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Abstract

Rusting is the undesirable corrosion of iron whigkakens the strengtlof iron, causes
seriousdestruction of facilitiesand leads toeconomic loss. There are various methadsich
prevent iron objecs from rusting but seldom do they focus aihe remedy for rsted objects.
Therefore, we ainto make use of rusto achieve selsustaining protectionagainstfurther

rusting.

In our studieswe discovered thatyapplying tannic acid to rusted objectsblueblack and
water-insoluble layer--- iron-tannate complexs formed. This lar acts as protective coating
againstfurther rusting. We exploredthe effect of duration, temperature, and pH value on
coatingformation. We also made progressive improvementityoducingphosphoric acids a
binderand provision of acidic mediuriVe also found thathe additionof polar organic solvent
can make thecoatingsmoother and more everRelationship between polarity of polar organic
solventsis drawn The optimum concentratiaof tannic acid,phosphoric a and ethanol

were determined as the recipe of odRustworthy solution.

Environmental friendliness is also a great concern in our investigatemleaves are rich in
tannin, the main ingredient of Rustworthyhus, we investigatedxtraction of tanninfrom tea
leaves.We decided to use acetone iaxtraction of tannin from brewed tea leaveso as to
promote recycling in real lifaVe successfullproved that the rust prevention power of tannin

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

Background

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

of iron oxides, usually hydrated iron(lll) oxides,®@H,O and iron(lll) oxidéydroxide
(FeO(OH), Fe(OHl) Given sufficient time, the iron metal eventlyaconverts 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 orrosion just like that of aluminiumRust is associated with
degradation of irofbased tools and structureg€very year, millions of money is spent in the

world for rust preventing work. @rosion of iron can creatsevere structuraproblems.

In our daiy 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. Otlethads 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 yearago, 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 soluiBustworthy, which can

reactwith iron rust and form protective coating.

In our investigation, we find out iron rust can form coating on the metal surbgcesaction

with tannin. Westudiedthe relationship between factors like duration and temperature and
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the formation of surface cating. We explore how the addition of other chemicals such as
different phosphate groupsand polar organic solvent alkanols and ketones to the tannin
solution, which may enhance the formation and effectivenessrari-tannate layer Hence,
optimum concentations of chemicals, with tannin as the main ingredient, for protective
coating formation were foundWe compare the effectiveness of the solution by investigating
on both theadhesionof the coating on the iron nails, and the further rusting preventioiligh

of the irontannate layer.

Another goal of our investigation is Bxhieve a more environmentally friendly way of making
our Rustworthy solutionas we suppose the Rustworthy solution would be engaged in-arge
scale production, which involves a massiuse of chemicals. &/onsidered thatextracting

tannin from materials found in daily lifes better thanusing synthetic chemicals found in
laboratory. Besides, tannin is an organic compound that can be found in numerous plants, such

as legumes, berrieand coffee beans.

Tannins can also be found in tead tea can be easilypbtainedin daily life We suspect that
tannin from tea can also be used to make Rustworthy solytsmwe studiedin the tannin
content in different kinds of tea. We then founddloptimum concentration of organic solvent,
acetone, forextractinglargest amount of tannin from teaith same volume of solution added
The effectiveness of the coating on iron metal surface formed by immersifustworthy
mainly composed by tea tannwas also studied, and the optimum amount of tea used for
making the most effectivesolution for coating was foundTo make the Rustworthy solution
much greener in its production, we therefore also investigate on the tannin content in tea

residues, colle&d from various places after use.

Mechanism of formation of irorannate complex as the main component in the surface

coating

Tannins have such a corrosion inhibiting mechanism when used:

3 3
Fe + 3A+7 O, M€ +5 HO
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Fe + 2H+% O, e+ HO

|:e2++%1 O, + Here3++% H,O

TanninOH + F& My(TanninO- F€2" + H
Tannin20H + F& My(Tannin20- Fe™)* + 2H
Tannin20H + (Tanni2O- FE)* M(2TannindO- FEY) + 2H

In rusting of iron, iitially the oxidation of Fe into E&is involved. Then, Béis oxidized
into FE€* due to oxygen forming of FeOOH. FeOOH are reduced*tadhe when iron metal is
contacted with FeOOH in the pores of rust layer. Iron(lll) oxides are readily formedeby th
reoxidised F& compounds readily. With the presence of tannins, the Hileck coating layer
was formed. It is beasse active iron rustapidly react and forrmon-polyphenolic parts of
tannin molecule with iron ions, which then forms a highly coseed network of ironrtannates.
Tannin makes the active rust turned into compounds that are more stable and corrosion
resistant.Rustphase components are found to form a mixture of mono and bis complgess
Figure 1(a), (b)) with tannin in aqueous solutidihis ferritannate 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.

@

(b) -
R O\ /O R
Fe
T 0y
OH OH

Fig. (3). Iron-tannate with (a) mono-complex and (b) bis-
complexes.

(Recent Development of VegetBhnnins in Corrosion Protection in Corrosion Protection of Iron

and Steel, Rahim and Kas¥im
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Method of assessing thadhesionof iron-tannate layer on the iron metal nails

We make our test solution with known volume and concentrations of ingredients, aach
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 ag$lesanthesion
of the coating, wewould be scrapehe surface coating of the naits test the strength ofthe

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 indator 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(I{sNsFek) in nature,wasmixed with agar solution and poured

to the Petri dish until the water level fully covers the nails. The rust indidatos blue in the
presence of F& ions Hence, it carbe used to deteciron oxidation that will lead to rustin

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

experiments
Method of Extraction of tannin

According toa laboratory manual (FAO/IAEA GordinatedResearch Project2000, large
amount of tannin can be extracted frorree foliagewith 70% acetoneln 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 disdium
hydrogen phosphate

Manufactured by
UniChem

Manufactured by
Farco Chemical Supplies

Manufactured by
Farco Chemical Supplies

Trisodium phosphate 12 Sodium dihydrogen Methanol
hydrate phosphate
Manufactured by / /

Uni-Chem

P7/89



Butan-1-ol

Butan-2-ol

Bhanol Propan-1-ol Propan-2-ol
Manufactured by Manufactured by Manufactured by
Riedelde Haén UniChem Riedelde Haén

2-methypropanl-ol

Manufactured by
BDH

Manufactured by
Riedelde Haén

Manufactured by
GPR
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bropanone(acetone)

Butanone

G —

SIGMA - £

Iron(lll) chloride hexahydrate

Manufactured by
Fisher Scientific

Manufactured by
Riedelde Haén

Manufactured by

Hydrochloric acid

|

SigmaAldrich

Rust indicator

Manufactured by
BDH
J

l

Distilled water

/

/
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Precautions

Warning hazard

Chemicals

Corrosive

Gloves should be worn when handling as
chemicalgdestroy or irreversibly damage eye
the skin, and the tsue under the skin i
comes into contact.

Phosphoric acid

Hydrochloric acid

Flammable

The chemicals should be kept away from h
and open flame.

Methanol
Ethanol
Propanl-ol
Propan2-ol
Propanone

Butanone

Harmful

Butan-1-ol

Iron(l1l) chloride hexhydrate
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Anhydrous disodium hydrogen phosphate
Trisodium phosphate tBydrate

Propanl-ol

. Butan-2-ol
Irritant
2-methypropanl-ol
Propanone

butanone

Methanol

Rust indicator

Toxic

Gloves should be worn when handling. Av
handling them when you have cuts in hands
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Common apparatus

Apparatus

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

Quick fit set

Adapter

Condenser

Joint clip
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Pear shaped flask

Receiver adapter

Screwcap adapter

Stillhead

Stopper
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Other apparatus

Hot-plate heater

Magnetic stir bar

Roundbottomed flask

P14/89



1.1 Choosingptimum concentration of tannic acidor forming iron-tannate complex

Iron-tannates formed by thereaction between rust and tannisolution inhibit further
rusting. In our investigation, we choose to conduct our experiments using tannic acid, which is a
type of tannin.In order to producea solutionwhich most effectivelyreacts with rust to form
iron-tannate and protects the inner iron metal from further rustingwe investigatedthe
optimum concentration of tannic acitbr coating. We try to comparehe relativerate of rusting

among nailsmmersel in tannic acid of different concentration by rust iogior test.

Heven concentrations of tannic acwdith regular intervals were preparefdr immerson of
rusted nails. e rates of rusting of nails were tested by rust indicator td@$te nails were put
into Petri dish with agar mixed with rust indicatdhen he agar around the coated nails
turned from yellow, the original color of agar mixture, to bluiejndicates the formation of
iron(Il) ions on the naildBy comparing the area of agar turned bluthe respective rates of
rusting among the nailsnmersed in different concentrations of tannic acid were fourithe
agararound the nailwith the least blue area or the lightest blue colour intensity indicates the
least amount of rusting within the experiment time, hence indicating the corresponding
concentation of tannic acid is the most suitable in preventing further rusting of iron. It should
be chosen for coating the iron objects or further investigati&eeping all the other factors
such as theluration of coating constantwe can find out whiclconcentration of tannic acids

most suitable to be used icoating formation
Procedures

A. Preparation ofstandard solution oftannic acid(0.1 gdm™®)

1. 25.0g tannic acid powdewas weighedvith an electronic balance

2. The powderwas dissolvedn about 200cm?® distilled water in the 80 cn? beaker. The
solutionwas heated by théot-plate heaterwith continuous stirring with glass rod in order
to dissolve the powdecompletely

3. The heaterwas turned offwhen the powderhad completey dissolved. Therthe solution
was cooled with running tap wateuntil its temperaturewas approximatelythe room

temperature.
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The slution was transferrednto a 250 criivolumetric flask through a filter funnel.
Distilled waterwas addeduntil the bottom of the meniscus reaclethe gaduation mark.
The fask was invertedfor several times to ensur¢he solution was mixed wellThe

standard solution ofannic acid was produced.

. Testingthe optimum concentration of tannic acid foforming iron-tannate complex
10.0 cm® graduated pipettewas usedto add the following chemicals into2ltest tubes

respectively.

01 g dn?|0.0 1.5 1.6 1.7 1.8 1.9 2.0
tannic acid

added (cr)

Distilled water| 10.0 8.5 8.4 8.3 8.2 8.1 8.0
added (cr)

Concentration |0 15 16 17 18 19 20

of tannic acid ¢
dm-3)

Concentration |0 0.00882| 0.00941| 0.00999| 0.0106 | 0.0112 | 0.0118
of tannic acid

(moldm™)
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01 g dnf|21 2.2 2.3 2.4 2.5

tannic acid

added (cr)

Distilled water| 7.9 7.8 7.7 7.6 7.5
added (cr)

Conceftration 21 22 23 24 25

of tannic acid
dm?®)

Concentration | 0.0123 | 0.0129 | 0.0135 | 0.0141 | 0.0147
of tannic acid

(moldm®)

The test tubesvere tabbedto mixthe solutionwell.

A rusted nailwas putinto each test tube with different concentrations tdnnic acid and
wasleft overnight.

The nailswere taken outandwere driedby pressing them againtissue papegently. The
nails were then put into respective labeld®ktri dish for @arrying out the rust indicator
experiment. Control for this experimeig therusted nail immersed idistilled water only

for one overnight.

. Rustindicator experiment
25.00g ofagarwas weighedvith an electronic balance
300cm’of water was measuredising a 100 cfrmeasuring cylinder and poed into a600
cm?’ beaker
The 600 cn? beaker with distilled watewas heatedon the hot-plate heater until the
water was boiled.

25.00 g of agarwas addedinto the distilled water with constanttgring until the agar
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completelydissolvel.

5. Heaterwas turned off and the beaker was rened from the heater. 3@m?® rust indicator
was measuredising a 20 crhmeasuring cylinder anddded into theagar It was $irred to
mix the rust indicatorand agarthoroughly:.

6. The mixturewas pouredto each of the 12 labele®etri dish with nailsuntil the mixture
completely covers the nailAfter about30 minutes the mixture solidified. The colour

change around the nails was observed.

Results

At first, each naiWwascovered with rust After immersing in tannic acid, bkidack coating
were formed in the surfaces of all nails except contrblowever, some coating was not evenly

coated for example, the nail immersed 0147 moldm™ showed its original grey colour.

In the rust indicator experiment,gar of control shows the largest blue area, white agar
with tannic acid of concentratiof.0118g dm?® shows the smalles In the agars that the nails

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

Concentration o
. . ) . ) _ Rust indicator
of tannic acid Beforeimmersion Afterimmersion _
3 experiment
mol dm
wna;gag
0 (Control)
Cavtol
(Ao
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0.00882

0.00941

0.00999

0.0106

0.0112




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 concentratiofisannic acidvere coated
with blue-black coatingln the rust indicator test, akgais of nails immersed in tannic ackehd
shown smaller blue area than that of control. Among different concentrations of tannic acid,
the nailimmersed in 0.0118mol dm™ tannic acid was found to have themallest blue are,
which in turn suggesting that the least rust was found in that dish within the period of ttme.
indicates that the solution, regardless the concentration of tannic acid it has, have suppressed

the rusting of nails, witf).0118 moldm™ tannic acid giing the best protection to the iron nails.

The blueblack 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. Heaggng all tested
concentrations, 0.0118 moldm™ tannic acid formed the best protective layer with rust
originally adhering on the stace of iron nailsWe then derived tha©0.0118 moldm?is the

optimum concentration of tannic acid féorming protective layer
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In the experiment, tannic acid successfuibrmed iron-tannate complex withrust on the
surfaces ohails However, when the nails were taken out and dried by gentle pressing against
tissue paper, the coatingoald notadhere to the surface of the nailsrity and they could be
easily scratchedfbfrom the nails.Moreover, by our observation, the @ing had a very rough

surface.
Conclusion

Optimum concentration of tannic acid faron-tannate complex formations 0.0118 mol

dm?3,

Furtherinvestigation

As the coating can be easily detachewe sispect thattannic acid can only form
complexes withrusini KS 2dzi SNy 2aidG 1 &8SNJ 2F (GKS GKAO] Nz
cannot approach deeper into the rust layer to form complexes, soptis¢ective coatingwas
thin and it was far from théron metal surface of the nails. The nature of iron rust layer on the
metal is porous and readily detachable from the metad the protective layer was setp
above the rusted layemwith slight force applied onto the coating, it easily fell off from tieel

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 wadillike to find ways tetrengthen the protectie coating formed by
rust and tannic acid and attach potective layerto the iron nailsmore firmly. This will

apparently improve the protectioagainstfurther rusting of iron.
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1.2 Determining minimum duration of coating by tannic acid

Besides optimum atcentration of tannic acid, which was found to be 2.0 g%ldiuration
of coating iron objects is also a crucial factor affecting the performancéorofation of
protective coating As the coatingormed previouslywas 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 fooating formationso that the

process of further investigation would be more efficient.

Five durationsof coating, including hours, 12 hours, B hours, 24 hours and 48 hours
were chosen for this experiment. After being immersed in tannic acid for the above durations,
the nails would bescrapedto test the strength of coating. The time required for forming
smoothestand darkest coating with least shattemould be chosen as the duration for coating
in further investigation. The concentrations of tannic acid were kept constant sowtbatan

find out which duration of coating is thaost suitable forcoatingformation.
Procedures

A. Immersing nails in 0.0118 mol dftannic acid with different durations

1. 8.0cm’ of distilled water was added to each test tube with.a6m?> graduated pipette

2. 2.0cm®of 0.0118 mol drif tannic acid was added to each test tube wit &m® pipette.

3. The test tubes were tabbed to mitie solutionwell.

4. Arusted nailwas putinto each test tube anteft for 6 hours,12 hours, B hours, 24 hours
and48hoursrespectively

5. After the chosen time interval, the nails were takeut anddried by pressing them against
tissue papegently.

6. The coating would becrapedby forceps in order to test its strength and adhesion

Results

Amongthe five durations, the iron nail immersed in tannic acid #&& hoursshowed the

darkest coating. The colourf mail immersed for24 hourswas 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 surfacéifter scraping, alihe five coatings easily fell off.

Duration Beforeimmersion Afterimmersionand scraping

6 hours \

12 hours

18 hours w

24 hours

48 hours

Interpretation

Theiron nail immersed in tannic acid for two days showed the darkest coating, which was
the best resultamong dltested durations The nail immersed fa& hours had the most uneven

coating, which was unsatisfactory.
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A trend was found that the colour intensity of coatjngghich implied the thickness
increases with the duration of coating. It was suspected that tdwenic acid reacts more
completely with rustwhen given a longer timeso more rusbn the outer layers can react and
form iron-tannate complex. Thus, the increasing number of {tamnate complex molecules

givesathickerand darkercoating

However, thedifference between the colour intensities of nails immersed48rhoursand
24 hourswas very small. This may imply the effect of coating2#bthoursis marginal. By this,
we deduced that it is not necessary immersethe nailin solution formore than24 hours

Hence, the minimum required duration of coatibyg tannic acidvas24 hours
Conclusion

24 hourswas choserto be theduration of coating.
Furtherinvestigation

Although the minimum required duration of coating was determined to be one day, all
the above coatings were easily detached, including the nail immdosetie longest duration.
This was a disappointing result as the Htannate complex wasnly formed on the outemost
layer of rust but wasnot strongly adheed to the iron object.Therebre, the coatingformed

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

Moreover, as the outenostlayer of rust is more readily to form inert layevhich is iron
tannate with tannic acidthis initialreadion increases the impermeability of the outer layer
Hence the newly formed coating at outer layer of rust acts adarrier and prevents the

further reaction betweertannic acid andron oxidehydroxide at inner layers of rust.

The newly formed irontannate molecules wouldhen block the path for the entrance of
tannic acid entering inner part of the rusted areas. As a result, only the ssréddbe 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 easdyapedoff.
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Discouraged by the results, we decided to investigate other factoceating formation
We suspected thatemperature was also a factor affecting the reaction between iron and
tannic acid. Theefore, in our further investigation, temperature should be varied in order to

draw a relationship between temperature and performanceoéting formation
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1.3 Choosing optimum temperature foforming iron-tannate complex

The blueblack iron tannate coaitg was proved to be able to exert a protective effect on
the iron nailsas itreduced he rate of rustingNevertheless, the coating was notsoth and it
only loosely adher@ onto the surface of ironTo tackle this problem, wstudiedthe duration
of coating iron objectsmay affect the performance o coating formation yet no significant
improvement was show by varyinghe duration of immergon. We suspect there may be other

factor affecting the effectiveness amdating formation

In this experimentye would like to study howemperature of the solution, which is the
environment fa immerson of iron nails relates tothe degree of attachmenand effectiveness
of coating.We suspect that temperature can alter the formatiaghe degree of attachmenand
effectivenessof coating because temperature has always been a key factor affecting the

reaction rate

Eight temperatures in 8C interval for coating, includings°C, 10°C, 15°C (the room
temperature of the environment when the experiment was conduct@dfC, 25°C, 30°C, 35°C
and 40°C were chosen for this experiment. After being immersed in tannic acidofu
overnight, i.e. 24 houtsthe appearance ofron nails would beobserved The nails would be
scrapedto test the strength of coating/Ve alsoplanned to find the optimum temperaturefor
coating formationso thatthe process of further investigation would be more efficient. The

concentrations of tannic acid were kept constamteliminate other variables
Procedures

A. Immersing nails in 0.0118 mol drttannic acid with differenttemperatures

1. 8.0cm’ of distilled water was added to each test tube with.@6m*graduated pipette.

2. 2.0cm®of 0.0118 mol dn tannic acid was added to each test tube wit &m?® pipette.

3. The test tubes were tabbed to milke solutionswell.

4. The test tubes were put tn electronic water bath ireight different temperatures, which
were 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°Cand 40°C respectively. Austed nailwas put

into each test tubeand left overnight
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5. The nails were takeout anddried by pressing them againtssue papegently.

6. The coating would becrapedby forceps in order to test its strength and adhesion.

Results

All five iron nails give thick blddack coating on their surface. Amorthe five
temperatures, the fon nail immersed in tannic acif 20°Cshowed the darkest and smoothest
coating and that of 28C gave a comparable result. For the nails immersed in tannic acid from
5°C to 206C, when temperature increases, darker and smoother coating were produced
Coding on surfaces of ails immersed in high temperature, from ®Donwards,the coating
formed were incomplete with that from 40°C having the least coating on the surface of the

iron nail

Generally, lhe coatings on thenails are thick but quite easily dachable.After scraping, the

coatings easily fell off especially for nails immersed in tannic acid diGind40°C.
Interpretation

As all nails have the bld@dack coating on surface, it shows that the reaction between
tannic acid and iron rust carrieait in different temperatures. Tha&on nail immersed in tannic
acid of 20°Cshowed the darkest coating, whichagthe best result. The nail immerséad 40°C

acidhad the most uneveand incompletecoating which was the most unsatisfying result

A trend was found that the colouintensity of coating increasesith the temperature
during treatmentfrom 5°Cto 20°C, and that decreasewith temperature from 25Cto 40°C.
For the trend from 8Cto 20°C, t was suspectedvhen temperature increases, the kinetic
energy of tannic acid and iron oxigdroxide increases. Theanmove faster leading to an
increase in the rate of effective collisions. As a resille rate of reaction between the
reactantsincreases More tannic acidmolecules are able to react kitiron rust to formiron-
tannate complex which isthe protective layer on the iron metal surface with increasing

temperature.
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For the trend from 2%C to 40°C, the colour intensity of coatingdecreases with
temperature It was suspectedilthough the tanme acid molecules and iron oxigdroxide
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 iamnate complex that can firmly
adhere onto the srface of ironnails.Hence,the decreasing number of irotannate complex
molecules give a less complete bldelackiron-tannate coating when the temperature is too
high.

After scraping, the coatirgpf all nailseasily fell off which isstill an unsatisfying resubis

there is no significant improvement on tlaglhesionof coating by varying the temperature.
Conclusion

Tannic acidof 20°C and 30°C showed thebest results. In lower temperature B0°0), the
effectiveness of the coating formation are similar; while fagher temperature (380°C), the
effectiveness of the coating formation decreases with temperature. As there is no significant
improvement on theadhesionof coating to iron surface, for convenience, we would choose to

use conduct the test simply in roorarperature.
Furtherinvestigation

After investigating infactors like duration of immersn and temperature which were
suspected affecting thadhesionof coating on the iron nail surface, we found that both factors
did not attribute to the adhesionof caating as the coating of irotannate complex can still be
easily scratched offn the previous investigationsThese prove that the tenmperature and
duration of immersiorare not key factors causing the rea@lihgoff of the coating.This was a
disappoiriing result as the irostannatecomplex was not strongly adherexhto 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 adequ
for satisfactory coating formationWe planned to continue ouimvestigation by introducing
other chemicals so as to find out thew additional chemicalsaffectthe degree of attachment

of coating.
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1.4 Determining the best phosphate group for assistiprotective coating formatio

Our previous investigations showed that the best duration of immersing nails in tannic
acid is24 hours There are bludlack colour complex, which are protective layers formed by
GKS NHzad | yR Gl yy Ae® HoweverRthezgatingskvére yhévéntardd @ould bleNJF | O
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) abeut iron

phosphate complex, the following phosphate precipitation réatis proposed:

H:PQ + FeOOH, FePQ+ 2HO (1)
2HPQ + 3Fg0, + 5HOA Fey(PQ)2.8H0 + 3Fg0; (2)
3Fe0; + 3HOA 6FeOOH (3)
2HPQ + 3Fg0, + 8HOA Fey(PQ),.8HO (vivianite) + 6FeOOH (4)
With the addition of phosphate ions, iron phosphate complewese formed and mixed

into the layer of irostannate 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 presieinoe-
phosphate the impermeability of the irotannate 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 phosghate group (P¢Y), as phosphate

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

Four chemicals containing phosphate groups, includig§Qd HPQ,, HPGQ* and PQ*
were chosen for testing the effect of formation of protectizeating 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 conductedh& 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 acids;fD;), sodium dihydrohen phosphate (N#*Q,),
disodium hydrogen phosphatéNaHPQ) and trisodium phosphate (NRQ) 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 ofstandard solution ofphosphoric acid51%)

1. 150.0 cnfiof 85% phosphoric acid was transferred into a 256 eotumetric flask using a
50.0 cnf pipette.

2. Distilled water was added until the meniscus reaches the graduation mark. During dilution
of acid, the temperature was carefullpratrolled 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

=

The following weight of compounds containiplgosphate groups were weighed by
electronic balance and transferred into separate test tubes. 1distilled water were

added to each test tube by a 10.0 tpipette.

NabPQ.2H0 NaoHPQ NasPQ.12H0
Weight / g 1.39 1.26 3.38
Volume of water / cri 10 10 10

2. The test tubes were put in water batlabowe a hotplate 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 cnigraduated pipette and 1.0 chpipette wereused to add the following chemicals

into 5 test tubes respectively.

Phosphate groups control H:PQ NaHPQ, | NaHPQ NasPQ
Volume of solution of / 10
1.0 1.0 1.0
phosphate groups (ci
Standard solution of
2.0 2.0 2.0 2.0 2.0
tannic acid added (cfh
Distilled water added
3 8.0 7.0 7.0 7.0 7.0
(cn)
Concentration of solution
of phosphate groups(mol / 0.8899 0.8899 0.8899 0.8899
dm?)
pH value of solution / 2.7 5.2 9.8 11.9

2. The test tubeswere tabbedto mixthe solutionswell.

3. Arusted nailwas putinto each test tube with different pH values amasleft for 24 hours

4. The nailswere taken outand were driedby pressing them againsissue papemgently. The
nails were then put into respective labeld®etri dish for @rrying out the rust indicator
experment. Control for this experiment is theusted nail immersed in tannic acid and

distilled water only fo24 hours

D. Rustindicator experiment
1. 10.42 g ogarwas weighedvith an electronic balance

2. 125cmPof water was measuredising a 100 cfimeasuring cinder and poued into a200
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cm® beaker

3. The 200 cn? beaker with distilled watemwas heatedon the hot-plate heater until the
water was boiled.

4. 10.42 g ofagarwas addedinto the distilled water with constanttgring until the agar
completelydissolvel.

5. Heater was turned off and the beaker was removed from the heater. 1¢h8 rust
indicatorwas measuredising a 20 cthmeasuring cylinder anddded into theagar It was
stirred to mixthe rust indicatorand agarthoroughly.

6. The mixturewas pouredto each ofthe 5 labeledPetri dish with nailsuntil the mixture
completely covers the nailAfter about30 minutes the mixture solidified. The colour

change around the nails was observed.

Results

After immersion, lhe coating of the nail immersed in phosphoric aft§PQ) has the
darkest color and smoothest surfacelowever, the coating ahe nails immersed irsodium
dihydrohen phosphate (NaRQ), disodium hydrogen phosphate (M#PQ) and trisodium

phosphate (NgPQ) solutions were rough and easily detachable jethwas not satisfactory.

In rust indicator experimenthe 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 immersedadium dihydrohen phosphate (NgPD))
showed slight blue. The area and blue colour intensityisbdium phosphate (N#Q)) solution
is the highest.
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Rust indicator

experiment
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Phosphoric
add (HPQ)

pH: 27

NakPG

solution

pH: 52

NaHPQ

solution

pH: 98
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NasPQ

solution

pH: 11.9

Interpretation

Among different phosphate group#)e iron nail treated withphosphoric acidhowed the
most even coating and the leadlue area in the rust indicator experiment, indicatiag
satisfactory appearance aruktter performance in preventing further rusting. Thuest area
was shownn the agar of nails immersed irisodium phosphate (N# Q) solution. Agar of nails
immersed in sodium dihydrohen phosphate (NgPQ), disodium hydrogen phosphate
(NaHPQ) and trisodium phosphate (NRQ) were even worse than the controwhich had

larger blue areas than control

Considering the nail coated more successfully, we deduce thae safnthe rust reacted
with the phosphoric acid and form irgphosphate complexThe irorphosphate compleis mix
with the irontannate coating layer, hence reducing the impermeability of {tamnate layer.
Tannic acid molecules are able to penetrate derejmto the inner layers of iron rust and react
with rust to form complexeddence, the iroftannate layer gets thicker than befaréherefore,
the coating can be tightly attached to the iron n&ik a result, the coating formed will be much

longlasting,and have better rust preventing effect.

By the rust indicator experiment, we found a trend which tilee areaincreasedwith pH
value Therefore, we deduced that lower pH value assists formation of protective coditiisy.
suspectedthat hydroxyl groupwhich 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 val®y. shift equilibrium, if the released
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hydroxide ionsare 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 ironphosphate complexes could be formed more efficiently, and exert a greateancing
effect on the irontannate layer. Thus, the performance of protective coating formation was

improved.

High pH value was the reason for disappointing results in nails immerseddiam
dihydrohen phosphate (NaRQ), disodium hydrogen phosphattNgHPQ) and trisodium
phosphate (NgPQ). Due to the more alkaline media, phosphate could not effectively
substitute hydroxyl group in rust. Thus)stead offorming ironphosphate complex which
assists penetration of irotannate, phosphate groups inefatively alkaline medigend to act as
mobile ions and accelerate the rusting proce3sis can be accounted for why the msail
immersed in sodium dihydrohen phosphate (NgPQy), disodium hydrogen phosphate
(NaHPQ) and trisodium phosphate (NRQ) rust faster than the control.

Conclusion
Phosphoric acid @PQ) is the best phephate group for assisting coating formation
Furtherinvestigation

After the decision of usingphosphoric acid as an additional chemical in the following
experiments, we would likeo study other factors affecting the effectiveness in rust prevention
of the irontannate layer formed. As there was no significant effect when varying duration and
temperature of coating, we decided to investigate how concentration of phosphoric acittsaffe
its role in enhancing the formation of irelannate, as well as providing an acidic medium for

this reaction.
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1.5 Choosing optimum concentration of phosphoric acid for forming irphosphate complex

In the above experiments, it was proved that phosghaons 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 irdannate complex, to provide a more protective
structure for the nails with better duesion. 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 nost adhesive coating to prevent further rusting of iron.

Ten concentrations fophosphoric 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 putforward 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 (aeep#st 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 addedawdind out

which concentration of phosphoric acid most suitable to be used icoating formation
Procedures

A. Determinethe optimum concentration of phosphoric acid faassisting coating formation
1. 10 cnigraduated pipette and 1 chpipette were used to add the following chemicals into

11 test tubes resgctively.

51% phosphoric acid adde

] 0.0 0.5 0.6 0.7 0.8 0.9
(cnT)

Standard solution of tannig

2.0 2.0 2.0 2.0 2.0 2.0
acid added (cr)
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Distilled water added (cf) 8 7.5 7.4 7.3 7.2 7.1
Concentration of
o 0 0.4449| 0.5339 | 0.6229| 0.7119 | 0.8009
phosphoric acid (mol dif)
51% phosphoric acid adde
1.0 1.1 1.2 1.3 14
()
Standard solution of tannig
2.0 2.0 2.0 2.0 2.0
acid added (cr)
Distilled water added (cf) | 7.0 6.9 6.8 6.7 6.6
Concentration of
S 0.8899| 0.9789| 1.0679| 1.1569| 1.2459
phosphoric acid (mol dif

2. The test tubes were tabbed to mix the solutgnell.

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

and leftfor 24 hours

4. The nails were taken out and were dried by pressing them against tissue paybr. goe
nails were then put into respective label@etridish for carrying out the rust indicator

experiment.The controbof this experiment was a rusted nail immersed in 0.0118 mof dm

tannic acidor 24 hours

o

. Rustindicator experiment

1. 22.92 g ofagarwas weighedvith an electronic balance.

2. 275cm’of water was measuredising a 100 cfhmeasuring cylinder and poed into a600

cm’ beaker.

3. The 600 cn? beaker with distilled watewas heatedon the hot-plate heater until the




water was boiled.

4. 22.2 g of agarwas addedinto the distilled water with constanttgring until the agar

completelydissolvel.

5. Heater was turned off and the beaker was removed from the heater. 28 of rust

indicatorwas measuredising a 20 cthmeasuring cylinder anddded into he agar It was

stirred to mixthe rust indicatorand agarthoroughly.

6. The mixturewas pouredo each of the 11 labele®etridisheswith nailsuntil the mixture

completely covers the nailAfter about30 minutes the mixture solidified. The colour

changearound the nails was observed.

Results

Originally, the surface of the nails wasvered with rust After immersing in tannic acid

and phosphoric acidin general, the iron nails have slightly lighter bhiack colour than

coating with tannic acid only,ub more even coatingwere achieved.

In rust indicator experiment, gar 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 wittv@19mol dm*phosphoric acid shows the smallest blue area.

Concentration
of phosphoric

acid

Beforeimmersion

After immersion

Rust indicator experiment
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0 mol dni®

(Control)

0.4449mol

dm?

0.5339mol

dm?®

0.6229mol

dm?

0.7119mol

dm?
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0.8009mol

dm?

0.8899mol

dm?

0.9789mol

dm?

1.0679mol

dm?

1.1569mol

dm?
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V«
1.2459mol
dm
Interpretation

All the nails were successfully coated with dark blue coating dféeng immersed in
different concentrations of phosphoric acid, which showed that in all concentrations of
phosphoric acidested, the phosphoric acid assists tannic acid to form complex with iron rust
2y UKS ylIAfaQ adaNFIF OS &adz00SaafdzZ feo

Interestingly, the colour intensity of all coatings formed by immersing iron nails in
Rustworthy were lower than that of coatings formed inymersing nails in tannic acid only. We
suspected that as the outer layer of coating was a mixture oftammate and a little amount of
iron-phosphate, instead of the mere irelannate complexes in the coating formed when the
nails were immersed in tanniacid 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,ldtue, which indicates the formation of
iron(ll) 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 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 withthe inner rusted part of the ails. By this, we deduced that the presence of
phosphoric acid can allow the entrance of tannic acid and react with the remaining rusted part,

SO0 as to increase the thickness of the H@mnate complex coating and the adhesion of
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protective layer. Hencehe 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® phosphoric acid was found to have the best result, which had least rust
detected in the rust indicator experimenHence, solution witt0.7119 moldm™ phosphoric
acid added to 20 g drhtannic 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 damnic acil and 0.7119 moldm?
phosphoric acid, the formed outer layer has the penetration power andnmessting power in

a balance, reaching a critical conditidtence, the coating effect is improved.
Conclusion

The optimum concentration of phosphoric acid fssisting coating formatiors 0.7119

mol dm?
Furtherinvestigation

It was proved thathe strength and adhesion of coating to the iron object had increased
after addition of phosphoric acid to tannic acldowever,under scraping, traces could be seen

on the coatingormed by tannic acid and phosphoric aesithe below figure.

d

This impliedhe coatingstill could notadhere to the surface of the nails firmlyloreover,
by our observation, the surface coating was stither rough, uneven and thinTherefore,
although phosphoric acid was proved to be an essential ingredieRustworthy its protection

againstfurther rusting of iron could still be improved.
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Tannic acid is an organaxcid with large molecular sizand phosphoric acids a mineral
acid with smaller molecular sizeAlthough phosphoric acid assists if@mnate complex
formation, both the sizes andolarities of tannic acid and phosphoric acid ageite
incompatiblewith each other.The mix of organic and inorganic compounds may hinder th

even distributionof the solution.

Besides the main ingredientgannic acid and phosphoric acid, we will investigate on the
effect of other additional chemicals, with the aim of increasihg smoothness and achieving

even distributionof protective oating

P44/89



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 acidorms more adhesive coatirttpan using tannic acid only. Howeyave 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 tipenetration powerof our Rustworthy

solutionby adding other chemicals besides tannic acid 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 problemevan
distribution of irontannate and iroAphosphate complexesTo achieve smooth and even
coating we would like to add extra chemicals, most probably solvents that ¢amdihe tannic

acid and phosphoric acid

We searched in the internet and got reply from the walbwn science forums that adding
solvents may enharethe formation ofiron-tannate.We decided to study the effect of alkanols
and ketones as they are very common organic solvents in dailyTtféind out which kind of
alkanols or ketonesvould exert the best effect on enhancing tipenetration powerand the
adhesionof coating to the iron metal7 alkanols methanol,ethanol, propan1-ol, propan2-ol,
butan-1-ol, butan2-ol and 2-methylpropanl1-ol and two ketones: propanone and butanone
were chosen for testing the effect @bating formationdue to ther difference inpolarity and
molecular sizeso to investigate the relationship between properties of variorganic solvents

andthe smoothnessn coating

After immersing the nails into the mixture containing differgralar organic solvenisrust
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 ofganic solventsised for mixindgRustworthy soltion were kept
the same. Keeping all the other factors such as the concentration of tannic acid constant, we

can find out whiclorganic solvent is most suitable to be used in assisting coating formation

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

1. 10.0 cnigraduated pipette and 1.0 chpipette were used to add the following chemicals

into 10 test tubes respectively.

Organic solvent Control Methanol Ethanol Propanl-ol | Propan2-ol
Volume of organic
solvent added / 2.0 2.0 2.0 2.0
()
51% phosphoric
0.8 0.8 0.8 0.8 0.8
acid added (cr)
Standard solution
of tannic acid 2.0 20 2.0 2.0 2.0
added (cr)
Distilled water
7.2 5.2 5.2 5.2 5.2
added (cr)
: 2-methyl
Organic solvent | gytan1-ol Butan-2-ol propanone butanone
propan-1-ol
Volume of organic|
solvent added 2.0 20 20 20 2.0
(cn)
51% phosphoric
. 0.8 0.8 0.8 0.8 0.8
acid added (cr)
Standard solution
of tannic acid 2.0 20 20 20 2.0

added (cr)
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Distilled water

2 2 2 2 2
added (cm) > > ° > >

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

3. Arusted 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 espective labeled Petri dish for carrying out the rust indicator
experiment. The control for this experiment was a nail immersed in 20oérannic acid,

0.8 cnt of phosphoric acid and 7.2 érof distilled water.

B. Rustindicator experiment
20.83g ofaga was weighedvith an electronic balance

2. 250 cmPof water was measuredising a 100 cfimeasuring cylinder and poed into a 250
cn beaker

3. The 250 cn? beaker with distilled watewas heatedon the hot-plate heater until the
water was boiled.

4. 20.83g of aga was addedinto the distilled water with constanttgring until the agar
completelydissolvel.

5. Heaterwas turned off and the beaker was removed from the heat&rci® rust indicator
was measuredising a 20 crhmeasuring cylinder anddded into theagar It was $irred to
mix the rust indicatorand agarthoroughly.

6. The mixturewas pouredto each of thelO labeled Petri dish with nailsuntil the mixture
completely covers the nailAfter about30 minutes the mixture solidified. The colour

change around theails was observed.

Results
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5% 10% 15% 20%
Methanol ok Hkkk Hkkokok ok
Ethanol *kk *hk Xk P
Propanl-ol o ok *kk ok
Propan2-ol *x ok *kk Tk
Butan1-ol * % *% **
Butan2-ol * *k *% *
2-methyl * * ok *
propan1-ol
Propanone * * * *
Buanone * * * *

Key: * = Roughest suface

**x% = 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 containing2-methyl propanl-ol
Interpretation

All nails tested were coated with a bHdack coloured coating, as what seen on the control,
hence suggesting that for any type @iganic solvenadded, it does not affect the formation of
iron tannate, the protective lagr on the surface on the iron naiHowever, coating of nails

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

We discovered that the mixtures remained aftéhe immersions have surprising
observations. For the ren@ng mixtures of2-methylpropanl-ol, butan-2-ol and butarl-ol,
compared with those with other alkanols added, there are two layers of mixture. The upper
layer is brown in colour and the lower layepaler and yellowWe suspect that the upper and

lower layers are organic layer and inorganic layer respectively.

An explanation for thatan possibly be the separation of mixtures due to the difference in
the polarity of solutions added, as botirganicand inorganicsolutions were added. For the
brown laye, it is very possible to be the layer of organic mixtures. Asfganic solventsvith
fIF NBSN) f1&8f 3INRdzL)E GAGK ydzYoSNI 2F OF Nb2Y
force among molecules begins to have dominant influence in the intermlaleéorce than the
hydrogen bond due to the hydroxyl group. Hentlee solventmolecules get less polar, they
have lower dissolution ability towards polar solvent, like water. The organic tannic acid
molecules, which actually do not disselmuch in waterdissolve inorganic solventsThe 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 aratganic solverg areusuallycolourless, 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 therust indicatorexperiment, theblue areain the rust indicator testlecreases when
the polarity of the organic solvenused increases. It shows that thperformance of coating
formation increases with polarity. The solution with methanol has a smallest area of agar
observed blue in colour, followely that with ethanol. Methanol exerts the best effect in

improving the effectiveness of thiRustworthy solution

Alcohol increases the dissolution of tannate and the velocity of penetraticsohiftioninto
the inner impermeable rus{C.A. Barrero et al. Corrosion Science 43 (2001) 16eDBLY).
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 adhesionof the whole coating system will be enhanced with the addition of
alcohol. As thenost polarmolecule, methanol, has the best effect andrformance in coating
formation decreases withpolarity of organic solventised, we suspeet that polar organic
solvent moleculescan 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 $\#sits 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 gaact with tannic acicand phosphoric acitb a
larger extent. For those alkanol molecules with larger size and more branched structures,
besideswater-insoluble they may not be able to penetrate into the inner layer of rust. As a
result, the coating adheres much rfity to the metal surface and can exert better rust

preventing effect.
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Methanol was found to have exerted the best effect on enhancing the penetration power
and the adhesionof coating to the iron metalHowever, our team would continue our
experiments using ethanolvhich 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 poject aims to produce Rustworthy solutidhat is safer and convenient

to all people.
Conclusion

Ethanol would be included in the ingredients of Rustworthy solution.
Furtherinvestigation

As addition ofethanol increases the smoothnessf coating, we woud like to further
investigate on theelationship 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 @ncentration of ethanol for assisting protective coating formation

In the previous investigation, we discoeer that addition of ethanol ncreass the
smoothnessof coating formation by dissolution of tannate and mixing tannic acid and
phosphoric acid wellWe would like tooptimize theconcentration of ethanolhenit 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 mostesftively protects the inner iron
metal from further rusting, we choose the optimum concentration of ethanol doating
formation. In the experiment, we try to investigate how theaction is affected by the

concentration of organic solvent.

To find out whch concentration of ethanol would produce the best effect on enhancing the
penetration powerand theadhesionof coating to the iron metalten different concentration
of ethanol were chosen for testing the effect afoating formation so as to estimatehe

relationship between concentration of organic solvent and effectivenessating formation

After immersing the nails into the mixture containing different concentragioh ethanol,
rust indicator experiment would be conducted. The agar with thetiédue 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 weredegtant
Keeping all the other factors such as thencentration of acids constant, we can find out which

concentration of ethanol is most suitable to be use@ssisting coating formation
Procedures

A. Immersing nails irdifferent concentrations of ethanofor assisting coating formation
1. 10.0cm*graduatedpipette and 10 cm?® pipette was used to add the following chemicals

into 11 test tubes respectively.
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Tannic acid added

2.0 2.0 2.0 2.0 2.0 2.0
()
Phosphoric acid
0.8 0.8 0.8 0.8 0.8 .0.8
added (cr)
Distilled water
7.2 6.0 59 58 5.7 5.6
added (cr)
Ethanol added (cfi) 0 12 13 14 15 1.6
Concentration %o 0
12 13 14 15 16
viv) (control)
Tannic acid added 20 20 20 20 20
(CrT]S) . . . . .
Phosphoric acid
0.8 0.8 0.8 0.8 0.8
added (cr)
Distilled water
55 54 53 5.2 5.1
added (cr)
Ethanol aded (cnf) 1.7 1.8 1.9 20 2.1
Concentration %o
17 1 1 2 21
Viv) 8 9 0

2. The test tubes were stoppered and the solutions wiadgbed tomix well

3. Arusted nail was put into each test tulzendleft for 24 hours
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4. The nails were taken out and dried gently byusgaper
5. The rust indicator experimentas carried out. Control for this experiment wasal

immersed in solution without ethanol

B. Rustindicator experiment
22.92gof agarwas weighedvith an electronic balance

2. 275cmof water was measuredising a D0 cn? measuring cylinder and poed into a 600
cm® beaker

3. The 600 cm® beaker with distilled watemwas heatedon the hot-plate heater until the
water was boiled.

4. 22.929g of agarwas addedinto the distilled water with constanttgring until the agar
competely dissolvel.

5. Heater was turned off and the beaker was removed from the heater. 28 rust
indicatorwas measuredising a 20 cthmeasuring cylinder anddded into theagar It was
stirred to mixthe rust indicatorand agarthoroughly:.

6. The mixturewas pouredto each of the 11 labele®etri dishwith nailsuntil the mixture
completely covers the nailAfter about30 minutes the mixture solidified. The colour

change around the nails was observed.

Results

The nail immersed in 15% etharal rust indicgor experiment, agar of nail immersed 5%

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

i \\\\\ o 2 s
Rust indicator experiment of nail immersed in 15 % v/v ethanol

Interpretation

All the nails were successfully coated withrkl blue coating afteeing immersedin
different concentrations ofethand. It showed that in all concentrations of ethantdsted,
ethanol ould mix phosphoricacid and tannic acidwvell. In such way can thacids react and
successfully formcomplex everly distributed on the surfaceln addition, theadhesion of
coating increaseddue to the dissolution ofiron-tannate complexby ethanol, leading to

protective layerdormed inside the nails.

The coating ofcontrol nailwas still uneverand rough canparedwith all the other nails. It is
because thetannic acid and phosphoric acid cannot be mixed wathout the presence of
ethanol. In addition, irorannate protective layerwas formed near the surface without

entering deeper parts of the nails.

Furthermoe, the remaining agar shad little bluish area, meaning that rusting rarely
occurs. Among all of the nails, the nail immersed in sb&ution with 15% ethanol shows the
leastblue area and therefore it wa chosen to be the optimum concentration of ethamoour
Rustworthysolution. In general, the blue area increased when the concentration of ethanol
decreased. Thus, avsuspeatd that if the concentration of the ethanol is too low, the number
of moles of ethanol existopwill be smaller, leading to an satisfactory 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 effentd the most effective way is to
compare it with that ocommonly used protective methods

Nowadays, painting is the most common method to protieah-made objectdrom rusting.
However,paint is easilyscraped off, then rusting occurs again. That is wiysuspect that the
adhesion of paint is not strong enough, thus hindering the protecting effect. Therefae,
would studythe adhesion andtrength of coatingAs a resultwe candetermine which method

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

There are various kinds of paint in daily life, for exampleishing lacquer, enamel and
varnish. Painting is commonly usas asurfaceprotection of iron as the layer of paint can
block the contact between oggen, water moisture and the iron metal. Therefore, hydroxide
ions can hardly be formed and thuspguressthe rusting process of iron. In addition, it has low
cost when compared with other methodslhese can be accounted for whyost of the

manufacturers pefer painting as the iron protection method.

The adhesionof paintis weaker than that of coating @ur solution. The main reason is that
when int is painted on the irombject, only the surface of the object will bewered 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 asroaygemoisture in
air are in contact with the iron metal. On the other harfdr our Rustworthysolution, the
protective coating is formed by the reaction between the hydrated iron(lll) oxide, iron(lll)
oxide-hydroxide, tannic and phosphoric acid. The prodof the reaction is a layer in bld#ack
colour, which is also insoluble in water. Moreover, the layer is a mixture of tannate and iron
phosphate formed by addition of phosphoric dend organic solvent, ethandy this, tannate
and phosphate molecat can enter the inner part of the rusted object due to increase in
permeability of coating on surface. Thus, the bhlack protecting layer will not only be formed
on the surface but also in the inner parts. As a result, abdbesionof the protective cating

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 opart one

From the alove series of investigatienwe studied the protective effect of tannic acid, as
a type of tannin, on iron rust. A blddack coating was formed on the metal surface, which is
iron tannate in nature, effectively protects iron from further rusting. To ioy& the
effectiveness of the coating, we investigate in factors such as duration and temperature
controlling the coating effectiveness, and the methods to increaseattteesionof coating and
penetrating power of ions to react with iron rust. After sevesats 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 mixwirespectively. 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 Ike 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 tanniecphosphoric acid mixture onto larger objects, like the wirdting outdoor.

Once the mixture for rust protecting is adapted and put into lasgale 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 anaeomical 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 ko 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 déct 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 forminghiséuok
O2FGAy3a 2y (GKS ANRY VYyIAfaQ &da2NFIF OSo
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2.1 Determinating the best percentage of attne 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 prodiis. 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 layerjust 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, exttdon of tannin will be carried out by refluxing Shui

Xian () tea leaves with 30%,0%6, 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 seprately 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
soluion will be collected to test for the presence of tannin by iron(lll) chloride t€ahnin
forms black iron(lll) tannate precipitate witlhon(lll) ion Larger amount of black precipitate
indicates larger amount of tannin in the solution. Hence, higldowr intensity (ie. more black

precipitate) shows that more tannin is extracted with tltatrresponding solvent

After performing iron(lll) chloride test, we would further investigate the effect of protective
coating formed by tannin extracted with difient solvens. 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 foacetone 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.

P59/89



Therefore, #er distillation, acetonewill be collected andeused in the subsequentextraction
process, so that less acetone is required to carry out extractioraddition, 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 udbeé mxtraction 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 fromunbrewed Shui Xian tedeaves

1. 2g ofunbrewedShui Xian teteaves were weighed with an electronic balance and
then transferred to 250 mL roundbottomed flask.
2. 30mL of30% acetone was pipetted into the flask. ﬁ

water out ¢—am—|
3. A reflux system wasonstructed as showim Fig.1 and Fig-2

water in — |

:
vk

Fig. 1 heat
4. Theround-bottomed flask was immersed into the water bath. Fig.2
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5. The mixing of teasolvent system was facilitated with a magnetic stir bar.

6. The mixture was reflied for45 minutes.

7. Theround-bottomedflask was removed from the water bath and allowed to cool
down to room temperatureafter reflux

8. Steps 17 were repeated under the same conditions with%, 50%, 60%, 70%, 80%,

90% and 100% acetorms the solvent.

B. Making upRustworthy with tannin extracted from tea leaves

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

2. Distillationset up was constructeds shown irFig.3remove thesolvent.

Fig.3 Fig.4

3. The roundbottomed flask was removed from the set up whensallvent wagemoved
4. 0.8 mL of 51% phosphoric acid, 7.7 mL of distilled water and 1.5 rhQ08bethanol
were added to the rounebottomed flaskcontaining the tannin extracted.

5. The solution was mixed well until &innin dissolved.
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6. TheRustworthy was carefully poured into a test tube.

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

C Preparingd.02M iron (1) chloride in 0.1M hydrochloric acid

1. 1.35g anhydrous iron(lll) chloride was weighed with an electronic balance and
transferred to a 100 mL beaker.

12.5 mL of 2M hydrochloric acid wampetted into the beaker

Theiron(lll) chloridehexahydrate was cometely dissolved

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

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

o o~ WD

Solution was mixed well.

D. Performingiron (lll) chloridetest to determine the tannin ontent
1. 3 mL iron (lll) chloridevastransferred into 8 test tubes separatelysinga graduation
pipette.
2. 2 drops of solution were collected from each of the test tubes contaiRmgfworthy
and then transferred to the 8 test tubes separately.

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

1. Arustednail was put into each of the 8 test tubes containRgstworthywith different
compositionand was left overnightAnother rusted nail was placed in a test tube
contaning Rustworthy without any tannin to act as a control.
The nails were removed from the test tubes and dried on a tissue paper gently.
The nailsvere then placed on petri dish separately.

22.92gof agarwas weighedvith an electronic balance.

a & w0 DN

275cm’ of water was measuredising a 100 cimeasuring cylinder and poed into a
600cm?® beaker.

7. 22.929g of agarwas addedinto the distilled waterand boiledwith constant &rring
until the agarcompletelydissolvel.

8. The agar was allowed to cool down.

9. 27.5cm’rust indicator was mixed witthe agar

10.The mixture was pouredto each of the Btri disheswith nails until the nails were
completely covered by the agar.

11.The colour changef the agamwas observedifter 30 minutes.
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Results

Testof tannin using ironl({l) chloride

Percentage of solvent Colour intensity of solution after addition (
iron (I1) chloride

30% **

40% **

50% ol

60% Sk

70% ———

80% ———

90% *

100% /

Key: *-the lowest colour intensity

*kxx - _the highest colour intensit

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 ogas 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%d 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 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 roudabttomed 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 netannin 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 solventannot be made upa Rustworthy.
According to the results of the iron(lll) 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 extetttwhen lowpercentageof acetoneis 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 ttedeentsand can

dissolve in thdRustworthy solution.

In the rust indicator experiment, lllue-blackcoatingwas observed on the nail surface after
the naiswas immersed in th&ustworthy. However, no coating is observed on the control nail.
This provd that tannins extracted with 30%, 40%, 50%%6 70% and 80% acetone have the
ability to form protective layer to protect the rusted naihd that tannin is required to form the
blue-black coating The nails immersed into the tannin extracted with 70% and 80% acetone
have the mostadhesiveand smoothprotective layer compared witimails immersed irthe
other solvents Moreover,smallest blue area was observed in these two agaterefore, it
showedthat 70% acetone and 80% acetone hammnparableeffect. However, 70% acetone

was usednstead of 80% @etonein the following investigations in order to save solvent.
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Conclusion

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

Furtherinvestigation

In this investigation, 70% acetom&s proven to be the most suitable solvent for extraction
of tannin. Shui Xian tedeaves 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 Investigatingon feasbility of tannin extractionfrom 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 haveSisad
Xian tealeaves 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. Aftat,thve 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 stdid below

a | Da Hong Pared tea( )

b | Lychee tea ( )

c | Liptonredtea ( )

d | Shui Xiantea( )
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Ting De Hong( )

Xi Hu Longjigtea ( )

Ximen Longjig greentea( )

Japanese tea( )
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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% acettor 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 amountf &Rustworthy will be used to carry out iron(lll) chloride
test to determine whether tannin can be extracted from different kinds of tea leaves. The
remainingRustworthy will be used to carry out rust indicator experiment to test which tea can

provide the lest 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(lll) chloride test andust indicator experiment, the type of tea leaves with best coating

effect can be determined.

Procedures

A. Extraction of tannin fromunbrewedgreentea leaves

1. 5g ofunbrewedShui Xian teéeaves were weighed with an electronic balance and
then transferredto a250mL rounebottomed flask.

30 mL of30% acetone was pipetted into the flask.

A reflux system was constructed.

Theround-bottomed flask was immersed into the water bath.

The mixing of teaolvent system was facilitated with a magnetic stir bar.

The mixture was refluxed fod5 minutes.

N o g b~ w0 D

Theround-bottomed flask was removed from the water bath and allowed to cool
down to room temperature.
8. Steps 17 were repeated under the same conditions witie other eight kinds of tea

leaves

B. Making up the tannin atracted to Rustworthy
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The extracted tannin collected from part A was carefully decanted to another round
bottomed flask.

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

The roundbottomed flask was removed from the set up whensallvent wa removed.

0.8 mL of 51% phosphoric acid, 7.7 mL of distilled water and 1.5 mL of ethanol are
added to the rounebottomed flask containing the tannin extracted.

The solution was mixed well until all tannin dissolved.

TheRustworthy was carefully poured iata test tube.

Steps 15 were repeated with the other eight sets of tannin extracted from different

types of tea leaves.

. Performing FeGlest to determine the tannin content

1.

3 mL iron(lll) chloridprepared was pipetted in the last investigationo 9 test tubes
separately with a graduation pipette.

2 drops of solution was collected from each of the test tubes contaiRirgjworthy
and then transferred to the 9 test tubes separately.

The result was observed and recorded immediately.

. Performingrust indicator experiment

1.

A nail was put into each of the 9 test tubes containiRgstworthy and was left
overnight.

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 setedya

The agar gel was prepared similarly with the last investigation.

The agar gel mixturgvas pouredto each of the 9 labeledadri dishwith nailsuntil the
mixture completely covers the nail

After about30 minutes the mixturesolidified. The colouchange around the nails was

observed.
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Results

Before addition of iron(lll) chloride

Da Hong Ting De Ximen Xi Hu| Shui Xian | Japanese | Lychee tea| Lipton red
Pao Hong Longjirg Longjirg tea tea
." &
4 L 4
After addition of iron(lIl) chloride
Da Hong Ting De Ximen Xi Hu| Shui Xian | Japanese | Lychee tea| Lipton red
Pao Hong Longjirg Longjirg tea tea
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Types of tea leaves used Colour intensity of solution after addition
of iron (lll) chloride

Da Hong Paced tea( ) *hk

Lychee tea ( ) FrAKIK

Lipton red tea ( ) FrAK

Shui Xian tea( ) kk

Ting De Hong( ) ekl

Xi Hu Longjigtea ( ) *

Ximen Longjiggreentea( ) hokk

Japanese tea( ) o

Key: *-the lowest colour intensity

***x% _the highest colour intensity

Rust indicator experiment

All nails immersed in the Rustworthy showed a Hhl@ck coating which is darker than the
control. The preective 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 protedayers 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 whileXhe the

Hu Longjigtea shows the largest blue area.
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Interpretation

According to the iron(lll) chloride test results aboad, Rustworthy made up of tannin
extracted from different types of tea leaves give black precipitate upon mixing with iron(lll)
chloride indicating ttat each of the test tube contains tannin. However, as we can observe
from the photo above, the colour intensity of different rustworthy after iron(lll) 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 experinheall nails immersed in Rustworthy
showed a blueblack coating, proving that the Rustworthy made up of different kinds of tea
leaves can fom 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 inemsed 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.

Furtherinvestigation

In this investigation, we have proven that tannin can be a&oteed from different kinds of
tea leaves and can be usedreact with rust and fornblack iron (lll) tannate complex. In order
to extract tannin from tea leaves with a more environmentally friendly approach, we would like

to investigate if tannin can aldwe 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 leavesan 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 environmentgndly and lowcost
alternative. Thoughsome tannin in tea islost 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 souao@io$ tin

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 wiulike 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 includésguanyintea ( ), Shui Xan tea (

) ,Xiangpian( ) andLipton 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 practicalfifRustworthy 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 driedaturally 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(lll) chloridewill be carried out to estimate the amount of tams in Rustworthy. The
remaining Rustworthy is used tovestigate the effect of protective coating formed by tannin

extracted with differenttypes of brewed tea leaves and mixture of brewed tea learassted
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nails are added into th&ustworthy separatgl 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 eatra@ther
factors such as temperature and duration are kept const@he tea leaves we ldaused in this

investigationare listed below:

A | Lipton red tea %
B | Tieguanyirtea ( )

C | Shui Xiantea ( )

D | Xiangpian )

E | Mixture of the tea leaves (d) /

P75/89



