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Overview.

The Middle (or Dark) Ages stretched from the end of the Roman Empire 476 AD to the late 
1300s.  The Italian Renaissance (or “rebirth”) which spanned from 1400 – 1700 AD, marked the 
beginning of a new, modern way of thinking about the world.  (Giorgio Vasari).  Many consider 
Firenze (or Florence) the birthplace and most important city in the Italian Renaissance.
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Overview.

The famous thinkers (Michelangelo, Leonardo, Galileo, and Vasari) and thinking that characterized 
the Renaissance period represent one of the most unique combinations of the arts, social 
sciences, natural sciences, and technology.  

Michelangelo
Sculptor
Painter 

Architect 
Poet 

Leonardo
Engineer
Scientist
Theorist
Sculptor 
Architect 
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Engineer
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Engineer 

Writer 
Historian
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Mural painting and the Italian Renaissance.

The main Cathedral of Firenze is the Cattedrale di Santa Maria del Fiore.  
One the most remarkable structures of the Renaissance, completed in 1436, it features 
the largest masonry dome standing today. 

Great Thinker
Filippo Brunelleschi
Born in 1377 from Florence, Italy

Architecture
Sculpture
Mechanical engineering 

● Four million bricks 

● Weighs more than 25,000 tons
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Mural painting and the Italian Renaissance.

The main Cathedral of Firenze is the Cattedrale di Santa Maria del Fiore.  One the most 
remarkable structures of the Renaissance, completed in 1436, it features the largest masonry 
dome standing today. 

Giorgio Vasari

“The Last Judgement”

45.5 meters in diameter
116 meters in height
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Mural painting and the Italian Renaissance.

The main Cathedral of Firenze is the Cattedrale di Santa Maria del Fiore.  One the most 
remarkable structures of the Renaissance, completed in 1436, it features the largest masonry 
dome standing today. 

You can still buy the pigments 
used to paint the interior of the 

dome in the city of Firenze – 
just a few blocks away from 

the Dome.
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Six-Day Lesson Plan.

We will study the materials, design process, environmental degradation, and conservation of Italian 
Renaissance fresco paintings to connect the concepts of chemistry, engineering, and understanding 
conservation of our own cultural heritage in the next two weeks.

Day 1. 

Today, you will define a fresco and explore the fresco making process through the chemical 
composition of the building material. Experientially, you will prepare arriccio.

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Building Materials (I) Sinopia Building Materials (II) Fresco Painting Fresco Degradation Fresco Conservation

Chemistry: Energy Design Chemistry: Reactions Chemistry: Solutions and 
Dispersions

Environmental 
Chemistry Nanochemistry

Great Thinkers: Brunelleschi Great Thinkers: Leonardo Great Thinkers: Vasari Great Thinkers: Michaelangelo Great Thinkers:  Ferroni Great Thinkers: Baglioni
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What is a fresco?

Fresco is a painting technique in which a dispersion of aqueous pigments are applied to a 
thin layer of fresh, lime plaster.

Over time, the plaster reacts with atmospheric carbon dioxide to form calcium carbonate, 
fixing the pigment in a thin crystalline surface phase, the lime crust.

Sistine Chapel, Rome 

“Creation of Adam”, Michelangelo

Rome 
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The Fresco Making Process

1. To paint ‘a fresco’ we add a thick layer of malta on a wall or a substrate (‘arriccio’). This layer is 
composed of a 1:3 mixture of hydrated calcium hydroxide (‘grassello’) and sand.  

2. When this layer is completely dry, another layer of malta is prepared, mixing grassello with sand in 
a 1:2 ratio, and applied. This dries for at least a week to form ‘intonaco’. 

3. A fine layer (2-4mm) of malta is added to the intonaco to form the pictorial layer (‘intonachino’). 

4. Pigments, finely dispersed in water or ‘acqua di calce’ are painted on wet or humid intonachino 

5. The dehydration of calcium hydroxide and the much slower process of carbonation leads to the 
preservation of the pigment in the mural painting.
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‘arriccio’ ‘intonaco’ ‘intonachino’

Building Material and Fresco

 

Step 
1
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Lime plaster and lime crust. 

Calcium oxide, CaO, called ‘calce viva', is usually made by the thermal decomposition of materials 
such as limestone or seashells, which contain calcium carbonate:

CaCO3 → CaO + CO2 

CaO + H2O → Ca(OH)2 

(Ca(OH)2)liquid + (CO2)gas → (CaCO3)solid + (H2O)liquid 

Making Dry Cement (Calce Viva)

Making Mortar (Malta) 

How Mortar Cures into Cement

Raw Material 
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For example: 
Producing a ton of cement requires 4.7 million BTU of energy

 In 2019, the world production of cement was 4.08 billion tons.

Cement production is a highly energy-intensive process, contributing 7% to global CO2 emissions. Over 
80% of the energy used in cement production is consumed by the calcination process.

CaCO3 → CaO + CO2 Making Dry CementCalcination

The amount of energy to produce this much cement is equivalent to 0.125 cubic miles of oil.

The United States uses about 0.3 cubic miles of oil each year.

The world uses about 1.3 cubic miles of oil each year.

Making cement constitutes about 10% of the annual world energy consumption.

There are 1.52 x 1017 BTU in a cubic mile of oil.

Heat

Cement Manufacturing Process

Endothermic – requires heat

 
Δ
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Lab Day 1

Experimental Protocol: Prepare arriccio (~ 30 minutes) 

Using grassello (hydrated lime putty) and sand:

2.  Mix 3:1 by volume sand : grassello to obtain malta

3. Place plastic wrap into mold

4. Place malta onto plastic wrap inside the mold.  

5. After all mold cavities are full, gently remove plastic wrap and wet tile from mold support.

6. Dry tiles
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Lab Day 1

Experimental Protocol: Prepare arriccio (~ 30 minutes) 
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Materials:

• 120 mL of sand
• 50 mL of lime putty / hydrated lime
• 2 disposable 50 mL beakers
• 1 container to mix Arriccio
• 1 drying container (may be the same as the mixing container)
• Saran Wrap
• 1 tile mold



Lab Day 1

Experimental Protocol: Details and Tips
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1.  Tear off a piece of saran wrap that is capable of covering the mold, including the walls, centered on the mold 
such that there it overhangs the sides of the mold

2. Fill your mixing container with the sand and lime putty and begin to mix – this will take some time to fully come 
together so be patient!

3. Once fully incorporated into one another, fill the tile mold with your sand-lime mixture. Pack the mixture down 
and well into the corners to help maintain its shape during transport to the drying container

4. Apply pressure with fingertips across the top of the tile to produce divots, these will allow for the intonachino 
layer to fix onto the arriccio layer better

5. If using the mixing container as the drying container, rinse out and fully dry any residue remaining from step 2

6. Use the overhang of saran wrap and lift the wet tile from the mold and place it into the drying container

7.  Place the top of the container on at an angle to allow for low to moderate airflow and prevent rapid drying of the 
tile which may result in cracks.



Lab Day 1

Experimental Protocol: Details and Tips
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Lab Day 1

Homework:

Each student should consider what would best represent something important to their own heritage.  
Prepare a sketch of this that fills 4” × 4”
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