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THE EFFECT OF ALUMINOSILICATE RAW MATERIALS ON IMPROVING
THE QUALITY OF AUTOCLAVE SILICATE MATERIALS

Abstract. To improve the physical and mechanical properties of autoclave-treated silicate materials and
expand the range of raw materials used, laterite rocks and volcanic ash extracted from deposits in the territory
of the State of Eritrea were used in this study. The influence of laterite rocks, volcanic ash and CaQge on the
physical and mechanical characteristics of the obtained samples was studied using the experimental planning
method. The compressive strength increased significantly with an increase in the volcanic ash content, reach-
ing values of 25 MPa for samples containing 25 wt.% volcanic ash and 8 wt.% lime, which is approximately
a 50 % increase compared to the values obtained at 5 wt.% of volcanic ash. When using these compositions,
the average density exceeded 1900 kg/m’, water absorption was 8 wt. %. Silicate materials have high water
resistance, the softening coefficient exceeds 0.90. The results obtained also provide a wide selection of com-
positions based on the studied raw materials with high physical and mechanical characteristics, allowing for
consideration of the availability and economic feasibility of the raw materials depending on the required struc-
tural integrity. The synthesized neoplasms present in the samples are classified as low-base calcium hydrosil-
icates CSH(B), in particular alumina-containing tobermorite CsSsHs and hydrogranates of the composition
C3AScH .2v). Consequently, laterite and volcanic ash provide a high reactivity of the raw material mixture of
the CaO-SiOr-Al;03—Fe;0s3—H>0 system during autoclave treatment.

Keywords: Laterite, lime, volcanic ash, autoclave treatment, physical andmechanical properties.

Introduction. The construction industry con-
stitutes a segment of the economy that imposes sig-
nificant challenges on both the environment and the
socio-economic progression of particularly develop-
ing nations. Scholarly investigations and technolog-
ical innovations within the domain of construction
materials are directed towards establishing a frame-
work for improving building efficiency, with the ul-
timate objective of guaranteeing the the long-term
sustainability of the construction industry, while
considering ecological balance, durability issues, so-
cioeconomic impacts, and cultural factors [1-5].

Adobe bricks are abundantly accessible, eco-
nomically viable, and environmentally sustainable
[6-9]. However, in spite of their numerous ad-
vantages, they are frequently considered as a con-
struction option for individuals with limited financial
means in Eritrea and many African countries, pri-
marily due to concerns on their inadequate physio-
mechanical characteristics. This prevailing view-
point arises from utilization of raw materials without
appropriate enhancements. Consequently, compre-
hensive building codes and regulations governing
the application of these natural materials remain in-
sufficiently developed, particularly in the African
context.

It is well-established that a prevalent approach
for enhancing the composition of lime-silica binders
utilized in the production of autoclave materials in-
volves the incorporation of active aluminosilicate
constituents into their matrix [1]. The utilization of

both natural and industrial aluminosilicate sub-
stances exhibiting pozzolanic characteristics is uti-
lized in composite binders, thereby facilitating the
activation of chemical interactions among compo-
nents and decreasing the proportion of quartz in the
binder, which is an intensively exploited and de-
pleted resource, in addition to significantly altering
the phase composition of the resultant products.

A negligible proportion of the vast reserve of
clay rocks present in the Earth's crust has been ex-
ploited by the construction sector. Clay minerals, de-
fined as hydrophilic aluminosilicates, exhibit both
plasticity and adhesive characteristics upon their in-
teraction with water, subsequently solidifying during
the processes of drying or thermal treatment [10—12].
The fundamental composition of clay is primarily
constituted of silica, alumina (or magnesia, or both,
with a possible substitution for iron), in conjunction
with substantial amounts of calcium, potassium, so-
dium, and various crystalline impurities such as
quartz, feldspar, and mica. The ratios of SiO,, Al,Os,
Fe,0s3, MgO, and CaO are instrumental in determin-
ing the functional attributes of clay minerals. These
minerals display significant physical and chemical
reactivity, which can be attributed to their minute
particle dimensions, unique crystalline arrange-
ments, high adsorption capacities, and negative sur-
face charges. As a result, they are applicable in vari-
ous capacities within the construction sector when
treated properly.
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Laterites represent finely textured soils charac-
terized by a significant concentration of iron oxides,
resulting from the extensive weathering of the under-
lying parent rock formations in humid tropical and
subtropical environments [13]. Laterite constitutes a
stratified soil comprising the unstable constituents
silt and clay and the stable constituents gravel and
sand in the presence of moisture, thereby rendering
it appropriate for the production of bricks. Such soils
exhibit enhanced durability and resistance to mois-
ture infiltration, as well as reduced susceptibility to
substantial volumetric variations.

Volcanic activity is prevalent in numerous re-
gions across the globe, and as a result of recurrent
volcanic eruptions, volcanic debris are abundantly
available. Rocks derived from volcanic processes are
of significant interest in the synthesis of silicate ma-
terials owing to their intrinsic properties, which en-
compass components of the active amorphous phase.
Volcanic debris encompasses a broad spectrum of
applications, particularly in the construction of di-
verse structural forms, ranging from residential edi-
fices to public infrastructure, attributed to its benefi-
cial characteristics including thermal and acoustic
insulation, non-toxicity, fire resistance, an elevated
strength-to-weight ratio, moderate elasticity and lon-
gevity, as well as a porous configuration with re-
duced permeability [14—18]. Furthermore, owing to
its elevated silica composition, volcanic ash exhibits
substantial chemical inertness and remains largely
unaffected by the majority of acidic substances. Vol-
canic ash may serve as a pozzolanic agent provided
that the cumulative weight percentage of SiO,
Al O3, and Fe,O; exceeds 70 wt.%.

Volcanic ash is highly heterogeneous, with sig-
nificant variability in chemical composition, particle
size distribution, and physical properties depending
on its source. However, the effectiveness of volcanic
ash as a binder or filler material under the conditions
typical for autoclaving remains inadequately ex-
plored. This variability can complicate standardiza-
tion processes necessary for its use in autoclave sili-
cate materials. Researchers may be hesitant to ex-
plore volcanic ash further without a clear under-
standing of how these differences affect performance
in autoclaved applications.

Despite its prospective applications, laterite has
not been extensively studied as a component of au-
toclave silicate materials. Research in the field of
construction materials has predominantly focused on
conventional components such as Portland cement,
silica sand, and aggregates which may have obscured
the exploration of alternative materials, such as lat-
erite.

The primary aim of this investigation is to eval-
uate physical and mechanical properties of autoclave
silicate materials sourced from deposits within the

territory of the State of Eritrea, specifically focusing
on laterite and volcanic ash, as essential components
to enhance the quality of autoclave silicate products.
Approximately 33 % of Eritrea's terrestrial land is
covered by laterite soil, which exhibits limited eco-
nomic value. Furthermore, there exists a substantial
accumulation of volcanic debris in Eritrea that has
yet to be harnessed by the construction industry.
Therefore, it is feasible to expand the range of build-
ing materials by coordinating the production of sili-
cate materials with the help of these raw materials
which beer the essential oxides necessary for hydro-
thermal synthesis.

Materials and methods. The sand, laterite
rocks and volcanic ash used in this study were se-
lected from geological deposits located within the
territory of the State of Eritrea. The sand is obtained
from the southern administration zone, specifically
from locality in proximity to the village of Keih-Kor.
The modulus of the sand size is 2,6, which is charac-
terized as course. The sand is extensively employed
for construction activity throughout the country.

Laterite was selected from the central adminis-
trative zone, specifically from the periphery of the
capital city Asmara, known as Borboriela. The pre-
dominant compound in laterite is Iron (III) oxide,
which comprises 48.4 wt.%, and the rock is distin-
guished by a leached silica content exhibiting an
Al,O3/Si0; molar ratio higher than the recom-
mended limit to be suitable for autoclave processing
unless the ratio is diminished through amalgamation
with alternative raw materials. The primary mineral
component of the laterite is kaolinite. The laterite is
moderately plastic with a plasticity of 10 wt.%.

The volcanic ash is sourced from the Alid
mountain range located within the Northern Red Sea
administrative zone. This volcanic ash comprises
rock that has originated from siliceous lava with a
composition of 68.82 wt.% SiO,, and in contrast to
laterite, the volcanic ash is distinguished by a low
Al>;03/S10; molar ratio. The volcanic ash predomi-
nantly exists in an X-ray amorphous phase, exhibit-
ing considerable feldspar inclusions.

The examined raw materials were subjected to
pre-drying in a drying cabinet at a temperature of 105
°C until attaining a constant mass, subsequently be-
ing pulverized in a vibrating mill to achieve a spe-
cific surface area of 240-250 m?/kg. Quick lime
lump was milled to attain a particle size of 400-500
m?/kg and an activity of 92 %. The method for deter-
mining the activity of lime, including measurement
of the content of active CaO and MgO, was done in
accordance with Russian Standard GOST 22688-
2018.

The preparation of the raw material mass in-
volved the meticulous mixing of dry components in
predetermined ratios. Initially, laterite, volcanic ash,
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and lime were comprehensively mixed. Subse-
quently, the resultant binder was combined with sand
and adequately moistened with water, and stored in
a hermetically sealed vessel overnight. Following the
hydration of the lime from the resultant mixtures, cy-
lindrical samples, each with a diameter and height of
25 mm, were obtained utilizing a hydraulic press un-
der a pressing pressure of 20 MPa.

The autoclave treatment was executed in ac-
cordance with the established methodology, as in
following regime: the steam pressure within the au-
toclave was build up over a duration of 1.5 hours,
subjected to isothermal conditions for a period of 6
hours, and subsequently, the steam pressure was re-
duced over a span of 1.5 hours. Ultimately, the sam-
ples were assessed for their physical and mechanical
properties in compliance with the regulatory stand-
ards.

The determination of the mineralogical compo-
sition of the samples was executed utilizing the fol-
lowing apparatus: X-ray diffraction analysis was
performed employing a DRON-2 diffractometer,
while differential thermal analysis (DTA) and ther-
mogravimetric analysis (TG and DTG) were con-

ducted utilizing a NETZSCH STA 449 F3 Jupiter in-
strument. Additionally, the microstructural charac-
terization of the specimens was undertaken using a
TESCAN MIRA 3 LMU scanning electron micro-
scope, which is integrated with a device for perform-
ing elemental analysis via energy dispersion spec-
troscopy (EDS) [19, 20].

The experimental investigations were executed
employing the technique of orthogonal central com-
position planning of the raw material mixture, which
incorporates laterite rocks volcanic ash, and active
CaO as parameters [21, 22]. In the course of the ex-
periments, all variables x;, x2, and x; were manipu-
lated across three distinct levels — the central level
(0), the lower level (-1), and the upper level (+1),
with each level being demarcated from the central
level by a differential value of Ax;(Table 1).

The resilience of the identified functional rela-
tionship was assessed through the utilization of the
correlation coefficient. Computational analysis of
the primary dataset was employed to derive the co-
efficients of the regression equation along with the
physical and mechanical characteristics of the mate-
rial.

Table 1

Experimental planning conditions

Levels of variation  |The variation interval
Parameters
-1 0 +1
Laterite content, wt. % (x;) 10 25 40 15
Volcanic ash content, wt. % (x2) 5 15 25 10
CaO, content, wt. % (x3) 6 8 10 2

According to the findings derived from the ex-
perimental procedures, calculations were made using
the method of mathematical statistics, resulting in
equations that encapsulate the correlation between
the examined properties and the initial factors. The

n n
y=b0+ > bl.x..+

where by is the free coefficient; b;is the linear regres-
sion coefficient; b; is the regression coefficient with
pairwise interactions of the factors; ¢ is an error term
and x; and x; are the factors, where n=3 in the current
study.

generated second order regression equations show-
ing the dependence of the physical and mechanical
properties (y) on the parameters x1, x2 and x2 is
given by:

-1 n 2 2
> > b.x..+2b. (x5 —-Xx)+¢..
. i e i ij
i=1 j=i+li=1

gy
The obtained regression equations showing the de-
pendence of the compressive strength (Rc»), mean
density (p), water absorption (®), and the softening
coefficient (K;) of the synthesized samples on the
concentrations of laterite (x;), volcanic ash (x) and
CaOpgt (x3) are:

Rem = 21,883 +0,025x1+ 3,23x2— 0,085x3— 0,316x12— 1,41 12> — 2,186x3% — 2,014x1x2— 0,966x1063+ 0,519x2 x3
p=1922,98 — 38,4x;—32,6x2 — 32,1x3 — 27,29x1% — 3,29x,> — 18,79x3> — 40,88x1x2 — 14,38 x1x3— 1,13x2x3
®=9,96+ 1,10x;— 0,65x2 + 1,24x3 + 0,37x12+ 0,65x2> + 0,76x3% + 1,1 1x1x2+ 0,44x 1x3+ 0,1 1x2 x3
Ks=0,8744 — 0,008x;— 0,018x2 + 0,004x 5 + 0,0053x1+ 0,0053x,” + 0,0653x3% — 0,027 5x1062— 0,0025x1x3

Utilizing the data matrix from the regression
equations, graphical representations of the physical
and mechanical properties of the specimens were ul-
timately constructed.

Main part. The dependence of the compressive
strength, average density, water absorption and coef-
ficient of softening of the samples on the concentra-
tions of the three factors (laterite, volcanic ash, and
CaOyq) are illustrated in fig. la—lc.
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The average dry density of the samples de-
creased in proportion to the rise in lime content, at-
tributable to the flocculation and agglomeration of
clay particles within the soil matrix, which results in
an elevation of the void ratio (Fig.1b). The average
density exhibits a maximum value in specimens con-
taining a 6 wt.% lime concentration, whereas the
curves for specimens with 8 and 10 wt.% lime
demonstrate analogous patterns, but at a diminished
magnitude. For instance, samples containing 25
wt.% laterite, 15 wt.% volcanic ash, and increasing
CaO proportions at 6, 8, and 10 wt.% show a declin-
ing average densities of 1936, 1917, and 1864 kg/m?,
respectively.

Irrespective of their lime content, the samples
demonstrated an elevated density at 10 wt.% laterite
and concentrations of volcanic ash ranging from 15
to 25 wt.%. The average density of the samples ex-
hibited a decline as the proportions of volcanic ash
increased within the laterite concentrations of 25 to
40 wt.%. Despite the high iron content present in lat-
erite rocks, volcanic ash generally manifests a higher
or comparable compacting effect to that of laterite.

Compressive strength, MPa

[ 6% CaD 15,0
18%Ca0
=1 10 % Ca0 X2

Water absorption. %

A <250
200 T ‘180 4
—16%Ca0 150 e
8% Ca0 100 T,
1 10 % Ca0 X2 50 100
c

The compressive strength of the samples im-
proved significantly at lower concentrations of later-
ite (10 wt.%), particularly with a lime content of 8
wt.%. The compressive strength reached a value of
25 MPa with a volcanic ash content of 25 wt.%,
while the average density of the samples exceeded
1900 kg/m®, the corresponding water absorption
reached a minimum value in 8% by weight, and the
softening coefficient exceeded 0.90 (Fig. la—Ilc).
The water absorption is inferior and the softening co-
efficient is superior at 10 wt.% lime content (fig.1c).
The reason for the elevated water absorption is asso-
ciated with the low density of the samples and the
reason for increased coefficient of softening with an
increase in lime content can be related to the in-
creased reactivity of the siliceous and aluminounous
components with calcium hydroxide in the presence
of water under hydrothermal conditions. The optimal
concentration of active CaO has been determined to
be 8 wt.%. The most important characteristics of
clay-based building materials, particularly in wet
conditions, is the softening coefficient which quan-
tify the resistance of product to moisture.
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Fig. 1. Dependence of the compressive strength (a), average density (b), softening coefficient (c) and water absorption
(d) on laterite (x;), volcanic ash (x2) and CaO contents of the obtained samples

At a laterite content of 25 wt.%, the
compressive strength exhibited a positive correlation
with the increment of wvolcanic ash content,

ultimately reaching a value of 22.10 MPa at 15 wt.%
volcanic ash and 24.11 MPa at 25 wt.% volcanic ash
(refer to Fig. 2). In this context, the average density
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displayed a decreasing trend, reaching 1845 kg/m? at
25 wt.% volcanic ash. The values for water
absorption and softening coefficient were marginally
lower than those recorded at the 10 wt.% laterite
concentration; nevertheless, the samples remained
impermeable and water resistant. The observed
reduction in density, while simultaneously
upholding adequate compressive strength and water
resistance, imparts the benefit of minimizing the
dead load associated with building materials, thermal
comfort and sound insulation. This phenomenon
likely be attributed to hard aggregation of silica,
alumina and clay particles, surrounded by
cementitious substances which exhibit significant
resistance to water penetration, ensuring that the
mixture of laterite and volcanic ash demonstrates a
degree of insensitivity to moisture.

o 25 y 1 L2000
E X—_‘/ rr;,E
515 < 1900 &
210 1850 2
‘éi 5 1750 &
& <
S g 1800
5 15 25

Content of volcanic ash, wt. %

Fig. 2. The dependence (1) compressive strength
(2) average density on volcanic ash contents at 25 wt.%
laterite and 8 wt.% CaO

At the lowest volcanic ash concentration (5
wt.%), the compressive strength increased notably
with an increase in laterite concentration increased,
reaching values 18-19 MPa for specimens with 6
and 8 wt.% lime. The specimens with 6 weight per-
cent lime performed best, as evidenced by their 1950
kg/m?® density, less than 11 wt.% water absorption
rate, and a softening coefficient approaching unity.
10 wt.% lime has better performance at higher vol-
canic ash and lower laterite concentrations and 6
wt.% lime yield better results at high laterite and low
volcanic ash concentrations, hinting that lime is ef-
fectively absorbed by volcanic ash compared to lat-
erite which demonstrates the high reactivity of vol-
canic ash in the composite raw materials under hy-
drothermal conditions.

Generally, at the optimum lime content, a com-
pressive strength of 25 MPa at 10 wt.% laterite and
25 wt.% volcanic ash wt.% and a 24 MPa at 25 wt.%
laterite and 25 wt.% volcanic ash concentrations are
obtained. At 6 wt.% lime, 40 wt.% laterite and 5
wt.% volcanic ash a 19 MPa compressive is ob-
tained. The samples are demonstrated high density

and water resistance. The choice depends on the
availability and cost of the individual raw materials
and the required structural integrity.

The structural properties of the samples were
further studied though differential thermal analysis
(DTA), x ray powder diffraction (XRD) and electron
scanning microscope (ESM) to analyze the phase
composition of the synthesized neoplasms and the
structure of the formed cementing agents.

The derivatogram data of the samples with a lat-
erite content of 40 wt.%, volcanic ash 25 wt.% and
CaO 10 wt.% is shown in Fig.3. A pronounced en-
dothermic effect is observed on the DTA curve of the
samples at 81.8 °C, corresponding to the removal of
sorption water, which is accompanied by a loss of
sample mass (see TG and DTG curves). This proba-
bly indicates the presence of slightly crystallized cal-
cium hydrosilicates. The endothermic effect at 320,4
°C and the loss of mass in this case probably refers
to the presence of hydrogranates. The slight endo-
thermic effect with mass loss in the studied samples
is observed at 514,2 °C, which belongs to unreacted
clay minerals. The peak of 574,6 °C corresponds to
the polymorphic transformation of quartz. Endother-
mic effects at 673,9 °C, accompanied by weight loss,
probably belong to calcium carbon silicates. Exo-
thermic effects at 929,5 °C indicate the presence of
kaolinite in the samples.

Quartz (4.258; 3.346; 1.820 A) is recorded in
the radiographs of the samples comprising 40 wt.%
laterite, 25 wt.% volcanic ash, and 10 wt.% CaO
(Fig. 4a), as well as samples containing 10 wt.% lat-
erite, 5 wt.% volcanic ash, and 10 wt.% CaO (Fig.
4b). Kaolinite (7.172; 3.581; 2.343 A) is distinctly
identified in samples exhibiting a laterite content of
40 wt.% which indicates unbound clay content at
high laterite concentration which demonstrated rela-
tively weak compressive strength and high water ab-
sorption. The absence of kaolinite at 10 wt.% laterite
indicates the clay content is completely consumed in
the process of phase formation.

A diminutive reflex of 2.623 A, indicative of
calcium hydroxide is recorded in the analyzed
samples, a finding that is also confirmed by thermal
analysis data. It can be inferred that there is no
significant unbound calcium hydroxide which
implies the process of phase formation occurs with
considerable intensity. Both clay minerals and quartz
sand exhibit reactivity with calcium hydroxide. The
emergence of low-base calcium hydrosilicates is
possible in the samples, aligning with a reflex range
of 3.03-3.04 A. Nevertheless, it poses a challenge to
definitively ascertain the existence of low-base
calcium hydrosilicates through X-ray phase analysis,
as this reflection also aligns with calcium carbonate.
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Fig. 3. Derivatogram of autoclave silicate materials with a laterite content — 40 wt.%, volcanic ash — 25 wt.
%, CaO —-10 %
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Fig. 4. Radiographs of autoclave silicate materials (a) laterite content — 40 wt.%, volcanic ash — 25 wt. %,

CaO — 10 wt. %, and (b) laterite — 10 wt.%,

The mechanical properties of the silicate
composites are predominantly influenced by the
phase composition and the morphological
characteristics of the cementitious hydration
products developed under hydrothermal conditions.

volcanic ash -5 wt. %, CaO — 10 wt.%

The SEM analysis, in SE and BSE modes, showed
high mechanical strength phases. The obtained
samples exhibit the distinct feature of possessing
compact aggregates ranging from 10 to 20 microns
in diameter, within which the predominant binder is
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located, as illustrated in the electron scanning
microscope images presented in Fig. 5a. This
specific microstructural —arrangement can be
attributed to the matrix.

The cementing agent in the samples is a curved
plate, intertwined and interconnected, forming a
continuous spatial grid (Fig. 5b). These grids connect
larger aggregates, which, obviously, are also
products of interaction between the components of

k5 S
View field: 100.0 ym Det: SE L MIRA3 TESCAN
SEMHV:5.0kV | SM:RESOLUTION |20 ym 7

BI: 8.00 WD:577mm | BITY um. BT, I.lJyxclaI

a

um Det: SE
SM: RESOLUTION |500 nm
BI: 8.00 WD: 6.18 mm

SEM HV: 5.0 kV

the raw material mixture, having a denser
microstructure. The synthesized neoplasms are low-
base calcium hydrosilicates, in particular
tobermorite CsSgHs. The sizes of the platinum
neoplasms are 100-500 nm; the thickness is 10-20
nm (Fig. 5¢). Aluminosilicate rocks are used as raw
materials, therefore, the formation of aluminum-
containing tobermorite is most likely.

View field: 10.0 pm Det: SE k8
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BI: 8.00 WO:577mm |
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Fig. 5. Microstructure of autoclave silicate materials with a laterite content— 40 wt.%, volcanic ash — 25 wt. %,
CaO - 10 %, SEM: a — x1000; b — x10000; ¢ — x50000

In the micrograph, spherical formations
(globules) up to 800 nm in size are observed in the
structure of the samples, which are surrounded by a
network of neoplasms (Fig. 6). These spherical
formations of high density are clearly observed in the
BSE mode (Fig. 6b: positions 1, 2). For the elemental
analysis of samples, the energy dispersion
spectroscopy (EDS) method was used. According to
the results of EDS analysis, these substances (Fig.
6¢) contain mainly O, Si, Al and Ca. Obviously,
globules are a mixture of amorphous silicates and
calcium aluminates and are intermediate compounds
from which neoplasms are formed.

The region characterized by a spatial network of
neoplasms (refer to Fig. 6: positions 5 and 6) addi-
tionally comprises elements such as O, Si, Al, and
Ca, as indicated by the EDS data. This observation
suggests the formation of aluminum-bearing tober-
morite. Moreover, the formation of C3AS Hs-2x) hy-
drogranates is also possible (Fig. 4a and 4b, reflexes
2.74-2.75 A), thereby confirming the findings de-
rived from the DTA analysis. Through calculations
derived from X-ray analysis, the silica concentration
present within the hydrogranates has been ascer-
tained to lie within the interval of 1.2—1.4 mol.
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Fig. 6. Image of SEM — x10000, a —SE, b — BSE , ¢ — EDS spectra of autoclave silicate materials with
a laterite content — 40 wt.%, volcanic ash —25 wt. % and CaO —10 %

Consequently, the combination of laterite and
volcanic ash yields a significantly high reactivity of
the raw material mixture during autoclave pro-
cessing. The resultant interaction of the polymineral
raw materials with lime facilitating the production of
calcium hydrosilicates, aluminum-containing tober-
morite, and hydrogranates. Simultaneously, this pro-
cess engenders an optimal microstructure of the ce-
menting agent, which in turn ensures a high physical
and mechanical properties for the autoclave silicate
materials.

Conclusions. In this study, mathematical plan-
ning matrix is established explaining the effect of
laterite, volcanic ash and active CaO content on the
physico-mechanical properties of autoclave silicate
materials, which facilitates the determination of ra-
tional compositions of the raw material mixture for
the production of autoclavable silicate materials.
Based on the obtained results it can be concluded
that:

1. It is established that that the optimal lime con-
tent (8 wt.%) results in compressive strengths of 25
MPa at 10 wt.% laterite and 25 weight percent vol-
canic ash, and 24 MPa at 25 wt.% laterite and 25
wt.% volcanic ash. A 19 MPa compressive strength
is achieved at 6 wt.% lime, 40 wt.%t laterite, and 5
wt.% volcanic ash. The samples exhibit densities ex-
ceeding 1900 kg/m? and high water-resistance. The
best choice depends on the necessary structural
soundness as well as the cost and availability of the
individual raw materials.

2. Differential thermal analysis and XRD results
revealed that there is no significant unbounded
Ca(OH), and clay minerals within the analaysed
samples which implies the process of phase for-
mation occurs with considerable intensity.

3. The high reactivity of the components of the
raw material mixture based on laterite and volcanic
ash has been established. The features of phase for-
mation in the "CaO-SiO>—Fe>03;—-H,0O" system under
hydrothermal conditions have been revealed. The
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phase formation is accelerated with the synthesis of
low-base calcium hydrosilicates CSH(B), likely alu-
minum-containing tobermorite and hydrogranates of
the composition C3ASsHs-2x) forming an optimal
microstructure of the cementing agent, which en-
sures high physical and mechanical properties of the
autoclave silicate materials. Spherical formations
(globules) which are surrounded by a network of ne-
oplasms are observed in the structure of the samples.
Gobules are a mixture of amorphous silicates and
calcium aluminates and are intermediate compounds
from which neoplasms are formed.

Hcemounux gunancuposanua. Paboma 6vi-
noavena 6 pamxax Ilpoepammur  «llpuopumem
2030» na 6ase BI'TY um. B.I'. Illyxosa. Paboma évi-
nonxena ¢ ucnoavzosaruem ooopyoosanus L{BT na
oaze BI'TY um. B.I". lllyxosa.
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BJIMAHUE AJIIOMOCHJIMKATHOTI'O CbIPbs HA IIOBBIIIEHUE KAYECTBA
ABTOKJIABHBIX CUWINKATHBIX MATEPUAJIOB

Annomauus. /[na yryumenus Qu3uKo-mexaHuyeckux ceoUCme CUTUKAMHBIX MAMEPUANos, N00BEPeHY-
MbIX AGMOKIAGHOU 00pabomike, U pacuupenus CHeKmpa UCHOIb3YeMO20 Cbipbsl 8 OAHHOM UCCIe008AHUU UC-
NObL30BANUCH TAMEPUMHDBLE NOPOOLL U BYTKAHUUECKUL nenell, 000blmble U3 MeCMOopOICOeHUU Ha Meppumopuu
Tocyoapcmesa Spumpes. C ucnoavsosanuem mMemooa WiaHUpO8aHUsl IKCNEPUMEHMA U3Y4UeHO GUsHUe aame-
pumnwvlx nopoo, syaxaunuyeckozo nenid u CaOgym HA UBUKO-MEXAHUYECKUE XAPAKMEPUCMUKY NOTYYEHHBIX
06pasyos. Ilpounocms na cocamue 3HAYUMENTbHO 603DOCAA C Y@eAUHeHUeM COOEPAHCAHUS BYIKAHULECKO20
nenia, docmueHys 3uavenuii 25 Mlla ons obpasyos, cooepocawux 25 mac. % syixanuueckozo nenia u 8 mac.%
uzgecmu, umo cocmaeiaem npumepno 50 %-Hoe ygenruueHue no CPAGHEHU0 CO 3HAYEHUAMU, NOTYYeHHbIMU
npu 5 mac.% eyaxkanuyeckozo nenia.. Ilpu ucnonvzoganuu smux KOMRoO3uYuii Cpeouss NIOMHOCHb NPEGbICUNLA
1900 xe/v’, gooonoenowernue cocmasuno 8 mac. %. Cunuxammuvie mamepuaivl 001a0AI0OM BbICOKOU 8000~
cmotuikocmwio, Koapguyuenm pasmseuenusi npesviwaem 0,90. Tonyuennvie pezyivmamvl makxsice npeoo-
CMAsASIOM WUPOKULL 8bIO0P COCNABO8 HA OCHOBE UZYUAEMO20 CHIPbS C GbICOKUMU DUBUKO-MEXAHUYECKUMU
Xapaxmepucmuxkamu, nO380IOUUMU YYUMBIEAb 0OCHYNHOCHb U SKOHOMUYECKYIO Yeleco0OpazHoCcmy Cbl-
Db 8 3a8UCUMOCIIU O MpebyeMoti cmpyKkmypHot yerocmuocmu. Cunmesuposanuvle H08000PA308aHUsL, NPU-
cymemeyiowe 8 0opazyax, Kiaccupuyupyromecs Kaxk HuU3KoocHoshvie cuopocuiuxamol kamwyus CSH(B), 6
yacmuocmu enunozemcooepaicawuti mooepmopum CsSsHs u euopoepanamor cocmasa C3ASH .2y Credosa-
MeNbHo, 1amepum U GYIKAHUYEeCKUll neneil 06ecneyusarom GblCoKyI0 peakyuoHHyi0 CnoCOOHOCMb Cbipbegol
cmecu cucmemovt "CaO-SiOr-Al,03—Fe;03—H>0" npu asmoxnasrnoti obpabomie.

Knrwouesvie cnosa: namepum, uzgecms, 8yIKAHUYECKUL nenel, asmokiagHas 0opabomxa, usuxo-vexa-
HUYecKue ceolicmed.

BUBJINOTPAOUYECKHHA CIIMCOK

1. Akadiri P.O., Chinyio E.A., Olomolaiye P.O.
Design of a sustainable building: A conceptual
framework for implementing sustainability in the
building sector // Buildings. 2012. T. 2. Ne. 2. C.
126-152. DOI: 10.3390/buildings2020126

2. Dang G., Pheng L.S. Infrastructure invest-
ments in developing economies // Springer Science
Business Media Singapore. 2015. T. 10. C. 978-981.
DOI: 10.1007/978-981-287-248-7

3. Tafesse S., Girma Y. E., Dessalegn E. Anal-
ysis of the socio-economic and environmental im-
pacts of construction waste and management prac-
tices // Heliyon. 2022. Vol. 8. Issue 3. Pp. 1-8.
DOI: 10.1016/j.heliyon.2022.e09169

4. Ding G.K.C. Sustainable construction—The
role of environmental assessment tools // Journal of

environmental management. 2008. T. 86. Ne. 3. C.
451-464. DOI: 10:16/j.jenvman.2006.12.025

5. Boadi K. Kuitunen M., Raheem K., Hanninen
K. Urbanisation without development: environmen-
tal and health implications in African cities // Envi-
ronment, Development and Sustainability. 2005. T.
7. C. 465-500. DOI: 10.1007/s10668-004-5410-3

6. Obonyo E., Exelbirt J., Baskaran M. Durabil-
ity of compressed earth bricks: Assessing erosion re-
sistance using the modified spray testing / Sustaina-
bility. 2010. T. 2. Ne. 12. C. 3639-3649. DOL:
10.3390/5u2123639

7. Oyelami C.A., Van Rooy J.L. A review of the
use of lateritic soils in the construction/development
of sustainable housing in Africa: A geological per-
spective // Journal of African Earth Sciences. 2016.

17



Becmuux BI'TY um. B.I'. lllyxosa

2025, Ne6

T. 119. C.
DOI:10.1016/j.jafrearsci.2016.03.018

8. Deboucha S., Hashim R. A review on bricks
and stabilized compressed earth blocks // Scientific
Research and Essays. 2011. T. 6. Ne. 3. C. 499-506.
DOI: 10.5897/SRE09.356

9. Fomina E.V., Strokova V.V., Kozhukhova N.
I. Application of natural aluminosilicates in auto-
clave cellular concrete / World Applied Sciences
Journal. 2013. T. 25. Ne. 1. C. 48-54.
DOI: 10.5829/idosi.wasj.2013.25.01.7022

10. Alujas Diaz A. Properties and occurrence of
clay resources for use as supplementary cementitious
materials: a paper of RILEM TC 282-CCL // Mate-
rials and Structures. 2022. Vol. 55. Ne. 5. C. 1-22.

11. Galan E., Ferrell R.E. Genesis of clay min-
erals // Developments in clay science. 2013. Vol. 5.
C. 83-126.

12. Tan X., LiuF., Hu L., Reed A. H., Furukawa
Y., Zhang G. Evaluation of the particle sizes of four
clay minerals // Applied Clay Science. 2017. Vol.
135. C. 313-324. DOI:10.1016/j.clay/2016.10.012

13. Eujine G.N., Chandrakaran S., Sankar N.
Accelerated subgrade stabilization using enzymatic
lime technique // Journal of Materials in Civil Engi-
neering. 2017. C. 1-5. DOI:
10.1061/(ASCE)MT.1943-5533.000192

14. Onoue K., Tamai H., Suseno H. Shock-ab-
sorbing capability of lightweight concrete utilizing
volcanic pumice aggregate // Construction and
Building Materials. 2015. T. 83. C. 261-274.
DOI:10.1016/j.conbuildmat.2015.03.019

15. Bahrami A., Nematzadeh M. Effect of rock
wool waste on compressive behavior of pumice

226-237.

Hngopmayus 06 asmopax

lightweight aggregate concrete after elevated tem-
perature exposure // Fire Technology. 2021. T. 57. C.
1425-1456. DOI:10.1007/s10694-020-01070-1

16. Sultan M.A., Hakim R., Gaus A., Imran. Re-
view of the flexural strength of lightweight concrete
beam using pumice stone as of substitution partial
coarse aggregate / GEOMATE Journal. 2021. T. 21.
Ne. 85. C. 154-159. DOI: 10.21660/2021.85.j2184

17. Lemougna P.N., Lemougna P.N., Wang K.,
Tang Q., Nzeukou A.N., Billong N., Chinje Melo U.,
Xue-min C. Review on the use of volcanic ashes for
engineering applications // Resources, Conservation
and Recycling. 2018. T. 137. C. 177-190.
DOI:10.1016/j.resconrec.2018.05.031

18. Amato G., Campione G., Cavaleri L., Min-
afo G. The use of pumice lightweight concrete for
masonry applications // Materials and structures.
2012.T.45.C. 679-693. DOI: 10.1617/s11527-011-
9789-7

19. Pronin A.L., Mylnikov V.V., Romanov A.D.
Application of orthogonal central composition plan-
ning of experiments to optimize the turning of
KHVG-hardened steel by cutting ceramics // Journal
of Machinery Manufacture and Reliability. 2018. T.
47.C. 112-120. DOI:10.3103/S1052618818010132

20. Oyejola B.A., Nwanya J.C. Selecting the
right central composite design //International Journal
of Statistics and Applications. 2015. T. 5. Ne. 1. C.
21-30.

21. Muxee B.W. Pentrenorpaduueckuii onpe-
JICJIATENb MOJIE3HBIX HCKomaeMbIX. M.: 'ocreonrex-
Hus3gar, 1957. 868 c.

22. T'opuikoB B.C., Tumamer B.B., CaBenben
B.I'. Meronbl pU3NKO-XMMHUYECKOTO aHATTN3a BAXKY-
mumx. M., 1981. 334 c.

I'xedopemenxun Kunane Bennaii, acnmpant. E-mail: kidanebab100@gmail.com., benropockuii rocy1apCTBEHHBIH TEX-
Honorudyeckuit yausepcuret uMm. B.I'. Illyxosa. Poccus, 308012, benropon, yin. KoctrokoBa, 46.

BoJsioguenko Anaroaunii HukonaeBuy, JOKTOp TEXHUYECKHX HAyK, AOUEHT, Mpodeccop Kapeapsl TEOPETUICCKOH U
npukiIagHoi xumun, E-mail: volodchenko@intbel.ru. Benropoackuii rocyiapcTBEHHBIH TEXHOJIOTHICSCKUH YHUBEPCUTET
uMm. B.I'. lllyxosa. Poccus, 308012, benropon, yn. Koctiokosa, 46.

Received 16.12.2024

J1st nuTHpOBAHNS:

I'xeopemenxun K.B., Bonoguenko A.H. BriusiHue anroMOCHIMKATHOTO CHIPhS HA MOBBIIMICHHE KAYECTBA aBTO-
KJIaBHBIX CHJIMKaTHbIX MartepuaioB // Bectuuk BI'TY wum. B.I. Ilyxosa. 2025. Ne 6. C. 8-18.

DOI: 10.34031/2071-7318-2024-10-6-8-18

For citation:

Ghebremedhin K.W., Volodchenko A.N. The effect of aluminosilicate raw materials on improving the quality
of autoclave silicate materials. Bulletin of BSTU named after V.G. Shukhov. 2025. No. 6. Pp. 8-18.

DOI: 10.34031/2071-7318-2024-10-6-8-18

18



