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Binders classification
Table 3.6. Main classes of binding compounds produced by pyrotechnology.

Starting reactive material Production process Material-water mixture Final product
Mineral phases in the 

hardened aged material

Lime-plaster (quicklime)

Calcinations of limestone

Slaked lime

(lime putty)
Lime plaster Calcite

Slaked lime 

+ fine aggregate
Lime mortar Calcite + aggregate

Slaked lime

+ fine aggregate

+ pozzolan

Hydraulic mortar (Roman 

opus caementitium)

Calcite, zeolites, 

C-S-H + aggregate

Calcination of dolomite
Slaked 

magnesia-lime 

Dolomitic or magnesian 

plaster
Calcite, brucite, periclase

Gypsum-plaster (plaster of 

Paris)
Calcination of gypsum

Bassanite 

(± anhydrite)
Gypsum plaster Gypsum

Bassanite 

+ fine aggregate
Gypsum mortar

Gypsum 

+ aggregate

Portland-clinker
Calcinations of 

limestones+clay

Portland cement paste Portland cement
Portlandite, 

C-S-H, calcite

Portland cement paste + 

fine aggregate
Portland cement mortar

Portlandite, 

C-S-H, calcite 

+ aggregate

Portland cement paste + 

fine and coarse aggregate
Concrete

Portlandite, 

C-S-H, calcite 

+ aggregate

Cement paste

+ fine aggregate

+ pozzolan

Pozzolanic Portland cement 

mortar

Portlandite, 

C-S-H, calcite, 

Ca-aluminosilicates
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Yiftahel (Israel)

7000 b.C.
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Lepenski Vir, right bank of Danube, Serbia

Lepenski Vir culture, 5600 b.C.
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Calcite - CaCO3
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Calcite - CaCO3
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THE LIME 

CYCLE



01. Calcination
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CaCO3(calcite) + heat → CaO(quicklime) + 

CO2(carbon dioxide)

Calcination

ΔG°r ≈ 177.1 (kJ/mol) (25 °C) → 848 °C
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Several ancient lime-kilns have been excavated from 

Roman (Dix 1982, Coulson et al. 1986), to Late Classic 

Maya (Abrams and Freter 1996), to more recent times 

(Williams 2004). An accurate description of lime burning 

operations in Roman times are supplied by Marcus Porcius

Cato (Cato the Elder: On agriculture, XXXVIII).

An illustration of the lime kiln at Crypta Balbi. From

Manacorda 2001, p. 52.

Prissé-la-Charrière, Niort, Francia, 200 b.C

- 70 AD
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Hoi Han Wan, Hong Kong (600-900 AD)
Former lime making industry, in which shells and corals

were baked to form lime Cool-Cave Valley, California (1880-1930)

Limekilns  Aberthaw, Barry Island, 

South Wales (1888 – 1926)
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• The temperature to produce CaO must be

above 898 °C, though the decomposition

reaction of the carbonate can proceed also at

slightly lower temperatures (780-800 °C) in

reducing conditions.

• Operational temperatures of lime-kilns are in

the range 920-1000 °C in order to speed up the

decarbonation reaction.

• Excessive temperatures are avoided because

they produce unreactive "dead-burned" lime.
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In ancient times production

was carried out on a batch

basis with each cycle

averaging 15 days. The cycle

is as follows:

•3 days for loading (4

persons required);

•3 days for calcining;

•4 days for cooling;

•3 days for discharging;

•1 day for cleaning the

kiln.
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Rodriguez-Navarro et al. (2009)

700°C 700°C 850°C

850°C 1000°C 1150°C
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•The quality of the binder depends on a variety of

parameters, including the composition, porosity

and impurity content of the fired limestone, the

maximum temperature and the time-temperature

path of the firing, and the conditions of slaking.

• The starting limestone should have a non

carbonate mineral content (usually silicates and

clays) lower than 5-10 wt %, and the carbonate

should be pure calcium.



02. Slaking
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CaO(quicklime) + H2O → Ca(OH)2(slaked 

lime - portlandite) + heat

Slaking

ΔG°r ≈ -57.9 (kJ/mol)
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• The fired blocks are ground to obtain the fine powdered quicklime, 

which however is rather unstable in normal humidity conditions and 

tends to hydrate to portlandite (calcium hydroxide, Ca(OH)2). 

• If the CaO powder is mixed with an exact (i.e stoichiometric) amount 

of water (lime/water = 75.7/24.3 = 3.12 by weight) the product is fine dry 

powder and the process is called dry hydration, because there is just 

the right amount of water to produce portlandite. 

• If the CaO powder is mixed with excess water then a smooth paste is 

obtained in a slurry form, and the process id referred to as lime slaking. 

• The portlandite paste (slaked lime or lime putty) can then be used as 

a binder and an architectural component (filler, adhesive, cracks sealer, 

floor consolidant, surface smoother, etc.) or as a raw material for 

modelling objects, vessels, and even artwork.
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• In early Roman times there was the widespread

belief that aging of the slaked lime was crucial to the

quality of the plaster.

• Vitruvius (De architectura, Book VII) had realized

the importance of properly mixing the lime with a hoe

to ensure good homogeneity and above all slaking

for a sufficient time in pits.

• Similarly, Plinius (Naturalis Historia, Book V)

claimed that lime putty needed to mature for at least

three years to produce a good binder. Long

homogeneous mixing and aging definitely helped in

producing a slaked compound with a very fine grain

size and little porosity, and this is one of the “secrets”

of the excellent quality of Roman mortars, which are

still astonishingly solid and hard.
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Portlandite crystal structure



1 year 14 years Hydrated lime

Cazalla et al. (2000)
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03. Setting
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Ca(OH)2(slaked lime) + CO2(carbon 

dioxide) → CaCO3(calcite) + H2O + heat

Setting

Calcic binders

Solubility Ca(OH)2: 1.73 g/L

(Solubility NaCl: 360 g/L)

Slaked lime poorly soluble!

Release of 

hydroxyl ions 

during Ca(OH)2

dissolution 
12.5
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Reaction paths

Rate-controlling step

Instantaneous reaction
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Progression of carbonation
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Crystallization sequences
Amorphous calcium

carbonate (AAC)

CaCO3 metastable polymorphs

(aragonite, vaterite)
Calcite

Rodriguez-Navarro et al. (2016)
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Crystallization sequences

Rodriguez-Navarro et al. (2016)



CALCITE STRUCTURE

Layers of carbonate ions

and Ca2+ ions in octahedral

coordination
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Compressive strength of lime
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