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ABSTRACT - Identifying materials that can substitute rare natural resources 
is one of the key challenges for improving resource efficiency in the building 
sector. With a growing world population and rising living standards, the 
amount of salt (sodium chloride) produced as waste through seawater 
desalination and potash mining processes is increasing. Unfortunately, most 
of it is disposed of into nature where it causes environmental pollution. On 
the other hand, salt is affordable and can be used therapeutically in various 
respiratory treatments and to store humidity and heat. It was, therefore, 
necessary to determine salt materials already in use in building construction. 
The aim of this research was to identify those that have been used in 
history and analyzed in scientific studies, to investigate their physical and 
mechanical properties, and to identify the most promising applications in the 
construction field. This was accomplished via literature review, classifying 
the salt materials into three groups (raw salt, composite salt, and processed 
salt). It was found that salt has been used as a building material for 
centuries and has potential for future applications. 

Keywords: building material, history, material properties, salt materials, 
salt waste 
 

Salts 1,2,3,4,5 are defined in chemistry as compounds of cations (positively 
charged ions) and anions (negatively charged ions). Sodium chloride 
(NaCl), or common salt, is the most known of all salts and consists of Na 
(Sodium) and Cl (Chloride) ions. It can be found in natural underground 
deposits as salt rocks (halite) or in seawater or brine as dissolved 
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constituents. Salt rocks were formed through many geologic periods by 
tectonic movement and pressure on salt evaporation ponds (crystallization 
of salt in saline water by solar evaporation).6,7 Dissolved salt particles are 
gained back from seawater or brine through natural solar evaporation (salt 
ponds) and mechanical evaporation.8,9 

However, other sources of salt are emerging as a result of the growing world 
population:10 salt from desalination plants and from potash mining. Fresh 
water is produced from seawater in desalination plants, with a discharge 
into the sea of around 142 million m3 [5,014,682,674 ft.3] of salt brine waste 
per day.11 A similar situation 12 is observed in intensive agriculture, where 
nutrients are added to the soil to speed up plant growth. One of these 
fertilizers is potash and for its production a high amount of salt waste is 
created (between 51,742.98 m3 [1,827,286 ft.3]/day and 436,956.29 m3 
[15,430,965 ft.3]/day).13 The negative environmental impacts of salt waste 
discharge such as change of salinity, increase in temperature, and loss 
of biodiversity in both maritime and freshwater environments, have been 
acknowledged in many scientific studies.14,15,16 With this in mind, using salt as 
a building material may increase resource efficiency while reducing the salt 
contamination of flora and fauna. 

On the other hand, salt is an affordable natural product 17,18 and can store 
humidity 19,20,21 and heat.22,23,24,25,26 In terms of material humidity, Feldman 27 
described NaCl as a hygroscopic material with a critical point of solubility of 
75.3% relative room humidity at 20 ⁰C room temperature. The specific heat 
capacity of sodium chloride in its pure state varies from 0.853 J/(gK) 28 to 
0.859 J/(gK).29,30 Salt can deactivate the growth of microorganisms 31 and is 
used not only therapeutically in various respiratory treatments 32,33,34,35,36 but 
also for skin diseases such as atopic dermatitis 37 or human lung cancer.38 

For 7,000 years salt was mostly used in cooking and the conservation of 
food and later for trading, while currently it can be found in 14,000 different 
applications in the chemical and food industry.39 However, salt in the field 
of building construction is associated with damage in masonry. With the 
increasing water content in brick masonry, salt dissolves and moves together 
with water through the capillary pores. In drier and hotter climate conditions, 
the water evaporates and salt crystalizes. Salt crystallization in the capillary 
pores produces an interior pressure and can cause deterioration and 
efflorescence of the brick.40 

Due to its salt-related problems in masonry, its high value in history, legally 
restricted availability, high porosity, and dissolution in water, salt is still 
not fully accepted as a building material. However, examples exist of salt 
building materials used in various applications: protecting the disposal of 
radioactive waste,41,42 defending Roman harbors,43,44,45 for building houses in 
deserts,46,47,48,49,50 and optimizing indoor air quality.51,52,53,54,55,56,57,58,59,60,61 
Salt building materials have further potential advantages in increasing 
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Figure 1. Salt crystals.

resource efficiency; they have attractive hygrothermal properties, are not 
inflammable, and are antibacterial. However, no general analysis of salt’s 
application as a building material and its properties exists. Thus our study 
investigates the potential and limitations of using salt in building construction. 

The state of the art is organized in a two-group framework that shows salt 
at two different levels. At the micro level, the basic information about salt 
(classification, crystallization, and physical and chemical material properties) 
is provided without specific application purposes. At the meso level, the 
research is about raw salt, composite salt, and processed salt, shown at the 
level of a loose product. This review study revealed that there was almost no 
research on the topic of salt building materials and thus opens up research 
areas that merit investigation. 

PROPERTIES OF SALT (NaCl)

“Sodium is the sixth most abundant element in the Earth’s crust” 62 and 
its compound sodium chloride the most known in human society. Most 
properties of salt depend on the production process and geological history 
and the purity and content of other minerals, as well as interactions between 
the particles and pore spaces. Table salt or sodium chloride, NaCl, is a 
compound of two ions: Na (sodium) and Cl (chloride). A bond between 
these two ions is called an ionic bond, where electrons from one atom are 
transferred to another.63,64 All ions are connected in a cubic lattice, which can 
have any number of ions depending on the size of the crystal.65 Salt crystals 
(Fig. 1) are transparent and colorless, and the crystalline powder is white. 
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Different studies show that the permeability and porosity of salt are low 66 
due to a lack of open spaces within the material. Salt is applied for sensitive 
heat storage in solar power plants 67 due to its high melting point.68,69 If 
small impurities such as anhydrite, gypsum, dolomite, calcite, pyrite, quartz, 
or iron oxides are present in salt, the bulk density value (from 2.17 g/cm³ to 
2.25 g/cm³ at 20 ⁰C) and specific heat capacity (from 0.853 J/(gK) to 1.224 
J/(gK)) are increased.70,71,72,73 Salt is soluble in water, methanol, or formic 
acid, but not in ethanol or glycerol.74 In terms of material humidity, at more 
than 75.3% relative humidity,75 the pores in salt are filled with water, the 
crystals start to dissolve and brine is formed. If relative humidity decreases, 
the brine evaporates and re-crystallization takes place. This repeating 
process within salt generates strong connections between crystals and 
throughout history, therefore, has been used to create strong materials. The 
detailed chemical and physical properties of salt are listed in Table 1. 

Table 1. Properties of salt (NaCl).

TYPES OF SALT MATERIALS

Salt materials in this paper are divided into three groups (Fig. 1): raw salt 
materials (RS), composite salt materials (CS), and processed salt materials 
(PS). Raw salt materials consist of solid salt blocks with the highest NaCl 
content (Table 2) extracted directly from nearby salt lakes.76,77,78 Romans 
mixed seawater, volcanic ash, and lime to create extremely durable 
concrete despite constant exposure and contact with seawater.79 This and 
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other materials mixed with a salt content of up to 95% (Table 2) is classified 
as CS material. Processed salt materials are materials in which salt is 
compressed 80,81,82 or which use natural evaporation of salt solution for 
growing NaCl crystals.83,84,85,86,87

Figure 2. Types of salt materials found in the literature.

Table 2. NaCl content in different salt materials.
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Raw Salt Materials

Knowledge about RS materials is based on very limited historical data. 
Most historical examples have in common severe climate (very hot and 
dry), specific location (near salty lakes and salt mines), and unavailability of 
other local construction materials. Pliny the Elder wrote in the 1st century 
A.D. about the city called Getta, apparently located in the region of Pella 
and Damascus as being “fortified with towers made of square masses of 
Salt.” 88 In the 14th century the Moroccan traveler Ibn Battuta describes the 
city Taghaza in Mali as “a village with no attractions. A strange thing about 
it is that its houses and mosques are built of blocks of salt and roofed with 
camel skins. There are no trees, only sand in which there is a salt mine.” 89

Another abandoned town in the Danakil Depression in Ethiopia is Dallol 
which shows destroyed walls built in the past from salt blocks.90 The single-
story walls of the buildings were built of irregular medium-format salt blocks 
cut from the surrounding area and bonded with a mortar. Salar de Uyuni in 
Bolivia is the largest salt flat on Earth located above sea level and its salt 
crust consists of 95% halite and 5% fine-grained gypsum.91 This monolith-
like salt stone is cut from the ground, shaped, and used as a construction 
material for buildings. One of these buildings, which is built out of some 
one million salt blocks, is the hotel Palacio de Sal.92 Other RS materials 
are rock salts from salt mines 93,94,95,96,97,98,99 with bulk density from  
1,920 kg/m3 to 2,160 kg/m3, low porosity (0.6–7.2%), specific heat capacity 
around 865 J/kgK, thermal conductivity from 2.65 to 6.65 W/(mK), widely 
varied hygroscopic properties due to different additive contents, and 
compressive strength ranging from 3.3 to 20.7 MPa (Table 3). Pink salt 
blocks are the most conventional rock salts 100 and are used in the interiors 
of spas, restaurants, and residences. 

Composite Salt Materials

Both in history and today, CS materials in history have combined different 
local materials according to resource availability and to improve material 
properties. The first combinations occurred between salt and local materials 
such as clay or volcanic ash. Karshee or Karshif is a salt block (NaCl) 
enriched with clay and sand, which is first dried under direct sun exposure 
and then used as a “brick” in the Kershee masonry building technique found 
in Siwa Oasis in Egypt.101,102 Dried salt bricks from nearby salt lakes are 
bound with soil and salt-rich mud mortar called tilaght. In comparison to salt 
rocks, a Karshif stone has more impurities and shows lower values in terms 
of density, porosity, hygrothermal properties, and compressive strength 
(Table 3). 

Under specific Siwa Oasis climate conditions, the movement of water 
between the salt blocks and the mud causes the formation of new salt 
crystals resulting in “a high mechanical resistance of the masonry.” 103 
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Analysis of these “stones” shows that the oldest blocks are composed 
of 95% salt.104 Compared with sandstone and limestone, Karshif stone 
shows the highest thermal conductivity with 1.62 W/mK and the lowest 
specific heat capacity with 0.71 kJ/kgK.105 However, if the environmental 
relative humidity exceeds 76%, the sodium chloride in the Karshif stones 
starts to dissolve. Conversely, at a relative humidity of less than 76% the 
sodium chloride crystals start to grow.106,107,108 It has been observed that 
under these repeated cycles of drying and wetting salt blocks and mortar 
transform to “a sort of monolith.” 109 

Concrete is a composite material that has been used in many ancient 
structures. The Romans discovered how to make it very durable and 
waterproof for use in seawater.110 They mixed volcanic ash, lime, and 
seawater 111 and built robust protection walls for their harbors in the 
Mediterranean Sea. The chemical and mechanical properties of Roman 
concrete were determined with core segments drilled from ancient 
structures.112,113,114 More information about the influence of seawater or salt 
on modern concrete can be found in several studies in the literature. 

In comparison to concrete mixed with fresh water, that mixed with seawater 
(Table 3) shows an increase in density,115,116 setting times,117,118,119 and 
compressive strength after seven days.120,121,122,123,124 On the other hand, 
the porosity 125,126 and water absorption decreased.127,128 After twenty-eight 
days, the long-term compressive strength 129,130,131 between both concrete 
mixtures is almost the same. Concrete mixed with a high amount of salt is 
called salt concrete and is used for the protection of natural radiation and 
to prevent leakage of radioactive waste in salt caves.132,133 

Salt concrete and salt caves create strong bonds with each 
other,134,135,136,137,138 producing a more secure protection for radioactive 
waste. A salt concrete composition for the safe disposal of radioactive 
waste in Morsleben, Germany was made of cement, fly ash, water, and salt 
(53.8 mass-%).139 In comparison to commonly used concrete, test results of 
salt concrete showed lower Young’s modulus values, similarity in strength, 
higher porosity, and lower permeability. The values of specific heat capacity 
(C= 0.93 kJ/(kgK)) and heat conductivity (λ=1.14 W/(mK) of salt concrete 
are lower than those of concrete. More or less identical material properties 
were found by Czaikowski et al.140 

In the last ten years, salt and starch mixtures have been used 
in the building area for research purposes in the field of additive 
manufacturing.141,142,143 Dr. Mark Ganter and his team started experimenting 
in 3D printing using a salt-starch compound.144 His recipe of salt (eight 
parts by weight) and maltodextrin (one part by weight) was later used by 
researchers from the University of California and by Geboers/TU Delft to 
create different 3D-printed salt objects 145 and to determine density, tensile, 
and compressive strength.146 A University of California team mixed salt 
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and maltodextrin, bound it with rice wine and strengthened it with wax.147,148 
Salt-starch 149 showed, in comparison to modern concrete, only one part to 
thirteen of the compressive strength and two-thirds of the density (Table 3). 

Japanese researchers 150 also mixed salt with starch but then added wheat 
flour and dextrin. Their material was 3D-printed as a scaffold and used as 
a mold for other materials. When the conglomerate was soaked in water, 
the salt-starch dissolved and the complex structure remained. The Iranian 
company Emtiaz Architecture & Design Group 151 mixed salt and natural 
gum to create a stucco-like salt material for the walls, structural sculptures, 
and ceilings of a fast-food restaurant near Shiraz in Iran to imitate a 
salt cave environment. Material ratios have not been published in the 
accessible literature. 

Processed Salt Materials

Processed salt materials are produced by processing technologies such 
as pressing or melting and by the natural processes of salt crystallization. 
Compressed salt materials were first manufactured as salt lick blocks 152 
for livestock nutrition.153 However, the corresponding literature states that 
using salt lick blocks for building construction 154 cannot be sustained if the 
salt is not mixed with additives 155 or coated with epoxies.156 Schelven  
experimented with salt extracted from salt mining and salt desalination 
processes. In order to provide a temporary waterproof coating, salt blocks 
were dipped into paraffin at lower and higher temperatures as well as into 
epoxy for two hours at 150–350 ⁰C [302–662 °F] to develop a permanent 
waterproof coating. The resistance to water and humidity of salt blocks 
was examined by Mandler and his group in 2018,157 where a small amount 
(0.1–15 wt%) of an additive was added to sodium chloride. Depending on 
the material properties, compressed salt blocks did not completely dissolve 
when exposed to water. Moreover, the samples preserved the main core 
and exhibited compressive strength in the range of 40–70MPa (Table 3). 

It was also found that when subjected to humidity, salt objects with 
additives did not start to dissolve below 74% relative humidity at 40 ⁰C 
[104 °F]. Furthermore, at 74% relative humidity the blocks held their shape 
for eight hours, some for even longer at higher relative humidity. Pressed 
salt interior design elements in the form of a marble-like set of tables and 
chairs have been created by the artist Roxane Lahidji 158 who pressed a 
mixture of salt, tree resin, and coal powder. An experimental study in 
2013 159 went even further and observed how the bonds between sodium 
chloride with Na-ions or Cl-ions changed under extreme application of 
pressure and temperature conditions similar to those in the universe. It was 
noticed that new bonds similar to metallic bonds appeared. 

Salt crystallization processes such as salt crystal growth by seawater 
evaporation or salt crystal growth in very salty water has mostly been 
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Table 3. Review of salt 
material properties.
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used by artists and architects.160,161,162,163,164 The artist Sigalit Landau 165 
sunk everyday objects into the salty Dead Sea. Karljin Sibbel 166 created 
small stand alone salt structures such as seats or vases by controlling the 
crystallization process. In 2009 Wen Ying Teh 167 suggested an observation 
building for flamingos made of aluminum frames and nylon ropes that 
absorb salt water from the lake, forming a translucent crust through 
the evaporation of water. A similar concept was also developed by the 
architectural office Faulders Studio 168 and the French architectural office 
Sitbon Architecture.169 A thin plant-based wall panel with a surface of salt 
crystals was designed by Jessica Owusu Boakye to provide good indoor 
climate conditions in spaces of relaxation, rest, and exercise.170

Salt in Building Applications

For the earlier uses of salt as a building material, climate conditions 
(very dry and hot), material availability, and local construction techniques 
were important. Initially, salt blocks were used mainly as masonry 
(connected with mortar) to build exterior or interior walls. However, with the 
development of other manufacturing techniques and material mixtures, new 
salt applications emerged: salt for cladding, plastering, protection of walls, 
and temporary constructions. In the near future, we expect salt will be used 
in additive manufacturing (3D printing) to save time and money. In Table 4 
we consider known applications of salt materials with their target material 
properties and evaluate their limitations and advantages. 

Many past applications are no longer applicable in contemporary practice 
as there may be a lack of craft knowledge, they are too time consuming, or 
other necessary materials are no longer available. The design criteria for 
the current/future use of salt in building construction should therefore be 
carefully considered. First, salt as well as any additional materials should 
be locally available. Second, depending on whether the salt construction 
is used outdoors or indoors, the air temperature should be at the desired 
level and the air humidity lower than 70%. Third, the material’s mechanical 
properties must be sufficient to obtain structural firmness. Finally, a high 
amount of salt is preferred. 

Our current research shows that the most economical way of using salt in 
construction is to mix it with other building materials. It can be mixed in, 
added to molds, or dried and fixed on a wall surface. Fig. 3 shows how to 
apply salt plates on a supporting construction. Another method would be 
to print salt binder mixes with a 3D printer to create stable exterior wall 
constructions and 3D elements (Fig. 4). Apart from the above-mentioned 
design features, these also have the advantages of durability, design 
freedom, economy, and construction speed.
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Table 4. Advantages and 
limitations of salt material 
application.

Figure 3. Salt composite system.
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Figure 4. 3D printing with salt-clay paste.
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POSSIBILITIES CHALLENGES, AND FUTURE OPPORTUNITIES

The material properties of salt such as humidity and heat storage, 
compressive strength, and health issues are attractive for potential 
applications in the building sector. Composite salt materials show a wide 
variety of properties when mixed with clay, concrete, or starch. Karshif 
salt blocks have, in comparison to other CS materials, the highest salt 
content; mixtures between salt and starch allow utilization in 3D printing; 
Roman marine concrete is known for its high durability to withstand a 
marine environment; and, in comparison to commonly used concrete, salt 
concrete showed similarity in strength and heat capacity. The manufacturing 
processes of pressing, surface impregnation, and natural salt crystallization 
show interesting results in terms of humidity exposure and architectural 
applications such as shading systems. 

Negative effects of salt such as dissolution at high environmental relative 
humidity, increasing porosity, reduction of compressive strength in 
some material mixtures, and negative experience with salt in masonry 
(efflorescence and deterioration) restrain its application. The properties 
of existing salt materials in the building sector have only been explored 
to a limited degree in the literature, which has concentrated mostly on the 
negative impacts of salt or on the protection of salt in building materials. 
Therefore, knowledge about the behavior and properties of salt is often 
limited, as studies have investigated only one or two properties without 
exploring their combination. A greater overview could lead to a better 
understanding of salt as a building material.

This paper is the first ever review of salt materials as building materials. 
This indicates that salt materials need to be further analyzed and the paper 
suggests several recommendations for future application: 

(1) Salt mixed with other materials can increase the resource efficiency in 
building construction. Currently, REA gypsum represents around 50% of the 
gypsum used in Germany, but this resource will soon disappear because of 
the planned closure of the country’s coal power plants. Therefore, mixing 
salt with gypsum or other materials could reduce the demand for energy-
consuming or rare materials. 
(2) Some salt materials (such as salt concrete and Karshif) can influence 
indoor environment conditions. Salt concrete can absorb and release heat 
from the air and could be used as a thermal storage material in climates 
with high day-night temperature differences. Karshif (salt-clay) can absorb 
and release the vapor from the air and could be used as a humidity storage 
material in climate conditions with short exposure to higher relative humidity. 
(3) Salt materials with a higher amount of salt and increased efflorescence 
on the surface could positively affect human health in buildings. Emissions 
from salt materials could provide healthier working or living conditions. Salt 
is not toxic, is free of chemical emissions and has no odor. 
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(4) Raw salt materials or salt brines could be used for temporary building 
construction such as pavilions, exhibition construction, and shading 
systems of buildings and open areas. Temporary building structures in 
very hot and dry climate conditions could be built with the technique of 
salt crystal growth following seawater evaporation and could easily be 
demolished with water. 
(5) Salt is not flammable and has good acoustic properties (in comparison 
with wood it has higher average bulk density). It could be used as infill 
material for walls in dry and hot climate conditions. 
(6) Salt materials can be adapted to different building techniques 
(e.g., 3D printing, additive manufacturing, masonry, prefabrication). 

CONCLUSION

Salt has always played a significant role in human life. Recently, salt 
waste generated from the desalination and potash mining industries has 
started to encourage its re-use in different applications. This paper has 
explored the historical and future use of salt in the field of construction. 
Resource efficiency has become one of the major concerns in the 
construction industry and, despite some of the limitations of salt mentioned 
earlier, there is still potential with further technological advancement (3D 
printing, additive manufacturing, pressing, melting), and material research. 
In general, using salt waste is a promising solution for reducing the 
dependence on conventional materials such as gypsum or cement, creating 
healthier indoor environments, and reducing pollution. 
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