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Abstract   

Natural cement was patented in England in 1796, but did not arrive in Spain until 1835. 

Its arrival supposed a natural coexistence with the rest of traditional mortars that had 

been used (lime, hydraulic limes and gypsum). However, its use was not extended in 

time, and soon it was replaced by the use of artificial Portland cements.  

Although in Spain the natural cement came later, it was massively used in the 

decorations of historicist and modernist facades during the 19th and 20th century. 

Nowadays, after more than 100 years since its construction, it’s necessary to conserve 

all this heritage. 

In order to achieve a good restoration, it is essential to correctly identify the binders 

originally used.  

The restoration of these mortars with incompatible materials can cause irreparable 

damage to the original elements of the buildings. 

The aim of this research is the development of a simple, practical and economical 

method for the identification of natural cements and historic Portland cements mortars. 

We have use petrographic microscopy techniques in laboratory samples to establish the 

identification patterns of these cements. Then, this methodology has been applied in 

samples of buildings of Madrid and Barcelona where it is documented the use of 

historical cement mortars. 
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The differences in the formation of alite and belite crystals between Portland and 

natural cements have been analyzed, as well as the differences in the petrographic 

textures between the cements of Madrid and Barcelona. 

Introduction 

The present research is focused on the study of natural cement, the precursor of 

Portland cement. It was extensively used in the construction of many civil works and to 

decorate historical buildings during the nineteenth and beginning of twentieth century 

in Madrid and Barcelona. 

Natural cement was highly demanded in various sectors of civil engineering: sewerage, 

water supply, canals, ports and tunnels. In the construction sector, the use of natural 

cement was initially limited to the foundation of buildings and masonry mortars, and 

occasionally also used as render mortar and even stucco imitating stone ashlars.  

This new material was highly valued for its good response to the effects of fresh or salty 

water. [1]  

Natural cements are produced calcining limestone (with clays containing between 

25~40%) at low temperatures, 800 ~ 1200 ° C, below the sintering temperature. [2] 

However, natural cements was quickly eclipsed by the arrival of Aspdin Portland cement. 

We have analyzed unhydrated modern Portland and Natural cements [3] in DRX to see 

the mineralogical composition differences. We observe that the main difference 

between both materials lies in the calcination temperature. Since natural cement is 

produced at temperatures below 1200 ºC, its main phase is belite. While in the case of 

Portland cement, whose calcination temperature is higher than 1200ºC, its main phase 

is the alite. 

 

 
Figure 1: Mineralogical composition of unhydrated Portland and Natural cements . 



Background study 

In Spain natural cement industrial production began simultaneously in the Basque 

Country and Catalonia during the 1850s (Figure 1). In the Basque country the first 

industrial factory was founded in Arona (Bajo Urola, Gipuzkoa) in 1858 and was called 

"Nuestra Señora de los Dolores" (1858-1930). In the same year in Girona (Catalonia) the 

Pérez Torruella y Cia company was founded and began to produce natural cement and 

hydraulic limes. [2], [3]. 

 

 
Figure 2: Location of the first natural cement factories in Spain [4]. 

 

The historical documentation proves that the production of natural cement in Spain did 

not finish after the Spanish civil war (1936-1939), in fact it continued after the year 1968 

(Figure 2) to the present residual production of four factories in the Catalan territory. 

After the Spanish civil war there was an increase on the demand of this kind of cement, 

responding to a need of rebuild a country destroyed by the war and because of the lack 

of a suitable coal to produce Portland cement and the problems for the transport. Due 

to this, many small factories appeared all over Spain to supply locally the need of each 

area. So much so, that it is known that  in 1945 there were four natural cement factories 

in Madrid [5] and twenty in Catalonia, which coexisted with one and seven Portland 

cement factories respectively.  We find this coexistence interesting due to one of the 

aims of this study is to distinguish between natural cement and historical Portland 

cement. 

Nevertheless, Portland cement industry expanded in the market disproportionately and 

make that many natural cement plants had to close. 

Despite of this, some natural cement plants continued to produce fast natural cement 

to this day. Actually there are four natural cement factories in Spain: Cementos Collet, 

Cementos Figueres, Cementos Tigre and Lafac, all in Catalonia. 

 



 
Figure 3: Annual production of natural cement in Spain [6] . 

Natural cement identification methodology 

The main problem we faced in this research is the visual identification of the historic 

mortar used during this period of time. This is because the line between a natural 

cement and an historic Portland cement is very thin. 

Due to this, and with the aim of establishing the right methodology to differentiate 

natural and Portland cements coexisting in those days, polished thin sections are done 

from the laboratory modern cement test pieces (Collet, Tigre and Portland cement) in 

order to establish natural cement identification patterns [6],[7]. We analyze the samples 

and established the patterns (Figure 3): 

1. Natural cements have a color between ochre and light brown.  

2. Presence of lumps of calcined marls in the natural cement samples. The 

existence of these lumps is due to the cooking itself and to the deficient milling 

technology of the time. 

3. Due to the difference in the calcination temperature in the production of both 

materials, we can observe different unhydrated phases in their polished thin 

section with an optical polarized microscopy. In the case of natural cements we 

observe the presence of unhydrated belite crystals and absence of unhydrated 

alite crystals, while in Portland cements we can observe both unhydrated 

phases. We can also confirm the presence of belite or alite crystals, with a 

chemical analysis in the SEM.  

The poor quality of the grinding technology of the natural cements allows 

fragments of calcined marl to remain unhydrated in the setting process, making 

easy to identify unhydrated belite crystals inside the lumps.  

On the other hand, in the production of the historic Portland cements, the 

continuous vertical kilns used in the production of natural cement were reused. 

The calcination process in this kind of kilns was longer than in a modern 



horizontal kiln and it allowed the belite and alite crystals to acquire a larger size 

than in modern Portland cement. The large size of the unhydrated alite crystals 

present in historic Portland cements greatly facilitates their identification by 

petrographic microscopy. 

After we have established this identification patterns, we apply a working methodology 

for the identification of natural cement in samples taken from representative buildings 

build between 1850 and 1965 in Madrid and Barcelona, which their historical 

documentation mentions the use of natural or Portland cement and have no suffered 

restorations, so they still have the original materials: 

1. Analyze the color of the polished thin section sample in the stereomicroscope. 

2. Analyze the presence or not of lumps of calcined marls in a petrographic 

microscope. 

3. Analyze the presence or absence of unhydrated alite and belite crystals in a 

petrographic microscope. 

4. Confirm the chemical composition of the unhydrated crystals in the SEM. 

 

 
Figure 4: Analysis of Collet, Tigre and Portland cement samples. Alite (A), belite (B). [7] 



Results. Application of the Natural cement identification methodology 

After we have established a working methodology for the identification of natural 

cement, we use it with samples taken from representative buildings build between 1850 

and 1965 in Madrid and Barcelona, which their historical documentation mentions the 

use of natural or Portland cement.  We have tried to ensure that the samples collected 

are representative of the time of construction of the buildings, even though they have 

undergone subsequent restorations. 

Thereby we can test this methodology for the identification of natural cements. 

 

Table 1 : Summary table of samples, Madrid (M) and Barcelona (B) 

* The building was originally a single-family dwelling 

 

Sample M1. 

The Velazquez Palace was built by Ricardo Velázquez Bosco between years 1881 and 

1883 for the national mining exhibition in the Retiro Park. The sample was taken from a 

run profile decoration of the facade.  

 

   
Figure 5: Main facade of the Velazquez Palace. Detail of the run profile decoraration where the 

sample was taken. 

Sample 
number 

Name  
Building 

Location 
(sample) 

Year Type of mortar 

M1 Velazquez Palace 
Museum 
building 

Facade 1883 In situ run profile 

M2 
Apartments 

Recoleto’s Street 
Residential 

building 
Interior patio 1863 Render 

M3 Music Palace Concert hall Column  1924 
Column of the 

original ballroom of 
the basements 

M4 Cerralbo museum 
*Museum 
building 

Garden pavilion 1884 
Balustrade. Cast 

decorative elements 

B1 Villarroel 
Residential 

building 
Facade 1900 

Cast decorative 
elements 

B2 
Hivernacle 

(greenhouse) 
Greenhouse 

Cladding metal 
structure 

1887 
Cast decorative 

elements 

B3 
Bellesguard 

Tower 
*Museum 
building 

Tower needle 1909 Masonry mortar 



 

In this case it is confirmed the use of natural cement on the facade decorations. With 

the use of petrographic microscope we can observe the characteristic lumps of over 

fired, well fired and under fired marls, typical of this kind of cement. This and the lack of 

alite crystals in the incompletely hydrated grains of cement confirm the use of natural 

cement in this building.  

 

  
Figure 6: Thin section photomicroscograph. Trasmited light. Detail of a lump of calcined marls 

(M) and the unhidrated belite crystals (B). 

 

 
Figure 7: Microphotography by SEM. Detail of a lump of calcined marl. 

 

Sample M2. 

The apartments building was built between 1863 and 1872 in 13th Recoleto’s Street 

promoved by Pascual Madoz. However, the building was restored in the beginning of 

the XX century. 

 

B M 

M 



   
Figure 8: Facade of the bluiding. Thin section photomicroscograph. Incident light.  Absence of 

lumps of calcined mars. 

 

A sample was taken from the render of an interior patio. In this case Portland cement 

was used for the mortar. It can be seen clearly with a petrographic microscope the 

presence of non-hydrated belita and alite crystals (Figure 9 y Figure 10) and the absence 

of lumps of calcined mars (Figure 8). 

 

  
Figure 9: Thin section photomicroscograph. Trasmited light. Detail of unhidrated belite (B)  and 

alite (A) crystals. 

 

 
Figure 10: Microphotography by SEM. Identification of unhydrated belite (B) and alite (A) 

crystals. 

B 

A 
B A 

A 

B 
B 



 

Sample M3. 

The Music Palace was built in 1925 by Secundino de Zuazo Ugalde. This sample was 

taken from a column of the original ballroom of the basements. In this case Portland 

cement was use for the building structure. As in the case of sample M2 it can be clearly 

seeing in the petrographic microscope unhydrated belite and alite cristals and the 

absence of lumps of calcined marls. 

   
Figure 11: Main facade of the building. Location of the column of the original ballroom, 

 where  the sample was taken. 

 

  
Figure 12: Thin section photomicroscograph. Incident light. Alite crystals (A) and large belite 

crystals (B).. Trasmited light. Detail of unhidrated belite crystals (B). 

 

     
Figure 13: Microphotography by SEM. Identification of unhydrated belite (B) and alite (A) 

crystals. 

B A 

A 
B 

A 

B 



 

Sample M4. 

Cerralbo museum was built in 1884 by the architect Alejandro Sureda, but its pavilion 

garden was built years later in 1891 by Luis Cabello y Asó. During the Spanish civil war, 

a bomb fell on the pavilion destroying part of the structure and decorations. The 

architect Manuel Martinez Chumillas was commissioned to restore it in 1940. 

 

   
Figure 14: Exterior view of the Cerralbo Palace. Garden pavilion. Detail of the damage of the 

balustrades of artifical stone. 

 

The sample was taken from one of the balustrades of the garden pavilion. The sample 

have a light brownish "natural cement" typical color.  

However, although grains on non-hydrated cement with exclusive belite crystals 

presence were found, the total lack of the characteristic lumps of calcined marls reveals 

that this is not a natural cement. We can say that this is a belitic cement calcined at low 

temperature.  

 

  
Figure 15: Thin section photomicroscograph. Incident light. The absence of lumps of calcined 

marls are observed. Thin section photomicroscograph; Trasmited light. Detail of unhidrated 

belite crystals (B). 

 

Sample B1 

The building it’s located in the “Eixample of Barcelona” and presents the typical 

constructive characteristics designed by Idelfons Cerdà. 

B 



It was built in 1900, years after the beginning of the constitution of the expansion of the 

city (1859-1867). This was a period of massive use of natural cement in Catalonia, and 

de facade have artificial stone ornamental elements that usually use this new material. 

 

   
Figure 16: Facade photography of the building in 1959. Detail of the ornamental elements of the 

Villarroel street facade. Sample detail. 

 

A sample is taken of one of these ornamental elements. The mortar presents a light 

brownish natural cement typical color. We can also see lumps of calcined marls with 

unhidrated belite crystals inside in the petrographic microscope. This and the absence 

of alite crystals or lime nodes in the mortar indicate that is a natural cement. 

 

 
Figure 17:  Thin section photomicroscograph. Trasmited light, crossed nicols. Detail of a lump 

of calcined marls with unhidrated belite crystals inside. 

 

   
Figure 18: Microphotography by SEM. Identification of Feldspars (F), plagioclase (PG) and a 

lump of calcined marl (M). We can also see unhidrated belite cristals (B) inside a lump of 

calcined marl. 

B F 

PG 

M 



Sample B2 

L'Hivernacle was built by Josep Fontserè in 1887 in the Ciutadella Park. This building is 

an example of the influence of the crystal Palaces of the universal exhibitions of the19th 

century in Barcelona architecture. Nowadays the building is under restoration. 

The structure of the building is made of steel frames, brick structure walls and a crystal 

roof. All of vertical structure is surrounded by artificial stone decorations. 

 

   
Figure 19: Indoor photograpies of the greenhouse. Detail of the artificial stone decorations. 

Sample detail 

 

A sample is taken in one of these decorative cash elements. In the optical microscope 

we can see the light brownish color of the sample and the presence of lumps of calcined 

marls with unhydrated belite crystals inside that indicate that is a natural cement. 

 

  
Figure 20: Thin section photomicroscograph trasmited light, crossed nicols. Detail of the lumps 

of calcined marls. Detail of the unhidrated belite crystals inside of a lump (B).  

 

B 



   
Figure 21: Microphotography by SEM. Detail of a lump of calcined marl with unhidrated belite 

crystals inside.  

 

Sample B3 

The Bellesguard tower was building and designed by Antonio Gaudí between 1900 and 

1909. This project and the Colonia Güell Crypt, are part of Gaudí's "testing workshop", 

where he puts into practice innovative architectural solutions that he will later use in 

the Sagrada Familia. Because Gaudi was one of precursors of the use of natural cement 

in Spain, is interesting to analyze the type of mortar used in the building.  

   
Figure 22: Fasade of Bellesguard tower and a detail of the masonry of the tower needle. 

 

A sample is taken of the masonry mortar of the tower needle.  The mortar has the 

characteristic brownish natural cement color. But if we analyze it closer in the 

petrographic microscope, we can see a completely different structure than in a natural 

cement sample. This characteristic color is due to the presence of ceramic fragments in 

the arid of the mortar that give it the hydraulic properties. This, and the presence of 

calcite nodules, which are currently carbonated, confirm that is a lime mortar. 

We also can observe that some of the ceramic fragments have a reaction edges with the 

conglomerate. 

 



 
Figure 23: Sample B3. Trasmited light, crossed nicols. Presence of a large number of ceramic 

fragments (C). Presence of calcite nodels (L). 

 

 
Figure 24: Sample B3. Trasmited light, crossed nicols. Visible reaction rim around a ceramic fragment. 

 

Table 2 : Summary table of results 

 

Sample number Year Type of mortar Type of binder 
M1 1883 In situ run profile Natural cement 
M2 1863 Render Portland cement 

M3 1924 
Column of the original 

ballroom of the 
basements 

Portland cement 

M4 1884 
Balustrade. Cast 

decorative elements 
Belitic cement 

B1 1900 
Cast decorative 

elements 
Natural cement 

B2 1887 
Cast decorative 

elements 
Natural cement 

B3 1909 Masonry mortar 
Lime with fired 

crushed ceramics 

C 

L 



Conclusions 

Three different types of conglomerates have been identified in the seven buildings 

studied.  Because the is more than 60 years that separated their construction dates, the 

coexistence of the different conglomerates is confirmed. 

The methodology used allows us to identify the type of binder. The peculiarities of the 

unhydrated phases visualized have allowed us to make the distinction between the 

natural cement and the Portland cement.  

This methodology has also allowed us to detect the mortars originally considered as 

originals and that the identification allowed us to date it after the construction of the 

building and therefore attribute it to a restoration. 
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