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Processing equipment for grinding of building powders
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Abstract. In the article questions of mechanical grindingta nanosize of building powder
materials are considered. In the process of me@uination of the composite binder, active
molecules of cement minerals arise when molecutakets are destroyed in the areas of
defects and loosening of the metastable phasegldenompensation of intermolecular forces.
The process is accompanied by a change in theidsnef hardening Portland cement.
Mechanical processes in the grinding of mineralemals cause, together with an increase in
their surface energy, the growth of the isobariteptial of the powders and, accordingly, their
chemical activity, which also contributes to higtlhasion strength when they come into
contact with binders. Thus, a set of measures fechanical activation allows more fully use
the mass of components of the filled cement syseamdsregulate their properties. At relatively
low costs, it is possible to provide an impressamd, importantly, easily repeatable in
production conditions result. It is revealed tha¢ tuse of a vario-planetary mill allows to
achieve the best results on grinding the powdddimgj materials.

1. Introduction

Modern building materials science has a tendeneydonstant decrease in the dimension of materials.
An increase in the specific surface area of astnhgowders makes it possible to increase their
surface undergoing a chemical hydration reactionMayer quenching [1, 2]. Grinding of binding
agents is the most important technological opemationsisting in the mechanical grinding of the raw
mix. As the fineness of the grinding increases, dlévity of binders increases as well as their
mechanical strength during hardening. At the same,tit should be noted that for each binder, the
optimum fineness of grinding is established, in ahhits properties are most fully utilized. The
excessively high fineness of the grinding is netals desirable, since increasing the dispersidheof
powder requires more water to produce the pasté&hwin turn leads to increased shrinkage and
cracking during hardening.

Mineral binders are finely milled mineral powdehat form a plastic mass when mixed with
water, which, over the course of time, under thi#ué@mce of physical and chemical processes,
transforms into a stone-like state. This propeftpinders is used to produce artificial stone niater
(concrete, etc.). The purpose of this study wagetermine the impact of various industrial grinders
on the properties of composite binders.
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2. Resultsand Discussion

To achieve the aim, composite binder, obtainedhleyjoint grinding of cement, hyperplasticizer, fly
ash and limestone, was developed. The problemcodasing the density and strength of concrete has
been researched in a large number of works by Bofsian and foreign scientists. It is known that
one of the ways to improve the performance charnatts of concrete, reduce permeability
parameters is the use of highly active additivesasfous compaosition and genesis, both micro- and
nanodispersed levels, which contribute to the dpétron of structure formation processes by
initiating the formation of hydrate compounds. 8dhe works performed earlier, the effectiveness of
using a nanostructured silica-containing compasits an active mineral additive was proved. In
addition, the possibility of reducing the permeitypilparameters of concrete due to mechanical
grinding of the components of the composite birder been studied.

Properties of composite materials largely dependhenstructure of disperse systems, on the
basis of which they are obtained. The structurahsfth of a disperse system, its stability, thecoete
placement behavior, the rate of destruction andnsicuction of the structure are interrelated.
Building conglomerate material - concrete belormgthe class of composites. As a matrix substance of
concrete, cement-sand stone, cement stone (microrete), cementing agent, cementing substance
neoplasms, solid phase of tumors, the substanaesioigle structural element of the neoplasm, which
corresponds to the scale order from the macrdi@gmainoscale structure, act as a matrix substdnce o
the concrete. The orderliness of the structureoofiposites is due to the proportionality of the acal
levels of the structure - the correspondence optbhperties of the composite at each scale leved. T
combination of a number of factors contributes he tachievement of high strength concrete:
increasing the density of systems as a result 6imapng the grain composition; reduction of pore
volume of cement stone due to reduction of watenerg ratio; filling of pores between cement
particles and improvement of rheology as a restilthe effect of lubrication; the formation of
secondary hydration products in the process of glanrc reaction with Ca(OH)when adding
additives with microfill effect to the concrete.

To select the optimum method of grinding, testsenearried out in a ball mill, vibratory mill and
vario-planetary mill.

The ball mill is a hollow drum, revolving around ixis, which is approximately half filled with
crushing balls (impact elements). As a result @f thtation, the balls rise to the upper part of the
drum, and then fall down under the action of gsavithrough one of the pins, the grinding matesal i
continuously fed, and the drum is unloaded thraihghother (Figure 1).

Key
o Abrasive balls * Product = Rotation

Product

Figure 1. The principle of ball mill operation

One of the peculiarities of grinding by free impastthe fact that material is destroyed by the
weakest bonds, structural defects at the junctidrgystals, grains, layers, etc. In the productidén
fractionated crushed stone or artificial sand, fhian undoubted advantage, since the product of
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impact crushing is represented by isometric graitisout internal defects with a small content o th
ground product [3, 4]. At the same time, to obtaigreater fineness of grinding, hardening of the
particles which occurs together with a decreaghair dimensions, creates additional difficulties.

At a certain moment, when the structural strendteazh individual particle reaches its maximum
and its mass is negligible, the free kick is almmmihpletely replaced by abrasion. The rotor of the
centrifugal mill ceases to fulfill the function dhe accelerator and works more like a swirler of
material-air flows. Attracted to the walls of thengling chamber, large particles displace the small
particles, which, moving from the periphery to #enter, are crushed solely by mutual abrasion in
turbulent flows [5, 6].

Argue by the energy consumption for the formatiéra ainit of a new surface of solid materials,
this is one of the most inefficient methods of dimy.

The operating principle of the vibrating mill (Figu2) is based on the intense motivation of the
grinding bodies, when inertia and centrifugal ferege used instead of the forces of gravity causing
the balls to fall.
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Figure 2. The principle of vibratory mill operation
1-electric motor; 2-elastic coupling; 3-body; 4w the vibrator; 5-unbalance; 6-bearings;
7-springs.

The rotation of the vibrator shaft, and behinch& mill body itself, causes the grinding bodies to
move in accordance with the amount of eccentrimityadius of the carrier. The transfer of the eperg
of the grinding charge is carried out through thi lnousing. Under the action of inertia, centriflig
forces, alternating loads, the balls inside theybmdve along a complex trajectory, press agairest th
walls of the drum, strike against each other, ali a® to the particles of the crushed material,
breaking, crushing and rubbing them.

To produce highly disperse materials, vibratinglsndre more efficient than ball mills. Shock
impact on the grinding material in this case isl§nbat abrasive intensively, which allows for grea
fineness of grinding [7, 8].

In a vario-planetary mill, the rotational speedsta grinding jars and the support disc can be set
completely independently of one another. By varyiing gear ratio, the movement and trajectory of
grinding balls can be influenced so that the bstiiske horizontally on the inner wall of the grindi
jar (high impact energy), approach tangentiallygl(hiriction) or simply roll over the inner wall tiie
grinding jar (centrifugal mills). All intermediatstages and combinations between pressure friction
and impact can be freely installed (Figure 3).

Accordingly, grinding in the vario-planetary milis more energy-efficient than by ball mills and
vibrating mills. In addition, due to the joint amti of shock, centrifugal shock and abrasive fories,
becomes possible to achieve more highly dispersg@is.

During the comparison of the fineness of grindifithe claimed composite binder in various mills,
revealed that a ball mill (1.1 kW, 90 rpm) is caleatif grinding up to 400 ff kg, further operation of
the unit is economically impractical. The vibratingll (2.2 kW, 1500 rpm) showed the ability to
efficiently grind the composite binder to a spec#urface of 430 AY kg. The Pulverizette-4 (9 kW)
planetary mill is capable of providing grindingaonanoscale specific surface (900 /nkg). (Figure
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4).
In order to determine the optimum particle sizggiat grinding of cement with hyperplasticizer,
ash and limestone to different specific surfaceasamere carried out: 500, 550, 600, 700, 800, 900

m’/kg (Table 1).
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Figure 3. The principle of vario-planetary mill operation
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Figure 4. Dependence of the specific surface area of thegosite binder of the grinding time for
various mills

Table 1. The results of determining the compressive stre(igPa) of cement stone samples

Age of sample, The specific surface area of the composite binddkg
days 500 550 600 700 800 900
3 46.1 47.4 47.2 46.0 45.6 45.5
7 50.3 54.2 54.1 49.1 48.6 48.4
28 68.1 77.3 70.2 65.8 55.0 65.0

It was found out that the specific surface of tledbr is 550-600 m/ kg. An increase in
activity above these values has a negative effacthe structure formation. Using a binder with
increased activity significantly accelerates th#irsg process - the end of setting the mixture ends
after 35-40 minutes, while the temperature devel@p97°C. Rapid setting of the raw material
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prevents the formation of uniformly distributed epbal particles in the cement stone
macrostructure.

In the process of mechanical activation of the cositp binder, active molecules of cement
minerals arise when molecular packets are destroyade areas of defects and loosening of the
metastable phase during decompensation of inteomaleforces. The process is accompanied by a
change in the kinetics of hardening Portland cemderthanical processes in the grinding of mineral
materials cause, together with an increase in theface energy, the growth of the isobaric poatnti
of the powders and, accordingly, their chemicalvigt which also contributes to high adhesion
strength when they come into contact with bind@isus, a set of measures for mechanical and
chemical activation allows more fully use the massomponents of the filled cement systems and
regulate their properties. At relatively low costs,is possible to provide an impressive and,
importantly, easily repeatable in production coiodi$ result.

In addition to hydraulic activity, the increasethe strength of binders with the addition of
highly disperse additives to their composition aetso be explained by the formation, by the smallest
grains, of additives of crystallization centerglie contact zone of cement. The "micro filler effec
can not be explained only by the formation of dadddl crystallization centers, since their immeeliat
effect is to accelerate the initial stage of chemiardening. At the heart of the "micro filler edt"
lie both chemical processes of cement interactioith whydration products, as well as
physicochemical phenomena, for example, the inflaesf the surface energy of particles of highly
disperse additives.

In the presence of a fine-milled additive in comese the contact zone between the cement
stone and the aggregate hardens. In Portland cernentetes without nano additives, the contact
zone is usually less dense than the cement pastaneudes a large number of calcium hydroxide
platelets, in which the longitudinal axis is pergienlar to the surface of the aggregate.
Consequently, it is more susceptible to the foramatf microcracks in the case of tensile forces
arising from changes in the usual conditions ofpgerature and humidity. Thus, the contact zone due
to its structure is the weakest in concrete andetbee has a great influence on its strength. The
introduction of highly disperse additives signifitiy reduces the capillary porosity of the contact
zone du a sharp decrease in the toal cont&d(©@H). (Figure 5).
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Figure 5. The micrographs of neoplasms: a — cement storfeoutitadditives; b — cement stone
with fine-milled additives
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3. Conclusion

Thus, the addition of finely ground limestone ish@mical method of increasing the activity of ash
and sand. It has a catalytic effect on the rea@ivity of ash and sand surface during machiiing
vario-planetary mill. In addition, the introducti@f limestone increases the alkalinity of concrete,
which leads to more formation of cement hydratioodpcts per unit time.

The possibility of increasing the physical and naatbal characteristics of concrete due to varying
the number and type of additives, fineness of gnmdand synthesis parameters is established. This
allows you to create materials with a compressitrength of up to 100.9 MPa, with a low
permeability in real operating conditions. Joininding of cement, hyperplasticizer, acid ash and
limestone in an amount of 55%, 40% and 5%, respalgti accelerates the process of neoplasm
synthesis, transforming the hydrated alite CaO #&iciegm hydrosilicates of various basicity.
Optimizing the microstructure of the cement stdnest it is possible to obtain a binder with actiwf
77.3 MPa.

A mechanism is proposed that explains the effeatsirig a "cement-ash" binder in combination
with a hyperplasticizer and limestone in mechanécal chemical activation in a vario-planetary mill.
Due to mechanical grinding, the reactivity of tleerhent-ash" binder increases, the hyperplastiagizer
combination with limestone increases the densityn@fplasms and adhesion of the binder with a
filler, which allows to obtain concrete of incredsmpermeability.

The principles of optimizing the structure of figeained concrete at the nano level are proposed
through the use of a nanodispersed composite hiatigne micro level due to the creation of a high-
density packing of the aggregate. This allowed degelopment of a wide range of fine-grained
fibrous concrete with a vapor permeability of up0td621 mg / m-Pa, water permeability up to W14,
air permeability up to 0.0253 émhs, water absorption by mass up to 2.5%, gas geitity, effective
diffusion coefficient up to 1.34 « 1cnt / s and high strength characteristics [9, 10].

References

[1] Ranjbar N, Mehrali M, Maheri M R and Mehrali M 20Ceément and Concrete Research 100
14-22

[2] Lesovik V S, Urkhanova L A, Gridchin A M and Lkhagaov S A 2014Research Journal of
Applied Sciences 9(12) 1016-1020

[3] CaiJ,JuY, Hu X and Yu B 201RSC Detection Science 9 58-73

[4] Stelescu D M, Ficai A and Trusca 201llaternational Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management, SGEM 17(61) 445-452

[5] Volodchenko AN, Lesovik V' S, Volodchenko A A,lagolev E S and Bogusevich G G 2016
International Journal of Pharmacy and Technology 8(4) 22673-22686

[6] LesovikV S, Zagorodnjuk L H, Volodchenko A Alagolev E S, Sumskoy D A and Kaneva
E V 2016International Journal of Pharmacy and Technology 8(4) 24868-24879

[71 Bazhenov Y M, Zagorodnjuk L H, Lesovik V' S, Yesgéva | V, Chernysheva N V and
Sumskoy D.A. 2016énternational Journal of Pharmacy and Technology 8(4) 22649-22661

[8] Glagolev E, Suleimanova L and Lesovik V 20h6ernational Journal of Environmental and
Science Education 11(18) 12383-12389

[9] Fediuk R S, Smoliakov A K, Timokhin R A, StoyushkbY and Gladkova N A 201TOP
Conference Series. Earth and Environmental Science 66(1) 012026

[10] Fediuk R, Smoliakov A and Stoyushko N 200 Conference Series. Materials Science and
Engineering 156(1) 012042



