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Earlier it has already been reported about the possibility of enlarging cement obtaining with
active mineral additives. It was shown that joint thermal treatment of active mineral additive increases
strength of the cement.

It is known, that the properties of the concrete, besides other factors, depend on the activity of
the mineral additives, that are inserted into the cement.

In the presented work cements were obtained inserting zeolite tuff. Before inserting into the
cement mixture additive subjected to thermal treatment ar the temperature 100...700° C. Data, testifying
active mineral additives thermal treatment positive influence on the strength of the cement and
concrete. X-rays of the active mineral additives, thermal treated at 1 00-700° C, and also saturated by
sulfur dioxides ar 700° C were studied and periods of mixtures setting.

Quite interesting results were obtained when physical-mechanical properties of cement were
studied on the basis of Portland cement and thermal treated mineral additives.

Inserting of thermal treated mineral additive — zeolite tuff AI203°25i02 in the cement mixture,
when in the hardening system between each other at the nano level react additives and clinker minerals,
their product ettringite 3CaO’A1203°3CaSO4°32H20, Creating the preconditions to form clusters of
natrolite and ettringite ZEOETTRINGITE with the  probable formulas -
Na202A1203°351026Ca0O"3503°34H20, which increases activity, compressive and flexural strength of

concrete.

Earlier it has already been reported about the possibility of enlarging cement obtaining
with active mineral additives. It was shown that joint thermal treatment of active mineral
additive increases strength of the cement[1].

It is known, that the properties of the concrete, besides other factors, depend on the
activity of the mineral additives,that are inserted into the cement[2].

The practice has shown, that in some cases high class High Performance Concretes are
very brittle and are sensitive to variable thermal and mechanic influences, therefore more
frequent reinforcement of structures made of this concrete becomes necessary, thus deficit and
expensive steel reinforcement charges increase and construction prime price goes up.

In XXI century concrete remains as the most principal and important structural material,
therefore it is necessary to study its negative properties and to search for elimination method.

From the negative properties of concrete anisotropy is the nearest to brittleness, it’s a
global problem.
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Concrete compressive strength is almost 10 times higher than its bending strength almost
20 times higher than tensile strength. Concrete is the artificial stone, with its structure and
genesis it is near natural stones of the sediment origin.

Anisotropic is also mechanical strength of the sediment origin rocks, but in the structure
of the natural stone practically there are no open and through pores and hollows, therefore its
mechanical strength is higher than of concrete.

Concrete mechanical strength anisotropy decreases built structures durability and
seismic resistance.

To eliminate concrete stone anisotropy it must be reinforced. Practically the most
widespread reinforcement ordinary and pre stressed methods using concrete periodical profile
steel reinforcement or wire net.

In the 50-ies of the XX century in different countries began so called “dispersed
reinforcing” of concrete using fiber of different origin. Generally “dispersed reinforcing” means
reinforcing by bars prepared of any material uniformly distributed in the concrete volume with
length less than 55mm. Such method of reinforcing sometimes is called three dimensional 3D (3
dimensions), or reinforcing of the whole volume. It does not give us full guarantee to eliminate
concrete anisotropy and reinforcing of the whole volume of concrete, because of that we tried to
realize following:

* Modification of concrete structure using innovation methods of dispersed reinforcing,
which means:

Three-dimensional — dispersed, nano independent reinforcing, zeolite thread with the
size 3-200nm and needle like crystals, for example clinoptilolite and natrolite [Fig. 1], using as
fiber.

Figure 1.natrolite

** During the hydration of cement, according to [3], entered in AFt phase, with the size
40-90nm using new formations as crystal rudiment — when for example with new formed thread
and ettringiteneedle like crystals[Fig. 2], and zeolite’s or natrolite’s crystal hydrates nano
independent reinforcing or zeonano independent reinforcing, after that formatted for example

clusters of natrolite and ettringite ZEOETTRINGITE with the probable formulas -
Na20*2A1203*3Si02*6Ca0*3S03*34H20.



In the presented work cements were obtained with the clinker produced by
HeidelbergCement’s Kaspi cement plant and Tedzami’szeolite tuff. Before inserting into the
cement mixture additive subjected to thermal treatment at the temperature 100...700°C. Data,
testifying active mineral additives thermal treatment positive influence on the strength of the

cement and concrete. cement results see table 1, Fig.4.

Table 1.

Figure 2.ettringite

Properties of Portlandcement with the zeolite tuff

Comparable Clinker 95% +
Gypsum 5%

95

1:35

2:40

30.7

39.8

50.8

Clinker 90% + Zeolite
tuff 5% + Gypsum 5%

105

1:35

2:25

265

37.1

523

Clinker 90% + Zeolite
tuff (thermal treatment
700° C ) 5% + Gypsum

5%

96

1220

2:10

323

424

555

X-rays of the active mineral additive — zeolite tuff, thermal treated at 100-700°C [Fig. 3].




Figure 3.roentgenogram

Quite interesting results were obtained when physical-mechanical properties of cement
were studied on the basis of Portland cement and thermal treated mineral additives [Fig. 4].
Inserting of Zeolite tuff in cement-concrete mixture decreases concrete anisotropy,
because compressive strength increases by 43%, bending strength by 35% and strength on split
by 44%.
MPa
100
90
80
70
60
50

40 E%

30

-
;
(

20 1088
8.04 i 6.35

10 4.4 .
o ol | s

bending strength strength on split compressive strength

B without addit. ™ +with zeolite

Figure 4.Cement’s Physical-mechanical properties

The main factor of the active mineral additive is mineralogical composition, thermal
treatment before crystallization or till full dehydration, which is increase activity of mineral
additives.



Inserting of thermal treated mineral additive — zeolite tuff (Al203*2SiO2 in the cement
mixture, when in the hardening system between each other at the nanolevel react additives and
clinker minerals, their product ettringite3CaO*Al203*3CaSO4*32H20)increases activity,
compressive and flexural strength of concrete.

Our opinion is that, increasing of concrete compressive strength with the thermal
treatment of mineral additive caused by exist active silica SiO2and aluminous Al2O3in mineral
additives, which helps formation of additional crystal-hydrates which contains AFt phases,
together with early ettringite on the nano-level.
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Innovation for Hydro Power Station
Construction:

Heavy Concrete
On a basis of porous filler C40-60
class (40-60 MPa)

Features:

e abrasion resistant (30%
better in compare with
ordinary hydro technical

Innovation for Road Construction:

Heavy Concrete

3D nano-reinforced, C40-60 class
(40-60 MPa)

Features:
e abrasion resistant (30%

better than usual road
concrete)




concrete) e crack resistant (visual

crack resistant (visual effect)

effect) e frost resistant (50% better
frost resistant (50% better in than usual road concrete)
compare with ordinary e sulfate resistant

hydro technical concrete) e liquid and gas proof

sulfate resistant
waterproof (>12 atm.)
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