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1. Objective

 The purpose of this experiment is to synthesize
alum (aluminum potassium sulfate dodecahydrate,
KAI(SO,),12H,0) from aluminum cans, including

purification through recrystallization.




2. Principle (1/2)

1. Excess alkali reacts with aluminum foil, as shown in the
following reaction equation:

2Al(s) + 20H~(aq) + 6H,0 — 2AI(OH), (aq)+ 3H,(g) (eq. 7-1)
2. When an acid is added to the solution:

AI(OH),~(ag) + H*(ag) — AI(OH),(s)| + H,O()  (eq.7-2)

3. If additional acid is added, Al(OH); will convert to AI**
ion and dissolve in the acidic solution.

Al(OH),(s) + 3H*(aq) — AlF*(aqg) + 3H,0(l) (eq. 7-3)



2. Principle (2/2)

4. When alkali is added to Al(OH),, it reacts to form
soluble Al(OH), ions.

Al(OH),(s) + OH—(ag) — AI(OH),(aq) (eq. 7-4)

5. Substances like Al(OH); which can react with both
acids and bases, are known as amphoteric substances.
Other examples of amphoteric compounds include
Sb(OH);, Sn(OH),, Sn(OH),, Pb(OH),, Cr(OH);, Zn(OH),,
Ga(OH);, and Ti(OH),.



3. Synthesis of Aluminum Alum (1/s)

1. Aluminum alum has the general formula
M'M"(SO,),-12H,0. It is an ionic compound that
crystallizes from supersaturated solutions containing

sulfate ions, trivalent cations (e.g., AI**, Cr3*, Fe?*),

and monovalent cations (e.g., K*, Na*, NH,*). The

crystalline structure incorporates 12 water

molecules of hydration.



3. Synthesis of Aluminum Alum (2/s)

2.

In this experiment, potassium hydroxide (KOH) is
used as the base and sulfuric acid (H,SO,) as the acid.
Therefore, M'! = K* and M"' = AI3*. Under suitable
conditions—particularly through the formation of a
supersaturated solution—white aluminum alum
crystals can form. (aluminum potassium sulfate
dodecahydrate, KAl(SO,),-12H,0)



3. Synthesis of Aluminum Alum (3/s)
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. Aluminum alum is commonly used in water

purification, dyeing, papermaking, and as a food
additive, among other applications.

The experimental procedure is outlined below :

H,SO
Als) R2HED. A(OH),(aq) —t.

Cool

AR (SO, >, K*, H,0)

- KAI(SO,),-12H,0(s)



3. Synthesis of Aluminum Alum (/4

5. The overall equilibrium equation for the precipitation

of aluminum alum crystals is as follows:

K*(aq) + Al¥*(aq) + 250,%(aq) + 12H,0(l) — KAI(SO,),-12H,0(s)



4. Recrystallization, Separation, Purification,
and Crystal Growing Techniques (1/2)

1. Because different substances exhibit varying
solubilities under the same conditions, this property
can be utilized to separate and purify substances—a
process known as the crystallization method.

2. The two most commonly used crystallization

techniques are:

1) Changing the temperature to decrease the solubility of the
solute, leading to supersaturation and the crystallization of
the solute.

2) Adding a second solvent in which the solute is less soluble,

thereby reducing its overall solubility and causing it to
12 crystallize out from the mixed solution.



4. Recrystallization, Separation, Purification,

3.
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and Crystal Growing Techniques (2/2)

In this experiment, we take advantage of aluminum
alum’s greater solubility in hot water compared to
cold water. By using hot water as the solvent and
applying recrystallization techniques, we purify the
substance and grow single crystals, enabling us to
recover pure aluminum alum and observe its crystal

structure.



5. Equipment and Chemicals (1/2)

In cabinet Provided by TA

Hot plate x 1 Water-jet Pump x 1

Glass Stirring Rod x 1 Vacuum Filtration Flask x 1
Graduated Cylinder 100 mL x 1 Bluchner funnel x 1
Beakers 100 mL x 2 Filter paper & sandpaper

Funnel x 1 Sample bottle, labeling paper

Aluminumcanx 1 Scissors x 1




5. Equipment and Chemicals (2/2)

Provided by TA
9.0 M H,S0,(aq)”

1.4 M KOH(aq)"

EtOH /H,0 (2 : I, v/v) mixed solution

. Corrosive * . Toxic * . Dehydrating
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Ref. :https://ghs.osha.gov.tw/CHT/masterpage/index_CHT.aspx



6. Experimental Procedures

1. Please prepare an aluminum can (not an iron can) in
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advance.

Cut a piece approximately 5 cm X 5 cm in size and
polish both the inner and outer surfaces with
sandpaper until smooth. Then, cut the piece into
small fragments. This preparation must be
completed before the lab session.

Note: Be sure to polish thoroughly to remove paint
and coatings, as these can produce unpleasant
odors when heated.



3. Weigh the aluminum piece prepared in Step 2 to
determine its exact mass.

4. Place the aluminum in a 100 mL beaker, add 25 mL
of 1.4 M KOH (aq), and heat the mixture to
approximately 70 °C using a magnetic stirrer inside
a fume hood to facilitate the reaction.

Note: This reaction releases hydrogen gas, which
can form an explosive mixture with air. To ensure
sdafety, perform the experiment strictly within a
fume hood and keep it away from any ignition
sources.
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5.
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During the reaction, observe the aluminum piece as it
becomes buoyant in the solution. The reaction is
complete when hydrogen gas bubbling ceases.

Filter the hot solution using gravity filtration. Using a
dropper, add approximately 5 mL of deionized water
to rinse the beaker. Pour the rinse water into the
funnel to ensure complete transfer of the solution for
filtration. (Figure 1)

S adls

Before filtration After filtration
Figure 1. Comparison of the solution before and after filtration.
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Carefully pour the clear filtrate into a 100 mL beaker.
Place the beaker in an ice bath, then slowly add 12
mL of 9 M H,SO, dropwise. (Figure 2)

Note: The addition of acid is exothermic and may generate
heat—proceed with caution.

Before After

Figure 2. Comparison of the solution before and after the addition of sulfuric acid.



8.
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If white AI(OH)s precipitate remains after acid
addition, gently heat the mixture on a magnetic
stirrer to dissolve it. If other insoluble impurities are
present, filter them out using gravity filtration while
the solution is still hot. Do not use vacuum filtration.

Note: Ensure the final volume of the solution remains
around 15 mL to maintain proper saturation—this is
essential for successful crystallization of aluminum
alum.



9.

10.
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Pour the clarified solution from Step 8 (containing
AP, K*, and SO,% ions) into a clean beaker and allow
it to cool to room temperature. If crystals do not form,
gently scratch the inner walls of the beaker with a
glass stirring rod to induce crystallization. Then, place
the beaker in an ice-water bath to complete the
crystallization of aluminum alum. (Figure 3)

Collect the crystals using vacuum filtration. Use a glass
mortar to gently crush and spread the product evenly.
Rinse both the beaker and the funnel contents with
approximately 12 mL of a 2:1 (v/v) mixture of alcohol
and deionized water, added in portions. Continue
vacuum filtration for about 10 minutes to dry the
product, then weigh it accurately. (Figure 4)



After vacuum
filtration

Figure 3. Solution after Figure 4. Crystallized aluminum
ice bath cooling alum Product
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11. Weigh 2.5 g of the crystalline product obtained in
Step 10 and transfer it to a 100 mL beaker. Add 20
mL of deionized water and heat the mixture while
stirring until all solids dissolve and the solution
reaches a gentle boil.

Note: Avoid overheating. Ensure the final volume
remains 20~25 mL to prevent excessive formation of
small crystals (from too high a concentration) or
failure to crystallize (due to over-dilution).



12. While the solution is still hot, perform gravity
filtration to remove any remaining impurities,
collecting the filtrate in a clean sample bottle. Allow
the solution to cool and crystallize undisturbed over
the course of one to two weeks.

Note: Obtain labeling paper and a 20 mL sample vial
from the teaching assistant. Clearly write your
department and group number on the label, then
submit the labeled sample vial to the teaching
assistant.
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13. Remove the recrystallized crystals and examine
their shape, color, and size. Submit the sample to
the teaching assistant for evaluation, as illustrated

in Figure 5.

Figure 5. Recrystallized aluminum alum crystals



Biichner funnel

Figure 6. The vacuum filtration apparatus
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7. Precautions

1. Hydrogen gas is released when aluminum reacts
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with aqueous KOH. Since hydrogen mixed with air
can form an explosive mixture, it is essential to
carry out the reaction in a fume hood.

Thoroughly polish the aluminum piece beforehand
to remove any paint or coating, which may produce
unpleasant odors when heated.



3. This experiment involves the use of 9 M H,S0, and
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1.4 M KOH, both of which are toxic and highly
corrosive. Exercise extreme caution when handling
these chemicals. All waste liquids must be disposed
of in the designated waste containers—do not pour
them down sinks or drains.

Collect all solid waste generated during the
experiment and place it in the designated beaker
provided by the teaching assistant. The teaching
assistant will manage proper disposal.



5. Always wear a lab coat, goggles, gloves, and a mask
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during the lab session.

All chemicals used in the laboratory are toxic and
potentially hazardous. Please follow all laboratory
safety regulations and adhere to the instructions of

the teaching assistants to ensure a safe working
environment

Removal of any chemicals or laboratory equipment
from the lab is strictly prohibited.
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6. Experimental data

1. Mass of aluminum foil used:

2. Mass of aluminum alum obtained:

3. Mass of recrystallized aluminum alum:

4. Photograph the recrystallized aluminum alum sample.



7. Questions

1. In this experiment, if the clarified solution
containing AP*, K*, and SO,*~ cools to room
temperature without forming crystals, gently
scratching the inner wall of the beaker with a glass
stirring rod can induce crystallization. Why does this
occur?
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Ref. https://www.ch.ntu.edu.tw/~genchem99/qalab/lab17.htm



2. In this experiment, aluminum alum is introduced. In
addition to aluminum alum, identify two other
types of alums. Please provide their chemical
formulas and cite a reference source.
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Ref. :https://zh.wikipedia.org/wiki/%E7%9F%BE



3. In this experiment, which filtration method—gravity
filtration or vacuum filtration—is more effective,
and why?
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Ref. :https://teaching.ch.ntu.edu.tw/gclab/qgalab/lab17.htm



4,
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In this experiment, why is crystallization induced by
cooling the solution in an ice bath? Would
crystallization still occur if the solution were left to
cool at room temperature instead?
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