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Abstract
It was found that the extract acts as good corrosion inhibitor for aluminum
corrosion in 2 HCl solutions. The inhibition action of the extract was discussed in view of
Langmuir adsorption isotherm. It was found that the adsorption of the extract on aluminum
surface is spontaneous process. The inhibition efficiency (IE) increases as the extract
concentration is increased.
The effect of temperature on (IE) was studied; it was found that the presence of
extract increases the activation energy of the corrosion reaction. Moreover, the
thermodynamic parameters of the adsorption process were calculated. It was found also
that the natural colors extracts provide a good protection to Al against pitting corrosion in
chloride ion containing solutions.
The corrosion inhibition of Al is the subject of tremendous technological
importance due to the increased industrial applications of this material. This study reports
the results of weight loss, open-circuit potential measurements and surface morphology.
The corrosion inhibition of synthetic colours and natural colours in hydrochloric
acid solutions using as an inhibitor.
The results showed that addition of this colours retards the rate of dissolution and
hence inhibits the corrosion of the aluminum in acidic solutions. The inhibition efficiency
increases with the increase inhibitor concentrations in Hydrochloric acid however it
displays a no different behavior between synthetic and natural colours. Electrochemical
studies showed that there was a significant increase in overall resistance with increase of
concentration of acid, when compared to the case without inhibitor. Langmuir adsorption
isotherm fits well with the experimental data.
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Chapter (I)
Introduction
The use of cooking utensils and cooking manufacturer of aluminum used in the
Gaza Strip in a significant and common in particular between the layers of society with
little income, and these pots are made in local factories without censorship, as well as
cooking utensils of aluminum of poor quality, they come from areas unknown source, there
is supervision Where the rate of use of these Aluminum in the sector to 89.1%. [1]
This reinforces the need to study the effect of some food items and their
relationship to the corrosion of aluminum. In this study, the search for food additives are
used in some food factories and homes, and found that there materials that are food
additives namely food colours, I visit several factories and small factories in the sector,
from here came the idea of choosing food colours. It found the use of colours (Ponceau,
Sunset Yellow and Tartrazine) actually used in some factories have been identified on each
of these colours in terms of color and intended use, and also from some visited to some
families, demonstrates the use of materials that are pigments of food, which has been
selected some, such as beta volgsris, rosalle, curcomin and saffron. The importance of
Aluminum as a toxic environmental factor has led to extensive research [2].
Al was regarded to be a neurotoxin agent due to its accumulation in brain, bones
and liver and its later association with some diseases like dialysis encephalopathy, bone
disorders and other diseases [3].
The corrosion behavior of Al alloys has been widely studied in the literature in
acidic medium. [4] It is well known that Al exhibits a passive behavior in aqueous
solutions due to the thin compact oxide film on its surface. Al oxide solubility increases in
acidic and alkaline medium which explain the importance of studying the role of pH as
shown by Lampease et al [5]. Protective oxide films formed on the aluminum surface have
a dual nature. [6] The consist of an adherent, compact, and stable inner oxide film covered
with a porous, less stable outer layer, which is more susceptible to corrosion. [7] The
corrosion mechanism of aluminum by chloride ions has been studied by many
investigators. [8]. the presence of Cl− ions in neutral solutions leads to the formation of
AlCl3, which goes into solution and hydrolyzes therein, leaving active sites on the metal
surface available for attack. [9]



In this study, Aluminum samples were taken from the local market. Specific pan in
size (medium).

1.1 Aim of the present work
The aim of the present work is to study the inhibitive action of some synthetic
colours (Ponceau, Sunset Yellow and Tartrazine) & natural colours (Saffron crocus, Beta
Vulgaris, Curcumin and Roselle) toward the corrosion inhibition of aluminum in 2.0 M
HCl solution using weight loss, open-circuit potential techniques and surface morphology.
And in presence of different food colours, were investigated, and different techniques used
to evaluate and computed the results.



Chapter (II)
Literature review
2.1 Background
Aluminum is a very common element in the natural environment, and its content in
the earth's crust amounts about 8%, which makes it the third most abundant element after
oxygen and silicon [10].
Aluminum's easy transition from solid to liquid phase and high solubility in acid
environments are decisive factors for its important function in the environment. Aluminum
has been widely used for many factoring, e.g. kitchen utensils, parts of medical and
scientific equipment, various wrappings and containers [11].
Different aluminum compounds are used in clinics and also in the manufacturing of
cosmetics. Furthermore, aluminum sulphate is often used in drinking water treatment to
remove organic pollutants which are a potential source of aluminum pollution for people
and farm animals [12- 14].
Aluminum is much less expensive than silver and copper. Its ionic radius is small at
0.41A. Besides, aluminum has one empty orbital p in valence shell, and therefore it has a
strong positive charge and electron acceptor properties. In water solutions it forms
complexes with water. In such complexes, aluminum forms bonds principally with oxygen
atoms but it can also bind to other electron donors, such as nitrogen and halogens. The AlO and Al-N bonds are partially covalent and partially complexes and this is a reason of
slow exchange in aluminum complexes. Such slow exchange can explain the fact that it is
difficult to confirm and evaluate aluminum toxicity in short time intervals [15, 16].
 Aluminum oral uptake
 Water
Most surface water treatment plants use Al in the form of (Al sulphate) to help
remove harmful waterborne microorganisms and other particles by causing them to clump
together (coagulate) into larger particles that are then easily removed by sedimentation and
filtration, the intake of Al in drinking water generally amounts to less than 5% of the total
daily intake for an adult [17]



.2.2 Drugs

Antacids that also contain Al compounds will result in exposure to Al,
containing medications contain much higher levels of Al, for example 104-208 mg
of Al per tablet/capsule/5 ml dose for many antacids. [18]
.2.3Foods

Al can leach into food from cookware, utensils and wrappings. Certain
foods, such as dairy products, grains, desserts and beverages, may contain levels of
AL that are higher than naturally-occurring background levels owing to the use of
AL compounds (e.g., sodium Al phosphate) as food additives. [19]
.3Food processing
Al leaching depends on pH, solution composition and concentration, temperature,
and Al alloy composition, and Using of Al cookware may leach significant amounts of Al
into the diet, which raise the amounts of Al to high levels, its bioavailability depends on
the chemical species of Al ingested and it is markedly enhanced by some food additives
like citrate, tartarate and glutamate. [20]
.3.1 Type of food
Food that has been cooked Al pots and Al foil more leached into acidic foods. Estimates
say that as much as 4 milligrams of Al can be transferred to each serving of an acidic food
such as tomatoes or citrus fruits that has been heated or stored with AL [21]
.4 Socioeconomic factors
.4.l Family income
Family income plays an important role in choosing the type and quality of Alˬ
according to its cost
.4.2 Knowledge
Knowledge about the hazard of using Al utensils may play a role in choosing the
type and quality of utensils
.4.3 Education
The level of education may be playing a role in choosing the type and quality of Al
utensils



2.5 Health effect due to Aluminum exposure
Al induced bone disease, anemia and encephalopathy. This is well known in
patients with chronic renal disease , but since healthy subjects with normal renal function
retain 4% of the Al consumed, they are also at risk of long-term,

low- grade Al

intoxication [22].
Excess Al consumption has been postulated as a precipitating factor in Alzheimer's
disease, anemia, senile dementia and bone disorders [23].
In the human body, Al ions could inhibit different metabolism process caused by
competitive on reactions between Al and other ions such as calcium, magnesium or
iron[24].
Dialysis encephalopathy is one of the main observations in favor of the
neurotoxicity of aluminum because it proves that aluminum is able to reach the brain and
neuronal death [25].
Some previous studies have suggested an association between aluminum from
drinking water and dementia. [26, 27]
Aluminum-evoked changes in neurons are similar to degenerative lesions observed
in patients suffering from Alzheimer's disease [28].
Aluminum action probably consists in the displacement of magnesium ions in ATP
by aluminum, which induces changes in the function of all enzymes utilizing ATP as a
substrate, and in the inhibition by aluminum of polymerase activity in the brain. Aluminum
toxicity for the osseous system is reflected, among other ways, by excessive bone softness
and proneness for bone fractures. Increased aluminum concentration diminishes collagen
synthesis by slows mineralization processes, which is a direct cause of a drop in the normal
amount of bone tissue [29].
Established maximum weekly aluminum intake at 7 mg/kg of body weight,
whereas the results of many studies indicate that people often ingest even 10-100 mg of
aluminum a day. Estimations of daily aluminum consumption differ considerably,
depending not only on soil type and environmental conditions in certain countries, but also
on the methods of food processing and storage [30].
Aluminum is also responsible for nerve fiber degeneration, leading to a decreased
number of micro channels in the damaged neurons, dendrites and the cells implicated in



memory processes Studies of environmental toxicology in recent years have revealed that
aluminum can be a cause of many diseases in humans and animals. It can also exert
harmful effects on plant roots [31].
Many studies indicate that aluminum can exert a negative effect on many metabolic
pathways in the organism, particularly on calcium, phosphorus, fluorine and iron
metabolism. Aluminum ions show affinity for DNA and RNA, and inhibit such enzymes as
hexokinase, acid and alkalic phosphatase, phosphodiesterase and phosphoxidase. It has
been demonstrated that aluminum is harmful mainly for the nervous, osseous and
haemopoietic systems [32- 34].
2.5.1 Neurological Effects
Alzheimer’s disease is a neurodegenerative disorder, which is manifested clinically
as a progressive deterioration of memory and cognition. The possible association between
Al and Alzheimer’s disease was proposed over 40 years ago; however, the evidence that Al
may or may not be a risk factor is inconsistent and inconclusive. A number of lines of
evidence have been used to support the relationship between Al and Alzheimer’s disease.
Different studies examine the relation between Al and Alzheimer’s disease, a number of
these studies have found significant associations between individuals living in areas with
elevated Al levels in drinking water and the prevalence of Alzheimer’s disease [35]
Study in North Carolina USA, found that there is a strong relation between there
concentration of Al level in children hair and the decrease in children motor
performance[36].
2.5.2 Musculoskeletal Effects
Study in Sweden examine the relation between age and accumulation of Al a in
bone in 172 patient aged between 16 and 98 teas old and also investigate whether the Al
content of bone differs between controls and hip fracture cases with and without dementia,
in particular in those with Alzheimer s disease, the study found an exponential increase in
Al content of bone with age. The average Al values, adjusted for age, were similar in men
and women, and no significant differences in sex- and age- adjusted mean Al values
between the controls and the hip fracture cases with and without dementia could be
detected. The average Al concentration among cases with Alzheimer's disease was also
similar to the values of hip fracture patients with other types of dementia. The final results



of the research indicate that human accumulate Al in bone over life span, but this does not
seem to be of major pathogenesis significance for the occurrence of hip fracture or
dementia [37]
The renal function may be decrease the urinary excretion of Al, and increased the
gastrointestinal absorption of Al results in increased Al body burden leading to markedly
increased bone Al levels and the presence of Al between the junction of calcified and non
calcified bone [38]

2.5.3 Hematological effects
Several studies have shown that Al can adversely affect erythropoietin.
Intermediate- duration exposure has been associated with significant inhibition of colony
forming units elytroid (CFU-E) development in bone marrow of mice exposed to 13 mg
Al/kg as Al citrate or Al chloride administered via gavages 5 days/week for 2 or 22 weeks,
rats exposed to 27 mg /kg as Al citrate administered via gavages 5 days/week for 15 weeks
[39]
Repeated exposure to Al appears to adversely affect the hematological system of
rats and mice. Significant decreases in hemoglobin, hematocrit, and/or erythrocyte osmotic
fragility were observed in rats exposed to 420 mg Al/kg/day as Al citrate in drinking water
for 15 weeks. Exposure to lower concentrations or for shorter durations resulted in no
significant damage to the erythrocytes. [40]
Al overload is a frequent cause of renal anemia. It may present in several stages as
a hypo chromic, microcytic anemia but in less severe cases can be norm chromic and
nonocytic. Al is toxic to erythropoietin, It inhibits hemi synthesis, interacts with iron
metabolism, disturbs cell metabolism and membrane function and impairs bone marrow
sensitivity to erythropoietin [41].
The most frequently described blood problem in aluminum toxicity is anemia. It is
important to note, that this disorder was observed in patients after dialyses when aluminum
ions were present in dialysis fluid [42].
There is some evidence that Al may affect iron levels in blood; however, this has
not been well studied and the results are not consistent across studies. Not tined significant
alterations in plasma iron levels or total iron binding capacity in rats exposed to 230 mg



Al/kg/day as Al citrate in drinking water for 8 months; however, impaired iron uptake and
decreased iron incorporation into hemi were measined in bone marrow cells [43].
But Farina et al. found significant decreases in blood iron concentrations and no
change in total iron binding capacity in rats exposed to 54.7 mg Al/kg/day as Al sulfate in
a sodium citrate solution in drinking water for 18 months [44]
Florence et al. reported decreases in serum iron levels, total iron binding capacity,
and transferring saturation in rats exposed to 75 mg Al/kg/day as Al citrate in the diet for 6
months; however, the statistical significance of these finding was not reported [45].
Al might exert its toxic effects by using mechanisms which control iron
homeostasis e.g. using transport proteins such as transferring, or interfering with iron
homeostasis at the level of iron regulatory proteins. Al induced anemia can be resulted
increasing the erythrocyte fragility, which may be due to Al oxidative effect [46].
Al has a direct effect on hematopoietic (the development of blood cells) inducing
microcytic anemia (resulting of hemoglobin synthesis failure or insufficiency [47].
2.6 Corrosion
Corrosion is largely an electrochemical phenomenon may be defined as destruction
by electrochemical process because corrosion involves the transfer of electrons between
metal surface and an aqueous electrolyte solution. It results from the over whelming
tendency of metals to react electrochemically with oxygen, water, and other substances in
the aqueous environment [48, 49].
Electrochemical corrosion is the most important classification of corrosion. Four
condition must exist before electrochemical corrosion can proceed, there must be
something that corrodes (the metal anode), a cathode, a conductive liquid path (electrolyte
and other contamination), also there must be a conductor (metal) to carry the flow of
electrons from the anode to the cathode [50, 51].
2.6.1 Corrosion of aluminum
Aluminum is a reactive metal, meaning it can react with acid or salty foods to
release itself into the food product. Tomato sauce and sauerkraut are two examples of
challenging foods. Also, an aluminum pot that is worn or pitted may release excess
aluminum into foods [52].


The temperature did have an effect of the corrosion of aluminum. The port strip
submerged into 65CO corroded the most as compared to others. The 33CO did not corrode
due to time limitation. The solution set to 21CO did not corrode because there was not
enough kinetic energy to increase the rate of corrosion. The aluminum submerged into the
higher temperature did corrode due to the increase of collision of particles [53].
Al pans are the most commonly used cooking utensils in rural places an acoustic
wave sensor was developed to quantify the amount of metal leaching when cooking some
recipes. Sensitive layer of the sensor consists of a membrane with a specific ionophore for
the aluminum, in a PVC/plasticizer matrix. Red cabbage samples cooked with different
acidic additives (lemon juice, wine vinegar and cider apple vinegar) showed that low pH
values increased leaching of aluminum [54].
Corrosion of aluminum depending on alloy, environment, design and protective
measures taken. A clean aluminum surface is reactive and will react spontaneously with
water or air and form aluminum oxide. This oxide is very stable and has in addition a very
good adhesion to the metal surface and thus protects aluminum from corrosion or further
oxidation. This means that aluminum has good corrosion resistance in environments where
the oxide layer is stable [55].
The oxide layer will deteriorate in environments with high or low pH or where
aggressive ions are present. Below a pH of 4, acidic conditions, and above a pH of 8.5,
alkaline conditions, there will normally be an increase in the corrosion rate of aluminum,
but this also depends on which ions that is present in the environment. Aggressive ions
will break down the oxide layer locally and start local corrosion attacks. Among the
aggressive ions, chloride (Cl-) is the one with the most practical importance, because it is
present in large amounts in sea, water, salts, some soils and in lower concentrations in
other natural sources [56].
2.6.2 Corrosion inhibition
Inhibitors can be defined as chemical substances which decrease the corrosion rate
when present in the corrosion system at suitable concentration without significantly
changing the concentration of any other corrosive agent [57].



2.7 Food additives
A food additive is any substance added to food. Legally, the term refers to any
substance the intended use which results or may reasonably be expected to result-directly
or indirectly-in its becoming a component or otherwise affecting the characteristics of any
food [58].
Since most people no longer live on farms, additives help keep food wholesome and
appealing while en route to markets sometimes thousands of miles away from where it is
grown or manufactured. Additives also improve the nutritional value of certain foods and
can make them more appealing by improving their taste, texture, consistency or color [59].
Additives are used in foods for five main reasons to Maintain product consistency,
Improve or maintain nutritional value. Maintain palatability and wholesomeness. Provide
leavening or control acidity/alkalinity. Enhance flavor or impart desired color [60].
Technically, a color additive is any dye, pigment or substance that can impart color
when added or applied to a food, drug, and cosmetic or to the human body [61].

2.7.1: color additives:
A color additive, as defined by regulation, is any dye, pigment, or other substance
that can import color to a food, drug, and or cosmetic or to the human body. colour
additives are important component of many products, making them attractive, appealing,
appetizing, and informative. Added color serves as a kind of code that allow us to identify
products on sight, like candy flavors, medicine dosages, and left or right contact lenses.
One of the USA Food and Drug and Administrations (FDA) roles is to assure that color
additives are safely and appropriately used. Color additives are classified as straight colors,
lakes, and mixtures. Straight colors are color additives that have not been mixed or
chemically reacted with any other substance (for example, FD&C Blue No. 1 or Blue 1
Lake). Lakes for food use must be made from certified batches of straight color. Lakes for
food use are made with aluminum action as the precipitant and aluminum hydroxide as the
substratum. Mixtures are color additives formed by mixing one color additive with one or
more other color additives or non- colored diluents, without a chemical reaction(for
example, food inks used to mark confectionery)[62].



2.8: cookware
Cookware and bakeware are types of food preparation containers commonly found
inthe kitchen. Cookware is composed of various cooking vessels such as saucepansand
fry pans intended for use on stove or range cook top. Bakeware is composed ofcooking
vessels intended for use inside an oven. The terms cookware and bakewareare not
exclusive, and it is possible for a single utensil to be used as bothcookware and bakeware
[63].
Cookware made from aluminum is relatively inexpensive when compared to
cookware made of other materials. It's lightweight but fairly strong. It is a good conductor
of heat and does not easily distort when exposed to high temperatures. It's very good for
frying foods because if its heat responsiveness [64].
The drawback of aluminum is that it reacts to acidic and alkaline foods, causing it
to corrode and affect the taste of the food being cooked. Aluminum is generally used as a
core heat conductor, or coated with stainless steel or an anodized coating to protect the
food. More than half of the cookware sold today is made of aluminum [65].
2.8.1 Benefits and Risks of Cookware Aluminum.
The majority of the human population in the industrialized nations ingests a
minimum of 30 to 50 milligrams of aluminum metal per day. An examination of labels on
consumer products will reveal that many of them contain the metal. Most foods contain
aluminum products. Beverage cans, aluminum foil in contact with food, aluminum pots
and pans and aluminum in drugs (including most antacids) insure that the cumulative load
of aluminum in the human body eventually reaches critical level. Aluminum in consumer
drugs is a big problem. Aspirin is commonly buffered with aluminum hydroxide,
aluminum glaciate and other aluminum compounds. Vaginal douches contain potassium
aluminum sulfate, ammonium aluminum sulfate, and alum. Antacids contain aluminum
hydroxide, magaldrate, dihydroxy aluminum, and aluminum oxide. Anti diarrheal drugs
contain aluminum magnesium silicate and kaolin, an aluminum salt. Cake mixes, selfrising flour, processed cheese, baking powder, food starch modifiers, pickling salts and
anti-caking agents provide additional aluminum in the form of sodium aluminum, sodium
aluminum sulfate, aluminum ammonium sulfate, and sodium aluminum silicate. Aluminum
contaminates drinking water, milk and other products. [66]



Aluminum-based compounds are used as the active ingredient in antiperspirants.
These compounds form a temporary plug within the sweat duct that stops the flow of sweat
to the skin's surface. Some research suggests that aluminum-based compounds, which are
applied frequently and left on the skin near the breast, may be absorbed by the skin and
cause estrogen-like (hormonal) effects. Because estrogen has the ability to promote the
growth of breast cancer cells, some scientists have suggested that the aluminum-based
compounds in antiperspirants may contribute to the development of breast cancer [67].
2.8.2 Leaching of Aluminum from Al-cookware
In order to find whether cooking may leach higher concentration of Al, espresso
coffee was prepared in stainless steel and in Al containers coffee prepared in an Al
container leached more Al ions (33 mg/kg ) while in case of stainless steel the
concentration of Al was ( 0.35 mg/kg ) and in second experiment, sauerkraut or sour
turnip were cooked in Al-cookware and the concentrations of Al in liquid of sauerkraut and
sour turnip were determined after cooking in Al-cookware the concentration of Al in
sauerkraut increased to 3/3 mg/kg and in sour turnip to 260 mg/kg of Al, in comparison to
stainless steel containers, There fore, it is evident that during cooking in substantial
concentrations of Al [68] .
In tomato Juice the concentration of Al increased after cooking in Al- cookware
form 3 to 5.5 mg/kg [69].
Studied the inhibitive action of mucilage extracted from the modified stems of
pickly pears, toward acid corrosion of aluminum, is tested using weight loss, thermometry,
hydrogen evolution and polarization techniques. It was found that the extract acts as a good
corrosion inhibitor for aluminum in 2M HCl solution. The inhibition action of the extract
was discussed in View of Longmuir adsorption isotherm. It was found that the adsorption
of the extract on aluminum surface is a spontaneous process [70].
The inhibitive action of the acid extracts of seed levees and bark from the focus
virens plant to wards HCL and H2SO4 Corrosion of aluminum is tested using mass loss and
thermometric techniques. It was found that the extract acts as a good corrosion inhibitor for
al corrosion in all concentration of acids [71].



Aluminum content of certain cooked food was therefore analyzed to assess its daily
burden in the Indian population; significant levels of Al were detected in most of the
cooked foods analyzed. Green leafy vegetables and pulse preparations (alhal/ sambar)
contribute greatly to total daily AL content significantly. It thus appears that total intake of
AL in Indian Population groups, who regularly use Al cookware and storage utensils, may
be higher than that reported elsewhere [72].
Red cabbage samples cooked with different acidic additives (lemon Juice, wine
Vinegar and cider apple vinegar) Showed that tow PH values increased leaching of
aluminum. Red cabbage cooked with lemon Juice at PH 2.6 showed 5.1mg AL/100 g red
cabbage. Tomato sauce cooked with and without sugar showed 2.7 0.2 and 4.9 0.2 mg/
Al /100 g tomato sauce, respectively. The same samples, stored in aluminum containers in
a refrigerator for 48h, showed 2.8  0.2 and 5.0  mg Al/ 100g tomato sauce ,
respectively[73].
It shown that an AL Pot used to prepare tomato sauce can add up to 4 mg Al to
each serving [74],It found that coffee brewed in Al kittle contained considerable amounts
of Al [75],The Documented significant concentrations of Al in beverage Stored in Al
cans[76].
The effect of food preservative, 24- hexadienoic acid potassium salt (Potassium
sorbate, K (CH3CH=CH CH=COO) on the corrosion and inhibition of different metals and
alloys as (copper, carbon steel, aluminum, and stainless steel) [77].
Study the effect of fresh and, stored canned beer on the leaching of Al from
aluminum cans. Aluminum content changes from day 0 to day 150 were significant. From
these results, it is shown that Al cans are corrected over time by conned beer. However this
corrosion may be reduced through refrigeration [78].
2.8.3 Effect of Food Additives on the corrosion of aluminum.
The effect of colloids was studied on the corrosion of aluminum alloy in HCl
solution. The inhibition efficiency, in general, at conc. of 1% of colloids increases in the
order: dextrin (40%) < gelatin (56%) < agar-agar (64.3%) <acacia (77.5%) and glue (81%).
The percentage of efficiency of inhibitors decreased with increase in period of immersion,
expert for glue [79].



Describing a simple model describing the complexing effect in the leaching of
aluminum from cooking, utensils, which demonstrated that the complexing effect takes a
very important role in the process of Al corrosion from cooking utensils. Increased
concentrations of complexing ions (organic acids, fluoride ion, OH-, etc) significantly
enhance the release of Al. The speciation of Al in simulated food Solution is Also
investigated [80].
The Corrosion of Al in several brands of soft drinks (cola-and citrate- based drinks)
has been studied, using an electrochemical method, namely Potential dynamic polarization
the results show that the corrosion of Al in soft drinks is a very slow, time dependent and
complex process, strongly, influenced by the passivation complication and adsorption
processes. The corrosion of Al in these drinks occurs principally due to presence of acids;
citric acid in based drinks and H3PO4 in cola drinks [81].
The inhibition efficiency (IE) of vanillin toward the corrosion of aluminum in 5M
HCl solution was measured using weight loss measurement, hydrogen evolution method,
and thermometry and potential static polarization techniques. The inhibition action of
vanillin is discussed in view of the adsorption of its molecules on the electrode surface
though the active centers contained in its structure. It was found also that adsorption of
vanillin on Al surface follows Langmuir adsorption isotherm [82].
The corrosion behavior of Al in 2M HCl solution in the absence and presence of
four compounds of natural colours were investigated using hydrogen evolution weight loss
and potential static polarization techniques, it was found that, the inhibitive action of these
compounds was discussed in terms of blocking the electrode surface by adsorption of the
molecules through the active centers contained in their structure. The adsorption process
follows Langmuir adsorption isotherm [83].
Anions of dietary acids may indeed dissolve significant fraction of Al salts and
form absorbable Al complexes. The well documented increase of Al gastrointestinal
absorption by citrate has been interpreted from computer based speciation studies using
similar calculations, we now demonstrate that a series of dietary acids (namely malice,
oxalic, tartaric, aspartic and glutamic acids) can also dissolve significant amounts of
Al(OH)3 and from Al neutral complexes available to the gastrointestinal membrane [84].



The inhibition of three ethoxylated fatty acids of different molecular weights on the
corrosion of Al in both 1M HCl and 1 M H2SO4 solutions have been studied at different
temperatures (25-55 Co) by means of weight loss and potentiodynamic polarization
techniques. The efficiency for three fatty acids increase with the increase in the inhibitors
concentration but decreases with increasing temperature. The inhibition efficiency for the
three inhibitors decreases in the order (n= 20, 40, 80), the inhibition occurs through
adsorption of the inhibitor molecules on the metal surface without modifying the
mechanism of corrosion process. Frumkin adsorption isotherms fit well the experimental
data of dissolution and adsorption was calculated and discusses. [85]
The effect of palm Oleic as corrosion inhibitor for aluminum in 1M HCl solution
was studied Al samples were exposed in 1M HCl solution with or without the presence of
inhibitor for weight loss measurements tests. The corrosion study was performed at room
temperature with different concentration of inhibitors from the adsorption isotherm study;
it was shown that the palm oleic protects the Al surface through physical adsorption [86].
The effect of different foodstuffs as wheat, eggs, body foods, fish, mussels and
twenty samples, of total diet, the results indicated that sauerkraut and sour turnip leach
appreciably high concentrations of Al during cooking in Al utensil (313 and 260 mg Kg-1,
respectively). So the use of such cook ware is not recommended for acidic foodstuffs [87].
2.8.4 Effect of some colours on the corrosion of aluminum.
The effect of some colours on the corrosion of aluminum in H3PO4, the inhibitive
efficiency increase with increasing the dye concentration, but decrease with acid conc. The
efficiency increases in the order: crystal violet<fuchsine acid < Fuchsine base < malachite
green < Victoria blue < light green <fast green, on increase in temperature, decrease the
efficiency [88].
The inhibition of an aluminum alloy in an aqueous 5% NaCl Solution PH 5.5 and
3.2 (by acidification with acetic acid) by using three dye compounds: methyl yellow,
methyl red, and methyl orange. The protection was shown to be dependent upon the pH of
the solution, and it was not the Same for three compounds, Their inhibitive power was
attributed to the formation of protecting compound between the Al3+ ions and the nitrogen
of Azo binding and in the case of the methyl yellow to the formation of colloidal [89].



Mass loss and thermometric methods have been used to study the inhibition of
aluminum corrosion in HCl solution by four Schiff bases: 2-anisidine- Pyridine, 2anisalidine-Yrimidine, 2-salcyldine-pyridine, and 2-salicylidine- pyrimidine, values of
inhibition efficiency obtained from the two methods are in good agreement and are
dependent upon the concentration of inhibitor and acid [90].
Corrosion rates of aluminum alloys in aqueous solutions of aliphatic amine and
inhibition efficiency of some colours on the corrosion of this amine has been studied the
inhibiting efficiency of different compounds (concentration 0.1%) increases in the order:
alizarin red<Thymol blue<safranine-T<methyl Blue< rhodamine-B [91].
The defect of methylene blue (Mb) dye on electrochemical corrosion of Al in HCl
solutions by using gravimetric techniques at 303 and 333Ko. The results indicate that MB
acts as an indicator in acidic corrodent. Synergistic effects increased the inhibition
efficiency on addition of haled namely: KCl, KBr, and KI [92].
Crystal violet dye was studied as corrosion inhibitor for Al in HCl and NaOH
Solution in the Temperature ranges 30-60 Co using the gravimetric technique. The
calculated values of activation energy (Ea) free energy of adsorption ( Gads) and heat of
adsorption confirm the physic sorption mechanism [93].
The corrosion inhibition of Aluminum alloy by xathone and azo colours in HCl
solution was studied in relation to the acid and inhibitor concentrations, immersion time,
and temperature at 0.1% inhibitor conc. In 0.5M HCl the efficiency of inhibitors increased
in the order methyl red < dimethyl yellow < catechol Violet < Erichrome Black T<
bromocresol purple < bromocresol green. [94]
The inhibition of the corrosion of Al-alloy in HCl Solutions by triphenlymethone,
anthraquinoid, and acridine colours was studied in relation to concentration of acid and
inhibitor, duration of immersion, and temperature [95].



Chapter (III)
Experimental methods

3.1 Preparation Aluminum samples
Al cookware were chosen from the market Gaza Strip, Al cookware were cut in to
3cm in to 2cm for weight loss measurements and a hole of 1.5mm were drilled on the
center of end of all the coupons for suspension inside the corrode solution.
The experiments were performed with aluminum cookware medium size having the
chemical composition given in Table (1).

The analyses of Aluminum cookware were determined by using (Atomic
absorption flame emission spectrophotometer: shimadzu AB000101, No.AA-66OIF).

Reagents were Hydrochloric acid, (1+1) with deionized water and Hydrogen
peroxide 30%. Prepare suitable standard solutions by dilution of the stock solutions
described under the standard conditions for each element. Standard solutions must contain
the same concentrations of aluminum as do the sample solutions.

Preparation sample by weight a 0.5-g sample and transfer to a beaker. Added 20ml
of (1+1) HCl cautiously, added 30% H2O2 drop wise with gentle heating to dissolve.
To determined silicon we filtered the silicon on whatman #40 paper. Wash the
paper and residue. Ash, first at 400c0 in large crucible. Volatilize the silica by the addition
of 5 to 10 ml of HF and 1 ml of HNO3 in a Dutch oven. Dissolve the residue in 1 ml of
conc. HCl with gentle heating and combine with the original sample solution, washing the
crucible with deionized water to assure complete recovery. Transfer the sample solution
and washings to a 100 ml volumetric flask and dilute to volume with deionzed water.

Analyze the sample solution for Cu, Fe and Zn, dilute 10 ml of sample solution to
100 ml with deionized water and analyze the diluted solution.
To analysis all determination were versus standards and a reagent blank containing
similar concentrations of aluminum.
The calculations were:



Element (wt %) =
Where (d.f.) = dilution factor
Diluted solution volume in ml

=

……………………. (1)

ml aliquot taken for dilution
Table (1) Chemical composition (weight %) of aluminum.

Element

Zn

Ti

Si

Cu

Fe

Cr

Ni

Al

Weight

0.08

0.03

0.20

1.82

0.94

0.53

0.44

rest

3.2 Inhibitors colours
The name and molecular structures of the Synthetic colours and natural colours as
corrosion inhibitors for Al dissolution in hydrochloric acid solution are:

3.2.1 Synthetic colorants
3.2.1.1 Ponceau 4R E124

Molecular formula C20H11N2Na3O10S3
IUPAC name: trisodium (8Z)-7-oxo-8-[(4-sulfonatonaphthalen-1-yl)
hydrazinylidene] naphthalene-1, 3-disulfonate.
Ponceau 4R is a synthetic colorant that may be added to foods. It is denoted by E Number
E124. Ponceau 4R is a red azo dye which can be used in a variety of food products. Ponceau 4R is
considered carcinogenic in some countries, including the USA, Norway, and Finland, and it is
currently listed as a banned substance by the U.S. Food and Drug Administration (FDA), since
2000, the FDA has seized Chinese-produced haw flakes (a fruit candy) on numerous occasions for
containing Ponceau 4R. [96]



3.2.1.2Sunset Yellow E110

Molecular formula C16H10Na2O7S2N2
IUPAC name: Disodium 6-hydroxy-5-[(4-sulfophenyl) azo]-2naphthalenesulfononate.
Sunset Yellow FCF is a colorant that may be added to foods. It has E number E110.
It is an Azo yellow dye useful in fermented foods which must be heat treated, It may be
found in orange squash, orange jelly, marzipan, Swiss roll, apricot jam, citrus marmalade,
lemon curd, sweets, hot chocolate mix and packet soups, trifle mix, breadcrumbs and
cheese sauce mix and soft drinks. Also the capsules of Dayquil (in high concentrations)
and some extra strength Tylenol. [97]
3.2.1.3Tartrazine E102

Molecular formula C16H9N4Na3O9S2
IUPAC name: Trisodium (4E)-5-oxo- 1-(4-sulfonatophenyl) - 4-[(4sulfonatophenyl) hydrazono] - 3-pyrazolecarboxylate
Tartrazine (otherwise known as E102 or FDC Yellow 5) is a synthetic lemon
yellow azo dye used as a food coloring. Tartrazine is a very commonly used color in Africa
and Sweden — obviously used for yellow, but can also be used with E133 Brilliant Blue
FCF or E142 Green S to produce various green shades.[98]



3.2.2Organic colorant
3.2.2.1Saffron crocus

Crocetin

Picrocrocin
Molecular formula C16H26O7

Saffron, the world’s most expensive spice, is derived from the stigmas of the
saffron crocus (Crocus sativus L.). It is a prized culinary condiment, widely used in the
cuisine of many European and Asian countries. Saffron grows well in areas that have cold

winters and warm dry summers. Saffron contains more than 150 volatile and aromayielding compounds. It also has many nonvolatile active components, many of which are
carotenoids, including zeaxanthin, lycopene, and various á- and â-carotenes. However,
saffron's golden yellow-orange colour is primarily the result of á-crocin. This crocin is
trans-crocetin di-(â-D-gentiobiosyl) ester (systematic (IUPAC) name: 8, 8-diapo-8,8carotenoic acid). This means that the crocin underlying saffron's aroma is a digentiobiose
ester of the carotenoid crocetin.[99]



3.2.2.2 Beta Vulgaris

Betanin
Molecular formula C24H27N2O13
The beetroot (Beta vulgaris subsp.), or betanin take E162, can survive
pasteurization when in products with high sugar content. Its sensitivity to oxygen is highest
in products with high content of water and/or containing metal cations (e.g. iron and
copper); antioxidants like ascorbic acid and sequestrates can slow this process down,
together with suitable packaging. In dry form betanin is stable in presence of oxygen.[100]
It functions by acting with other nutrients to reduce the concentration of
homocysteine, a homologue of the naturally occurring amino acid cysteine, which can be
harmful to blood vessels and thus contribute to the development of heart disease, stroke,
and

peripheral

vascular

disease.

betanin

functions

in

conjunction

with

S-

adenosylmethionine, folic acid, and vitamins B6 and B2 in order to carry out this
function.[101]
Additionally, several preliminary studies on both rats and humans have shown that
betanin may protect against liver disease, particularly the buildup of fatty deposits in the
liver caused by alcohol abuse, protein deficiency, or diabetes, among other causes. The
nutrient also helps individuals with hypochlorhydria, a condition causing abnormally low
levels of stomach acid, by increasing stomach acidity.[102]



3.2.2.3 Curcumin

Molecular formula C21H20O6
Turmeric is widely consumed in the countries of its origin for a variety of uses,
including as a dietary spice, a dietary pigment, and an Indian folk medicine for the
treatment of various illnesses. It is used in the textile and pharmaceutical industries.[103]
Curcumin is a diferuloylmethane present in extracts of the plant. Curcuminoids are
responsible for the yellow color of turmeric and curry powder. They are derived from
turmeric by ethanol extraction. The pure orange-yellow, crystalline powder is insoluble in
water. The structure of curcumin (C21H20O6) was first described in 1815 by Vogel and
Pelletier and in 1910.[104]
Powder of turmeric mixed with slaked lime is a household remedy for the treatment
of sprains and swelling caused by injury, applied locally over the affected area. In some
parts of India, the powder is taken orally for the treatment of sore throat. This nonnutritive
phytochemical is pharmacologically safe, considering that it has been consumed as a
dietary spice, at doses up to 100 mg/day, for centuries.[105]



3.2.2.4 Roselle (Hibiscus sabdariffa)

The Roselle (Hibiscus sabdariffa) is a species of Hibiscus native to the Old World
tropicsˬThe flowers are 8–10 cm (3–4 in) in diameter, white to pale yellow with a dark red
spot at the base of each petal, and have a stout fleshy calyx at the base, 1–2 cm (0.39–
0.79 in) wide, enlarging to 3–3.5 cm (1.2–1.4 in), fleshy and bright red as the fruit matures.
It takes about six months to mature.[106]
Roselle is becoming increasingly known to the general population as an important
pro-health drink in the country. [107]
Roselle (Hibiscus sabdariffa Linn.) tea extract was found to have high inhibitory
activity against porcine pancreatic - amylase. Hibiscus acid and its 6- methyl ester were
respectively isolated as active principles from the 50% methanol and acetone extracts of
Roselle tea. The activity of each isolate was compared to that of structurally related citric
acid, a previously known inhibitor of fungal - amylase [108]. Roselle is associated with
traditional medicine and is reported to be used as treatment for several diseases such as
hypertension and urinary tract infections. Plants are rich in anthocyanins, as well as
protocatechuic acid. [109]
The

dried

calyces

contain

the

flavonoids

gossypetin,

hibiscetine

and

sabdaretine[110]. The major pigment, formerly reported as hibiscin, has been identified as
daphniphylline. Small amounts of myrtillin (delphinidin 3-monoglucoside), Chrysanthenin
(cyanidin 3-monoglucoside), and delphinidin are also present. [111]



3.3 Preparation of solution
For study Synthetic colorants samples were weighted in a sensitive balance, the
measurements were performed in 2 M HCl with the presence of the investigated samples in
the concentrations range 1x10-4-1x10-2. And for my method to determine Al leaching from
utensils in natural extracts was to weight the samples. Then they were boiling in HCl for
20 mints to get the extract. Filtration of the extract, the liquid was used in the
measurements. Samples were weighted in a sensitive balance.
The measurements were performed in 2M HCl with the presence of the investigated
samples in the concentration concentrations range 1x10-4-1x10-2.
3.4 Chemical technique
Two methods were used non electrochemical and electrochemical measurements to
study the corrosion rate (CR) of aluminum, these are:

3.4.1 Gravimetric method
3.4.1.1 Weight loss method

Weight loss measurements were carried out as described elsewhere [112].
In weight loss the corrosion rate of Al in hydrochloric acid (HCl) was measured at
303K for 360 min. HCl was of analar grade and distilled water was used to prepare all HCl
solutions the concentration of all solutions was 2M HCl solution without inhibitor were
maintained at 303K, 313K, and 323K.each coupon was removed from its solution atminutes interval for 360 mints. Again 0.5M, 1.0M, 1.5M, 2.0M and 2.5M solutions were
maintained at 303K, 313K and 323K.
Aluminum were mechanically polished with emery paper (a coarse paper was used
initially and then progressively finer grades were employed), ultrasonically degreased in
alkaline degreasing mixture [113].
Washed with distilled water and finally dried between filter papers and weighed.
Aluminum pieces were immersed in 50 ml of the test solution with and without the
inhibitors for 360 min. After the test, the pieces were removed, washed with distilled



water, dried as before and weighed again. The weight loss of the metal in the corrosive
solution is given by:
∆W = W1 – W2

(2)

Where W1 and W2 are the weight of metal before and after exposure to the corrosive
solution, respectively. The percentage inhibition efficiency (% IE) and the degree of
surface coverage (è) of the investigated surfactant compounds were calculated from the
following equations:
% IE = [1 – (∆Winh / ∆Wfree)] x 100

(3)

è= [1 – (∆Winh / ∆Wfree)]

(4)

Where ∆W free and ∆Winh are weight losses of metal per unit area in absence and
presence of inhibitor at given time period and temperature, respectively.
3.4.1.2 Morphological Investigation:
The surface appearance of Aluminum samples used in weight loss measurements before
and after corrosion were examined using optical microscope and photographed using a camera
attached to the Microscope (Olympus BH2 pm-20 the BH2 model) where a wider range of
accessories may demand the use of the more powerful 100 W light source, surface of Al coupons
was scanned after 24 hrs.

3.4.2 Electrochemical measurements
3.4.2.1Open circuit potential method
In this method the potential of the working electrode was kept at equilibrium in the
respective solution the current of the cell was zero, and the electrode potential was recorded as
function of time. The electrodes used for this experiments aluminum sheet of 1cm2 =2cm long. A
stout copper wire was fixed mechanically at one end of the electrode it was fitted to a glass tubing
of appropriate diameter and fixed in position with a thin layer of epoxy resin. Only across-sectional
area of 3.25 cm2 was exposed to the test solutions. Polishing was affected using emery papers fine
grades. Degreased with acetone and washed with distilled water, all electrochemical measures were
done in electrolytic cell shown in figure (1). The cell was made of Pyrex glass with the dimensions
indicated is aground B-24 glass joint, and fixing it inside the cell in such manner that the electrode
faces the auxiliary electrode. The counter electrode, P, was a large Latinized pt sheet 2x2cm2, M1 is



to support electrode, L, and m2 is to hold a second electrode S is a way stopcock to admit the gas.
Trap, containing some of the solution under investigation served as a gas outlet. All potentials of
Aluminum electrode under open-circuit conditions were measured versus saturated calomel
electrode, and referred to that electrode.
Potential were recorded with the aid of a voltammeter (digital millimeter).

Finger (1) the Electrochemical Cell



Chapter (IV)
RESULTS AND DISCUSSION
4.1. Corrosion in pure HCl.
4.1.1 Effect of corrodent concentration
4.1.1.1. Weight loss measurements
Corrosion studies of Al cookware sample in HCL solutions of concentration range
0.5-2.5M were determined by weight- loss technique. The results of corrosion rate (weightloss technique). The results of corrosion rate (weight-loss per unit area per unit time)
determined at different exposure time and for different concentrations the variation of
corrosion rate with Log. of HCL concentration is illustrated in fig (2).
As obvious from fig (2) that the corrosion rate increases with increase of acid
concentration. For low acid concentration, [HCL] 1.5M, the change, >1.5M, the increase
in corrosion rate is remarkable.
The results of corrosion rate in terms of Al coupon dissolved in HCL solutions are
represented graphically in fig (3). Such results reflect the same trend for the variation of
corrosion rate with logarithm of HCL concentration as that observed by weight loss
measurements, fig (3). From this figure, kinetics studies of corrosion rate were followed by
determining the weight- loss,  w, with time for each concentration by weight- loss
measurements. As can be seen from following empirical equation:
w = k t……………………. (5)
Where k is the proportionality constant which depend on the nature and concentration of
the electrolytes.
For each concentration, the slope, w/dt, calculated by weight-loss measurements
is listed in table (2).
The variation of slop logarithm with HCL concentration is shown in fig (4) it is
that the variation is also a linear one reflecting the great dependence of corrosion process
on the acid concentration. The linear variation is observed which confirms a first order
mechanism with respect to aluminum corrosion in HCL solution.



Table (2): the slope, w/dt, for HCl concentrations.
[HCl]

d w/dt

M

(slop)

0.5

0.002

1

0.005

1.5

0.008

2

0.011

2.5

0.014

Generally, there is an increase in the corrosion rate (gm cm-2 hr-1) as the
concentration of the acid increases, showing that corrosion of AL in HCl is a function of
the concentration of the acid and follows the order:
2.5>2>1.5>1>0.5M at 303K.
This observation agrees with the fact that the rate of a chemical reaction increases
with increasing concentration.

R. corr. g Al 1cm/t
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Figure (2) Corrosion rate, calculated from weight loss measurements with logarithm
of [HCl] at different constant time.
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Figure (3) Corrosion rate (gcm-2hr.-1) with corrodent concentration (M) for
aluminum coupons in HCl solutions at different concentration without inhibit
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Figure (4) Logarithm of corrosion rate relation with HCl concentration.



4.1.1.1.1 Kinetics of the corrosion of AlCW. in HCl solution.
The corrosion of aluminum in HCl is a heterogeneous one, comprising of anodic
and cathodic reaction. Based on this, the kinetic analysis of the data was considered
necessary. In this study, wi represents the initial weight of aluminum coupon while ∆w
represents the weight loss with time.
When Log (wi-∆w ) was plotted against time (mins) as shown in figure (5) at temperature
of 303K to 323K, a linear variation is observed which confirms a first order mechanism
with respect to aluminum corrosion in HCl solution (in the absence of additives). The rate
constants were calculated from first order rate equation as:

K=1t in wiwf …………….. (6)
wi= intial weight of the coupon, wf= final weight and t = time in minutes. The half-life
time, t12 was also calculated from the first order half-life equation:
t 12= 0.693K………….. (7)
Table (3) Kinetic data for aluminum in different concentrations of hydrochloric acid
solution without additives.
HCl

Rate constant

Half life t12

Average

concentrations

K(min1)x10-4

(min-1)x10-3

activation

(M)

303K

313K

323K

303K

313K

323K

0.5M

1.07

2.1

2.06

6.40

5.9

3.6

1.0M

2.20

2.35

3.76

3.15

3.12

1.75

1.5M

3.4

3.76

5.5

2.17

1.98

1.42

2.0M

4.15

4.66

6.8

1.7

1.6

1.07

2.5M

5.64

6.65

7.88

1.5

1.33

0.96

energy KJmol-1

33 KJmol-1

Table (3) gives the kinetic data of the corrosion of aluminum in the corrodent at
different temperatures without additives. The rate constant at 303K .313K and 323K and
the half- life time (t

12)

of the corrosion of aluminum in 2M HCl in the absence of the

additives. The activation energy was calculated using the inter form of the Arrhenius
equation below:
Log k2k1=Ea2.303R [T2-T1T1T2]……………………. ( 8)
Where Ea= Activation energy in KJmol-1., K= the rate constants.



T= Temperatures in Kelvin
33 KJmol-1 was obtained as the average activation energy of the metal corrodent
system without inhibitor.
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Figure (5) Log (wi-∆w) with time (mins) for aluminum coupons in 2.0M HCl at
different temperatures without inhibitors.
4.1.1.2 open-circuit potential
The open-circuit or corrosion potential, Ecorr. of aluminum electrode in solutions
of HCl acid of different concentration without inhibition, was followed With time until
steady state at temperature 303k as shown in table(4).
Table (4) steady state potential with different Concentrations of HCl acid solutions
Concentration of HCl

Ecorr

(M)

-E/mV

0.5

1043

1.0

1038.9

1.5

1035.1

2.0

1030.4

2.5

1027.3



As obvious from fig.(6), Ecorr shifts initially to more positive values before
reaching quasisteady values which depend on the HCl concentrations.
According to the postulates of the electrochemical theory, this indicates
simultaneous occurrence of cathodic and anodic processes at the electrode surface, and it
would appear reasonable therefore to characterize the potential observed as being a mixed
one, the open-circuit or corrosion potential. From all the tested concentrations, the Ecorrtime curve show a minimum value of Ecorr. were the corrosion rate of aluminum is slower
at the beginning of corrosion process, (<40 min).
This occurs due to passivation of Al which a native and inert tayer is formed on the
surface of Al electrode at the beginning but after time ≥ 40 min. the passive layer
destroyed and the corrosion of Al occurs, so the Ecorr were shifted to more negative. This
means that the Al electrode become active by time the concentrations of HCl solution
become week due to evolution of hydrogen gas, the formed graphically and

Ecorr nearly

established.
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Figure (6) Corrosion potential, Ecorr, of Aluminum with time in Hydrochloric
acid of different concentrations.



4.1.2 Effect of HCl solutions temperatures:
The corrosion behavior of ALCW coupon in 2m HCl solution at different
temperatures, 303, 313 and 323 K was studied using weight loss measurement, the data of
corrosion rate determined after 6 hr immersion times at different temperatures using
weight- loss technique were presented graphically in Fig (7), as Arrhenius plot, i.e., log
Rcorr VS reciprocal of the absolute temperature. As obvious from figure, the variations are
linear which obey the familiar Arrhenius equation of the following type [120].
Rcorr = Ae-Ea*/RT ----------------------- (8)
Where A is a constant which depends on the HCL concentration the value of A and be
computed from the intercept of the linear plots of fig.(7) The higher value for A indicates
low corrosion rate or less corrosive action of acid solution. The activation energy, E*a, of
the corrosion reaction calculated from the slope of the linear Arrhenius plot from fig (7),
E*a=33.5 KJmol-1. Figure (8) indicate that there is a general increase in weight loss as the
temperature is increased from 303k to 313K and then to 323k . This is in accordance with
the general rule guiding the rate of chemical reactions, which says that, the chemical
reaction increase with increasing temperature.
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Figure (7) Arrhenius plot of Al coupon in 2M solution of HCl after 6 hr
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Figure (8) Weight loss (g) with time (mins) for ALCW in 2M HCl without inhibitor
at different temperatures.
4.1.3 Mechanism of Al corrosion in HCl solution.
In the presence of Cl, produced from the completely ionized of HCl, the passivity
of the Al is broken and this could be attributed to the ability of CL- to penetrate the oxide
film through pores of defects on the metal surface in competition with dissolved O2, i.e.,
the reactions will occur:
Al + O2

Al: O2 ads ………… (9)

Al + Cl-

AlCl- ads ………… (10)

Reaction (9) favors a decrease in rate of corrosion while reaction (10) favors hydration of
metal ions.
AlCl-ads + xH2O

Al (H2O) 3x+Cl-+3e …………….. (11)

This reaction increases the case with which metal ions enter into solution in addition to
reaction (11) another dissolution reaction may occur which is Cl- catalyzed reaction and is
written as:
AlCl-ads + Cl

Al Cl+2+3e ………………… (12)

Reaction (11) and (12) were reported to the rate determining step [114, 115].
The above mechanism suggests that the Al surface is covered by O2, Cl or both,
depending on the prevailing conditions.



In addition to the above mentioned reactions the reactions involving some
aluminum species occur during dissolution of al in Cl- solutions:
Al3++ H2O

H+2+ALOH2+ ……………..…… (13)

Al3++ CL-

AlCL2+ ………………..………. (14)

AlOH2++ CL-

Al(OH)CL+ …….……...………. (15)

AlCL2++ 2H2O

Al(OH)2CL+2H+ ……..……..…. (16)

Al(OH)CL++ H2O

Al(OH)2CL+H+ …………..…. (17)

Al(OH)2CL++ H2O

Al(OH)3+H+ +CL-….……….. (18)

2Al(OH)3

Al2O3.3H2O………………….. (19)

The standard free energy of formation for some of the reaction products were
reported [115]. Most of the reaction are thermodynamically feasible (negative standard free
energy change) aluminum is known to undergo pitting corrosion in the presence of Cl- and
this phenomenon is reported to be very complex and there is no general agreement on the
mechanism of pitting. Thus it has been reported that pit initiation include completion anion
adsorption, anion migration through passive films, completion between film repair and premetal dissolution, dissolution, localized attack at pre-existing flows in the oxide film and
finally localized acidification.
The complexity of pitting corrosion leads to the concentration that Al corrosion is
governed by local kinetic consideration rather than by thermodynamic feasibility.
According to Yasuda et al. [116] the process of pitting could be viewed simply as a
dynamic process where the metal interface at the base of the flow is constantly subjected to
re-passivation and dissolution.
It is generally believed that the corrosion results from the adsorption of chloride
(CL-) ions that react with aluminum captions in the oxide lattice, leading to the formation
of a soluble aluminum hydroxyehloride salt, which goes into solution allowing the films to
dissolve, leaving the coupon aluminum metal [117,118,119]

4.2 Corrosion of Aluminum cookware in HCl solution in presence of food colours:
It is generally accepted that the organic molecule inhibition corrosion by adsorption
at the metal solution interface. However, the modes of adsorption are dependent upon such
things as: 1) chemical

structure of the molecule, 2) chemical composition of the

solution,3) nature of the metal surface, and 4) electrochemical potential at the interface,


and one or a combination of three principal types of adsorption: 1) ì-bond, 2) electrostatic,
and 3) chemisorptions[121].
In addition, another process has received considerable attention. It is believed that
the organic molecule complexes with the metal atom while it is in the solid lattice [122].
When designing inhibitors, all of the theories are in common agreement that
adsorption phenomena involve either:
1-

Proton acceptors (cathodic site absorbers), materials in this group accept the
hydrogen ion or proton and migrate to the cathode.

2-

Electron acceptor (anodic site absorbers), inhibitor functions due to their ability to
accept electrons. Passivator type inhibitors are found in this group or both.

3-

Ambiodic (adsorb at anodic and cathodic site), the presence of heteroatoms [such
as: oxygen, nitrogen, sulfur, phosphorus], triple bonds, and aromatic rings in the
inhibitors chemical structure enhance the adsorption process. It has been reperted
that inhibitor efficiency (I%) of heterocyclic organic compounds follows the
sequence:

4-

Oxygen< nitrogen< sulfur< phosphorus. [123, 124, 125].
The selected food colours in this research are common additives in the food, three

synthetic colours which contains azo group (-N=N-) as Poncea, Sunset Yellow, and
Tartrazine were selected. The other food colours are natural one, as Beta Vulgaris, Roselle,
Curcumin and Saffron.
All these colours contain different active site, and other active groups which able to
form complexes with the surface of aluminum cookware. The effect of each dye compound
concentration was studied by weight loss and open circuit technique at temperature of
303K. the correlation between inhibitor structure and efficiency was determined. Also the
effect of temperature on corrosion inhibition was investigated.
4.2.1 Inhibition action of synthetic food colours.
4.2.1.1 Effect of food colours concentration.
The inhibition behavior of azo derivative compounds chloride for acid chloride
corrosion of aluminum cookware was studied using weight loss and open circuit potential
measurements. the selected food colours compounds used was Ponracu (E124), Sunset


Yellow (E110) and Tartrazine (E102), all these compound contains azo group (-N=N-),
and concentrations range 1x10-4-1x10-2 in 2M HCl solutions. Weight loss measurements
was determined after constant immersion time of 6 hours for all solutions studied. And
Ecorr were determined from open circuit measurements.
4.2.1.1.1 Weight loss measurements
Figure (9-11) represents the relation between time and weight losses of aluminum
coupons in solution of 2M HCl devoid of and containing different concentrations of food
colours. As obvious from the figures, the loss of weight increases linearly with increasing
time in all tested solutions. However, the slopes of the obtained lines which represent the
rate of weight loss, are affected by addition of food colours, the presence of the food
colours causes sharp decrease in the rate of weight loss.
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Figure (9): Weight loss (g) with time (min) for aluminum in 2.0M HCL solution in
absence and presence of different concentrations of Ponceau at 303K.
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Figure (10): Weight loss (g) with time (min) for aluminum in 2.0M HCL solution in
absence and presence of different concentrations of Sunset Yellow at 303K.
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Figure (11): Weight loss (g) with time (min) for aluminum in 2.0M HCL solution in
absence and presence of different concentrations of Tartrazine at 303K.
As can be seen from figure (12) the addition of food colours retards the rate of
dissolution and inhibits the acid corrosion of aluminum by increase surface coverage.
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Figure (12): Inhibition surface coverage (ө) with concentration of synthetic colours
after 6(hr.) in 2.0 HCl solution at 303K.
Inhibition efficiency determined from surface coverage as follow:
è = (1-

wo

) -------------------- (20)

w

Where wo and w are the weight loss unit time in the absence and presence of food colours,
respectively.
The percent of inhibition is calculated from surface coverage, thus:
I= è x 100 ----------------------------- (21)
The values of coverage calculated by weight loss measurements is tabulated in table (5),
and represented graphically with logarithm of inhibitor concentration as shown in figure
(12).
Table (5) Values of coverage calculated by weight loss measurements
Concentration
M
-4

1x10

-4

5x10

-3

1x10

-3

1x10

-2

1x10

Log. Concentration

Surface coverage(è)
E124

E110

E102

-4

0.875

0.8

0.779

-3.3

0.896

0.84

0.809

-3

0.928

0.885

0.858

-2.3

0.954

0.904

0.871

-2

0.947

0.911

0.896



Tables (6) shows that %IE increases with increase in inhibitor concentration. The
%IE for different investigated compounds increases in the following order:
Ponceau > Sunset Yellow > Tartrazine.
Table (6) Inhibition Efficiency at different concentrations of inhibitors for the
corrosion of aluminum after 6(hr.) in 2M HCl at 303K.
Inhibition Efficiency (% IE)

Concentration
(M)

Ponceau

Sunset Yellow

Tartrazine

1x10-4

83.5

82.0

81.1

5x10-4

83.6

82.8

81.7

1x10-3

85.7

84.3

83.1

x10-3

86.1

83.6

83.6

1x10-2

87.7

86.9

85.2

The figures (13- 15) shows the inhibition efficiency (IE) from weight loss
measurements. It is obvious that the values of IE increase with the inhibitor concentration
and decrease with increase temperature, whereas decrease in the following order:
303K > 313K > 323K. This behavior will be discussed later.
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Figure (13). Inhibitor efficiency with inhibitor concentration for aluminum coupons in
2.0M HCl solution containing Ponceau at different temperature.




Figure (14) Inhibitor efficiency with inhibitor concentration for aluminum coupons in
2.0M HCl solutions containing Sunset Yellow at different temperature.


Figure (15). Inhibitor efficiency with inhibitor concentration for aluminum coupons in
2.0M HCl solution containing Tartrazine at different temperature.



4.2.1.1.1.1 Kinetics of the corrosion of AlCW. in HCl with synthetic days.
Again when log (wi-∆w) was plotted against time (mins) for the dissolution of
aluminum coupon in 2M HCl solution containing different concentration of synthetic
colours at 303K.
This invariably confirms a first order mechanism for the inhibition reaction. The
rate constant, half- life time (t

12)

and activation energy were again calculated and the

kinetic data obtained in the presence of synthetic colours using weight loss measurements
is shown in table (7-10).
Table (7) Kinetic data for aluminum in different concentrations of E124 at 303K.
Synthetic colours

Rate constant
-1

-4

Half life t 12

concentrations(M)

K(min )x10

(min-1)x10-3

1x10-4

2.4

3.15

5x10-4

2.03

4.18

1x10-3

1.90

4.76

-3

x10

1.64

5.15

1x10-2

1.45

6.45

Table (8) Kinetic data for aluminum in different concentrations of E110 at 303K.
Synthetic colours

Rate constant

Half life t 12

concentrations

K(min1)x10-4

(min-1)x10-3

1x10-4

5.01

1.4

5x10-4

4.55

1.92

1x10-3

3.60

2.54

x10-3

2.84

2.65

1x10-2

2.05

3.87



Table (9) Kinetic data for aluminum in different concentrations of E102 at 303K.
Synthetic colours

Rate constant

Half life t 12

concentrations

K(min-1)x10-4

(min-1)x10-3

1x10-4

6.44

1.3

5x10-4

5.32

1.49

1x10-3

5.05

1.75

x10-3

4.54

2.20

-2

3.91

2.33

1x10

Table (10) Average activation energy KJmol-1 for synthetic colours
activation energy KJmol-1
E124

E110

E102

39.44

29.75

20.27

Average activation energy KJmol-1

29.82

The rate constant generally decrease with increased inhibitor concentration at a
particular temperature but increased as the temperature increase. Also as the inhibitor
concentration increase, the percentage inhibitor efficiencies and the half- life time (t

12)

increases for colours at a particular temperature but decreases as the temperature increases.
The average activation energy value of 29.82 KJmol-1 which is lower than 33 KJmol-1
confirms the physical adsorption mechanism proposed for the inhibition reaction. The
increase in the half- life time (t

12

) when the inhibitor is present as seen in table(7-8-9 )

show that colours inhibits the corrosion of aluminum in HCl solution but as the
temperature increases, the half- life time (t

12

) decreases confirming that colours inhibit

best at lower temperature.
From table (10) it is clear that Ea values in the presence of the additives are higher
than that in their absence. The higher activation energies imply a slow reaction and that the
reaction is very sensitive to temperature.



4.2.1.1.2 Open circuit potential
The open-circuit or corrosion potential, Ecorr, of aluminum electrode in solutions
of HCl acid derivatives of different concentration, was followed with time until
quasisteady state at temperature of 303k as shown in table (11).
Table (11) Effect of steady state pot. of different synthetic colours concentrations.
Ponceau

Sunset Yellow

Tartrazine

Ecorr

Ecorr

Ecorr

-E/mV

-E/mV

-E/mV

1x10-4

940

990

1000

5x10-4

958

1005

1030

1x10-3

969

1016

1040

x10-3

1000

1022

1050

1x10-2

1010

1055

1065

Concentration of Inhibitor (M)

The results of such measurements are presented in fig. (16-18). as obvious from
figure, Ecorr shifts initially to more negative values before reaching quasisteady values.
According to the postulates of the electrochemical theory, this indicates
simultaneous occurrence of cathodic and anodic processes at the electrode surface, and it
would appear reasonable therefore to characterize the potential observed as being a mixed
one, i.e. the open-circuit or corrosion potential. From all the tested acid, the Ecorr - time
curves in case of acid solution exhibit a minimum where the corrosion rate of aluminum is
slower at the beginning of corrosion process, <60 min.
Also, the higher absorbability on the anodically active sites of aluminum reflects its
effect on Ecorr - time curve, i.e. minimum potential is observed. The extent of potential
decrease depends on synthetic colours concentration, it is detectable in higher
concentration, generally, and it is obvious that the steady corrosion potential, Ecorr, shifts,
generally, to less negative value as the inhibitors concentration increases. The inhibition
flowing:

Ponceau > Sunset Yellow > Tartrazine.
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Figure (16) Corrosion potential, Ecorr, of Aluminum with time in 2M Hydrochloric
acid with different concentrations of Ponceau




Figure (17) Corrosion potential, Ecorr, of Aluminum with time in 2M Hydrochloric
acid with different concentrations of Sunset Yellow




Figure (18) Corrosion potential, Ecorr, of Aluminum with time in 2M Hydrochloric
acid with different concentrations of Tartrazine.
4.2.1.2 Effect of temperature
The effect of rising temperature on the corrosion rate of Al in 2M HCl solution in
absence and presence of Ponceau, Sunset Yellow and Tartrazine was studied by weight
loss measurements over a temperature range 303K, 313K and 323K.
Again when log (wi-∆w) was plotted against time (mins) for the dissolution of aluminum
coupon in 2M HCl solution containing different concentration of synthetic colours at
303K. A linear variation was also obtained as seen in figure (19).
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Figure (19).Arrhenius plot for aluminum dissolution in 2M HCl in synthetic
inhibitor at 303K.


4.2. Inhibition action of natural food colours.
4.2.2.1 Effect of food colours concentration
The inhibition behavior of natural derivative compounds chloride for acid chloride
corrosion of aluminum cookware was studied using weight loss and open circuit potential
measurements. The selected food colours compounds used was Saffron, Roselle, Curcumin
and Beetroots, concentrations range 1x10-4-1x10-2 in 2M HCl solutions. Weight loss
measurements were determined after constant immersion time of 6 hours for all solutions
studied. And Ecorr were determined from open circuit measurements.
4.2.2.1.1 Weight loss measurements
Fig (20-23) shows the corrosion of ALCW in 2M HCl solution at 303K with and
without the presence of the inhibitors of natural colours. The corrosion rate of ALCW
without the presence of colours is significantly higher as compared to the other solutions
with the presence of the colours. Corrosion is caused in the presence of water, air and H+
that accelerate the corrosion process of ALCW.
The corrosion reaction involved can be represented by the anodic reaction,
which is the dissolution of ALCW and is accompanied by the cathodic reaction, which is
evolution of H2 as shown by the following reactions:
Al3+ + 3e (anodic reaction)……………….(22)

Al
2H+ + 3e

H2 (cathodic reaction)………………(23)

Adding and increasing the concentration of natural colours have markedly reduced the
corrosion rate of ALCW the significant difference between the corrosion rate of ALCW
with and without the presence of colours indicate the positive effect of inhibitor. This
finding shows that the inhibitor has the capability in protecting the Al surface by forming
the positive film.
The aqueous extracts of the plant material investigated in the present study, are
organic in nature and different organic compounds contains, oxygen, nitrogen and double
bonds, for example saffron contains active
adding and increasing the concentration of natural colours have markedly reduced the
corrosion rate of ALCW the significant difference between the corrosion rate of ALCW
with and without the presence of colours indicate the positive effect of inhibitor this
finding shows that the inhibitor has the capability in protecting the Al surface by forming
the passive film.



Aqueous extracts of the plant material investigated in the present study, are organic
in nature and different organic compounds contains oxygen, nitrogen, and double bonds,
for example saffron contains active compounds, including zeaxanthin, lycopene and
carotenes which contains different conjugated double bonds, carbonyl groups and hydroxyl
group, these functional group attacks with ALCW to form complexes compounds, and
protect the surface of ALCW from the corrosion of the metal. During the corrosion of
ALCW in the acid medium in the presence of saffron, the color of solution become faint
after first of three hours and exactly removed after 6 hours, the removal of saffron color is
due to brolsen of conjugated double bonds and become reduced from of carotenes and
lycopene.
In Beta Vulgaris the main constituents were:
Betanin, Folic acid and Vitamins B6 and B2, Which contains Hydroxyl and Carboxylic
Acid Grrptiooups, The adsorption of these groups, occurs on the surface of ALCW during
these functional groups, and the colors reduced due to reduction of these compounds.
The main composition of curcumin is curcumin I, II, and III, which contains
carbonyl, hydroxyl, and double bonds, the adsorption and complication occurs during these
function and complication occurs during these functional groups, the color of the solution
is removed after 4 hours due to reduction of double bonds.
The red color of Roselle extracts was vanished and faint because the hibiscus acid
and its esters were reduced in acid medium, and both oxidized and reduced from of these
constituents adsorbed and complication on the surface of ALCW.
The values of coverage calculated by weight loss measurements is tabulated in
table (12), and represented graphically with logarithm of inhibitor concentration as shown
in figure (24).
Table (12) Values of coverage calculated by weight loss measurements
Surface coverage(è)
Concentration

saffron

Curcumin

Roselle

Beetroots

1x10-4

0.565

0.656

0.705

0.771

5x10-4

0.656

0.672

0.706

0.729

-3

0.672

0.689

0.770

0.786

x10

-3

0.697

0.697

0.782

0.787

1x10-2

0.705

0.712

0.795

0.811

M

1x10



2

Weight less g/cm

Figure (20): Weight loss-time curves for aluminum in 2.0M HCL solution in absence
and presence of different concentrations for Saffron
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Figure (21): Weight loss-time curves for aluminum in 2.0M HCL solution in absence
and presence of different concentrations for Curcumin extract
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Figure (22): Weight loss-time curves for aluminum in 2.0M HCL solution in
absence and presence of different concentrations for Roselle extract
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Figure (23): Weight loss-time curves for aluminum in 2.0M HCL solution in absence
and presence of different concentrations for Beetroots extract
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Figure (24): Inhibition surface coverage (ө) with natural colours after 6(hr.) in 2M
HCL solutions at 303K
4.2.1.1.1.1 Kinetics of the corrosion of Aluminum cookware with natural days.
This invariably confirms a first order mechanism for the inhibition reaction. The rate
constant, half- life time (t12) and activation energy were again calculated and the kinetic data
obtained in the presence of synthetic colours using weight loss measurements is shown in table (1317)

Table (13) Kinetic data for aluminum in different concentrations with Saffron at
303K.
natural colours

Rate constant

Half life t 12

concentrations

K(min1)x10-4

(min-1)x10-3

1x10-4

7.45

6.20

5x10-4

5.94

5.45

1x10-3

5.35

4.17

x10-3

4.49

4.06

-2

3.21

3.32

1x10



Table (14) Kinetic data for aluminum in different concentrations with Curcumin at
303K.

Rate constant K(min1)x10-

Half life t 12

4

(min-1)x10-3

1x10-4

7.15

6.43

5x10-4

5.52

5.62

1x10-3

4.9

4.57

x10-3

3.64

4. 46

1x10-2

3.31

3.37

natural colours concentrations

Table (15) kinetic data for aluminum in different concentrations with Roselle
at 303K.
Rate constant K(min1)x10-

Half life t 12

4

(min-1)x10-3

1x10-4

6.94

7.84

5x10-4

5.12

6.72

1x10

4.5

5.54

x10-3

3.14

5. 32

1x10-2

2.91

5.21

natural colours concentrations

-3

Table (16) kinetic data for aluminum in different concentrations of with Beta
Vulgaris at 303K.
Rate constant K(min1)x10-

Half life t 12

4

(min-1)x10-3

1x10-4

2.9

7.94

5x10-4

3.35

6.84

1x10-3

3.99

5.67

x10-3

4.56

5. 59

1x10-2

5.25

5.42

natural colours concentrations



Table (17) Average activation energy KJmol-1 is 30.98.
activation energy KJmol-1
BETA

Roselle

Curcumin

Saffron

30.02

29.99

32.74

VULGARIS
31.17

Average activation energy KJmol-1

30.98

The rate constant generally decrease with increased inhibitor concentration at a particular
temperature but increased as the temperature increase. Also as the inhibitor concentration increase,
the percentage inhibitor efficiencies and the half- life time (t 12) increases for colours at a particular
temperature but decreases as the temperature increases.
The average activation energy value of 30.98 KJmol-1 which is lower than 33 KJmol-1 confirms the
physical adsorption mechanism proposed for the inhibition reaction. The increase in the half- life
time (t

12

) when the inhibitor is present as seen in table(13-17 ) show that colours inhibits the

corrosion of aluminum in HCl solution but as the temperature increases, the half- life time (t

12

)

decreases confirming that colours inhibit best at lower temperature.
From table (17) it is clear that Ea values in the presence of the additives are higher than
that in their absence. The higher activation energies imply a slow reaction and that the reaction is
very sensitive to temperature.

4.2..1.2 Open circuit potential
The open-circuit or corrosion potential, Ecorr, of aluminum electrode in solutions
of HCl acid derivatives of different concentration, was followed with time until
quasisteady state at temperature of 303k as shown in table (18).
Table (18) Steady state potential of different natural colours concentrations.
BETA

Roselle

Curcumin

Saffron

Ecorr

Ecorr

Ecorr

Ecorr

-E/mV

-E/mV

-E/mV

-E/mV

1x10-4

1000

1009

1035

1040

5x10-4

1030

1035

1038

1044

1x10-3

1040

1064

1069

1074

x10-3

1050

1069

1075

1079

1x10-2

1065

1084

1087

1091

Concentration of

VULGARIS

Inhibitor (M)



The results of such measurements are presented in figures (25- 28). As obvious
from figure, Ecorr shifts initially to more negative values before reaching values which
depend on the acid concentrations.
According to the postulates of the electrochemical theory, this indicates simultaneous
occurrence of cathodic and anodic processes at the electrode surface, and it would appear
reasonable therefore to characterize the potential observed as being a mixed one, i.e. the
open-circuit or corrosion potential. From all the tested acid, the Ecorr - time curves in case
of acid solution exhibit a minimum where the corrosion rate of aluminum is slower at the
beginning of corrosion process, < min.
Also, the higher absorbability on the anodically active sites of aluminum reflects its effect
on Ecorr - time curve, i.e. minimum potential is observed. The extent of potential decrease
depends on synthetic colours concentration, it is detectable in higher concentration,
generally, and it is obvious that the steady corrosion potential, Ecorr, shifts, generally, to
less negative value as the inhibitors concentration increases. The inhibition flowing:
(Beta Vulgaris)> (Roselle) > (Curcumin) > (Saffron) at 303K.

Figure (25) Corrosion potential, Ecorr, of Aluminum with time in different
concentrations of Beta Vulgaris.



Figure (26) Corrosion potential, Ecorr, of Aluminum with time in different
concentrations of Roselle.

Figure (27) Corrosion potential, Ecorr, of Aluminum with time in different
concentrations of Curcumin.



Figure (28) Corrosion potential, Ecorr, of Aluminum with time in different
concentrations of Saffron.
4.2.2.2 Effect of temperature
The free Al ions in solutions react with natural colours.
Tables (19) shows that %IE increases with increase in inhibitor concentration. The %IE for
different investigated compounds increases in the following order:
(Beta Vulgaris)> (Roselle) > (Curcumin) > (Saffron).
The linearity obtained indicates the absence of insoluble surface film during corrosion and
that the inhibitors were first adsorbed onto the surface and thereafter impede the corrosion
process[124].

Table (19): Inhibition Efficiency at different concentrations of natural inhibitors for
the corrosion of aluminum after 360 minutes immersion in 2 M HCl at 303K.
Inhibition Efficiency (% IE)
Concentration

saffron

Curcumin

Roselle

Beetroots

1x10-4

56.5

65.6

70.5

77.1

5x10-4

65.6

67.2

70.6

72.9

1x10-3

67.2

68.9

77.0

78.6

x10-3

69.7

69.7

78.2

78.7

1x10-2

70.5

71.2

79.5

81.1



The figure (29-32) shows the inhibition efficiency (IE) from weight loss measurements. It
is obvious that the values of IE increase with the inhibitor concentration and decrease with increase
temperature, whereas decrease in the following order:
(Beta Vulgaris)> (Roselle) > (Curcumin) > (Saffron).
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Figure (29). Inhibitor efficiency with inhibitor concentration for aluminum coupons in
2.0M HCl solution containing Beta Vulgaris at different temperature.
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Figure (30). Inhibitor efficiency with inhibitor concentration for aluminum coupons
in 2.0M HCl solution containing Roselle at different temperature.
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Figure (31). Inhibitor efficiency with inhibitor concentration for aluminum coupons in
2.0M HCl solution containing Curcumin at different temperature.
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Figure (32). Inhibitor efficiency with inhibitor concentration for aluminum coupons
in 2.0M HCl solution containing Saffron at different temperature.



The effect of rising temperature on the corrosion rate of Al in 2M HCl solution in
absence and presence of (Beta Vulgaris), (Roselle), (Curcumin), (Saffron) was studied by
weight loss measurements over a temperature range 303K, 313K and 323K.
Again when log (wi-∆w) was plotted against time (mins) for the dissolution of aluminum
coupon in 2M HCl solution containing different concentration of synthetic colours at
303K. A linear variation was also obtained as seen in figure (33)

Figure (33) Arrhenius plot for aluminum dissolution in 2M HCl in the absence and
presence of natural inhibitor at 303K.
4.3 Morphological Investigation
Microstructure weight loss measurements in solutions of 2M HCl at 303K was
investigated before and after adding the food colours, using metallographic microscopy.
The examined species were showing in figures [34-42].
As obvious from figures, the localized corrosion is observed in all solutions of HCl
with and without dye inhibits, but in the case of solution of 2M HCl without dye inhibitors,
the localized attack as pitting crevice, inter granulate and galvanic corrosion of Al surface
wave shown.
4.3.1 Corrosion Mechanisms
The following factors may affect the stability of the aluminum oxide and thexeby
cause corrosion:





the oxide is not stable in acidic ( pH<4) or alkaline (pH>9) environments[126].



Aggressive ions (chloride , fluorides) may attack the oxide locally



Certain elements may become incorporated in the oxide and destabilize it.

From a thermodynamic point of view aluminum is active. However, in Oxygen
containing environment (air, water), aluminum is rapidly covered with a dense oxide
eayer[126]. The oxide layer is essentially inert, and prevents corrosion. The thickness of
the layer may vary as a function of temperature, environment and alloy elements. Oxide
films formed in air at room temperature, are 2-3nm thick on pure aluminum. Heating to
425 Co may give films up to 20 nm [127]. If the oxide film is damaged, e.g. by scratch,
new oxide will be immediately form on the aluminum surface [128].
Aggressive ions will break down the oxide layer locally and start local corrosion
attacks. Among the aggressive ions, chloride (CL-) is one with the most practical
importance. A general corrosion attack proceeds at about the same rate on the entire metal
surface Because of the stability of the oxide layer, general corrosion will rarely be a
problem of aluminum, except in very alkaline or acidic environments. Aluminum may
however experience local attack in connection with formation of small anodic areas as
result of a local breakdown of the oxide layer. Some of the most typical local attacks on
aluminum are pitting corrosion, crevice corrosion, inter granular corrosion and galvanic
corrosion .
a) pitting corrosion
Pitting corrosion is the most common form seen in aluminum samples in our work.
If starts from a weak point is the oxide, and after initiation the reactions within the pit will
reduce the pH and increase the chloride concentration. And in this way sustain the reaction.
Pitting ca penetrate several mm during a short aroid if the conditions are extremely
unfavorable. Normally the development of pit depths follows a time function of the form:
D= K .te ……………………….. (24)
Where D is the depth of the deepest pit, K is an alloy – surface area – and
environment- dependent constant, t is time and e is an environment- dependent parameter
which often is close to 0 , 75.



As shown in the fig [33]. The pitting corrosion is highly localized type of corrosion
in the presence of aggressive chloride ions. Pits are initiated at weak sites in the oxide by
chloride attack [129.130]. Pits propagate according to the reaction:
AL ==> AL3+ + 3e ……………………………. ..(25)
AL3+ +3H2O ==> AL(OH)3 + 3H+……………….(26)
While hydrogen evolution and oxygen reduction are the important reduction processes at
the important reduction processes at the inter metallic cathodes:
2H+ +2e ==> H2………………..……..………….. (27)
O2+2H2O+4e ==> 4OH- ………………………… (28)
Pit propagates the environment inside the pit (anode) changes. According to
reading to reaction (26) the pH will decrease. To balance the positive charge produced by
reaction (27) and (28), chloride ions will migrate into the pit. The resulting HCl formation
inside the pit cause accelerated pit propagation.
B). Inter granular corrosion
Inter granular corrosion (IGC) is the selective dissolution of the grain boundary
zone, while the bulk gain is not attacked [131]. IGC is also caused by micro galvanic cell
action at the grain boundaries. The susceptibility to IGC is known to depend on the alloy
composition and thermo chemical processing. In the testing aluminum samples inter
granular corrosion were shown clearly on the surface of samples, but less than the pitting
from.
C) Galvanic Corrosion
Metallic materials are in contact in the presence of corrosive electrolyte HCl,
corrosion will increase on the least noble material (anode) and decrease on the noblest
(cathode). The increase in corrosion is called galvanic corrosion. Since aluminum is less
noble than most commonly used construction materials, the exception of Zinc, cadmium
and magnesium, this can be a serious corrosion form with aluminum. The protective effect
from the oxide layer can be seriously deteriorated by the coupling to a nobler material, this
especially dangerous in atmospheres or weather with high concentrations of chlorides or



other aggressive species [132]. This type of corrosion is less appeared the testing Al
samples in comparison to pitting form.
D) Crevice corrosion
Crevice corrosion occurs in narrow metal to metal or non-metal to metal gaps
where the convection of water is hampered and specific crevice chemistry different from
the environment is allowed to develop aggressive ions like chlorides must be present in the
electrolyte. The oxygen in the bottom of the crevice is consumed and an anodic area is
developed adjacent to the oxygen depleted zone. Crevice corrosion develops quite similar
to pitting corrosion after the initiation stage with gradual decrease of the pH and an
increase of chloride concentration within the crevice, this type of corrosion not observed
clearly in the investigated aluminum samples.
In conclusion as shown from the macroscopic graphs of aluminum surface:
Pitting > intergranular > galvanic > crevice corrosion

Figure (34) macroscopic graph of Aluminum after corrosion in hydrochloric acid
pure of concentration 2.0M after long time.



Figure () macroscopic graph of Aluminum after corrosion in hydrochloric acid
pure of concentration 2.0M after short time.

Fig () macroscopic graph for Al surface in 2HCl with Tartrazine after 24 hours
immersion, 303K.



Fig () macroscopic graph for Al surface in 2HCl with Sunset Yellow after 24 hours
immersion, 303K.

Fig (38) macroscopic graph for Al surface in 2HCl with Ponceau after 24 hours
immersion, 303K



Fig (39) macroscopic graph for Al surface in 2HCl with Saffron after 24 hours
immersion, 303K.

Fig (40) macroscopic graph for Al surface in 2HCl with Curcumin after 24 hours
immersion, 303K.



Fig (41) macroscopic graph for Al surface in 2HCl with Roselle after 24 hours
immersion, 303K.

Fig (42) macroscopic graph for Al surface in 2HCl with Beta Vulgaris after 24 hours
immersion, 303K.



Conclusion
The results show that aluminum does dissolve in acidic foods and heating
accelerates the process of dissolution. Therefore, precautions must be taken when acidic
foods are cooked in aluminum foil, pots, pan and utensils. Ingestion of dissolved Al could
lead to brain disorders.
The corrosion behavior of Aluminum and its alloys depends on the metallurgical
condition, the impurities and alloying elements present and the nature of dissolved salts in
the water.
Its ability to form a tightly adherent oxide film on its surface gives the metal a high
resistance to attack. This passivity of aluminum is not only produced by reaction of the
metal with oxygen in the air but also by direct reaction with water itself.
The film formed on aluminum is generally stable in the pH range 4.5 to 8.7 but as
aluminum is amphoteric (react with both acids and alkalis) outside this rang it becomes
active and will tend to dissolve with the evolution of hydrogen.
Surfactant compounds adsorb on Al surface according to the Freundlich adsorption
isotherm. The inhibitors increase the value of activation energy of corrosion and
consequently, decrease the rate of dissolution of aluminum in HCl solution. The inhibition
efficiencies obtained from weight loss measurements are in good agreement with each
other.
Some synthetic colours inhibits aluminum corrosion in hydrochloric acid solution. The
inhibitor molecules are physically adsorbed on Al surface following fruendlish adsorption
isotherm. The protection ability of the synthetic inhibitors is given in the order of:
E102 < E110 < E124.
From the experimental results obtained in the present study, the following conclusions
could be drawn Curcumin, Roselle, Saffron and beetroot acts as inhibitor for aluminum
corrosion in HCI solution. Inhibition efficiency increased with increase in concentration,
but decreased with increase in temperature.



The dietary sources of Al are food and water. The increase in corrosion rate of Al in
presence of these colours needs more elaborate studies to determine the dissolution of Al
from cooking utensil and compare them with the daily allowed amount from WHO.
The corrosion of Al in 2M HCl is inhibited by the addition of some colours compounds,
The inhibition efficiency increases with increase in the concentration of these compounds,
but decreases with an increase in temperature, The inhibitive effect of these compounds is
attributed to the formation of insoluble complex adsorbed on the metal surface.
Collectively, the results show that aluminum does dissolve in acidic foods and heating
accelerates the process of dissolution. Therefore, precautions must be taken when acidic
foods are cooked in aluminum foil, pots, pans and utensils. Ingestion of dissolved
aluminum could lead to brain disorders.
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