%8D
http://en.wiktionary.org/wiki/%E9%BE%8D


P.73/89 

Interpretation 

According to the iron(III) chloride test results above, all Rustworthy made up of tannin 

extracted from different types of tea leaves give black precipitate upon mixing with iron(III) 

chloride, indicating that each of the test tube contains tannin. However, as we can observe 

from the photo above, the colour intensity of different rustworthy after iron(III) chloride test is 

different. This proves that the amount of tannin that can be extracted and made up to 

Rustworthy is not the same in different types of tea leaves. 

Referring to the results of the rust indicator experiment, all nails immersed in Rustworthy 

showed a blue-black coating, proving that the Rustworthy made up of different kinds of tea 

leaves can form a protective layer with the rust of the nails. Nails immersed in Rustworthy had 

darker, smoother and more adhesive coating compared with the control, this proved that 

tannin was required in the coating of protective layer. 

Blue area in agar of nails immersed in Rustworthy was smaller than that of the control. This 

proved that the nails coated with protective layer rusted less compared with nail that did not 

have coating. 

 

Further investigation 

In this investigation, we have proven that tannin can be extracted from different kinds of 

tea leaves and can be used to react with rust and form black iron (III) tannate complex. In order 

to extract tannin from tea leaves with a more environmentally friendly approach, we would like 

to investigate if tannin can also be extracted from brewed tea leaves. If tannin can be extracted 

from brewed leaves and can also form a protective layer, useless tea leaves in tea houses and 

can be collected and used to produce useful Rustworthy. 
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2.3 Determining if brewed tea leaves can be used as a source of tannin in Rustworthy 

Since brewed tea leaves are often treated as wastes in restaurants and tea houses, recycling 

and reusing them for the extraction of tannin will be an environmentally-friendly and low-cost 

alternative. Though some tannin in tea is lost during the brewing process since it accounts for 

the bitter taste, it is expected that brewed tea leaves will still retain certain amount of tannin. 

Thus, we believe that brewed tea leaves may also be used as a greener source of tannins in 

Rustworthy.  

Encouraged by the previous success that tannins extracted by most of the commonly found 

unbrewed tea leaves can replace synthetic tannic acid in the production of Rustworthy and give 

a good protective layer to rusted objects, we would like to further investigate if tannin 

extracted by brewed tea leaves can give similar results.  

Therefore, we collected some commonly available types of brewed tea leaves from tea 

houses and our school canteen, which includes Tieguanyin tea ( ), Shui Xian tea (

) ,Xiangpian ( ) and Lipton red tea. We also tested on the mixture of these tea leaves. 

Concerning the extraction procedures, the collection and sorting of brewed tea leaves as 

sources of tannins will be a great challenge on the practicability of Rustworthy when it is put 

into application. For that reason, we would like to estimate if sorting of tea leaves was 

necessary. Hence, the performance of using tannins extracted from mixture of brewed tea 

leaves was determined.  

All tea leaves were dried naturally soon after brewing. Then, extraction of tannins will be 

carried out by refluxing different types of brewed tea leaves and mixture of brewed tea leaves 

respectively. According to the optimum composition of Rustworthy obtained previously, fixed 

amount and known concentration of phosphoric acid, ethanol and distilled water will then be 

added to the tannin extracted with different brewed tea leaves. After that, test of tannin using 

iron(III) chloride will be carried out to estimate the amount of tannins in Rustworthy.  The 

remaining Rustworthy is used to investigate the effect of protective coating formed by tannin 

extracted with different types of brewed tea leaves and mixture of brewed tea leaves. Rusted 
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nails are added into the Rustworthy separately and left overnight. Rust indicator test will then 

be carried out to compare the protecting effect of different coating layer by observing the blue 

area formed in the agar.  

The only variable in this investigation is the brewed tea leaves used in extraction. Other 

factors such as temperature and duration are kept constant. The tea leaves we had used in this 

investigation are listed below : 

A Lipton red tea  

 

B Tieguanyin tea ( ) 

 

C Shui Xian tea ( ) 

 

D Xiangpian ( ) 

 

E Mixture of the tea leaves (a-d) /  


