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INTRODUCTION

Anodizing is an electrochemical process of oxidation in an acidic electrolyte bath. Anodizable
metals react with the oxygen in the air and so, under natural conditions, always have a thin
oxide film on the surface. When anodized, the thickness of the naturally existing barrier oxide
increases, creating an anodic oxide finish which, depending on the process, can form the

hardest substance known after diamonds.

Anodizing, as opposed to bare metal, improves corrosion resistance and offers a stronger bond
for paint primers and glues. It is also used to create dielectric films for electrolytic capacitors

and to avoid galling of threaded parts.

The process basically consists of electrically depositing an oxide film from an aqueous solution
onto the surface of a metal, serving as the anode in the electrolytic cell. The properties of the
finish depend on type, concentration and temperature of the electrolyte, the treatment time, the
strength of the current and the voltage introduced to the electrolyte and the metal used. The

metal used in the anodizing process is preferred to be nonferrous.

This process is not a useful treatment for ferrous metals such as iron or carbon steel because
these metals exfoliate when oxidized; i.e. the iron oxide, flakes off, constantly exposing the

underlying metal to corrosion.

Anodizing changes the texture of the surface and also changes the crystal structure of the metal
near the surface. Thick coatings are normally porous, so a sealing process is often needed to

achieve corrosion resistance.



RESEARCH QUESTION

How does the voltage affect the amount of Al2O3 produced and the quality of the oxide finish
while anodizing aluminum determined by mass comparisons and coloring at 25.0 °C and 1.00

atm?

BACKGROUND INFORMATION

Aluminum Anodizing

An oxide film can be grown on various metals such as; aluminum, niobium, tantalum, titanium,
tungsten, zirconium, by anodizing. Aluminum differs from the other metals in that, in addition
to the thin oxide layer it also produces a thick oxide coating containing a high density of

MIiCroscopic pores.

In an anodizing cell, the aluminum is connected to the positive terminal of the power supply
and is made the anode. The cathode, which is a plate or rod of any electronic conductor that is
unreactive in the anodizing bath such as carbon, lead, nickel or stainless steel, is connected to
the negative terminal of the supply. When the process starts, electrons are withdrawn from the
metal at the positive terminal, allowing ions at the metal surface to react with water to form an
oxide layer on the metal. The electrons return to the bath at the cathode where they react with

hydrogen ions to produce hydrogen gas.

Another differentiator of aluminum is that both barrier and porous oxides can be grown on it.
Barrier oxides grow in near neutral solutions in which aluminum oxide is hardly soluble, most
commonly ammonium borate, phosphate, or tartrate compositions. It stabilizes the surface
against further reactions with its environment and is an excellent choice for electrical

insulators.
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When the current is flowing in the cell, sulfuric acid begins to decompose and the hydrogen

ions move to the cathode where they are reduced to hydrogen gas:

2H"aq) + 26" —>Hy(g)
Simultaneously, negatively charged anions move to the anode. The electrical charge in the
circuit causes positively charged aluminum ions (AI**) to be generated in the anode and in turn,
move towards the cathode. At the anode surface they react with the oxide/hydroxide ions to
form aluminum oxide. H" can be at high concentration near the oxide layer due to the anode

reactions.

Electrochemical reactions at the anode

Alg—> Al g + 3¢
2A1¥* () + 307 (ag) —> Al2O3()
2A13* (aq) + 30H(ag) —> Al2O3(s) + 3H*(aq) for which the overall process is;
2Al) + 3H200)—>Al203(s) + 6H" () + 6€°

Electrochemical reactions at the cathode

6H"(ag) + 66™—> 3H2(g)
The oxide coating contains 12 — 15% sulfate ions which facilitate the movement of hydrogen

ions reducing the cell voltages required.

Aluminum oxide is formed when fresh aluminum reacts with oxygen. If shaped, the oxide
forms an impenetrable layer that is tightly bound to the surface. As a result, further reaction is
halted. Despite its tenacity, the film is very thin and can be removed by abrasion and chemical
corrosion. When this happens, the aluminum will wear or the surface will mark or become

pitted at the site of corrosion.

The oxide layer produced during the early stages of anodizing is dense and uniform. It is known
as the barrier layer because it offers the greatest resistance to wear and corrosion. When the

high electrical resistance of the oxide decreases the potential of the applied voltage in the



electrolytic cell, the growth of this layer stops. Subsequent growth is very slow and competes

with the acid reaction:

Al;O3() + 6H" (ag—> 2AI¥*(aq) + 3H20¢)

which releases Al** ions into the solution.

Resulting anodizing reaction

2Als) + 3H200) —>Al203() + 3Hz(g)

In aqueous solutions aluminum oxide may form various hydrates;

Al;03%(H20)n, n=1to 3
The oxide formed has a hexagonal cellular structure, with each cell containing a central pore.
Most anodization conditions create films with more disorder, with a distribution of cell size
and pore diameter. The size of the cells and pores varies depending on the bath composition,

temperature, and voltage, but the end result is always a dense network of fine pores.

el colt beundary This porous structure allows the oxide finished to be
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dyed. After anodizing, the pores are empty.
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Figure 1. Schematic illustration of the By boiling after the dye has soaked in, or dying using

structure of a porous anodic aluminum . . .
oxide a color bath as a sealing solution for about 20 minutes

to an hour will close the pores and seal the color in.
Even tough industry-made dyes are the first choice for this process, fabric dyes in dust form

are also used, mainly for in-home anodizing.



Types of Anodizing

There are three types of aluminum anodizing; Type I, 11 and I11. Type I, also known as chromic
acid anodizing, produces the thinnest oxide layer of all types, approximately 0.51 to 2.54
microns per surface. Even though it is very thin, this oxide layer is very resistant to corrosion
and so, is used for the treatment of aircraft components. This type of anodizing was the one
used in the first commercial anodizing process invented in 1923 by Bengough and Stuart. The
film appears in an opaque gray color and absorbs very little color when dyed, which limits its
decorative uses. With chromic acid being carcinogenic, mutagenic and incredibly toxic, this

type of anodizing is done on industrial scale with the appropriate safety measures.

Type Il anodizing, also known as sulfuric acid anodizing, produces a semi-transparent colorless
film up to 35 microns in thickness. The film produced is suitable for both decorative and

corrosion-resistant applications.

Type 111 anodizing is done in a sulfuric acid bath at low temperatures, usually between -5°C
and 5°C. The sulfuric acid bath has reduced activity and so the oxide layer grows thicker than

in type Il. The film produced is extremely hard and durable and so is preferred in engineering.

HYPOTHESIS

As the voltage increases, the amount of AlO3 produced is expected to increase and so, the
quality of the oxide finish. The reason behind this hypothesis is that in past research it has been
observed that pore density decreases, resulting in an increase in pore sizes, enabling more
current to go through each pore. This dissolution of pores increases rate of AlOs production.
The more Al2O3 produced, the stronger the layer will be against corrosion and the color will

hold better.



H1: There is statistically significant mean difference between the amount of Al,O3 produced

with different voltages of anodizing.

HO: There isn’t any statistically significant mean difference between the amount of Al.O3

produced with different voltages of anodizing.

PRELIMINARY TESTING

During the preliminary testing, many problems were faced. After conducting many trials, the
method was perfected. In the first trial, an aluminum plate with the measurements of 5.7cm
and 14.8cm was used as the cathode. Outlet of hydrogen gas was observed. However, no

change in mass could be recorded. Therefore, the cathode was changed to lead.

Figure 2. set up of aluminum cathode anodizing
Within the next trials, the reaction could not be started, which then was related to the copper
wires not being able to conduct the current, presumed to be because of loose contact. The setup

was rearranged to connect the current directly to the anode and cathodes.

Figure 3. set up without copper wires



Many different voltage values were experimented with to decide upon a range. Minimum

voltage tried was 3.0V, which resulted in close to none aluminum oxide production. No change

in mass was recorded and the paint didn’t hold. Maximum voltage tried was 17.1V; the

aluminum burned and broke into two pieces in the time stamp 5.40. Despite no accurate

measurements in mass could be made, great amount of aluminum oxide production could be

observed after coloring.

Figure 4. dyed aluminum piece anodized at V=17.1V

METHODOLOGY

Variables

Variable type

Variable

Explanation

Independent Variable(s)

Voltage used to anodize

aluminum

Determined through the

voltmeter on the power supply.

Dependent Variable(s)

Amount of Al2O3 produced

Measured through the calculation
of change in mass by the
extraction of initial mass from
final mass with the use of an

accurate electronic balance.

Current

As the same metal and solution
were used in all trials, the
resistance was constant. As can
be seen through the formulaV =
I X R, change in voltage directly

causes the current to change. The




current was measured through

the amperemeter on the power

supply.

Controlled Variable(s)

Anodizing solution

Sulphuric acid solution with 2M
concentration and volume of
182.5+0.05 mL was used in each

trial.

Temperature

The trials are conducted in the
same lab with room temperature

of 25.0 £ 0.5 C°.

Type of anodizing

Type Il anodizing method was

conducted in all trials.

Anodized metal

Aluminum pieces with
measurements of 4.96 + 0.05cm
to 3.01 £ 0.05cm were used.
Pieces were cut from the same

aluminum sheet.

Dye used to color anodized

aluminum pieces

All aluminum pieces were dyed
in the same dye bath, prepared

with the identical dye packages.

Cathode used in the circuit

Identical lead pieces with
measurements of 10.45 + 0.05cm
to 4.07 + 0.05cm were used as

cathodes in each trial.
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Time of anodizing

Aluminum pieces were all

anodized for 20.0 £ 0.2 minutes.

Table 1. Variables of experiment

Apparatus

30 cm ruler (£0.05cm)

50mL graduated cylinder (x0.05mL)

100mL graduated cylinder (£0.05mL)

80mL beaker (£0.05mL)

150mL beaker (x0.05mL)

Lead plates with measurements of

10.45 £ 0.05cm to 4.07 = 0.05cm

Power supply with voltmeter (£0.1V)

and amperemeter (+0.01A)

Tweezers

Chemicals
Per anodizing:

40mL 5M Sodium Hydroxide (NaOH)

182.5mL 2M Sulphuric Acid (H2SO4)

Note: Acid and lead are reused for multiple trials.

11

Sandpaper

Funnel

Stopwatch (£0.25)

Electronic balance (x0.001g)

Paper towels

25x aluminum plates with measurements

0of 4.96 + 0.05cm to 3.01 + 0.05cm

Wires and crocodile clips

Cattle

Stirring rod

1 package of powder fabric dye




Method

Preparation and cleaning of aluminum in order the remove the already existing oxide layer.
1) Cut the aluminum to fit the measurements of 4.96 + 0.05 cm to 3.01 + 0.05 cm.

2) Rub both sides of the aluminum with sandpaper for 1-2 minutes until able to visually observe
change. You should obtain a smooth and bright aluminum sheet.

3) Measure 40mL of 5M NaOH solution with a graduated cylinder. This step should take place
in a fume cupboard for safety reasons. (see safety instructions for further information)

4) Using a funnel, transfer the NaOH into a beaker from the graduated cylinder.

5) Put the aluminum into the bottom of the solution and etch for 6 minutes. You should be able
to visually observe the exit of gas bubbles as a sign of the oxide layer degenerating.

6) Remove the aluminum using tweezers and gently dry it with a paper towel until fully dry.
7) Rinse it with warm water (43.3 to 32.2 C°) and gently dry it with a paper towel until fully
dry.

8) Accurately weigh the aluminum piece and record the data in grams.

9) Draw a graph of voltage vs. increase in mass through the recorded data in Step 8 to comment

on the relationship.

Preparation of the anodizing bath
1) Fill a beaker with 182.5mL of 2M sulphuric acid.

2) Set up the anodizing power supply circuit as shown at the diagram below;

Conductive wires

~ ’ ~~Voltmeter
)

A
Amperemeter

Battery | |
(energy supply)

+ -

N

Figure 5. diagram of the anodizing setup
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Preparation of the dying bath

1) Heat water in cattle.

2) Fill 240mL of a beaker with hot water by using a graduated cylinder.

3) Mix in the powder fabric dye until the color of the dye fully sets in the water using a stirring

rod.

Anodizing and dying aluminum

1) Set up the power supply to the desired value of voltage (4.7V, 6.5V, 10.6V, 13.0V, 14.5V
respectively).

2) Connect the two lead plates to the negative end of the power supply, make sure they are not
in contact with each other or the glass.

3) Place the aluminum to stay in-between the lead plates, with no contact to them and connect
to the positive end of the power supply by using crocodile.

4) Wait for 20 minutes by following the time using the stopwatch.

5) Remove the aluminum with the tweezer and gently dry it with a paper towel.

6) Accurately weigh the aluminum by using the electronic balance and record the data.

7) Place it in the dying bath.

8) Remove after 20 minutes of being soaked in the dying bath.

9) Let it dry for 15 minutes or more.

Repeat for each voltage value (4.7V, 6.5V, 10.6V, 13.0V, 14.5V), for five times each.

13



Safety Instructions

1) Wear gloves, safety googles and a lab coat at all times while conducting the experiment

since the chemicals used (NaOH, H2SQOg) are corrosive and irritant.

a. If any chemicals are to come into contact with the skin, rinse thoroughly with cold water.

b. If any chemicals are to come into contact with the eyes, rinse for several minutes and call a

doctor.

2) Carry out all etching and anodizing steps in a fume cupboard as the hydrogen gas that will

evolve from those steps is highly flammable and explosive.

3) Do not allow any material near your mouth, nose or eyes to stop any hazardous material to

go into your system.

4) Do not let lead cathodes come into contact with your skin since it can be slightly hazardous.

a. If to come into contact with the skin, rinse thoroughly with cold water.

5) When the power supply is on, make sure not to come into contact with any conductive

material connected to the power supply.

a. In case of an electric shock, immediately call a doctor.

Waste and Disposal

1) Be sure to not spill or throw away any waste into all-purpose bins as they will be toxic for

the environment. Dispose all into a chemical waste bin.

2) Do not mix acids and bases and keep away from metals when not used in the experiment.

a. In case of a spillage, neutralize and clean up the area immediately.

14



DATA COLLECTION

In this section, the results of the experiment will be displayed graphically and explained

through analysis of data.

Raw Data
. . Increase in Average
Voltage Current Initial mass Final mass mass change in
(x0.1V) (x0.01A) (x0.0019) (x0.0019) mass
(x0.0029) (0.0029)
4.7V 0.05 0.558 0.559 0.001
0.05 0.532 0.535 0.003
0.05 0.603 0.604 0.001 0.001
0.05 0.596 0.597 0.001
0.05 0.588 0.590 0.002
6.5V 0.07 0.600 0.614 0.014
0.07 0.608 0.619 0.011
0.07 0.597 0.614 0.017 0.013
0.07 0.602 0.611 0.009
0.07 0.570 0.586 0.016
10.6V 0.11 0.520 0.573 0.053
0.11 0.583 0.629 0.046
0.11 0.562 0.611 0.049 0.051
0.11 0.531 0.588 0.057
0.11 0.547 0.598 0.051
13.0V 0.14 0.608 0.664 0.056
0.14 0.601 0.682 0.081
0.14 0.613 0.682 0.069 0.068
0.14 0.639 0.707 0.053
0.14 0.596 0.679 0.083
14.5V 0.15 0.615 0.701 0.086
0.15 0.617 0.696 0.079
0.15 0.629 0.710 0.081 0.083
0.15 0.636 0.720 0.084
0.15 0.618 0.705 0.087

Table 2. Data collected from all trials and their averages.

In order to analyze the results, a graph was drawn to display the increase in mass against voltage
values. The errors integrated into the error bars in the above measurement are from the voltage
values (£0.1V) and the mass of aluminum plates (£0.001g) which when calculated into change
in mass is multiplied by two, due to the rules of uncertainty calculations. The y-axis error for
each data point was found to be £0.002g and is shown on each point as y-error bars. The x-axis

error for each data point was found to be £0.1V and is shown on each point as x-error bars.
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Voltage vs. Increase in Mass

0.08—

s
Linear Fit for: Data Set | Increase in Mass
m = mV+b

0.06 m (Slope): 0.008411 +/- 0.0002278 g/V

° b (Y-Intercept): -0.03873 +/- 0.002402 g

Correlation: 0.9989

RMSE: 0.001904 g

0.002g

g
=}
=

Increase in Mass (g} +

0.02-

5 10 15
(10.311, 0.024790) Voltage (V) + 0.1V

Graph 1. Graph showing increase in mass against voltage with a linear line of best fit

Thus, the linear relationship between anodizing voltage and oxide layer production can be seen

through the graph and the hypothesis is supported by the experimental results.

Theoretical Oxide Layer Production

A common equation called the “312 rule” is used in the industry to mainly calculate specific

anodizing time needed for certain thicknesses of oxide layers when type Il anodizing;

microns of coating desired x3.12

minutes to anodize = :
amperes per square decimeter

_ wmx3.12

t = where,

I/dmz

I :
— = current density
dm

This can be rewritten to fit the experiment as;

__txI/dm?
Hm =7

16



As due to the equation V = I X R, the current increases directly proportionally to voltage, the

currents can be used for the calculations. This formula, therefore, suggests a linear relationship.

area of aluminum plates = (496 + 0.05cm) X (3.01 + 0.05cm)

The uncertainties of the length measurements are turned into percentage uncertainties as

follows;
Y%uncertainty = 005199 — 1.008% ~ 1% (1s.f)
, 0.05 x 100
Y%uncertainty = Y I 1.661% =~ 2% (1s.£f.)

Therefore, the area of the aluminum plates is calculated as;

Area = (496 + 1.0%)cm X (3.01 +2%)cm

In which, the multiplied values are multiplied with 0.1 to convert into decimeters.

Area = (0.496 + 1.0%)dm X (0.301 + 2%)dm
~ 0.149 + 3% dm?

This value is then used to calculate the current density for each value. (example calculation is

done using V = 4.7V)

For V.= 4.7V, we have a current of I = 0.05 + 0.01 which equals I = 0.05 + 20% when

turned into percentage uncertainty.

0.05+20%
0.149+3%

~ 0.336 + 23% (2s.f)

current density =

Then, put into the “312 rule” equation, the theoretical oxide layer production can be calculated.

_ (20.0+1%)x(0.336+23%) _ 6.67+24%
- 3.12 T 312

um

~ 2.15 + 24% um

17



Voltage vs. Theoretical Oxide Layer Production

15—

.
Linear Fit for: Data Set | Voltage

V = mx+h

m (Slope): 2.115 +/- 0.01429 V/microns
b (Y-Intercept): 0.1723 +/- 0.07016 VV
Correlation: 0.9999
RMSE: 0.05647 V

10—

Voltage (V) + 0.1V

I | | I |
3 4 5

2
Theoretical Oxide Layer Production (microns)+ 24%

(4.749, 8.605) (Ax:0.00 AV:0.0)

Graph 2. Graph showing the theoretical oxide layer production with each voltage value.

To be able to directly compare the theoretical and experimental values, we must convert them

into the same type of measure. For that we use the equation given below;

Volume

thickness =
area

which when rewritten, gives us;

mass
/ density

thickness =
area

(where thickness in centimeters, mass in grams, density in g/cm?3, area in cm?)

The theoretical mass production values can be calculated as follows; (example calculation is
done using V = 4.7V value)
For V= 4.7V, thickness = 2.15 + 24% um.

2.15+24%um _ mass/3.95
10000 T 14.9+3%

32.0+27% _ mass
10000  3.95

mass = 0.0126 + 27% g

(The theoretical mass production values for all voltages can be found in Table 3.)

18



Data Comparison and Processing

By comparing the theoretical oxide layer production with the raw data, both the accuracy of
the results and the formula leading to the theoretical data, and how big of errors were possibly
made during the experiment can be determined. For this, percentage error is calculated using

the following equation;

|experimental value—theoretical value)|

x 100

percentage error = theoretical value
When compared with percentage uncertainty, which is used to quantitively express the

precision of measures, it can be decided if there was a systematic error or not.

Example calculation of percentage error for voltage value V. = 4.7V;

[0.001-0.0126|

— 09920,
50126 X 100 = 92%

Detailed evaluation of the data provided in Table 3 can be found under Error Analysis.

Average Theoretical
Voltage ag Oxide Layer Percentage
Increase in Mass - . Percentage Error
(x0.1V) (£0.002) Production Uncertainty
- (x0.001g)
4.7 0.001 0.0126 27% 92%
6.5 0.013 0.0211 21% 86%
10.6 0.051 0.0279 16% 83%
13.0 0.068 0.0354 14% 92%
145 0.083 0.0380 14% 94%

Table 3. Theoretical and actual data comparison with error and uncertainty results

19



Qualitative Data (Color Comparison)

4.7+0.1V 6.5+0.1V 10.6 +0.1V 13.0+0.1V 145+0.1V

Figure 6. Colored aluminum plates anodized in increasing voltage respectively

With being left in the coloring bath and hanged out to dry for the same amount of time, the
sample plates’ colors can be directly compared to gain qualitative data. As the porous structure
is expected to gain volume with increasing production of the oxide layer, more anodized plates
are expected to hold more dye. Less anodized plated on the other hand would hold little dye
and the rest would wash off. Therefore, it can be determined by whether the color is clearer

and stronger or faded.

Plates used in the first trial of the experiment can be seen in Figure 6. It is clear to the eye that
the color is held better in higher voltages while it is close to none in smaller voltages. This

suggests more Al,O3 was produced with increasing voltage, supporting the initial hypothesis.

CONCLUSION
The research question for this investigation is;

How does the voltage affect the amount of Al.O3 produced and the quality of the oxide
finish while anodizing aluminum determined by mass comparisons and coloring at 25.0°C

and 1.00 atm?

Anodized aluminum can be found in various areas in our daily lives from microwave ovens in
our kitchens to our window frames. Such a wide range of applications for anodized aluminum

makes it crucial to obtain the most efficient production process. Discovering the relationship

20



between voltage and the aluminum oxide produced will enable the industry to work with

optimum voltage, increasing efficiency.

On this background, I aimed to find the relationship between anodizing voltage and the quality
and quantity of the aluminum oxide produced in this experiment. The results were obtained by
conducting an experiment where five different voltage values were employed for five trials
each to lower the error, and the experimental and theoretical results were compared with

percentage error.

As indicated by the results presented in the Data Collection section of this essay, both the
experimental and theoretical data conclude that there is a linear relationship between anodizing
voltage and the amount of Al>Os produced with 20 minutes of anodizing time. This linear

relationship is as shown in graphs 1 and 2 in the previous section.

It can also be appointed that the color was held better with increasing voltages, suggesting that
the quality of the oxide finish also increases as more Al>Osis produced. The implication of the
data received through the experiment is that the ideal voltage to anodize aluminum is between

the range of 13.0V to 15.0V.

EVALUATION

Error Analysis

As it can be seen from the variance of data of the above graphs (the points lying outside the

line of best fit), there are errors inherent in the experiment.

When looked at Graph 1, variance of data is in both directions of the line of best fit above and

under, suggesting the existence of minor random error rather than a systematic one.
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Minor random errors might have occurred while measuring the time (anodizing, etching, dying)
due to the imperfection of human reaction. However, it is accepted to have little or no

significant effect on the results, and therefore, is not accounted for.

The biggest source of random errors is possibly the different positioning of samples on the
electronic balance each time. The electronic balance is an extremely sensitive instrument,
affected even by the position of the person. Therefore, it could have led to errors in

measurement. These random errors can be minimized with increasing the amount of trials.

As calculated in Data Comparison and Processing, with the percentage error being bigger than
percentage uncertainty in all voltage values, there is systematic error in the investigation which

can be stated as being the biggest source of error in the experiment.

The two possible sources of this can identified as instrumental and environmental factors. An
imperfect calibration of the electronic balance would lead to imperfect reading with deflections
close to each other. This can be avoided with using a pre-checked instrument known to be
giving correct reading. Also, in case of the amperemeter giving wrong reading, the theoretical
value would be calculated wrong. This can again be avoided by using another instrument or by
calculating the current through V = I X R by measuring the resistance and comparing with the
value read in the amperemeter. Resistance also varies with temperature. In an ongoing

electrochemical reaction, heat is generated, and therefore, the resistance of the wires increases.

Also, the theoretical value doesn’t consider neither the possibility of the aluminum sheets
reacting with the oxygen in the atmosphere, producing more aluminum oxide in the meantime
nor some amount of loss of mass during the anodization due to the degeneration of aluminum

in sulphuric acid.

Aside from all this, taking the qualitative color comparisons and the results being found as
being linear into consideration, it can be stated that the difference between the theoretical and
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the experimental data does not change conclusion of 13.0V to 15.0V being ideal for anodizing

aluminum.

Further Investigation and Improvements

One issue with the experiment was the choice of measure. The oxide layer itself is extremely
thin and cannot be measured conventionally with a micrometer or any other measuring device.
Therefore, conversions and inferences are made. Even though theoretically there are no issues,
due to the high amount of calculations, the uncertainties accelerate and decrease the accuracy
of the results. Also, the significant property of the pores being able to absorb paint could only
be used as a qualitative data. In order to increase accuracy and deduce the risk of errors in
calculation, colorimeter could be used to determine the oxide layer thickness. It would create
quantitative data through the absorbance property of the oxide finish while also being an easy

and simple method.

With its high use in industry and little research conducted on the topic, many further
investigations on aluminum anodizing can be produced. Rather than the effect of voltage, the
effect of concentration, time or temperature on the quality of the oxide finish in order to

determine ideal values.

Also, the experiment can be conducted using other types of metals anodized in industrial use,
such as zinc, titanium, niobium, etc. Comparisons between the quality of the oxide finish
against corrosion or by how well they hold paint can be used to determine the ideal metal of

choice for anodizing.
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