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NANOTECHNOLOGICAL EVALUATION OF VOLCANIC CLAYS WITH APPLICATION IN

BITUMEN IMPROVEMENT

Ignacio Bladimir Cerén Guerra, Maria José Ceron, Luis Guillermo Loria, Marcelo Salvador, Cristian Lemos and

Giovanni Saenz-Arce

SUMMARY

Clays are raw materials for modern industry and today they
are even used for medicines. In an area of 4000 km?, the San
Tadeo geological formation, Ecuador, has a nano clay depos-
it arranged in six levels (Al to A6). Physicochemical studies of
field samples showed the presence of more than 60% of alu-
minosilicates in the upper levels Al, A2. Laser granulometry
found an average particle size of 30 to 250nm. Nitrogen ad-
sorption-desorption isotherm determined the average specific
surface area of 280.3m?*/g. IFTR, XRF, SPECMIN-TSG showed
the spectra with the presence of vermiculite, allophane and ben-
tonite minerals. With TGA/DCS a mass loss of up to 42.5% was
observed for clays Al, A2, A3, at the final calcination tempera-
ture of 1000°C, with endothermic and exothermic manifesta-

tions. High adsorption capacity was found for Al and A2 clays
over 30% in their order, and over the other geological hori-
zons; the property was activated when the clay was calcined in
the temperature window of 250 to 300°C. EDS, energy disper-
sive spectroscopy found the presence of Si and Al in the sam-
ple of bitumen mixture enhanced with additive Al. SEM con-
firmed the presence of exfoliated and dispersed Al additive in
the enhanced bitumen mix prepared with 3% by weight of active
agent. With DSR (T= 70°C operational) the complex modulus
G*= 2326pa (640pa original) and 6 = -8.7° points (85° orig-
inal) were measured, with an improvement of 363%. The new
material is applicable as road pavement in medium and high
ambient temperature areas due to its higher stiffness.

Introduction corresponding to clay minerals,
looks like a material of plastic
condition when properly wetted
and becomes hard when dehy-

drated or calcined (Bergaya et

A clay has been defined as a
material mainly made up of
fine-grained minerals

al., 2006). Clays are mainly
made up of phyllosilicates
(Brigatti and Galan, 2024).
Today's industry uses this mate-
rial in many applications, and it

is of great interest to the scien-
tific community (Punia Bangar
et al., 2023).

The classification of clay
minerals is of three types
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EVALUACION NANOTECNOLOGICA DE ARCILLAS VOLCANICAS CON APLICACION EN LA MEJORA

DEL ASFALTO

Ignacio Bladimir Cerén Guerra, Maria José¢ Cerdn, Luis Guillermo Loria, Marcelo Salvador, Cristian Lemos y Giovanni Saenz-Arce

RESUMEN

Las arcillas son materias primas para la industria moderna y
hoy se utilizan incluso para medicamentos. En una superficie de
4.000 km?, la formacion geolégica de San Tadeo, en Ecuador,
presenta un yacimiento de nanoarcillas dispuestas en seis ni-
veles (A1 a A6). Estudios fisicoquimicos de muestras de campo
mostraron la presencia de mas del 60% de aluminosilicatos en
los niveles superiores Al, A2. La granulometria ldaser encontro
un tamanio medio de particula de 30 a 250nm. La isoterma de
adsorcion-desorcion de nitrogeno determino una superficie es-
pecifica media de 280,38m?/g. IFTR, XRF, SPECMIN-TSG mos-
traron los espectros con la presencia de minerales de vermicu-
lita, alofano y bentonita. Con TGA/DCS se observo una pérdida
de masa de hasta el 42,5% para las arcillas Al, A2, A3, a la
temperatura final de calcinacion de 1000°C, con manifestacio-

nes endotérmicas y exotérmicas. Se encontro una alta capaci-
dad de adsorcion para las arcillas Al y A2 por encima del 30%
en su orden, y por encima de los otros estratos geologicos, la
propiedad se activo cuando la arcilla se calcino en la ventana
de temperatura de 250 a 300°C. La espectroscopia de disper-
sion de energia (EDS) constaté la presencia de Si y Al en la
muestra de mezcla bituminosa mejorada con el aditivo Al. EIl
SEM confirmé la presencia de aditivo Al exfoliado y disperso
en la mezcla de betun mejorado preparada con un 3% en peso
de agente activo. Con DSR (T= 70°C operacional) se midio el
modulo complejo G*= 2326pa (640pa original) y 0= -8,7° pun-
tos (84° original), con una mejora del 363%. El nuevo material
es aplicable como pavimento de carreteras en zonas de tempe-
ratura ambiente media y alta debido a su mayor rigidez.

VALIACAO NANOTECNOLOGICA DE ARGILAS VULCANICAS COM APLICACAO NO APRIMORAMENTO

DO BETUME

Ignacio Bladimir Ceréon Guerra, Maria José Ceron, Luis Guillermo Loria, Marcelo Salvador, Cristian Lemos ¢ Giovanni Saenz-Arce

RESUMO

As argilas sdo matérias-primas para a industria moder-
na e, atualmente, sdo usadas até mesmo em medicamentos. A
formagdo geologica de San Tadeo, no Equador, que abrange
uma drea de 4.000 km?, contém um depdsito de nanocldsios
dispostos em seis niveis (Al a A6). Estudos fisico-quimicos de
amostras de campo mostraram a presen¢a de mais de 60% de
aluminossilicatos nos niveis superiores Al e A2. A granulome-
tria a laser encontrou um tamanho médio de particula de 30 a
250nm. A isoterma de adsor¢do-dessor¢do de nitrogénio deter-
minou uma drea de superficie especifica média de 280,38m?/g.
IFTR, XRF, SPECMIN-TSG mostraram espectros com a presen-
¢a de minerais de vermiculita, alofano e bentonita. Com TGA/
DCS, foi observada uma perda de massa de até 42,5% para
as argilas Al, A2, A3, na temperatura final de calcina¢do de

1000°C, com manifestagoes endotérmicas e exotérmicas. A alta
capacidade de adsor¢do foi encontrada para as argilas Al e
A2, acima de 30% em sua ordem e acima dos outros estratos
geologicos; a propriedade foi ativada quando a argila foi calci-
nada na janela de temperatura de 250 a 300°C. A espectrosco-
pia de dispersdo de energia (EDS) confirmou a presen¢a de Si
e Al na amostra de mistura betuminosa melhorada com aditivo
Al. A SEM confirmou a presenga de aditivo Al esfoliado e dis-
perso na mistura betuminosa melhorada preparada com 3% em
peso de agente ativo. No DSR (T= 70°C operacional), o modulo
complexo G*= 2326pa (640pa original) e 0= -8,7° pontos (84°
original) foram medidos, com uma melhoria de 363%. O novo
material é aplicavel como pavimento de estrada em dreas de
temperatura ambiente média e alta devido a sua maior rigidez.

(Barton and

according to their layers (1:1,
2:1 and 2:1:1:1) based on the
number and arrangement of
tetrahedral and octahedral lay-
ers in their basic structure.
There is a subdivision into five
groups (mica, kaolinite, chlo-
rite, vermiculite, smectite and
amorphous) whose difference is
their net charge. The present
study is based on the use of
smectite, which groups the
phyllosilicate mineral species,
the most important of which
are montmorillonite, nontronite,
beidellite, hectorite, and

saponite
Karathanasis, 2012). Within the
smectites there is montmoril-
lonite, and it is a 2:1 phyllosil-
icate, which forms the basis or
is the main component of ben-
tonite clay and allophane. A
derived material is bentonite
and represents the chemical
alteration of a vitreous material
of igneous origin of volcanic
origin present in pyroclastic
flows and eruptions of lava
and volatile ash particles
(Anavatan et al., 2023). Today,
bentonite is an important
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material for applications in the
food and medicine industry
(Astuti et al, 2023), technology
for paints (Bourgault et al.,
2023), in the pharmaceutical
and cosmetics industries (Rana
and Kim, 2024), as catalysts
(Zahraoui et al., 2023), waste-
water treatment (Sanavada et
al., 2023), and as oil well drill-
ing fluids (Quitian et al.,
2022). Global bentonite produc-
tion has increased from 2017 to
2021 from 1.83 to 1.92x107
metric tons according to the
British Geological Survey

report (Idoine et al., 2023).
According to SGM - Agency
for Regulation and Control of
Energy and Non-Renewable
Natural Resources (Agencia de
Regulacion y Control de
Energia y Recursos Naturales
No Renovables), Ecuador's ex-
ploitation of bentonite is mar-
ginal among non-metallic ma-
terials. The main deposits of
the mineral are Dos Bocas
Member of the Tosagua
Formation, of Miocene age,
located in the coastal region of
Ecuador, in the Santa Elena
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canton (9'739.190N - 556.783E).
The company "NUTRIB S.A"
industrializes calcium bentonite
for production of agricultural
fertilizer (100% organic)
(Campos and Hidalgo, 2014).
Upper member of the Azogues
Group of Miocene to Pliocene
age, located in the Azogues-
Cuenca sedimentary basin, to-
wards the eastern flank of the
Azogues province syncline, in
the site called Loma Blanca
(9'695.500N 740.200E), that is
a bentonite clay deposit in the
form of a lens intercalated be-
tween lamellar siliceous shales;
the thickness of the stratum
ranges from 0.5 to 7.0m.
Proven reserves as of
November 1986 were of the
order of 500,000 tons and
probable reserves of
108,000tons. San Cayetano
Formation located in the
Miocene sedimentary basins of
Loja and Malacatos-Catamayo,
smectite clays occur (Cornejo,
2017). In province of Santo
Domingo de Tsachilas, to
120km south of Quito, there
are important accumulations of
weathered clay materials, they
constitute the San Tadeo geo-
logical formation (9'973.763N
695.779E, Figure la, elevation
443m ASL), in an area greater
than 4000km? (Kaufhold et al.,
2009). The samples studied
from the Dos Bocas location of
the Tosagua Formation were
estimated between 15.3% and
25.6% of the smectite minerals
in the clays, however, benton-
ites from other deposits have
been little studied and their
commercial exploitation has
been focused on additives for
animal concentrates and pot-
tery. Bentonite is abundant and
inexpensive, with high cation
exchange properties, which
makes it a candidate adsorbent
for the removal of heavy met-
als from wastewater or for in-
tegration with other materials
(Liu et al., 2023). The use of
cationic surfactants in the
chemical modification of clay
minerals to generate organo-
clays (He et al., 2006) can be
used in remediation or modifi-
cation of polymers (Archibong
et al., 2023). In addition, its
properties of adsorption of
many products make it a
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potential alternative for com-
bining it with other materials
(Iftikhar et al., 2023; Monteiro
et al, 2023; Yousif et al.,
2024). In the present study, the
clay of the Tadeo Formation
was characterized physically,
chemically, and mineralogical-
ly, and its potential and use for
the preparation of clay addi-
tives for HMA hot bitumen
mixes was evaluated, and the
rheological parameters of com-
plex modulus G* and phase
angle & were improved. This
new material could be used in
roads in temperate and warm
zones.

Materials and Methods
Bulk clay collection

Samples were taken from the
different geological horizons
(Figure la) of the San Tadeo
formation, using the Panel
method. The basic equipment
needed for rock sampling was
a map of the region, a com-
pass, a hammer, a magnifying
glass, a pocketknife, acid (10%
HCI), an indelible marker pen,
nylon bags, a notebook, a ruler,
gloves, safety glasses, a 12 1b.
hammer, 20cm long chisels and
boxes for safe transport of the
samples. The collected samples
(10kg) were stored in properly
labeled containers. On the

slope of the San Pedro de
Chila road, samples were taken
below the weathered zone of
variable thickness between 1
and 3m, sampling depths were:
sample Al at 1m, sample A2

Figure 1.

a) Geographical
levels A1-A6.

at 3m, sample A3 at 4.5m,
sample A4 at 6m, sample AS
at 11m, and sample A6 at 16m.
The upper levels were those of
greatest geological interest for
this investigation, according to
previous studies (Kaufhold et
al., 2010). The obtained sam-
ples were dried at 105°C until
reaching a constant weight,
then mechanically crushed,
pulverized in a ball mill, and
sieved with 150 mesh (100um)
mesh. Representative bulk sam-
ples (1kg) of clays from levels
Al to A6 were worked. For
microscopy and radiology, Al
and A2 (more superficial lay-
ers) were chosen and coincide
with the studied levels PM4-1
and PM4-2 of the scientific
paper by Kaufhold 2009. These
levels contain allophane (>
60%) of better quality with
Si0, contents of 41.5, 30.1%
and Al,O; of 22.7, 24.9%. The
specific surface area of these
clays was greater than
280m?/g. Al was the clay se-
lected and studied in more de-
tail in this work because of its
better aluminosilicate content.

Separation of the clay fraction

Fifty grams of the pulver-
ized sample was suspended in
5 L of distilled water (pH of
the solution was 6.8). It was
disaggregated for approximate-
ly 25min with a magnetic stir-
rer and transferred to a gradu-
ated cylinder for gravity sedi-
mentation according to Stokes'
law (Cheng and Schachman,
1955). To obtain the fraction

below 2um, the suspension was
allowed to settle for 20h and
the first 20cm of the suspen-
sion was removed.
Subsequently, the suspension
was centrifuged at 4500rpm for
15min to recover the clay frac-
tion, which was dried at
105°C, ground and sieved at
150mesh. This sample was
used for mineralogical analysis.
The clay fraction can also be
referred to as pure clay. It
should be clarified that sam-
ples treated with NaOH
(marked with *) and NH,
(marked with **) were only
evaluated with FTIR and
SpecMin/TSG, as indicated in
Table I. The treatment consists
of aqueous solutions of 5SM
(molar) concentration, to re-
move impurities, carbonaceous
matter, and washes until a pH
value between 6.7 and 7.1 is
obtained. The colloidal mass of
the supernatant was dried at
105°C for a period of 12h
(Norrfors et al., 2015).

Mineralogical and chemical
characterization of the clay

The clay sample (Al and
A2) was analyzed as random
powder from the bulk material
and as oriented assemblies of
the <2um fraction using a
LabD8 ADVANCE (Boulle,
2017), at 40kV and 40mA, Cu
Ko radiation source (A=
1.5418). The diffraction angle
20 was scanned from 2° to 65°
at a rate of 2°/min and a step
size of 0.05°. Bragg's law was
used to calculate the distance

location and b) stratigraphic section of the San Tadeo Formation, with clay
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TABLE I

PHYSICAL AND CHEMICAL LABORATORY TREATMENT AND ANALYSIS OF

SAMPLES Al-A6

Treatments Al A2 A3 A4 AS A6
Pure sample X X X X X X
NaOH x*
NH; X**
Analysis
Laser granulometry X
XRD, SEM X
FRX X X
BET Isotherm X
SécMin/TSG, FTIR x* X**
TGA, DSC, Adsortion X X
HMA integration X X

*: Clay treated with NaOH; **: Clay treated with NH;.

between the silicate layers
(Mena et al., 2007). The XRD
pattern was compared with the
reference X-ray patterns for the
identification of the different
minerals using the X Pert High
Score Plus software.

The chemical analyses were
carried out by X-ray fluores-
cence using a S8 Tiger X-ray
machine (XRF), with samples
Al and A2, dried at 105°C,
and ground in an agate mortar
until obtaining a grain size of
less than <5pum on average,
and 40mg of sample were
mixed with 100mg of boric
acid in the container, until hav-
ing a totally homogeneous ma-
terial, used to make briquettes
of the mineral at 30mg/cm?,
and with the appropriate pres-
sure, and it was verified that
the surface is isotropic, which
allowed making correct mea-
surements. This technique was
chosen since preliminary stud-
ies showed that the grain size
of the sample is a critical fac-
tor affecting XRF results
(Prandel et al., 2012).

Fourier transform infrared
spectrometry (FTIR) was per-
formed with a VERTEX 70
instrument, which has a spec-
tral range of 10000 to 400cm'.
The records were from pure
samples, plus A1* and A2**,
pressed in granules with KBr
powder at a nominal tempera-
ture of 105°C (Vaculikova et
al., 2018).

Using ZEISS Ultra 55 (SEM-
EDS) equipment, Al or A2

clay samples were placed on a
rotating stage about the
Cartesian x, y and z axes in
the vacuum chamber of the
scanning electron microscope.
The heated tungsten filament
generated and accelerated elec-
trons at a constant emission
flux of 100pA and varying
voltages from 15 to 30kV. It
was operated at magnifications
of 100 x up to 25000 (Capasso
and Yamaguchi, 2024).

The nitrogen adsorption-de-
sorption isotherm of the clay
fraction was determined with
Multi-Point BET equipment at
77°K after degassing sample
Al (0.05 g) for 1h at 90°C
followed by 3h at 400°C un-
der vacuum. The specific sur-
face area (SBET) was mea-
sured using the BET equation
and the total pore volume was
evaluated for nitrogen adsorp-
tion at a relative pressure of
0.99. The microporous specif-
ic surface area and micropo-
rous volume were calculated
by the Harking-Jura equation
(Anouar et al., 2019) (Amin et
al., 2015).

The particle diameter and
size distribution of sample Al
(0.025 g) were obtained with
the LA-950 V laser scattering
particle size distribution ana-
lyzer. The clay was previously
dehydrated at 105°C. The
nanometer particles tend to rise
towards the top of the calcina-
tion chamber, and the heavier
ones accumulate at the bottom
of the vessel; consequently, the
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measurement was performed at
three points of the vessel
(Benedet et al., 2024).

Spectral images of Al(pure)
and NaOH and NH; treated
samples were obtained with
HyLogger3 (SpecMin/TSG) and
compared with the patterns of
the mineral libraries of the
samples. The deviation inter-
vals of the curves and their
specific depths were deter-
mined. Thus, the clays evaluat-
ed corresponded to different
patterns (Liu et al., 2014).

The thermogravimetric anal-
ysis of samples Al to A6 was
performed with the SDT Q 600
Netzsch equipment, with an air
flow of 75cm’/min and a heat-
ing rate of 10°C/min, in the
range of 100 to 1000°C. On
the other hand, the thermal
differentials of the same sam-
ples were recorded with the
DSC-TGA as a function of
time (Poussardin et al., 2024).

Atmospheric adsorption tests
for samples Al to A6 were
obtained with the BOECO-
Germany-Instruments high-pre-
cision balance system (sensitiv-
ity of 0.001g). Thirty mg of
each clay was calcined to
325°C with a rising tempera-
ture gradient of 10°C/min. It
was then allowed to stand at
one atmosphere pressure and
80% humidity. Mass increment
measurements were carried out
every Smin until 2500 min
(Brunauer et al., 193%8),
(Kausar et al., 2018), (Yariv
and Lapides, 2000).

For the application of clay
utilization, it was chosen the
controlled calcination (250 to
300°C) of the clay, then milled
in a ball mill (20min), sieved
at 150 mesh, and transformed
into an additive for the HMA
hot bitumen mix. It was mixed
at 4500rpm and 160°C with the
AD500S-H - homogenizer dis-
perser mixer at times of 30,
60, 90 and 120 minutes. The
measurement of rheological
parameters and stiffness in-
crease of the HMA samples
were measured with Dynamic
Shear Rheometers (DSR 81-
PV6202) (Maharaj, 2023).
Perform the critical rheological
characterization analysis re-
quired for Super Pave PG clas-
sification of asphalt binders,
according to the values found
for Complex Modulus G* and
Phase Angle 5. The DSR test
uses a thin sample of asphalt
binder placed between two cir-
cular plates. The lower plate is
fixed while the upper plate
oscillates back and forth across
the sample to create a shearing
action. The Model 81-PV6202
DSR performs superpave per-
formance classification per
AASHTO T315 and ASTM
D7175, asphalt binder viscosity
determination per AASHTO
T316 and ASTM D4402.
Asphalt binder bitumen is vis-
coelastic. This means that they
behave partly as an elastic sol-
id (deformation due to loading
is recoverable, i.e., it can re-
turn to its original shape after
the load is removed) and partly
as a viscous liquid (deforma-
tion due to loading is not re-
coverable, i.e., it cannot return
to its original shape after the
load is removed). DSR can
quantify both elastic and vis-
cous properties. The makes it
well suited for characterizing
bitumen over the in-service
pavement temperature range.
The more viscous the material
is, the greater the phase angle
will be. The limiting values of
the phase angle are: 1. Purely
elastic material: 8= 0 degrees
and 2. Purely viscous material:
6= 90 degrees. The specified
DSR oscillation rate of 10 radi-
ans/second is intended to sim-
ulate the shear action corre-
sponding to a traffic speed of
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approximately 90km/hr. G*
and O are used as predictors of
rutting and fatigue cracking of
the HMA. Early in the pave-
ment life, rutting is the prima-
ry concern, while later in the
pavement life, fatigue cracking
becomes the primary concern
(Iskender, 2016; Sedaghat et
al., 2020).

Results and Discussion

Mineralogical characterization
of the clays Al and A2

In clay Al, the peak intensi-
ty 26= 26.55° indicates the
presence of quartz and sili-
ceous elements; allophane has
quartz mixed at 20= 28.15° and
18.65° with non-crystalline ma-
terial. Low peaks with angles
of 26= 10.58° correspond to
actinolite and, at values of 20=
5.0°, to montmorillonite(ben-
tonite) Figure 2a. In sample A2
it is observed that the peak
intensity 20= 26.57° indicates
the presence of quartz and sil-
ica elements, and the allophane
has quartz mixed at 20= 30.48°
and 21.02° with non-crystalline
material. Low peaks at angles
of 20= 12.16° correspond to
actinolite and at values of 26=
5.0° to montmorillonite Figure
2b. The mineralogy of the two
clays bears similarity of sedi-
mentary volcanic bodies.

Spectral images of samples
Al(pure) and those treated
with NaOH and NH,; were ob-
tained with SpecMin/TSG
equipment and compared with
the patterns of the mineral
Allophane (AlloJP2£.002) and
Bentonite. As for the absorp-
tion characteristics of the un-
treated (pure) sample, they
coincide in wavelength and
absorption depth with the allo-
phane standard sample and
present a similarity of 90%
(Figure 3a). The second case
matches the bentonite spec-
trum (Figure 3b) with a simi-
larity of 73%. The spectra of
the treated sediment samples,
a) A1 + NH; and b) Al +
NaOH, partially coincide in
depth (1400 and 1910nm) with
allophane, bentonites and
smectites, due to the affecta-
tion of the chemical treatment
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performed (Percival et al.,
2018).

Physicochemical
characterization of treated and
pure Al and A2 clays

The chemical composition of
the Al clay is shown in
Figures 4a (NaOH treated) and
4b (pure). In (a) the values of
the depressed peaks were
found to be 3249.66, 1585.54,

1280.39, 918.20, 791.30, and
603.95cm™. The interpretation
indicated that the value of
3249.66¢cm™ corresponds to the
possibility of the existence of
OH groups in the Si-OH and
Al-OH structures. The value of
1585.54cm™! turned out to be
deeper due to the treatment of
the sample with H,O,, showing
the existence of OH groups
within the molecules of the
structure. At 1280.39cm™ it

showed the manifestation of
typical vibrations of OH-AI
bonds. The peaks 918.20,
899.26, and 791.30cm’!, are the
result of energy absorption of
Si-O-Si, Si-OH-Al, and Si-O-
Al molecules in the frame of
the respective FTIR spectra of
the A1+NaOH and pure sam-
ples. Likewise, the chemical
composition of A2 clay is
shown in Figures 5a (treated
with NH;) and 5b (pure). In (a)

F 8000
|
7000 a) 7000
) o
6000 | Z, 6000
! &)
5 ) ~
-, 5000 26.55° 5000
;5 L
d o 21.99°
§ 4000 Y 1058 | 2 4000
z - f s z
Z 3000 \ ‘l 1865 | || 28.15 £ 3000
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Figure 2. Powder X-ray diffractogram of a) Al and b) A2
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clays of the Tadeo Formation.
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Figure 4. FTIR spectra of clay Al a) treated with NaOH and b) pure.
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cavitation-induced p/po. The

B CapAzily 2) n, Cork2 b) loop of this type is given by
son.5m* non-rigid aggregates of parti-
s i %4 cles in the form of a plate
%l (Garvie et al., 2024). The spe-
" 0T 104 cific surface area averaged
04 3125.8om 280.38m?/g. The pore volume
o at p/po = 0.99 is 60cm?/g
5 W N wam STP. In the t plot method was
154685 used to determine the specific
Ly 167848em 0 area and the volume devel-
T T Lo & kU ' | & [ © L % " oped by the micropores of the
U L e @m0 s W0 X0 W ¥ 40 samples. These values are at
o 1 p/po= 0.0123 and 14.6 cm?/g
. . B STP per g for the clay frac-
Figure 5. FTIR spectra of clay A2 a) treated with NH3 and b) pure. tion Figure 6.
the values of the depressed TABLE 11
peaks were found to be RESULTS OF X-RAY FLUORESCENCE ANALYSIS OF CLAYS Al, A2 AND A3
3278.87, 1678.48, 1527.1§, Eloment Al A2 A3
1048.19, 807.15 and 648.56cm™. .
The interpretation indicated Si 0.3077 0.3357 0.3246
that the value of 3278.87cm’! Al 0.2987 0.3259 0.3151
corresponds to the possible Fe 0.1186 0.1294 0.1251
existence in OH groups of Si- Na 0.0316 0.0344 0.0333
OH and AI-OH structures. The Ca 0.0138 0.015 0.0145
:;éizsofolgﬁg'gfgg; gorre- Ti 0.0116 0.0127 0.0123
the molecules of the structure, Mg 0.0111 0.0121 0.0117
and NH; does not significantly K 0.0041 0.0045 0.0043
modify the functional groups. Mn 0.0015 0.0017 0.0016
The value 1527.16cm™ showed P 0.0013 0.0014 0.0014
the manifestation of typical S 0.001 0.0011 0.0011
vibrations of OH-Al bonds.
The peaks 1048.19, 807.15 and Toc 0.199 0126 0155
Overall 1 1 1

648.56cm™ are the result of
energy absorption of Si-O-Si,
Si-OH-Al and Si-O-Al mole-
cules within the octahedron
framework. In sample (b), de-
pressed peaks were found as in
sample Al at 3125.58, 1546.85
and 929.34cm"; the value at
3125.58cm™! showed the exis-
tence of A1-OH and Gibbsite
groups constituting the allo-
phane planes. At 1546.85cm’!
the existence of OH radicals
belonging to the octahedral
structures of lamellar Al was
demonstrated. At 929.34cm’!
the existence of Si and Al, Si-
O-Si and Si-OH-AI structures
was indicated. Values below
500cm™ indicated the absence
of volcanic ash, and it is a typ-
ical wall with a clay structure
as (OH) Si (OAl),; the defini-
tion of each functional group is
approximate (Ahmed et al.,
2018). The existence of Si, Al,
Fe and OH functional groups,
characteristic elements of vol-
canic clays, was evidenced.

Al: Clay level 1; A2: Clay level 2; A3: Clay level 3.

The functional groups of alu-
minosilicates with a Si/Al ratio
of 1.6 (Kaufhold et al., 2009).

Table II shows the results
of calcination at 956°C of 3
samples of the level material
(Al, A2 and A3). Chemical
analysis was carried out with
XRF, where the highest frac-
tion of atoms was found to be
Si and Al with respect to uni-
ty; the other fractions in
smaller magnitudes were
found to be of the chemical
elements Fe, Na, Ca, Ti, Mg,
K, Mn, P, and S (Alorabi et
al., 2021). In addition, BET
assays were performed and
the adsorption and desorption
isotherms of the activity be-
tween the clay (Al) and an N,
moiety were presented. There
are two distinctive features of
the N, type loop thus, first

JIVERDENLIA JUNE 2024 « VOL. 49 N° 6

the adsorption resembles a
type Il isotherm and second
the lower boundary of the
desorption branch is usually
located at the

~
o

The Laser Granulometry
technique allowed us to know
the diameter of the Al clay
particles and their size distri-
bution. The 71.2% of the
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Figure 6. N, physisorption isotherm of pure Al clay.
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particles had a maximum di-
ameter of 200nm, 43.3%
reached 100nm, and the total

A5 had 3 thermal change
events in the calcination span
up to 1000°C (Kok et al.,

TABLE III

LASER GRANULOMETRY ANALYSIS DATA OF PURE

Al CLAY

number of particles did not 2021). The atmospheric ad- Particle Diameter Retaines Past

exceed 250nm (it has micro sorption test BET (Brunauer Number () (%) Accumulated

and meso porosity) and the re- et al.,1938), was carried out at 1 0.1 0.1 0.1

sults are shown in Table III all 6 levels (Al a A6). The ) 0.1 04 0.6

(Dur et al., 2004). calcination temperature was ’ ' ’
controlled, allowed to rest in 3 0.1 L7 23

Thermogravimetry and air and the equipment mea- 4 0.1 5.5 7.8

adsorption of clays Al to A6 sured the results shown in 5 0.1 12.6 20.4
Figure 8. In the test, it was 6 0.1 22.8 433

Figure 7a shows the TGA observed' that samples Al and 7 0.2 27.9 712
test results for clay samples A2 achieved higher mass
Al to A6, the TGA measured loating capacity correspond- 8 0.2 19.7 909
, g g capacity P

the mass loss due to the vola- ing to 1.89mg and 1.8mg re- 9 0.2 7.5 98.3

tilization of certain constituent spectively, in a resting time of 10 0.2 L5 99.8

elements of oxygen, hydrogen, 2500 seconds after calcination 11 0.3 0.2 100

and carbon when the tempera- 325°C. At higher tempera-

ture gradually increased up to tures, 475°C, the texture of

1000°C, likewise the DCS the clays changed, which in-

showed the behavior of endo- volved the destruction of the TABLE IV

thermic and exothermic chang-
es, which resulted in an oscil-
latory behavior Figure 7b.

pillars (Na®, Fe2*, Mg?*" and
Li* ions) of the structures (Si-
Al-Si). The samples of layers

MASS LOSS DATA WHEN SAMPLES OF CLAYS Al TO A6

WERE CALCINED AT 1000°C

Table IV shows the results of A4 and A5, presented a low To Tt MOIOSS
calcination up to Tf= 1000°C, adsorption rate (Ramezanipour (&Y (@Y o)
of clays Al to A6, where the et al., 2021). Al 178 1000 42.50
highest losses were verified A2 212 1000 34.90
for Al, A2 and A3 with val-  Chemical evaluation of A3 192 1000 40.30
ues of 42.5%, 40.3% and  bituminous mixtures with clay
34.9% respectively, in addition additive i: ?2 18(0)8 i;gg
the initial temperature (To M )
A6 258 1000 16.60

loss) of mass loss (%M loss)
of each sample is presented.
Table V shows the results of
the ossilatory behavior of the
exothermic and endothermic
changes with respect to tem-
perature (AT) and percent
mass loss in the respective
event.; the most important
points observed were: (a) mass
loss started at the temperature
of 178°C under endothermic
conditions; (b) between 380°C
and 555°C the removal of or-
ganic matter and hydroxyl
(OH) was corroborated; (c ) at
956°C spicules were formed in
a process of diagenesis of the
mineral under exothermic con-
ditions. Samples Al, A2 and

The SEM/EDS energy dis-

persive spectroscopy

0,74

To: Mass loss onset temperature; Tf: Final calcination temperature.
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Figure 7. (a) TGA curves of clay samples A1-A6; (b) Thermogram of clay Al.

70
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TABLE V
RESULTS OF THE OSCILLATORY BEHAVIOR OF THE EXOTHERMIC AND ENDOTHERMIC CHANGES WITH RESPECT
TO TEMPERATURE (AT)(°C) AND PERCENT MASS LOSS (AM)(mg)

Al A2 A3 A4 AS A6
AT Am(%) AT Am(%) AT Am(%) AT Am(%) AT Am(%) AT Am(%)
328 13.20 339 5.40 238 4.00 282 2.20 347 6.50 302 1.50
544 29.80 578 16.90 682 30.70 416 6.00 701 15.90 697 10.90
656 36.80 800 28.10 654 11.60 871 23.30
723 39.20
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Figure 8. Absorption and weight gain profiles as a function of time for
clays Al to A6. A7 representing Al calcined at 1000°C was included.

technique was used to evalu-
ate the samples of asphalt

cps/eV

bituminous mixtures with clay
A additives. Figures 9a, b and

¢, show Al and bitumen with
the presence of Al, Si for
clay and C for bitumen re-
spectively. In Figure 9c,
which represents the mixture
of the two previous materials,
the presence of the 3 preced-
ing products and the poten-
tials of 0.5, 1.52 and 1.81Kev
can be seen. The presence of
the chemical element’s car-
bon, aluminum, and silicon as
preponderant atoms in the
materials investigated and
shown in Figures 10a, c, e.
On the other hand, the bitu-
minous mixture with the clay
additive A1 was observed,
correctly finding the presence
of the elements Al and Si
dispersed in the bitumen ma-
trix with C and can be seen
in Figures 10d, f and b, re-
spectively. The mixture corre-
sponded to a concentration of
3% of the additive by weight
(Theiss et al., 2015).

g eV

Evaluation of the complex
modulus and phase angle of
bituminous mixtures and
clay additive

To evaluate the efficiency
of the asphalt mixes, we mea-
sure the grade performance
PG= 70 which means taking
the reading of G* and & of
the DSR (test temperature
70°C), of the sample that has
been placed in the parallel
sticks of the equipment. If the
value of G* is equal to or
greater than 1Kpa (thousand
pascals) it is verified to have
PG= 70. The value of & can
decrease, maintain, or in-
crease in reference to the
original bitumen before mix-
ing. The optimum we look for
in the mixtures with the clay
additive, that the G* increases
and & decreases with respect
to the original bitumen that
has 640 pa and of phase angle

140 [
100+
120 4
a) [ b
80
100 |
80 60
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60 15 o s (7 As s
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20 20
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Figure 9. EDS diffractogram of a) sample of bitumen with presence of C, b) sample of clay with presence of Si and Al, c) sample of improved mix-
ture of bitumen with clay additive of Si and Al.
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Figure 10. Presence of the chemical element's a) bitumen mixture with Al additive and presence of Si Al, b)
clay with negligible presence of C, c) Al clay with abundance of Al, d) bitumen mixture with presence of Al,
e) clay with abundance of Si and f) bitumen mixture with presence of Si.

84° as can be verified in exceeded PG (G*; §) =70 are values of (2326;75.63),
Figures 11a y b at the point of those that carried the Al, A2 (1821;76.5) and (1095;79.02)
T= 70°C. The mixtures that and A3 clay additives with respectively, but above all the

Al clay is the one that stands
out for this application ex-
ceeding the reference level
(1000 pa= 1Kpa) by 1686 ad-
ditional points (mixing time
120min) Table VI.

Conclusions

Ecuador has an area of
4000km? of volcanic clay re-
source established in the San
Tadeo geological formation,
which has 6 strata from Al to
A6. In the physicochemical
studies carried out on samples
taken in the field, indicated
the presence of more than 60%
of aluminum and silicon com-
pounds for levels Al and A2.
Laser granulometry measured
particle size between 30 and
250 nm. Isothermal BET found
that the specific surface area
was 280.38m?/g. IFTR, XRF,
SPECMIN-TSG spectrally
evaluated the original samples
and showed the presence of
vermiculite, allophane and
bentonite minerals. With TGA/
DCS a mass loss of up to 40%
was observed for clays Al, A2
and A3, when the samples
were calcined at 1000°C with
various endothermic and exo-
thermic manifestations.
Adsorption capacity indicated
that A1 and A2 showed 30%
higher than the others, and the
property was activated when
the clay was calcined in the
temperature window of 250
and 300°C. The EDS diffrac-
togram indicated the presence
of Si and Al in the sample of
bitumen blend enhanced with
additive Al, and the images
(SEM) confirm the presence
of the exfoliated and dispersed
additive prepared with 30% by
weight of active agent. The
positive rheological parameters
measured with DSR (T= 70°C)
of the bituminous mixtures
with Al clay additive, com-
plex modulus G* and phase
angle 6, show that the new
additive modified G* to
2326pa (original 640 pa) and &
decreased by -8.7 original
points), with an improvement
of 363%. The new bituminous
binder will be suitable for
road pavements in medium
and warm temperature zones
due to its improved stiffness.
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Figure 11. Results in yellow zone of positive rheological parameters (T= 70°C) of bitumen mixtures with clay additive of Al, A2: a) Complex
Modulus G* and b) phase angle d.

TABLE VI
POSITIVE ADDITIVE RESULTS FOR Al AND A2 CLAYS
OF THE SIX TYPES, AS MEASURED BY G* AND A
PARAMETERS IN MIXES WITH BASE BITUMEN.
A7 INDICATES THE ORIGINAL BASE BITUMEN

T G* d
Clay °C) (pa) ©)
Al 70 2326 75.63
A2 70 1821 76.5
A3 70 1095 79.02
A4 70 982 80.1
AS 70 858 82.3
A6 70 759 83.9
A7 70 640 84
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