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Abstract. The article considers industrial technology and energy-saving equipment for cement
and composite binder production with a reduction in energy intensity of the process up to 50%
due to the synergetic effect during mechanic activation of the raw mix with the replacement of
part of the clinker component with the mineral hydro-active additive. The technological
process is based on the sequential introduction of components in dispersed phases into the feed
mixture in the grinding path and at the stage of product separation with certain dispersed
characteristics. The increase in the energy efficiency of the line is achieved by the joint
operation of the press roller aggregate, which is the development of BSTU named after
V.G. Shoukhov, and rotor-vortex mills of a very fine grinding of a new design. The
experienced design of the aggregate with the device for deagglomeration of the pressed tape
allows combining the processes of grinding and disaggregation of the pressed material, thereby
reducing the operating costs and increasing the efficiency of using the grinding unit.
Comparative tests of cement samples obtained in energy-saving aggregates (PRA + RVM) are
given which allowed establishing that their beam strength for compression and bending is
higher by 15-20% than the traditional method obtained in a ball mill. An analytical expression

is also given that allows one to determine the power consumed for the deagglomeration of
crushed and pressed material between the main rolls, taking into account the geometric
dimensions of the rolls and the physico-mechanical characteristics of the material.

1. Introduction

In Russia, 50-60 million tons of cement are produced with an annual consumption of 70-75 million
tons. To cover the deficit of cement is possible due to the creation of regional grinding units, which are
based on the processing of local raw materials and allow one to get not only cements, but various
composite astringents, which will reduce costs, including transportation.

In addition, the energy intensity of cement production in the traditional way in Russia does not fall
below 0.2 GJ/t, which is almost twice as higher as in developed countries, the best world indices are in
the range of 0.09-0.11 GJ/t.

The data show that the cement produced in the traditional way has a high energy intensity and, due
to the constant increase in the cost of energy resources, while the consumption volumes are growing at
the same time, the urgency of reducing the energy intensity of the binder getting process is becoming
increasingly important.

The implementation in recent years of the national project "Affordable and Comfortable Housing
for Russian Citizens", as well as the overhaul of secondary housing, has led to increased construction
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activities and to the increased need for dry costbn mixtures, the volume of output currently at
about 3.5 million tons per year.

All this requires a new approach to the organiratind implementation of cement production and
cheaper different composite binder and building esixMany scientists have proposed various
technologies and equipment to increase efficiendheé production of cement [1-5].

However, cement is still transported to regions nehtbere are no cement manufacturers, which
requires higher costs since not only the clinkengonent in cement is transported, but also additive
that reach up to 40% or more.

One of the solutions to reduce costs and incrdas@roduction of cement and composite knitting
and building mixtures is the development of regiog@ergy-saving grinding units using local raw
materials.

2. Themain part

Scientists of BSTU named after V.G. Shoukhov dgwetbindustrial technology and energy-saving
equipment to produce cement and composite bindéravdecrease in energy intensity of the process
to 50% due to the synergistic effect in mechanwattn of the raw mixture with the replacement of
part of the clinker component with a mineral hyaive additive [6-11]. The technological process
(Figure 1) is based on the sequential introductibtomponents in dispersed phases into the raw
mixture in the grinding path and at the stage obdpct separation with certain dispersed
characteristics.

The increase in the energy efficiency of the Imadhieved by the joint operation of the pres®roll
aggregate (PRA), which is the development of sigembf BSTU named after V.G. Shoukhov, and a
rotor-vortex mill (RVM) of ultra-fine grinding of aew design. In this case, a synergistic effect is
obtained. The technology of producing cement anthpasite binder means the crushing of raw
materials to the dispersion with specific surfabaracteristics of 4000 ... 4500 ¥m However, the
rotor-vortex mill is designed for a certain sizetloé input piece of material, which should not exte
5 mm.

Figure 1. A technological scheme of composite materials pcodn: 1,2,3 - bunker of raw materials;
2 - PVA; 3,5,8,10,12, - screw feeder; 4-drying druén- storage bunker; 7 - rotor-vortex mill; 9-
bumker of additives; 11-mixer; 13-packing machii¥: finished goods warehouse.

Application at the stage of rough grinding, whishimplemented in a press-roller grinder (Figure
2a), allows one not only to grind the raw materialgshe above-mentioned size, but also to reduce
specific energy consumption by 25-30% through the of a conical profile of the rolls (Figure 2b).
This profile of rolls allows one to create volunteear deformation of crushed material, which leads t
its destruction with less effort grinding compareith the traditional cylindrical shape.
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Figure 2. A press roller grindewith a device for disaggregati
materials: a) general view, b) view of installatiarthe line, c) schen

However, the material after the processing pressuia the form of compressed plates, wr
makes it difficult to regrind it without disaggregation in a ro-vortex mill. Analysis of the shape a
the structure of the material pressed into trRA macde it possible to establish that it has
anisotropic texture with maximum strength in theediion of application of the grinding force (Fig
3) and requires special conditions for its-agglomeration and grinding. The experimental st
carried outto study the influence of grinding forces on thegtgomeration of compacted pla
(Figure 4) made it possible to establish that wittteasing compacting pressure not only the degjr
crushing of the material, but also ttitrength of the compacted plates increases.

And for their destruction, it is necessary, depegdn the direction, to apply various efforts.
example, when the clinker is crushed with a pressqual to 320 MPa, the forces necessal
deagglomerate the pressed plates whellying a force in the direction of pressing the mialeare
equal toPgis prog= 23.5 MPa, and in the perpendicular direction teasi 4 MPa, which is substantia
lower. This indicates that to destreffectivelythe crushed and pressed materials i1 plates in the
PRA it is advisable to make efforts in the directmrpendiclar to the force action in the Pl.

P Ml

P

& 0 a0 W 408 P Mlr
Figure 3. Form of clinker, pr-deformed in Figure 4. Influence of clinker grinding pressu
PRA on the numbeof deagglomeration forces of
compacted plat

Therefore, the authorsleveloped the experimental design oRA with the device fo
deagglomeration of the pressed tape, which allcombining the processes of grinding a
disaggregation of the pressedaterial, thereby reducing the operating costs imdeasing th
efficiency of the grinding unit use (Figure 2a

The press roller aggregaveth the devie for deagglomeration includdsinke 2 mounted on
frame conical rollers 1 and a disinhibiting devishich consists of additional rollers 3 having
conicity opposite to the main rolle
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The aggregatéor grinding materials works as followThe raw material is supplied bunker 2,
for example, a clinker that is gripped by conical rolJdrstween which it is broken and pres

Leaving the roll space in the form of compressedteplmaterial is destroyed between -
additional rolls of conical rolls.

Additional rolls have an inverse cowith the main conical rolls and thereby performogpositely
directed force action on the material crushed amdpressed in the main rolls, which allc one not
only to disaggregate it but also to uncover therotiacks of the particle

Comparative tds of cement samples obtained in en-saving aggregate®RA + RVM) made it
possible to establish that their beam strengtltdonpression and bending is higher b-20% than in
the traditional way. This is due to the fact thhé tactivated sample (fure 5a) has a dens

homogeneous structure with good adhesion of theeperstone to the aggregate compared tc
reference one (Figure 5b).

Figure5. The structure of the cement stone sampl- from cement obtained in enersaving
aggregates RA + RVM); b - in a ball mill

However, the process of deagglomeration of magersahdditionally expended on the power L
to move and destroy the predgaates, and the lack of a method for calculaiisgnagnitude inhibit
the introduction of this PRAesign into productio

To find the power expended on the destruction efpifessed plat, the material between the pre
rolls, refer to the design scheme presented inr€ig

According to the design scheme (Figure 6), the afelae force action from the moment of capt
of the material to its exitom the rolls (shaded figur and the wlume are respectively eq to:

So(ag) = hoR sinay — R?ay + Rz—zsin2 @ (1)
V =So(ap) b (2)

As a result of the gripping by the rotating rolfdlwe material plate under the action of ela
force, energy is equal to:

Q =k [,°ydy =2 (h3 - d?), (3)
wherek is the coefficient of rigidity of the spring assdmbh, is the initial thickness of tr
material plated is the linear size of the particles of the crusimederial
As a result of the introduction of energy (3) inlwe (2), work is carried out to destroy t
material plate, the value of which is equa
A= 0}2"_‘/ = M (4)
2E 2E
wheregp- ultimate strength of the material plate under uialecompressio; £ — Young's modulus
of the destroyed materid);—width of rolls.
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Figure 6. A calculation scheme for determining the area efdastroyed material

On the basis of (3) and (4) let us obtain the feilg relation:

J}%SO(aO)-b

g(h(z) —d?) =+ ®)
Starting from (5), the size of the linear sizels trushed material is:

d=hy- [1- 0D (6)

Because of the radical positivity of the express$io(6), one can obtain the following inequality:
k >k (7)
where there is the following notation introduced:
250(ato) b
ko = =02 (8)

E

Resulting relation (8) determines the stiffnessugal of the block of springs at which de-
agglomeration of the pressed material occurs.

The amount of power is expended in breaking theem&materialN, when turning the wolves of
the press roller grinder at angie :

NP =A- t, (9)

Time can be defined as:

t=22, (10)
wherew- rotational speed of rollers.

Taking into account expressions (10), (9), (4)ukebbtain the equation for determining the power,
spent on the destruction of crushed and pressedtiet plate material between the main rolls of the
PRA:

Np = Zultorbd (12)

Thus, obtained analytical expression (11) makgmdsible to determine the power expended on
the deagglomeration of crushed and pressed mabsialeen the main rolls, taking into account the
geometric dimensions of the rolls and the physiezimanical characteristics of the material.

3. Conclusion

The proposed industrial technology and energy-spequipment for the production of cement and
composite binder can reduce the energy intensithefrocess to 50%, due to the joint work of the
press roller aggregate and rotor-vortex mill ofaflhe grinding. As a result, a synergistic effect
achieved in the mechano-activation of the raw mextwith the replacement of the part of the clinker
component with a mineral hydro-active additive.

The new design of PRA with additional rolls alloe@mbining the processes of material grinding
by pressure and deagglomeration of pressed platix idirection of their least strength, which kead
to a reduction in energy costs. An analytical egpi@n is obtained that allows one to determine the
power required for the deagglomeration of the oedsand pressed material between the main rolls.
Conducted comparative tests of cement samplesnelokdin energy-saving aggregates (PRA + RVM)
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made it possible to establish that their beam gthefor compression and bending is higher by 15-
20% than the traditional method in a ball mill. Turee of this technology and equipment allows one to
increase the production of cements and mineraleoevith the use of local raw materials and to
reduce costs, including transportation.
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