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Abstract: It is established that the natural nano-sized materials represented by sand-clay rocks can be used as
energy-saving raw material to obtain efficient high-pore non-autoclave silicate materials. The mechanism of the
structure formation of lime- sand-clay mixture under hydrothermal treatment without pressure has been
proposed. Initially, during the interaction of mixed-layer minerals and fine quartz with lime results in the
formation of intermediary substances in the form of globules constituting amorphous hydroaluminates and
calcium hydrosilicates. Then, on their basis new formations emerge consisting of hydrated calcium silicates
weakly chrystallized hydrated calcium silicates as well as alyumo replaced calcium hydrosilicates and
hydrogarnets. Formation of aqueous basic calcium carbosilicate is also possible. Cementitious compound in
non-autoclave silicate materials on the basis of sand and clay rocks have hydraulic properties, which are caused
by the process of further formation and recrystallization of hydrated calcium silicates, thereby optimizing the
ratio between gel-like and crystalline components, the structure of cementitious compounds becomes more
compacted, which results in improved operational characteristics.
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INTRODUCTION to obtaining a composite binder based on aluminosilicate

One of the main current trends in development of materials with optimum microstructure. For these
science is energy saving, environmental management, purposes, clay rocks of unfinished stage of clay
development of innovative technologies for producing formation, widely spread in many regions of the Russian
green composites, which is particularly important for Federation [1-15].
building materials science. The specificity of these rocks is the presence of

Energy intensity of the most common wall materials thermodynamically unstable compounds. As a result of
in Russia-ceramic and silicate bricks, expanded clay corrosion processes, hydration, hydrolysis and leaching,
concrete blocks, etc., is much higher compared to foreign the original parent rock eroded, on their basis mineral
analogues. aluminosilicates were formed, which were characterized by

The urgent problem is reducing energy consumption varying chemical composition and imperfect  structure of
of  building  materials production  through  the use of crystalline lattice as well as quartz with crystal lattice
non-traditional,   including  technogenic  raw  materials, defects, the surface of which is corroded to different
for  which  thermodynamically  unstable  compounds extent. One of the main components of clay soils are clay
rock-forming minerals. minerals possessing the properties of natural nano-sized

The solution of this problem with reference to silicate particles. Thus, the natural processes have already done
materials technology lies in transition from traditional the job of rock disintegration. Therefore the interaction
materials, where quartz sand is used as silica component, process   between    rock-forming    minerals    and   binder

material which promotes the synthesis of cementitious
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Table 1: Granulometric composition of sand-clay rock

Fraction content, weight %, particle size, mm
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Rock over 0,1 0,1- 0,05 0,05- 0,04 0,04- 0,01 0,01- 0,005 less than 0,005

Fluvial soil 15,7 12,90 5,82 42,95 5,70 16,93
Clay loam # 1 0,55 20,72 18,58 21,15 7,49 31,51
Clay loam # 2 0,2 9,33 9,56 29,86 9,35 41,70

Table 2: Chemical composition of sand-clay rocks

Rock SiO gen. SiO free. Al O TiO Fe O CaO MgO K O Na O Others Total2 2 2 3 2 2 3 2 2

Fluvial soil 82,87 61 6,70 0,42 2,63 1,77 1,03 1,26 1,10 2,05 99,83
Clay loam # 1 73,0 38 10,4 0,72 3,60 2,32 1,32 1,86 1,29 3,95 98,46
Clay loam # 2 65,1 35 12,5 0,77 4,36 3,21 1,64 1,93 1,74 5,76 97,01

Fig. 1: Microstructure of sand and clay rocks, REM, ×50000:
a -fluvial soil; b-clay loam No 2

component is possible in conditions of hydrothermal It has been established that the rocks under
treatment at atmospheric pressure, which was the investigation are composed of loamy and silty aggregates
hypothesis of these studies. and  loamy   micro-aggregates,   rocks   also  contain

The aim of this work is to study the processes of micro-aggregates of clay minerals with the size smaller
structure  formation  in the systems based on natural than 100 nm (Fig. 1), which allows to regard these rocks as
nano-sized raw materials and lime in conditions of nano-sized natural raw materials. 
hydrothermal treatment without pressure and obtaining As a binder lump lime was used containing active
effective walling materials using energy-saving CaO 78,3 wt. %. Lime was previously ground to specific
technology. surface area of 400 m2/kg. Sand-clay rocks were dried at

For the study the following three sand-clay rocks 105 °C. Lime and the rock under study were thoroughly
from the deposits of the area of the Kursk Magnetic mixed in predetermined ratio, humidified with the
Anomaly were used (Table 1). necessary amount of  water  and  left in a sealed cup.

The  content of pelite fraction in clay loam is 39 and After lime slaking the raw mixture obtained with 8-10%
51 weight %. For  fluvial  soil,  the  value is 22.63 weight moisture content was molded into samples at compacting
%. Aleuritic and pelitic particles prevail. Chemical pressure of 10 MPa. The molded samples underwent
composition shows that the rocks have high silica content hydrothermal treatment in the steaming chamber at
and are classified as acidic (Table 2). temperature of 90 ± 5°C in the following regime:

Clay minerals are represented by Ca 2 + temperature rise-1,5 h, isothermal holding time-9 hours,
montmorillonite, kaolinite, hydromica, mixed-layer temperature decrease-1,5 hours. The results are shown in
formations, as well as X-ray amorphous phase. Table 3.
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Table 3: Physical and mechanical characteristics of the samples

Lime content, % îf dry mix mass

------------------------------------------------------------------------------------------------------------------------------------

Physical and mechanical characteristics 5 10 15 20 25

Samples on the basis of fluvial soil

Ultimate compressive strength, MPa 11,50 14,06 11,82 9,59 8,80

Emolliating coefficient 0,65 0,76 0,77 0,75 0,70

Average density, kg/m 1685 1670 1665 1580 15553

Water absorption, % 13,15 13,85 16,56 17,97 18,52

Samples on the basis of clay loam No 1

Ultimate compressive strength, MPa 9,13 14,38 15,35 16,52 14,19

Emolliating coefficient 0,68 0,72 0,79 0,74 0,54

Average density, kg/m 1715 1655 1660 1600 15553

Water absorption, % 13,85 14,20 15,18 17,32 19,36

Samples on the basis of clay loam No 2

Ultimate compressive strength, MPa 7,39 13,79 13,02 11,08 11,27

Emolliating coefficient 0,65 0,72 0,79 0,75 0,88

Average density, kg/m 1540 1535 1505 1430 14153

Water absorption, % 14,04 14,26 15,35 17,44 19,89

For fluvial soil the maximum strength of 14.06 MPa At the same time physical and chemical processes take
corresponds to lime content  of  10 wt. %. For clay loam place, resulting in the synthesis of complex binder forming
No 1 the most significant increase in strength from 9.13 to a solid frame. Based on the data from differential thermal
14.38 MPa occurs with changes in lime content from 5 to analysis and X-ray phase analysis (Fig. 2), cementing
10 wt. %. Further increase in strength is insignificant compounds of the samples obtained, present weakly
reaching a  maximum of 16.52 MPa with lime  20  wt.  %. crystallized low- basic hydrated calcium silicates and
For clay loam No 2 the highest strength of 13.79 MPa is hydrogarnets. Aluminum may be included in the structure
reached with lime content of 10 wt. %. According to the of hydrated calcium silicates. Formation of an aqueous
numerical value of emolliating coefficient the samples with basic calcium carbosilicate is also possible
10-20 wt. % of lime are water-resistant. New formations of weakly crystallized low-basic

Comparing  changes  in the strength indicators hydrated calcium silicates, forming a grid, fill anisotropic
reveals  that  the samples reach maximum strength in pores between the relic structure of clay material, which
almost all cases, with the lime content of 10-20 wt. %. leads to compaction of the microstructure. In this case,
Moreover, at 10 wt. % of lime, the numerical strength crystallization structure is formed (Fig. 3).
values are close to each other. This is of great practical The strength of the resulting material structure is
importance, as with the vibrations of the material strongly influenced by micro aggregate grains
composition of raw materials, which is inevitable in real representing sand particles and by their contact area with
production process, it is possible to obtain building the whole substance. In the rock under investigation
materials with predetermined physical and mechanical contain mainly sharp-edged quartz particles, with the
properties. surface corroded to different extent. These quartz particles

The average density for all clay rocks under are virtually indistinguishable in a dense matrix of new
investigation  decreases  with  increasing  the  lime formations of a substance based on lime and finely
content, which is associated with an increase in the dispersed part of rock. Due to increase in packing density
porosity of the material obtained. This is confirmed by the a stronger material microstructure is achieved which gives
fact that at the same time water absorption of the samples the product a higher average density and compressive
increases. strength.

The resulting physical and mechanical properties of Experiments were also conducted on samples
silicate samples indicate that the studied materials in obtained at compression pressure of 20 MPa, which is
conditions of steaming at 90-95 C readily react with lime. used in the traditional technique of silica brick production.
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Fig. 2: Thermographs  (A)  and  radiographs (b) of the samples with lime content of 10 weight %: 1-fluvial soil; 2-clay
loam # 2

Fig. 3: Microstructure of samples n the basis of clay loam
No 2, REM, ×9500

The raw materials used was fluvial soil. The samples were Fig. 4: Ultimate compressive strength of the samples
tested for ultimate  compressive strength. Some samples depending on lime content:
of  each composition  were  left in tap water for  a year. 1-original  samples;  2-water  saturated  samples;
The samples were later tested for ultimate compressive 3-water saturated samples after keeping in water
strength in water-saturated state (Table 4 and Fig. 4). for a year

Table 4: Physico-mechanical properties of samples based on fluvial soil

Lime content, weight. % 

------------------------------------------------------------------------------

Physico-mechanical properties characteristics 5 8 10 12 15

Ultimate compressive strength, ÌPà 17,8 18,6 22,6 16,9 16,7

Ultimate compressive strength for water saturated samples, ÌPà 14,0 14,4 18,4 16,9 15,7

Ultimate compressive strength for water saturated samples kept in water for a year, ÌPà 22,1 25,2 28,1 34,7 29,5

Emolliating coefficient 0,79 0,78 0,81 1,00 0,94

Average density, kg/m 1880 1855 1850 1815 17553

Water absorption, % 13,03 13,20 13,85 14,26 16,76
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Fig. 5: Microsructure of a sample on the basis of fluvial soil with lime content 10 weight. %, REM:
à-original sample; b-after a year of keeping in water 

Increase in compaction pressure from 10 to 20 MPa, are also key elements forming the structure of clay
increases the strength of the samples (see Table. 3 and minerals. This means that the globules are formed
Fig. 4). The optimum lime content is also 10 wt. %. In this primarily due to the interaction of lime with clay minerals
case the strength reaches 22.6 MPa. The samples and finely dispersed quartz and represent amorphous
obtained are water-resistant (emolliating coefficient is intermediates out of aluminates and hydrated calcium
0,78-0,98 ). The average density decreases from 1880 to silicates.
1755 kg/m . Frost resistance of the products obtained is Microstructure of the sample after having been kept3

no less than 15 cycles. in water for one year differs significantly from the original
Some samples of each composition were kept in tap sample (see Fig. 5b). The  globules are virtually  absent.

water for 1 year. The samples were tested for ultimate At  the  same  time  the  amount  of weakly crystallized
compressive strength in water-saturated state. There was low- basic hydrated calcium silicates increases, which,
a significant increase in strength compared to samples forming a continuous grid, cover the aggregate surface
which were not exposed to prolonged keeping in water. and tie its grains between each other. Consequently, the
With lime content of 12 wt. % the strength of the samples globules show thermodynamic instability and the
after a year of exposure to water has doubled. This is formation of weakly crystallized low- basic hydrated
connected with the fact that the rock forming minerals and calcium silicates based on them still continues after
its nano-sized component in particular, ensure the hydrothermal treatment product. Besides, weakly
synthesis of a cementitious compound, which possesses crystallized low- basic hydrated calcium silicates represent
hydraulic properties. unstable phase, which is capable with time and especially

In the microstructure of a sample containing 10 wt. % in an aqueous medium, be subject to recrystallization,
of lime, we observe accumulation of globules sized up to which also results in a change in the structure of
0.5 microns, which are connected by a grid of new cementitious compound. Perhaps, these processes
formations weakly crystallized low- basic hydrated provide   hydraulic    properties   of   silicate  materials.
calcium silicates (Fig. 5). Chemical composition of the The above process can go on not only in water, but under
globules indicated in Fig. 5, a, was examined by X-ray normal conditions.
energy dispersive spectroscopy. It has been established that raw mixture based on

It has been established that the following elements sand- clay soils provide increased strength of raw 3-5
are  included   in   the  globule  composition,  weight. %: times, thereby reducing the number of defective products
O-33,57–44,42; Ca-28,2–40; Si-12,44–24,63; Al-7,37–10,92. in the molding process and facilitate the production of
The content of Mg and Fe is insignificant. These elements hollow products with average density of 1100-1200 kg/m .3
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Thus, natural nano-sized raw materials, represented 7. Lesovik,  V.S.,  N.I.  Alfimova,  E.A.  Jakovlev  and
by sand-clay rocks, can be used as raw material for M.S. Shejchenko, 2009. To the problem of increasing
production of energy-saving  efficient  hollow  silicate the efficiency of composite binders. Bulletin of
materials.  A  mechanism  for   structure   formation in Belgorod State Technological university named after
lime-sand-clay mixture under hydrothermal treatment V.G. Shukhov. 1: 30-33. 
without pressure has been proposed. Initially, during the 8. Volodchenko, A.N., 2011. Features of interaction of
reaction between mixed-layer minerals and finely magnesia clay with calcium hydroxide in the
dispersed quartz with lime intermediate compounds in the synthesis of new formations and formation of
form of globules are formed, representing amorphous microstructure. Bulletin of Belgorod State
hydroaluminates and calcium hydrosilicates. Then, on Technological university named after V.G. Shukhov,
their basis, new formations appear, consisting of weakly 2: 51-55.
crystallized low- basic hydrated calcium silicates and 9. Alfimova, N.I., 2011. Increasing the walling stone
alyumo replaced hydrogarnets. It is also possible the efficiency due to the use of technogenic raw
formation of an aqueous calcium carbosilicates is also materials. Bulletin of Belgorod State Technological
possible. Cementitious compound of non-autoclave university named after V.G. Shukhov, 2: 56-59.
silicate materials on the basis of sand and clay soils 10. Vishnevskaja, Ja.Ju., V.S. Lesovik and N.I. Alfimova,
possess hydraulic properties, which are caused by the 2011. Energy intensity of the process of synthesis of
process of further formation and recrystallization of composite binders depending on the genesis of
hydrated calcium silicates, thereby optimizing the ratio silica-containing component // Bulletin of Belgorod
between gel-like and crystalline components and the State Technological university named after V.G.
structure of cementitious compounds become more Shukhov, 3: 53-56.
compacted, which results in improved operational 11. Lesovik, V.S. and A.A. Volodchenko, 2011. Durability
characteristics. of non-autoclave silicate materials on the basis of
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