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Abstract: Ecuador has 4000 Km2 of volcanic nanoclay reserves that could be industrialized. An 
immediate application is to modify the local AC-20 asphalt with this aggregate. This resource was 
characterized with FTIR, XRD, FRX, SEM, BET, Laser Granulometry, SPECMIN, TSG, TGA, DTG, 
DSC and Atmospheric Adsorption. FTIR showed vibration peaks Si and Al. X-ray diffraction 
indicated the presence of silicates and alumina, BET measured particle size (30 to 250 nm), and the 
SSA property measured the specific surface area (280.38 m2/g). Chip rock (natural clay) was treated 
with H2O2 or NaOH or NH3 and evaluated with SPECMIN -TSG obtaining spectra close to 
vermiculite, allophane and bentonite minerals. At 1000 °C additional samples were calcined in 
Thermogravimetry (TGA), Differential Thermogravimetry (DTG), Differential Thermal Analysis 
(DCS), with mass loss around 40%, corresponding to organic matter, hydroxyl (OH) and destruction 
of its structure with spicule formation at 956 °C. With the DSC there were endothermic and 
exothermic manifestations. The Si/Al layers would have micro and meso porosity, it was also found 
to be a nanoparticulate material, with high adsorption capacity. At temperatures above 350 °C, its 
structure collapsed.  Thus, this synthesized nanoclay will be used as an additive to form new 
materials. 
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1. Introduction 

 The present study begins by reviewing the most important events chronologically, of the 
investigations of clay minerals. This material is very important and used in the world, since ancient 
times, different cultures have used ceramics; it is used as raw material for the elaboration of various 
elements, articles, and to generate new chemical substances for use in human life,(1). In 1898 Knight 
discovered bentonite, in 1917 it was confirmed that bentonite was volcanic ash,(2), in 1925 the 
compounds of montmorillonite (MMT) were known,(3), in 1927 X-ray diffraction (XRD) was applied 
to know the chemical constitution,(4), in 1930 the atomic structure of layers of clay silicates was 
investigated,(5), in 1931 the crystalline constitution of clays was studied,(6), in 1932 it was 
investigated a structure for kaolinite,(7), in 1935 the thermal behavior of kaolin was evaluated, (8), in 
1942 the electron microscope was used as a tool for investigating clay,(9), in 1945 the Committee for 
the Study of Clay Minerals in the USA,(10), in 1949 the MMT Organ was used industrially,(11), in 
1978 it was proposed to bring bentonite to a commercial level,(12), in 1987 physical, mechanical and 
thermal properties were defined to synthesize nanocomposite polymers,(13) , since 1993 the polymer 
was widely used and the first hybrid Nylon-6/clay exfoliation was carried out,(14), in 2002 clay 
nanocomposites were prepared and rheological, thermal and mechanical properties were 
evaluated,(15), in 2007 was used as a reinforcing agent in the impact toughness of polyethylene-clay 
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and polypropylene-clay nanocomposite systems,(16). In 2009 and 2010, a German scientific mission 
carried out nanometric measurements of clays and calculated the commercial volumes of these 
deposits in Ecuador,(17), in 2010 nanoclay was used in asphalt mixtures,(18) , in 2012 the use of 
nanoclay in mixtures was evaluated, economically reasonable,(19), in 2013 progress was made for the 
Hot Mix Asphalt (HMA) with nanoclay,(20), in 2017 the performance of modified asphalt, was 
studied,(21). 

In Ecuador, in the province of Santo Domingo de Tsáchilas, 120 km south of Quito, there are 
important accumulations of weathered clayey materials, coming from ash, volcanic breccia, and 
pyroclastic flows. All these materials were the result of the eruptions of the Ninahuilca, Illiniza and 
Quilotoa volcanoes, in the Andean royal range; that is, they constitute the San Tadeo geological 
formation, in an area greater than 4000 km2, (22). The current objective is to present a study of the 
nanotechnological and thermal characteristics of this material. For our purposes, the work is directed 
exclusively to the knowledge of 4 types of clays: kaolinites, montmorillonites, illites and chlorites, 
and their subdivisions, each branch of these minerals has specific properties with different industrial 
applicability,(23). Several nanometric properties were measured, such as the specific surface area of 
the clay, and it was found that the material has a great covering capacity; chemical analyzes showed 
the presence of aluminosilicate functional groups with a Si/Al ratio of 1.6, nanometric particle size, 
significant adsorption levels, etc.,(22). In additional studies, this previously synthesized material was 
used as a nanometric modifier additive for AC-20 Asphalt from the Esmeraldas State Refinery in 
Ecuador, and a considerable improvement was achieved in the performance of the new binder, work 
explained in an additional research article. In the world there are some deposits of clay rich in 
allophane such as in Chile, Costa Rica, Russia, New Zealand, and Ecuador, (24). However, to date in 
this country, these natural resources are not used or exploited, so it is necessary to advance in a 
proposal for its techno-scientific and industrial development, (25). 

2. Materials and Methods 

2.1. Clay Samples 

The samples were taken from the different geological horizons (Figure 1) in the San Tadeo 
formation (0°14’14.13’’S; 79°14’27.05’’E, elevation 443 m ASL), using the Panel method (26). The basic 
equipment needed in rock sampling is Map of the region, compass, hammer, magnifying glass, 
pocketknife, acid (10 % HCl), indelible marker, nylon bags, notebook, ruler, gloves, safety glasses, 12-
pound hammer, 20 cm long chisels, and boxes for the safe transport of samples. The collected samples 
were preserved in correctly labeled and geo-referenced containers to avoid these materials be 
contaminated. Samples of 10 kg were taken the following depths: sample A1 at 1 m, A2 at 3 m, A3 at 
4.5 m, A4 at 6 m, A5 at 11 m and A6 at 16 m. The upper levels were of greater geological interest for 
this research, according to previous studies (27). 

 
Figure 1. Stratigraphic column of the San Tadeo formation, with clay levels A1-A5 and Halloisite 

(A6). 
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2.2. Organic matter and carbonate removal treatment 

Different clay samples of different levels were prepared. The material was diluted in distilled 
water, decanted and the supernatant of larger amorphous solids was separated (pH of the solution 
was 6,851). In order to eliminate organic matter, they were treated with H2O2 at 50 % and 10 % in 
concentration and in a 1:1 ratio by weight, subsequently washed with distilled water, and then they 
were dehydrated for 12 h at a nominal temperature of 105 °C, additionally they were grinding in an 
Agate mortar to achieve maximum disaggregation, until particles less than 0.005 mm are achieved, 
in this monomodal phase (28). Two types of samples were prepared for nanometric tests: a) samples 
not treated with electrolytic chemicals and b) treated with HCl, NaOH or NH3 (in aqueous solutions 
of 5M concentration), to remove impurities such as carbonates and carbonaceous material, and 
washed until obtaining a pH value between 6.7 to 7.1 (29). The colloidal mass of the supernatant was 
dried at the temperature of 105 °C, for a period of 12 h (30). Representative samples were selected for 
laboratory analysis in electron microscopy, radiation, and thermogravimetry. The chemicals used 
comply with quality standards and certifications and were supplied by Lenntech USA LLC 
Laboratories (30).  

2.3. Infrared Spectrometer, FTIR 

The sample was placed in a container and previously dried in an oven at a nominal temperature 
of 105 °C, each sample was treated with potassium bromide (KBr), then analyzed by infrared, FTIR, 
with a VERTEX Model: 70 equipment, that it has the spectral range of 400 to 10000 cm-1; it was 
evidenced the existence of functional groups of Si, Al, Fe and OH, characteristic elements of volcanic 
clays (31). 

2.4. X-ray diffraction, XRD 

The X-ray diffraction of the A1 level samples was investigated with the D8 ADVANCE kit 
(Bruker), at 40 kV and 40 mA, Cu Kα source radiation (λ =1.5418). The diffraction angle 2θ was 
scanned from 2° to 65° at a speed of 2°/min and step size of 0.05°. Bragg´s law was used to calculate 
the distance between the silicate layers. 

2.5. X ray fluorescence, XRF 

Samples of the processed mineral were taken, dried at 105 °C and grounded in an agate mortar, 
until obtaining a grain size of less than 0.005 mm on average, and 40 mg of sample + 100 mg of  boric 
acid were mixed in the container until having a totally homogeneous material, used to fabricate 
briquettes of the mineral at 30 mg/cm2, and; with the appropriate pressure, it was verified that the 
surface is isotropic; which allowed to make correct measurements with the X-ray equipment S8 Tiger 
(XRF) (32). 

2.6. Scanning electron microscope, SEM 

To observe the grain contours of the clay sample and to identify the characteristics of the μm 
and nm scale on the surface of the grain, the laminar samples were covered with a thin gold film. The 
sample holder was placed in a rotation stage on the cartesian x, y and z axes in the SEM vacuum 
chamber. A heated tungsten filament generates and accelerates the electrons to a constant emission 
flow of 100 μA and variable voltages from 15 to 30 kV. The magnification of 100 × up to 25000 of the 
ZEISS brand ULTRA 55 equipment (SEM) must be varied, and lobular accumulations of different 
diameter were observed (33). 

2.7. BET Isotermhemical  

The methodology indicated was used to prepare a 0.05 g sample of particulate clay where the 
organic matter was previously chemically removed. The sample was exposed to a nitrogen N2 
atmosphere and at a temperature of 300 °C, for 3 h, the specific surface area of the sample was 
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evaluated. The technology used was Multi Point BET and the collected data of the adsorption and 
desorption isotherms of the sample was determined (34). 

2.8. Laser granulometry  

The particle size of the nanoclay was investigated, to this end, 0.025 g of the previously 
dehydrated sample was taken at 105 °C. Nanometric particles tend to rise towards the top of the 
calcination chamber and the heaviest ones accumulated in the bottom of the container; consequently, 
the sample was taken at three points in the container. The diameter of the particles and their size 
distribution were obtained by the device called Laser Scattering Particle Size Distribution Analyzer 
LA-950V2 (35). 

2.9. SPECMIN, TSG 

SPECMIN software processed the spectral data and the images obtained by the HyLogger3, 
identifying the minerals through its algorithms, same TSG. The physical phenomenon is due to the 
reflectance of the incoming sample, and in contrast to the patterns of the mineral libraries embedded 
in the equipment. The deflection intervals of the curves and their specific depths were determined. 
Therefore, the evaluated clays were adjusted with 3 standards (36). 

2.10. Thermogravimetry, TGA 

Six samples (0.0722 mg) were tested by the TGA at the different levels A1-A6 indicated before, 
the same ones that were previously dehydrated at 105 °C. With the DSC-TGA equipment (mod. SDT 
Q 600), tests were carried out on the clay samples, which suffered a continuous loss of mass at variable 
speed, with a nitrogen atmosphere and over the range of 600 to 1000 °C, air; with a heating rate of 10 
°C/min (37); on the other hand, the thermogravimetric differential (DTG) allowed the evaluation of 
the temperature differential of the TGA as a function of time, therefore, evidenced the variation in 
the physical and chemical properties of the calcined samples, denoting endothermic and exothermic 
behaviors in the heating process until reaching 1000 °C (38). 

2.11. Differential scanning calorimeter, DSC 

The tests of the thermal differentials of the samples were carried out with the DSC-TGA 
equipment (mod. SDT Q 600). 12–15 mg of sample was used, and heated between 1 and 1000 °C, 
under an atmosphere of N2 and air above 600 °C; the heating rate was 10 °C/ min. For materials such 
as polymers, the kit can display glass transition, melting, and crystallization temperatures; as well as 
the enthalpy of fusion and crystallization (39)(40). 

2.12. Atmospheric Adsorption Test 

For this test, seven samples (30 mg) were taken, which were cooked at a controlled temperature 
up to 325 °C at 10 °C/min and left to rest in an air atmosphere with humidity of 80 %. Observations 
were obtained from the BOECO-Germany-Instruments high precision balance system (0.001 g 
sensitivity), which measured the increase in mass as a function of time, the readings were recorded 
every 5 min until reaching 2500 min (41)(34). 

3. Results and Discussion 

3.1. Characterization of volcanic clays from Santo Domingo de los Tsáchilas  

It was essential to verify the composition, chemical and radiological properties, particle size, 
structure, and more characteristics of the nanoclay in Ecuador, in order to develop the project for the 
use of this material as an asphalt modifying additive. For this, level A1 samples were selected for 
spectral characterization, since they contain allophane fractions at 65% concentration. We will start 
by evaluating the following elements: 
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1.-Determination of functional groups of the clay, in 2 samples, A1 and its modified A1+NaOH. 
FTIR was used, in Figures 2a and 2b the respective spectra are shown: (a) clay sample treated 

with NaOH and (b) untreated sample (fragments of natural rock). In (a) the values of the depressed 
peaks were found at 3249.66, 1585.54, 1280.39, 918.20, 791.30 and 603.95 cm-1. The interpretation 
indicated that the value 3249.66 cm-1 corresponds to the possibility of the existence of OH groups of 
the Si-OH and Al-OH structures. The value of 1585.54 cm-1 was found to be deeper due to the 
treatment of the sample with H2O2, proving the existence of OH groups within the molecules of the 
structure. At 1280.39 cm-1 it showed the manifestation of the typical vibrations of the OH-Al bonds. 
The peaks 918.20, 899.26 and 791.30 cm-1, are the result of the energy absorption of the Si-O-Si, Si-
OH-Al and Si-O-Al molecules within the framework of the octahedron. In sample (b) depressed 
peaks were found at 3255.25, 1597.00 and 899.26 cm-1; the value of 3255.25 cm-1 showed the existence 
of Al-OH and Gibbsite groups that constitute the allophane planes. In 1597.00 cm-1 the existence of 
OH radicals belonging to the octahedral structures of laminar Al was demonstrated. In 899.26 cm-1 
the existence of the Si and Al, Si-O-Si and Si-OH-Al structures was indicated. Values less than 500 
cm-1 indicated the absence of volcanic ash, and it is a typical wall with a clayey structure such as 
(OH) Si (OAl)3; the definition of each functional group is approximate(42). 

2. Determination of the clayey minerals present in the A1 samples. 
 XRD was used and the results are obtained in Figure 2c, the intensity of the 2θ = 26.55° peak 

indicates the presence of quartz and silicon elements, the allophane has mixed quartz at 2θ = 28.15° 
and 18.65° with non-crystalline material. Low peaks with angles of 2θ = 10.58° correspond to 
actinolite and in values of 2θ = 5.0° montmorillonite, typical of volcanic soils and sedimentary bodies. 
The sample presented different clay minerals that make up the nature of an amorphous material,(43). 

3.- Determination of the size and dimensions of the particle of the sample A1 
With the SEM the arrangement of the structure of the clay particles was observed; in Figure 2d 

the accumulations of particles with a diameter of 152.67 nm (a) and 243.74 nm (b) were verified. The 
clays are almost “nano” in size in this image and can be seen as globules. It is a typical characteristic 
of nanoclay to organize themselves in a circular or annular structure. Other researchers have 
determined, with TEM transmission electron microscopy tests, particles with a diameter between 3.0 
to 5.5 nm within the spheroidal or annular structure. The particle size is nanometric,(44). 

4.-Chemical analysis (XRF) and results of adsorption and desorption tests (BET) of sample A1 
In Table 2, the results of the calcination at 956 °C of 3 samples of the material of level A1 are 

presented. Chemical analysis was carried out with XRF, where was found that the largest fraction of 
atoms were Si and Al, with respect to unity; the other fractions in lower magnitudes were found from 
the chemical elements of Fe, Na, Ca, Ti, Mg, K, Mn, P and S,(45). Additionally, BET tests were 
performed, and the adsorption and desorption isotherms of the activity between the nanoclay and a 
fraction of N2 were presented 

 

Figure 2. Spectra of the clay sample in the FTIR, (a) Sample treated with NaOH, (upper); (b) Natural 
sample, (lower); (c) Diffractogram of a particulate clay sample in the DRX; (d) Image of the particulate 
clay exposed to the SEM electron microscope. 
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It was observed that the curves do not coincide, that is, there is hysteresis in the adsorption 
phenomenon, which means that the N2 content in desorption is greater than absorption, because 
molecular interactions occur between the components of the clay,(43). 

The clays are agglomerated and have a mesopore between slit-shaped plates where some of the 
gas was possibly retained. The Kelvin equation can be used to calculate the pore size distribution, 
based on adsorption-desorption isotherms. According to the Brunauer – Deming, - Deming – Teller 
classification, specific surface area was determined in various samples, whose average value is 280.38 
m2/g (very acceptable value) (46) (47).  

5.-Determination of laser granulometry, and match with clay mineral standards with TSG and SPECMIN  
On the other hand, the Laser Granulometry test was performed, which allowed to know the 

diameter of the clay particles and their distribution of their sizes 71.2 % of particles had a maximum 
diameter of 200 nm, 43.3 % reached 100 nm, and the total of particles did not exceed 250 nm  (it has 
micro and meso porosity),(48).  

Table 1. Data from X-ray Fluorescence analysis results. 

        
Element Sample 1 Sample 2 Sample 3 

Si 0,3077 0,3357 0,3246 
Al 0,2987 0,3259 0,3151 
Fe 0,1186 0,1294 0,1251 
Na 0,0316 0,0344 0,0333 
Ca 0,0138 0,015 0,0145 
Ti 0,0116 0,0127 0,0123 

Mg 0,0111 0,0121 0,0117 
K 0,0041 0,0045 0,0043 

Mn 0,0015 0,0017 0,0016 
P 0,0013 0,0014 0,0014 
S 0,001 0,0011 0,0011 

TOC 0,199 0,126 0,155 
Overall 1 1 1 

 
With the SPECMIN, the absorption ranges of the 3 samples treated with ammonia, sodium 

hydroxide and natural rock chips were evaluated Figure 3a. Samples of added NaOH and NH3+ clay 
agreed with the wavelength of the allophane standard (Pattern is AlloJP2f.002), although the low 
values differ from the water absorptions (1400 nm and 1910 nm). It is presumed that this difference 
in depth in the absorptions between the standard spectrum and the sample is due to chemical 
treatment, especially in the content of surface and hydroxylic water. Regarding the absorption 
characteristics of the untreated sample (natural rock chip), they coincide in wavelength and 
absorption depth with the allophane standard sample and have a 90 % similarity (36). With the TSG, 
the reflectance images were adjusted with bentonite patterns (Figure 3b) and two more for kaolinite 
and vermiculite. 
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Figure 3. (a) Comparison of the spectrum of allophane and the clay samples treated with AN_NH3, 
NaOH and pure natural clay, in their order; (b) Comparison with spectrum of Bentonite / Smectite of 
Montana, Nevada, with pure sediment chip samples treated with NH3 and NaOH. 

For the natural rock chip sample, the absorption ranges were found to coincide with vermiculite, 
resembling both wavelength and depth of absorption primarily in water (1900 nm); Furthermore, the 
spectrum obtained is also coincident with the bentonite spectrum. Wavelengths varied because 
smectites have a wide compositional range without ruling out the possibility of having minerals in 
admixture. With these considerations, the spectrum obtained would indicate its adjustment with 
vermiculite and bentonite. The spectra of the treated sediment samples: a) Clay + NH3 and, b) Clay + 
NaOH, does not coincide with vermiculite, but with the bentonites-smectites. Although as in the 
Specmin Pro, the values different in the absorption of water (1400 and 1910 nm) mainly due to the 
previous dehydration of the samples. 

Absorption peaks in sediment spectra are also coincident with kaolinite WX (Well crystallized 
by its acronym in English), which is possibly consistent from the previous chemical treatment, 
because they do not coincide with the other features of the standard spectrum. In this case, the 
existence of bentonites, montmorillonite, with kaolinite content is indicated Al2 Si2O5 (OH)4. 
Therefore, the samples of the material evaluated according to the SPECMIN methodology, showed 
that the refractory characteristics of the sample of the rock chip (natural clay), coincided with 
allophane.  

With the TSG methodology corresponded to Bentonite and Vermiculite. Thus, basic elements of 
these found minerals were reviewed: a) Allophanes ((Al2O3 (SiO2) 1.3-2.0) have different shades 
depending on the element associated with the mineral such as Fe, Mg, Ca, Na, K; b) Silica (SiO2) that 
can change its morphology by increasing the temperature to type a and b quartz and then to tridymite 
b and cristobalite b; c) Bentonite (SiO3 *H2O), is composed of little compact sheets, ribbons or needle 
bundles and whose sodium, calcium or magnesium are interchangeable; d) Actinolite (Ca2 (Mg, Fe2+) 
Si8O22 (OH) 2), has Mg and Fe ions that can be freely exchanged in the crystal structure; f) Vermiculite 
((Mg, Fe, Al)6 (Si, Al)8 O20 (OH)4 .8H2O), has a high proportion of magnesium in octahedral 
coordination, and has a high cation exchange capacity with Mg2+ and Ca2+, magnesium generates a 
high  negativity more than MMT,(49).  

6.-Variation of mass parameters and structure of samples A1-A6, submitted under TGA and DCS 
techniques. 

Additional samples were examined at level A1 with thermogravimetry, thus, the TGA measured 
the loss of mass due to the volatilization of certain constituent elements of oxygen, hydrogen and 
carbon, when the temperature gradually up to 1000 °C, the thermal behavior of clays of levels A1-A6 
(Figure 4a), are variable, since they are constituted by silicon and aluminum oxides in different 
chemical composition and additional amorphous materials (50). Table 3 shows the results of the 
decrease in mass, which corresponds to the removal of organic and inorganic matter in gas 
manifestations of O2, H2, C and nanoparticles in suspension (51). 

 
(a) (b) 
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The table 3 above presents the weights Wt(g) of each sample analyzed, corresponding a) name 
of the stratum, b) mass at time zero to, c) total mass lost at tf, d) remaining mass at tf and e) the 
percentage of total loss. The sample A1 lost the most mass in the order of 42.5 %. Samples A1, A2 and 
A3 showed higher mass losses and generated appreciable amounts of highly volatile particles that 
are emitted from the equipment chamber in the calcination process into the atmosphere (very fine 
nano-sized particles). At high temperatures above 850 °C, curves A1, A2, A3, A4 and A5 (clays) show 
an exothermic peak value and A6 (halloysite) had an additional loss of mass and the formation of 
spicules at 1000 °C (52). The high mass loss corresponds to the elimination of moisture from the 
sample, organic matter, hydroxyls, destruction of the structure and volatilization (53). 

Table 2. TGA results of the clay samples from strata A1 -A5 and Halloisite (A6). 

 Weight Wt., g 
a) b)  c) d) e) 
A1 0,0722  0,0307 0,0415 42,5% 
A2 0,0722  0,0252 0.047 34,9% 
A3 0,0722  0,0291 0.0431 40,3% 
A4 0,0722  0,0156 0.0566 21,6% 
A5 0,0722  0,0171 0.0551 23,7% 
A6 0,0722  0,012 0,0602 16,6% 

 
Thermogravimetric differential analysis (DTG) determined a thermal variability in the calcined 

samples during the gradual loss of their respective masses. 
This phenomenon showed the endothermic and exothermic changes that gave rise to an 

oscillatory behavior of the results, contrasted in Table 4a, whose data are a) Initial temperature of the 
loss (to) and b) mean endothermic temperatures (tm), in the calcination process at 1000 °C (39). 

 

Figure 4. (a) TGA of clay samples A1-A5 and Halloisite (A6); ( b) Thermogram of the particulate clay 
sample, calcined A1 horizon and evaluated by TGA and DCS. 

The tabulated data (to (°C)) refers to the temperature at which the loss of the first tenth of a 
milligram of mass (0.0001 g) occurred; the minimum temperature value to, was recorded for the A5 
level at 167 °C and the highest of A6 at 258 °C; verifying that A6 corresponds to halloysite and 
chemically it is a hydroxylated aluminosilicates (Al, 20.90 %; Si, 21.76 %; H2, 1.56 %).  

In the differential analysis of the TGA data, they presented positive and negative inflections that 
denote the thermal variations and the speed of loss of mass as a function of time (thermal 
variability)(40,50). Table 4b shows the calcination of samples of the 6 levels A1-A6 (a) start of mass 
loss, (b) in process and (c) total; disaggregated in columns (x) parameter of mass loss in magnitude 
and (y) in percentage of loss until reaching 100 %. Significant mass losses were also attributed to 
volatile particles not affected by gravity, and abandoned the solid; Another element is carried out by 
high temperatures that affect its molecular structure and the chemical reorganization of tetrahedra, 
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octahedra in new minerals, as the pillars disappear, e.g. Ca +, Na + or Mg+ (54). At temperatures above 
350 °C, the structural pillars begin to oscillate significantly and above 500 °C there is a collapse and 
destruction of the laminar structure indicated above(55,56). Increasing the temperature to a 
maximum value of 1000 °C, the samples reached the highest number of endothermic points registered 
in the number of 5 was A1, followed by samples A2, A4 and A5 in the number of 4. For the sample 
A1, it was determined that the low inflection points (endothermic) were 328 °C, 544 °C, 656 °C and 
723 °C; and high points, exothermic 476 °C, 679 °C and 948 °C, additionally showing a high capacity 
to break down (disintegrate) its mass by thermal action exerted on it, in smaller particles (40); 
additionally, thermal behavior patterns were defined for each clay and it was noted that controlled 
calcination collaborated directly with the disintegration and monomodal disaggregation of this type 
of mineral.  

The DSC indicates the behavior of thermal changes in each sample that influence molecular and 
nanometric terms (10-9 m) Figure 4b shows the result of the A1 level sample, calcined at 20 °C to 1000 
°C (57), which showed endothermic and exothermic behavior; the most important points observed 
were: a) the loss of mass began at the temperature of 178 °C under endothermic conditions, b) 
between 380 °C and 555 °C the elimination of organic matter and hydroxyl (OH) was corroborated, c 
) at 956 °C spicules were formed in a process of diagenesis of the mineral, under exothermic 
conditions (58). The first endothermic manifestation generated a loss of mass of approximately 13.2 
% (Table 4b). The second result corresponded to the expulsion of water from the network and the 
destruction of the interlaminar structure, which led to a cumulative loss of 36.8 %, and the total loss 
amounted to 42.5 %. The samples of the other levels are tabulated in the same table.  

 
7.-Evaluation of the Atmospheric Adsorption capacity of samples A1-A6 
Additionally, the Atmospheric Adsorption test  (41), was performed at all 6 levels, including 

halloysite (A1-A6). The calcination temperature was controlled to a maximum of 325 °C, and then it 
was left to rest in the air and the team measured the results that are in Figure 5. The samples of levels 
A1, A2 and A3 gained more mass, and their adsorption power was higher, which meant the capture 
of hydrogen and oxygen atoms, thus resuming the integration of hydroxyl and molecular water in 
its structure (59). It was then possible to observe the thermal behavior versus the adsorption of H2, 
O2, OH and H2O in the clayey lamellar structure. This compulsory hydration behavior of the mineral 
after its set heating can also be exploited and used as a mobile for integration with other organic or 
polymeric materials. Thus, it is also noted that the hydration process is superficial and interlaminar, 
considering that at this temperature the pillaring ions did not undergo major alteration and therefore 
only the elimination of H2O and OH. At higher temperatures, that is to say 475 °C the texture of the 
clays changed, which meant the destruction of the pillars (Na+, Fe2+, Mg2+, Li+ ions) of the structures 
(Si-Al-Si). Samples from layers A4, and A5 presented a low adsorption index (60). 

A further development in research in this line may allow developing economic methods of 
integrating this type of volcanic clays as filling and modification of new material calcinations based 
on thermal excitation (52,61–63). 

The high swelling capacity, and interaction with organic compounds and H2O, is of additional 
investigative interest in subsequent studies from the point of view of calorimetry, taking advantage 
of discovering new ways in the integration of these example added to polymers and asphalt (40). 

For sample A1, the property of specific surface area (AES) obtained with the BET tests had a 
direct relationship with the evaluated adsorption capacity, thus, a clay with high AES is exposed to 
a great extent and can be contacted with substances. of your environment. In the TGA-DCS test, A1 
was calcined, and an episode of accelerated mass loss occurred, above the nominal temperature (325 
°C, beginning of the collapse of the clayey structure). An additional sample A1 was calcined at 1000 
°C, the result of which was sample A7; This clay underwent expected structural changes (the 
tetrahedral and octahedral structures were eliminated) and, in the Adsorption test, it showed a total 
decrease in its capacity (99.117) (74.92). 

There is a great opportunity to try exfoliating this calcined clayey additive under control (at 
temperatures between 250 °C and 300 °C), with a hot mix asphalt, where its cohesive clayey structure 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 May 2023                   doi:10.20944/preprints202305.1807.v1

https://doi.org/10.20944/preprints202305.1807.v1


Preprints.org 10 of 15 

 

and only the organic matter has been removed from it. The ionic exchange potential is characteristic 
of aluminosilicates (Al2 SiO3), and equally when it is added to another material. These parameters 
must be explored with multiple laboratory tests and the existing experience in this matter, to define 
an intelligent way to successfully integrate the organic molecules of polymers or bitumen into the 
nanoclay. 

Table 3. (a) Endothermic temperatures of clay samples A1-A6; (b) Data on the thermal variation of 
mass of the clay samples A1 A5 and halloisite (A6). 

(a) 
            

a) To °C 
A1 A2 A3 A4 A5 A6 
178 212  192 213  167  258 

b) Tm °C 
     A1             A2                   A3               A4               A5            A6 

328 339 238 282 347 302 
     544 578 682 416 701 697 

656 800  654 871  

723          

(b) 
            

a)       Initial Wt.  @ T °C 
Initiation A1 A2 A3 

x y x y x y 
0.00%   0.00%   0.00%   

b)       In progress, Wt.  @ T°C 
A1 A2 A3 

13.20% 31.00% 5.40% 15.50% 4.00% 10.00% 
29.80% 70.10% 16.90% 48.40% 30.70% 76.30% 
36.80% 86.70% 28.10% 80.60%   

39.20% 92.20%         
c)       Overall ,  Wt.  @ T °C 

A1 A2 A3 
42.50% 100.00% 34.90% 100.00% 40.30% 100.00% 

a)       Initial,  Wt.  @ T °C 
A4 A5 A6 

x y x y x y 
0.00%   0.00%   0.00%   

b)       In progress,  Wt.  @ T °C 
A4 A5 A6 

2.20% 10.30% 6.50% 27.50% 1.50% 9.20% 
6.00% 27.60% 15.90% 67.20% 10.90% 65.90% 

11.60% 53.90% 23.30% 98.20%     
 

c)       Overall ,  Wt.  @ T °C 
A4 A5 A6 

21.60% 100.00% 23.70% 100.00% 16.60% 100.00% 
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3.2. Application 

Consequently, to the important nanometric and thermal properties found in these materials, it 
is necessary to deepen the knowledge on such benefits. It is then possible to integrate this 
nanoparticulate material (from Ecuador) by preparing it thermally and then integrate it with chains 
(H-C) of hydrocarbons, which is to say asphalt, by means of exfoliation processes, dispersion by 
means of high-shear mixing and complementary shear. Then there is e.g. the hope and possibility of 
generating atomic interactions of the aggregate with the polymers or substances involved. 

 

Figure 5. Absorption profiles and weight gain, as a function of time, of samples of levels A1-A6 and 
A7. 

4. Conclusion 

The study carried out allowed us to know the properties of the existing clays in Ecuador, with 
an area of approximately 4000 km2, which constitute reserves of the material that can be 
industrialized, depending on their chemical and nanometric properties and economic factors. 6 
samples (A1 - A6) were characterized by applying the following methods: FTIR, XRD, FRX, SEM, 
BET, Laser Granulometry, SPECMIN, TSG, TGA, DTG, DSC and Atmospheric Adsorption. The FTIR 
revealed vibration peaks for the elements 3249.66 cm-1 corresponds to the possibility of the existence 
of OH groups of the Si-OH and Al-OH structures. XRD determined the presence of allophane with 
quartz at 2θ = 28.15° and 18.65° with non-crystalline material (presence of silicates and alumina). The 
FRX reflected that 60% by mass are aluminosilicate materials, with respect to 100%; the other fractions 
in lower magnitudes were found from the chemical elements of Fe, Na, Ca, Ti, Mg, K, Mn, P and S. 
The SEM allowed to determine accumulations of particles with a diameter of 152.67 nm and 243.74 
nm. With the BET, the particle size was measured between 30 to 250 nm, and the SSA, property 
measured the specific surface area at 280.38 m2/g. With SPECMIN-TSG the Chip Rock (natural clay) 
was evaluated, it was treated with H2O2 or NaOH or NH3, however its radiogram response was 
adjusted, with the standard spectra of vermiculite, allophane and bentonite. With thermogravimetry 
(TGA), a sample of A1 clay was calcined at 1000 °C, generating the mass loss around 40%, 
corresponding to organic matter, hydroxyls (OH) and destruction of the atomic structure, loss of 
gases and elements. With the DSC the loss of mass began at the temperature of 178 °C under 
endothermic conditions; between 380 °C and 555 °C the elimination of organic matter and hydroxyl 
(OH) was corroborated, and at 956 °C spicules were formed in a process of diagenesis of the mineral, 
under exothermic conditions. In addition, it was found that it is a nanoparticulate material, it has a 
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high adsorption capacity. At temperatures above 350 °C, its clayey structure collapsed. In Figure 5 
the totally inert behaviour of the A7 sample was observed, after the clay was calcined at 1000 °C, its 
low adsorption capacity only retained 0.198 mg in a time of 2500 seconds, demonstrating the total 
collapse of its clayey structure. Under similar conditions, sample A1 captured 1.89 mg, which 
represents the upper 954.5%. Therefore, this clay is a nanometric material and could be integrated 
with other materials to generate new elements. The immediate application of this previously 
synthesized nanoclay can modify the local asphalt AC-20. 
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