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Abstract: Slaked lime is traditionally a suitable material for use in construction activities in historic
and traditional buildings whose constitutive characteristics demand compatible and appropriate
material solutions. Therefore, knowing the physical and mechanical characterization of lime pastes
and mortars for use in restoration is considered an important step in the process of scientific devel-
opment of a material that, in the Mexican case, has lacked scientific rigor in its production, use and
commercialization. With this in mind, the present article aims to investigate the characteristics of
lime pastes and mortars that have been used in the traditional way and the new limes that exist in
the market, offering suitable options for restoration, for which an integrated methodology was used
consisting of physical tests such as surface area, electrical resistivity, pulse velocity, colorimetry, and
mechanical tests such as compressive strength, giving as a result that “traditional slaked” lime is
more likely to deteriorate than powdered lime, which leads us to conclude that powdered hydrated
lime has optimal characteristics for restoration activities.

Keywords: lime mortars; high-purity lime; restoration of monuments; cultural heritage conservation;
materials characterization; traditional techniques

1. Introduction

Building materials such as lime, gypsum and clayey soils were traditionally used as
binders and adhesives, but about two centuries ago, Portland cement began to displace
them [1,2]. These binders, thanks to their physical and mechanical properties, contributed
to the development of vernacular architecture and traditional techniques [3], taking part in
different structural construction systems, mainly in the form of mortars, with lime acting
as the essential binder [4]. Mortars used before the end of the 19th century are considered
old, traditional, or historical mortars [5]; therefore, lime is currently considered a material
basically used for restoration or rehabilitation [6].

Regarding the knowledge of the performance and possibilities of lime as a construction
material, it is necessary to know its manufacturing process and traditional application
techniques [7]. Furthermore, it is important to understand the durability properties and
behavior of the material against inclemency, as well as its own characteristics [8]. The
restoration of historic buildings is a complex process that requires much effort and a large
workforce to repair and preserve the architectural elements [9]. In Mexico, restoration is
one of the fields of study within the construction sector that has less scientific development
oriented to the use and study of materials compatible with the existing ones, with lime
being the main material to carry out this type of intervention [10].

The objective of this research is to characterize and analyze the properties of the differ-
ent types of current lime products, comparing them with slaked lime and thus exploring
some alternatives for restoration projects. This material is the one and only recommended
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by Mexican heritage institutions to carry out interventions due to its characteristics of
adherence, workability, plasticity, and compatibility with the original materials found in the
existing heritage. However, although these intervention criteria are strictly applied, there is
still no scientific endorsement to demonstrate the suitability of this recommendation since
historic mortars are very versatile and variable according to their application [1].

Slaked Lime and Its Traditional Use in the Architectural Heritage and Restoration Works in Mexico

Lime is a material that has been known since ancient times and has contributed to the
architectural development of many civilizations. It has great qualities of durability and
inalterability against climatic conditions [8], being the reason why different and distant
cultures explored its use. Vitruvius was one of the first authors to write about the use
of lime; in his treatise, he describes the selection process of the best limestone and the
considerations to be taken during calcination and hydration until the paste is obtained and
it can be used as a mortar [11]. Its use was widespread due to its easy production process
since it was obtained from the calcination of carbonate rocks [12]. The lime production
process has evolved a lot over time, thanks to the studies carried out by L. Vicat in the
19th century and the subsequent development of technology, which has allowed us to find
different types of quality lime available today.

Lime production begins with the extraction of calcium carbonate in the quarries,
crushing it to obtain a stone of homogeneous size, and transporting it to the kilns for
calcination at 900 ◦C. In this process, the CO2 contained in the stone is released into
the atmosphere, transforming the resulting product into calcium oxide, also known as
quicklime. Subsequently, the product obtained is hydrated to obtain calcium hydroxide or
paid lime. In Mexico, restorers still prefer to work with quicklime by “slaking the lime by
hand”, that is, placing it in sinks with water until it becomes a paste (see Figure 1); while
in the lime industry, the most common process is hydration by aspersion, turning it into
powder, to later place it in paper sacks and start commercial distribution.
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The development of modern technology has generated a variety of different types
and products of lime available at present, which can be classified from their degree of
purity to their chemical components. In Mexico, the Asociación de Fabricantes de Cal
A.C. has catalogued a total of six different types of limes: chemical lime, construction lime,
food-grade chemical lime, steel lime, agricultural lime, and dolomitic lime. Each one of
them has unique characteristics that make them suitable for the different industries and
processes where they are used.

Despite all this modern development, in the restoration field, these products are
little or no utilized. Slaked lime has been used in rehabilitation and conservation mainly
to elaborate mortars, which are used to restore, rebuild, and join existing pieces with
new elements in such a way that they work together as a single element, ensuring the
necessary characteristics to perform such an action [13]. In addition, these mortars and
refurbishments are used as sacrificial protections to safeguard the structure from inclemency
and erosion [14].
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For the restoration of historical buildings, the materials selected play an important
role in guaranteeing the feasibility and success of the intervention. In this sense, the choice
of calcium carbonate is very important regarding its origin, chemical characteristics, and
color. For example, when blue limestone is used, the resultant color of the lime tends to
be white; nevertheless, in the case of Michoacan (Mexico), lime usually has a beige tone
due to the natural color of the stones selected. We can see how in the Mexican context; the
color parameter is a conditioning factor for the final choice of the materials employed in
restoration works.

The aggressive environments and the modifications or alterations of the constructions
are some of the factors that negatively affect this heritage. One of the biggest problems we
face as professionals is the progressive degradation of the mortar joints of the structures [15];
therefore, it is necessary to know in depth the type of binder used so that it resists the
weather and assures compatibility with the structures. This can be achieved with the study
of the material from the mineralogical, chemical, mechanical and physical points of view.
This is why given that lime is one of the materials most traditionally used in built heritage,
it is of vital importance to understand it better for the correct conservation of the artistic
and built heritage [16].

The process of restoring traditional buildings requires great work and effort for the in-
depth repair of their architectural elements [9], so knowing the materials that can contribute
to the realization of quality work executed in the shortest time is indispensable for any
restorer. In this case, the calcium hydroxide powder currently on the market, which can
be easily acquired and applied without a previous traditional “lime slaking” process, is
likely to be compatible with the original materials with which traditional buildings are
constructed [17]. Regarding the compatibility of materials, it is necessary that these new
materials incorporated do not have a harmful effect on the original elements and that they
guarantee their affinity [18]. The lack of maintenance and conservation techniques applied
to heritage are factors that can produce severe deterioration [2], so the proper choice of
mortars to be used can ensure the success of the intervention [19].

Lime pastes are used for minor finishes since, with the incorporation of water, they
become a slurry that is used to repair discontinuities in the mortar layers [20]. This is why
it is necessary to know its behavior since lime mortars have not only been used for the
bonding of stone and masonry partitions but have also been traditionally used as finishes
in both interior and exterior walls [1], protecting the structure from the aggressions of
the environment.

2. Materials and Methods
2.1. Materials and Preparation of the Specimens

In Mexico, the lime industry is present in several companies. For this research, we
looked for reliable products with quality certifications; according to the technical data
sheets, the limes have properties (see Table 1). For this research, powdered limes were
taken directly from the kraft paper sack, while the pastes were hydrated for 900 days until
they were converted into a paste.

Table 1. Properties of the limes according to the manufacturers’ data sheets.

Lime pH Calcium Hydroxide
(%)

Silica
(%)

Molecular Weight
(g/mol)

Relative Density
(kg/L)

Water Solubility
(mg/L)

HP95 12.45 95–96 0.1–0.5 74.10 0.4–0.6 1650
HP90 12.45 90–94 0.1–2.0 74.10 0.6–0.7 1650

SL 12.45 75–85 0.1–2.0 74.10 0.5–0.7 1650
CL 12.45 80–95 0.1–2.0 56.10 0.7–1.3 1650

HCL 12.45 80–95 0.1–2.0 56.10 0.7–1.3 1650
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The limes used for this research are: powdered, high-purity lime with a calcium
hydroxide content of 95% (HP95), high-purity lime with a calcium hydroxide content of
90% (HP90) and construction lime (CL) with a calcium hydroxide content between 75%
and 85%, the latter being the most widely used and known by builders. For the limes in
paste, powdered construction lime was hydrated in a container until a paste (HCL) was
obtained, while for slaked lime, calcium oxide was taken and placed in a container until
a paste (SL) was obtained; both were left to macerate with a water mirror of more than
one centimeter. Most of the limes studied came from a lime mill in the state of Michoacán,
while HP95 came from the state of Puebla (Table 2).

Table 2. Lime samples used in this research.

ID Description Format Origin Quarry

HP95 High-purity lime with 95% calcium hydroxide Powder Acajete, Puebla, Mexico
HP90 High-purity lime with 90% calcium hydroxide Powder Piedras de Lumbre, Michoacán, Mexico

SL Traditional slaked lime matured for more than 900 days Paste Piedras de Lumbre, Michoacán, Mexico
HCL Construction industry lime hydrated for more than 900 days Paste Piedras de Lumbre, Michoacán, Mexico
CL Construction industry lime Powder Piedras de Lumbre, Michoacán, Mexico

Regarding the characterization of traditional, historical and archaeological mortars,
we can find some methodologies and proposals in the literature [21–23], being interesting
topics of study with several examples of heritage monuments [24]. In this research work,
the methodology included different testing methods to obtain the physical and mechanical
properties of the limes studied.

In this process, since there are no specific regulations for mortars in restoration, the
water/lime ratio of the mortar mixtures was determined by studying the ideal consistency
according to its use. For the three types of powdered lime studied, the volume ratio was
4:5:1.5, meaning 4 volumes of lime, 5 of sand and 1.5 of water were used. The sand used for
the mortars was obtained from the Joyitas quarry near Morelia in Michoacan, Mexico. In
Table 3, we can see the X-ray fluorescence (XRF) spectroscopy of the sands analyzed, while
in Table 4, the parts per million (ppm) of the different elements are displayed.

Table 3. X-ray fluorescence of the Joyitas sand.

FRX (%) SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 LC Total

59.74 0.782 17.024 5.909 0.089 3.426 5.264 3.636 1.648 0.217 0.55 98.285

Table 4. Parts-per-million of the Joyitas sand.

ppm Rb Sr Ba Y Zr Nb V Cr Co Ni Cu Zn Th Pb

50 591 567 31 177 56 96 76 75 64 148 107 <3 9

The total alkali silica (TAS diagram) for volcanic stones was: SiO2 = 59.74% and
Σ = Na2O + K2O = 5.284, which means that the volcanic sands surrounding Morelia are
andesites. These aggregate materials have been characterized in the materials laboratory of
the Universidad Michoacana de San Nicolas de Hidalgo (UMSNH) in previous research
works under international standards [25–27], as can be seen in Table 5.

While the lime pastes contained a higher amount of water, there was no need to add
more. The percentage of water contained in the lime pastes was obtained indirectly once
the ideal consistency had been determined (see Table 6). To obtain the water content of the
lime pastes, the specimens were weighed for days until the water completely evaporated,
obtaining a constant weight of the sample (see Figure 2).
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Table 5. Characterization and standards followed for the aggregate material.

Standard 2002 [25] 2008 [26] 2015 [27]

ASTM D75/D75M-19. Standard Practice for Sampling
Aggregates, (kg) [28] 500 500 500

ASTM C128-22. Standard Test Method for Relative Density
(Specific Gravity) and Absorption of Fine Aggregate, (%) [29] 2.41 2.33 2.3

ASTM C29/C29M 17a. Standard Test Method for Bulk Density
(“Unit Weight”) and Voids in Aggregate, (Ton/m3) [30] 1.305 1.14 1.23

ASTM C136/C136M19. Standard Test Method for Sieve Analysis
of Fine and Coarse Aggregates, (FM) [31] 3.58 3.03 2.19

ASTM C40/C40M-20. Standard Test Method for Organic
Impurities in Fine Aggregates for Concrete, (Level) [32] 1 1 3

ASTM D2419-22. Standard Test Method for Sand Equivalent Value
of Soils and Fine Aggregate, (%) [33] 96.98 98.19 97.5

ASTM C117-17. Standard Test Method for Materials Finer than
75-µm (No. 200) Sieve in Mineral Aggregates by Washing, (%) [34] 3.01 5.3 1.98

Table 6. Water content of pastes.

Type Lime Paste kg Water Content

SL 10.89 * 31%
HCL 11.35 26%

* The lime paste had already been strained to remove the non-hydrated parts (lumps).
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To carry out the experimental campaign, specimens of 5 × 5 × 5 cm3 were made, both
of pastes and lime mortars. Since there are no specific regulations on the preparation of
lime mortars in restoration, the standard for lime mortars NMX-C-061-ONNCCE-2015 [35]
was used. In the regulation, it is indicated that the samples should be demolded 24 h
after elaborating, but since the samples are made with lime, and especially for the pastes,
they were allowed to set 7 days before demolding to avoid damage due to handling (see
Figure 3).
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2.2. Surface Area

The purpose of this test is to determine the surface of the material in m2/g; with larger
areas, we obtain higher reactivity [36]. The samples were analyzed in the Institute for
Research in Metallurgy and Materials, at UMSNH, in Horiba equipment Model SA9601
STNE, MO (see Figure 4). The lime pastes were transformed into powder by drying the
pastes in an oven at a temperature of 60◦ before performing the test.
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2.3. Flowability Test

The mortars were tested with the flowability test in a fresh state to determine their
workability (see Figure 5). This test was performed based on the cement standard NMX-
C-144-ONNCCE-2015 [37]. The standard values for cement mortars should be around
110% ± 5% to be acceptable, being similar to the common masonry mortars.
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2.4. Ultrasonic Pulse Velocity Test

The ultrasonic pulse velocity (UPV) is a non-destructive test by means of ultrasonic
wave propagation, which allows us to know the homogeneity and density of the mortar
based on the NMX-C-275-ONNCCE-2020 [38] standard. The V-Meter MKIV equipment of
the JAMES INSTRUMENTS brand was used to perform this test (see Figure 6). With this
test, we can estimate the durability of mortars and pastes since limes have a higher water
absorption compared to cement mortars, and therefore the deterioration factors related to
environmental conditions can be studied comparatively [39]. For this test, specimens were
tested at 100, 200, and 1400 days.
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2.5. Electrical Resistivity Test

The electrical resistivity test can be used to determine the characteristics of some
material, its porosity, and also its saturation state [40]. The Mexican standard NMX-C-514-
ONNCCE-2019 [41] was used to perform this test. Porosity is a very important factor to
study since the greater the porosity of the mortar, the greater its water absorption capacity
will be, and consequently, its degradation speed will increase [42]. To perform this test, it
is necessary that the specimens are saturated in water, but since lime is a material with a
certain water solubility, the specimens were placed in molds submerged in one centimeter
of water and were sprayed daily with water for seven weeks until a constant weight was
reached. The saturated weight of the specimens was considered at 200 days and 1400 days,
and after that, the test was performed according to the previously mentioned standard (see
Figure 7).
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2.6. Colorimetry

Colorimetry is a non-destructive test [43], which allows us to determine the real colour
of an object with the following three parameters: the luminosity “L” (black-white range);
and the chromatic coordinates “a” (red-green axis) and “b” (yellow-blue axis) [44]. This test
was carried out to know the colour of the lime pastes and mortars studied since restorers
consider the white color of lime as an important aesthetic value in restoration works. The
CRLM-200 equipment was used (see Figure 8), which calculates the measurement through a
spectrophotometer that measures the response of the luminosity by means of light emission
on the surface of each specimen.
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2.7. Compressive Strength

The compressive strength trial is a destructive test, and its performance was based
on the Mexican standard NMX-C-061-ONNCCE-2010 [35]. The TINIUS OLSEN Universal
Testing Machine, with a capacity of 50 tons and approximations to 1 kgf, was used to carry
out the tests (see Figure 9); the specimens were tested at 100 days. In the case of lime pastes
and mortars, their strengths were expected to be low at early ages, compared to the cement
mortars, which are the objects of the regulations.
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3. Results
3.1. Surface Area

The surface area helps to understand the behavior of materials. In this case, having a
greater surface area means that there are more particles and they are smaller. Therefore,
the mixtures can be better agglomerated, making them more workable and adherent to the
surfaces. Previous research works in the laboratory allowed us to characterize the surface
area of lime specimens [36], as is shown in Table 7.

Table 7. Surface area results of limes.

Type HP95 HP90 SL HCL CL

Surface area
m2/gr 13.45 11.67 23.80 18.81 3.07

The surface area of SL is the highest of all, so its workability and adherence characteris-
tics are the best, and this is the reason why restorers have used it for centuries. Nevertheless,
it was proved that powdered limes, if macerated for a period (900 days in this research),
increase their surface area, and deflocculates. It was also observed that high-purity limes
(HP90 and HP95) have a higher surface area, being in powder form, than the common
construction lime (CL), so that the characteristics desired for restoration can be obtained
without having the extra process of slaking.

For restorers, the use of SL always was the best option since it had better empirical
workability, but they did not know that this parameter depended on the surface area. It
has been demonstrated that this characteristic increases when it is dissolved in water. In
the case of CL, it has a considerably low surface area value; however, with the hydration
process, its surface area increases.
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3.2. Flowability

The standard specifies flowability is 110% ± 5% for cement mortars. The results
obtained for lime mortars deviate from the standard, but it should be considered that the
standard is based only on cement-based mortars, as can be seen in Table 8.

Table 8. Flowability results for lime pastes and mortars.

Type HP95 HP90 SL HCL CL

Paste 115% 118% 132% 185% 139%
Mortar 125% 145% 132% 115% 112%

For the limes that were macerated, there is no exact control over the water content,
so the value obtained is higher. In restoration, there are no standards that determine the
necessary fluidity of the lime pastes; the data that exist are simply based on the workability
required by the applicator for the different uses.

As for the fluidity of the mortars, it was observed that these are different from cement
mortar data; therefore, it is not possible to have a base parameter, and it should be con-
sidered that each mixture is prepared according to the work to be done, the material to
be worked with, and the type of use of the mixture in the same way that happens with
the pastes.

The samples of mortars and pastes were kept in the molds for seven days since the
setting is a slow process, and it was observed, as expected, that the macerated limes
presented a higher volumetric shrinkage (see Figures 10–12). The lime pastes (CAA and
CCA) had the greatest shrinkage, about one centimeter, followed by HP95 and HP90 lime.
On the other hand, the volumetric shrinkage of CL lime was at least 1 mm. As for the
mortars, the volumetric shrinkage was lower than the pastes. This is due to the aggregate,
but even so, it can be observed that in the SL, there is minimal shrinkage.

Heritage 2023, 6, FOR PEER REVIEW  10 
 

 

Table 8. Flowability results for lime pastes and mortars. 

Type HP95 HP90 SL HCL CL 
Paste 115% 118% 132% 185% 139% 

Mortar 125% 145% 132% 115% 112% 

For the limes that were macerated, there is no exact control over the water content, 
so the value obtained is higher. In restoration, there are no standards that determine the 
necessary fluidity of the lime pastes; the data that exist are simply based on the workabil-
ity required by the applicator for the different uses. 

As for the fluidity of the mortars, it was observed that these are different from cement 
mortar data; therefore, it is not possible to have a base parameter, and it should be considered 
that each mixture is prepared according to the work to be done, the material to be worked 
with, and the type of use of the mixture in the same way that happens with the pastes. 

The samples of mortars and pastes were kept in the molds for seven days since the 
setting is a slow process, and it was observed, as expected, that the macerated limes pre-
sented a higher volumetric shrinkage (see Figures 10–12). The lime pastes (CAA and CCA) 
had the greatest shrinkage, about one centimeter, followed by HP95 and HP90 lime. On 
the other hand, the volumetric shrinkage of CL lime was at least 1 mm. As for the mortars, 
the volumetric shrinkage was lower than the pastes. This is due to the aggregate, but even 
so, it can be observed that in the SL, there is minimal shrinkage. 

  

Figure 10. SL and HCL pastes. 

 
Figure 11. Lime paste specimens. 

Figure 10. SL and HCL pastes.

3.3. Ultrasonic Velocity Pulse

The tests were carried out at 100, 200, and more than 1400 days on pastes and mortars.
This test provides information on the homogeneity and porosity of the samples and on
possible discontinuities by detecting cracks, crevices or voids that may affect the strength.
In this case, the parameters described in the standards are only for cement mortars, so the
values obtained are low compared to the reference ones. Therefore, the analyzed samples
have higher porosity [45].
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Figure 12. Lime mortar specimens.

The values of the pastes do not exceed 2000 m/s in any case except for HP95, while
the values of the mortars do exceed 2000 m/s at 1400 days. On the other hand, a change in
the values is observed with the aging, achieving higher values and, therefore, obtaining a
better homogeneity and lower porosity of the samples (see Table 9 and Figures 13 and 14).
This increase is highly appreciated in the mortars since the values of pastes remain more
constant over time.

Table 9. Ultrasonic pulse velocity of lime pastes and mortars.

Pastes (m/s) Mortars (m/s)

Type 200 Days 1400 Days 200 Days 1400 Days

HP95 2043.0 1757.67 1663.3 2096.09
HP90 1781.7 1804.12 1772.7 2638.34

SL 1897.3 1712.29 1286.7 1304.51
HCL 1631.0 1836.97 1229.3 1867.00
CL 1584.0 1945.65 1925.0 2605.91

The ultrasonic pulse velocity gives us information on the homogeneity and porosity of
the materials based on how long it takes for an electric pulse to pass through the material,
as measured in m/s. The paste samples tested at 100, 200 and 1400 days remained in a
range greater than 1400 m/s and less than 2050 m/s, except for HP95 at 100 days. From
100 to 200 days, there was an increase in all the samples analyzed. As for the samples
analyzed at 1400 days, the results that were low, such as CL and HCL, increased; the value
of HP90 remained within the range, and the SL and HP95 samples decreased.

The decrease in UPV may be due to the formation of cracks in the pastes in the absence
of sand, which acts as an inert addition that regulates and reduces the generation of cracks;
this did not occur in the mortars that contain sand.



Heritage 2023, 6 2593

Heritage 2023, 6, FOR PEER REVIEW  11 
 

 

 
Figure 12. Lime mortar specimens. 

3.3. Ultrasonic Velocity Pulse 
The tests were carried out at 100, 200, and more than 1400 days on pastes and mortars. 

This test provides information on the homogeneity and porosity of the samples and on 
possible discontinuities by detecting cracks, crevices or voids that may affect the strength. 
In this case, the parameters described in the standards are only for cement mortars, so the 
values obtained are low compared to the reference ones. Therefore, the analyzed samples 
have higher porosity [45]. 

The values of the pastes do not exceed 2000 m/s in any case except for HP95, while 
the values of the mortars do exceed 2000 m/s at 1400 days. On the other hand, a change in 
the values is observed with the aging, achieving higher values and, therefore, obtaining a 
better homogeneity and lower porosity of the samples (see Table 9 and Figures 13 and 14). 
This increase is highly appreciated in the mortars since the values of pastes remain more 
constant over time. 

Table 9. Ultrasonic pulse velocity of lime pastes and mortars. 

 Pastes (m/s) Mortars (m/s) 
Type 200 days 1400 days 200 days 1400 days 
HP95 2043.0 1757.67 1663.3 2096.09 
HP90 1781.7 1804.12 1772.7 2638.34 

SL 1897.3 1712.29 1286.7 1304.51 
HCL 1631.0 1836.97 1229.3 1867.00 
CL 1584.0 1945.65 1925.0 2605.91 

 
Figure 13. Ultrasonic pulse velocity in pastes. 

0

500

1000

1500

2000

2500

3000

HP95 HP90 SL HCL CL

m
/s

200 days

1400 days

Figure 13. Ultrasonic pulse velocity in pastes.

Heritage 2023, 6, FOR PEER REVIEW  12 
 

 

 
Figure 14. Ultrasonic pulse velocity in mortars. 

The ultrasonic pulse velocity gives us information on the homogeneity and porosity 
of the materials based on how long it takes for an electric pulse to pass through the mate-
rial, as measured in m/s. The paste samples tested at 100, 200 and 1400 days remained in 
a range greater than 1400 m/s and less than 2050 m/s, except for HP95 at 100 days. From 
100 to 200 days, there was an increase in all the samples analyzed. As for the samples 
analyzed at 1400 days, the results that were low, such as CL and HCL, increased; the value 
of HP90 remained within the range, and the SL and HP95 samples decreased. 

The decrease in UPV may be due to the formation of cracks in the pastes in the ab-
sence of sand, which acts as an inert addition that regulates and reduces the generation of 
cracks; this did not occur in the mortars that contain sand. 

In mortars, the UPV remained between 1200 and 2700 m/s, with UPV increasing with 
respect to the age of processing between 200 and 1400 days in all cases. Therefore, we can 
consider that the pastes and mortars with the highest homogeneity and lowest porosity, 
tested at more than 1400 days, are the CL samples, followed by HP90, HP95 and HCL, 
with lower SL values. Therefore, it is considered that CL and HP90 are the ones with the 
best characteristics to avoid deterioration of the material and have the least number of 
cracks. 

3.4. Electrical Resistivity 
The results of the electrical resistivity were carried out with specimens at 200 days 

and 1400 days, both in pastes and mortars. Table 10 shows the results of all the specimens 
in Ω·cm, while Figures 15 and 16 display the variation over time of pastes and mortars 
separately. Mortars reached higher values since the presence of the aggregates obstructs 
the passing of the electrical current. 

Table 10. Electrical resistivity of lime pastes and mortars. 

 Pastes (Ω·cm) Mortars (Ω·cm) 
Type 200 days 1400 days 200 days 1400 days 
HP95 882.07 119.97 1546.35 1420.88 
HP90 765.8 285.74 2433.1 2656.91 

SL 418.94 647.29 1061.06 1113.77 
HCL 520.23 686.01 2579.69 3361.05 
CL 513.36 464.05 1533.07 3151.43 

0

500

1000

1500

2000

2500

3000

HP95 HP90 SL HCL CL

m
/s

200 days

1400 days

Figure 14. Ultrasonic pulse velocity in mortars.

In mortars, the UPV remained between 1200 and 2700 m/s, with UPV increasing with
respect to the age of processing between 200 and 1400 days in all cases. Therefore, we can
consider that the pastes and mortars with the highest homogeneity and lowest porosity,
tested at more than 1400 days, are the CL samples, followed by HP90, HP95 and HCL, with
lower SL values. Therefore, it is considered that CL and HP90 are the ones with the best
characteristics to avoid deterioration of the material and have the least number of cracks.

3.4. Electrical Resistivity

The results of the electrical resistivity were carried out with specimens at 200 days
and 1400 days, both in pastes and mortars. Table 10 shows the results of all the specimens
in Ω·cm, while Figures 15 and 16 display the variation over time of pastes and mortars
separately. Mortars reached higher values since the presence of the aggregates obstructs
the passing of the electrical current.
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Table 10. Electrical resistivity of lime pastes and mortars.

Pastes (Ω·cm) Mortars (Ω·cm)

Type 200 Days 1400 Days 200 Days 1400 Days

HP95 882.07 119.97 1546.35 1420.88
HP90 765.8 285.74 2433.1 2656.91

SL 418.94 647.29 1061.06 1113.77
HCL 520.23 686.01 2579.69 3361.05
CL 513.36 464.05 1533.07 3151.43
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Figure 16. Electrical Resistivity in Mortars.

Electrical resistivity is the test that indicates how the material opposes the passing
of electric current. This parameter is related to the porosity, and the higher the electrical
resistivity of the sample, the higher its porosity. The pastes tested at 200 days ranged
between 400 and 900 Ω·cm, while the ones tested at 1400 days ranged between 100 and
700 Ω·cm. The SL and HCL pastes are the only ones that showed an increase over time,
while CL had a slight decrease, and HP95 and HP90 reported more variability, the latter
being the ones with lower porosity and more suitable for use. Theoretically, an increase in
the electrical resistivity over time would be expected; however, the values diminished for
the HP95 and HP90 specimens, which could be on account of the formation of fissures in
the samples, which prevent the continuity of the electric current.



Heritage 2023, 6 2595

For the mortars, at 200 days of age, the range values obtained varied between
1000 and 2600 Ω·cm. The lowest measurement is SL, and the highest is HCL. For the
tests performed at 1400 days, the range was 1100–3400 Ω·cm, with HCL being the highest
and SL the lowest. In general, in the case of the mortars, the samples presented an increase
in electrical resistivity, except HP95, which demonstrated a negligible decrease, probably
due to the presence of some fissures.

3.5. Colorimetry

The results are shown in Table 11, where the “a*” parameter represents the red-green
axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the “L*”
parameter represents the lightness from pure black to pure white. The table also displays
the real color of the samples generated with the CIE scale. The nearer a sample is to L = 100,
the whiter it is; thus, we can see how the HP95 lime paste is the one closest to the “purest”
white, while the traditional slaked lime mortar (SL) is the darkest. It is notable how the
volcanic sands provide grey and darker tones to the mixtures, but at the same time, they
are needed for the other properties they achieve.

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system.

Pastes a* b* L* Color Mortars a* b* L* Color

HP95 0.73 4.55 93.53

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

HP95 0.25 2.55 87.42

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

HP90 1.41 6.59 90.60

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

HP90 0.93 4.98 85.53

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

SL 1.65 7.13 89.40

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

SL 0.93 5.10 83.33

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

HCL 2.00 7.60 90.29

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

HCL 0.85 5.31 86.96

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

CL 1.70 6.39 90.08

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

CL 1.10 4.75 87.45

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the
quarry and the place of extraction.

Heritage 2023, 6, FOR PEER REVIEW  14 
 

 

3.5. Colorimetry 
The results are shown in Table 11, where the “a*” parameter represents the red-green 

axis, the “b*” parameter represents the yellow-blue axis of the chromatic scale, and the 
“L*” parameter represents the lightness from pure black to pure white. The table also 
displays the real color of the samples generated with the CIE scale. The nearer a sample is 
to L = 100, the whiter it is; thus, we can see how the HP95 lime paste is the one closest to 
the “purest” white, while the traditional slaked lime mortar (SL) is the darkest. It is notable 
how the volcanic sands provide grey and darker tones to the mixtures, but at the same 
time, they are needed for the other properties they achieve. 

Table 11. Colorimetry values for pastes and mortars with respect to the CIE system. 

Pastes a* b* L* Color Mortars a* b* L* Color 

HP95 0.73 4.55 93.53 
 

HP95 0.25 2.55 87.42 
 

HP90 1.41 6.59 90.60 
 

HP90 0.93 4.98 85.53 
 

SL 1.65 7.13 89.40 
 

SL 0.93 5.10 83.33 
 

HCL 2.00 7.60 90.29 
 

HCL 0.85 5.31 86.96 
 

CL 1.70 6.39 90.08 
 

CL 1.10 4.75 87.45 
 

To identify the color variations between the different limes, the “a*” and “b*” coor-
dinates are shown in Figure 17. The mortars are farther away from both axes, except for 
mortar HP95. Nevertheless, the tone of the pastes and mortars is totally influenced by the 
quarry and the place of extraction. 

 
Figure 17. Colorimetric values a* and b*. 

In the colorimetric study of the pastes and mortars, it was observed that the values of 
paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more distant 
range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico). How-
ever, all the specimens present an acceptable color for their use in restoration, being the 
cause of the lime quarry where the calcium carbonate is extracted for its production. 

HP95

HP90

SL

HCL
CL

HP95*

HP90*
SL*

HCL*

CL*

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8

a*
 a

xi
s 

(r
ed

-g
re

en
)

b* axis (yellow-blue)

Mortars

Pastes

Figure 17. Colorimetric values a* and b*.



Heritage 2023, 6 2596

In the colorimetric study of the pastes and mortars, it was observed that the values
of paste and mortar for HP95 lime, coming from Acajete (Puebla, Mexico), are in a more
distant range than the other limes that come from Piedras de Lumbre (Michoacan, Mexico).
However, all the specimens present an acceptable color for their use in restoration, being
the cause of the lime quarry where the calcium carbonate is extracted for its production.

3.6. Compressive Strength

Table 12 shows the compressive strength of the paste and mortar specimens at 100
and 1400 days, with a logical improvement in the mechanical capacities of the materials.
Figures 18 and 19 display these increases for each one of the groups. It is notable that the
performance of pastes reaches high values, especially for SL, with a considerable increase
in the resistance over time. On the other hand, the best specimens for mortars were HP90
and CL.
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Regarding compressive strength, the results obtained in the pastes tested at 100 days
were between 0.8 and 2 MPa, with the HP95 paste having the lowest value and the SL paste
having the highest value. There was an increase in the results obtained in the tests carried
out at 1400 days, obtaining results in a range of 2.2 to 4.6 MPa; SL obtained the highest
value, while the lowest was for HP90. In the pastes, it was observed that the macerated
limes obtained higher values than the powdered limes.

For mortars tested at 100 days, the results were between 0.9 and 1.9 MPa; CL was
the highest value, and HCL was the lowest. An increase could also be observed in all the
samples tested at 1400 days, with the lowest value obtained for HCL at 1.12 MPa and the
highest obtained for HP90 at 4.75 MPa.



Heritage 2023, 6 2597

Heritage 2023, 6, FOR PEER REVIEW  15 
 

 

3.6. Compressive Strength 
Table 12 shows the compressive strength of the paste and mortar specimens at 100 

and 1400 days, with a logical improvement in the mechanical capacities of the materials. 
Figures 18 and 19 display these increases for each one of the groups. It is notable that the 
performance of pastes reaches high values, especially for SL, with a considerable increase 
in the resistance over time. On the other hand, the best specimens for mortars were HP90 
and CL. 

Table 12. Compressive strength of specimens. 

 Pastes (MPa) Mortars (MPa) 
Type 100 days 1400 days 100 days 1400 days 
HP95 0.84 2.58 1.34 2.47 
HP90 1.09 2.23 1.60 4.66 

SL 1.90 4.42 1.11 1.77 
HCL 1.57 2.97 0.91 1.10 
CL 1.53 3.13 1.80 4.57 

 
Figure 18. Compressive strength of pastes. 

 
Figure 19. Compressive strength of mortars. 

  

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

HP95 HP90 SL HCL CL

M
Pa

200 days

1400 days

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

HP95 HP90 SL HCL CL

M
Pa

200 days

1400 days

Figure 19. Compressive strength of mortars.

4. Conclusions

The objective of this research is to characterize and analyze the physical and mechani-
cal properties of the different affordable types of lime in Mexico for restoration works. New
alternatives, such as the high-purity or chemical limes, are compared with the artisanal
slaked lime, which is the material recommended and applied for these purposes. With
knowledge of the characteristics and behavior of these different limes, we can assess the
suitability of each one for different restoration processes, finding new developments of the
traditional techniques.

Properties such as the surface area show us the suitability of the different limes for
specific works. With the experimentation, it has been demonstrated how the slaking process
increases the value of the surface area. This is widely known for the artisans and restorers
and, at the same time, is precisely one of the more appreciated features of slaked lime in
the field. Nevertheless, it is interesting how HP90 and HP95 reached high values and great
workability properties without having to be dissolved in water, as they can be applied
immediately, significantly reducing their work time.

Non-destructive testing, such as UPV and electrical resistivity, is extremely useful
when working with heritage. These tests give us information about the internal composition
of the specimens, the homogeneity, and the porosity of the different mixtures. The UPV
results presented good values, with considerable increases over time for the mortars,
especially the ones prepared with high-quality limes. On the other hand, the electrical
resistivity reported more variation of the results in both pastes and mortars; nevertheless,
it is important to consider that this test is designed mainly for Portland cement, and it is
expected to find different values for lime. According to the standards applied, the pastes
do not comply with the required values, while the mortars do; HP90 correlates with normal
quality mortars, while CL and HCL are correlated with high-quality mortars, as all of them
are limes in powder with easier and quicker application.

Regarding compressive strength, the use of mortars and pastes in restoration works
does not demand particularly high mechanical resistance, as they are used to repair and
protect the masonries and structures. Both pastes and mortars experience a substantial
increase in their resistance over time, reaching remarkable values at 1400 days. All the
limes in powder format (CL, HP90 and HP90) showed good performance, denoting how
they could be used instead of the traditional mixtures.

In general, HP95 and CL obtained interesting results, as both reached acceptable and
good results, and consequently, they could be of value for alternative use. The high-purity
limes achieved great results regarding their surface area, better than construction lime and
inferior to the slaked limes; however, they avoid the entirety of the long process of slaking.
In this sense, they give the restorers the option to improve the adherence and workability
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of these materials through their maceration process in shorter periods. These limes are
easy to access and handle since they are acquired in powder form. To take advantage of
the characteristics of these two limes, it is necessary to make correct dosages and to have a
qualified labor force.
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