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Abstract
Introduction. Large-scale implementation of mine stowing method is a relevant tendency to improve the
technology of underground mining.
Research aims to develop and propose an effective technology of mine stowing with processing tailings
based hardening blends.
Research methods include experimental investigation of mine stowing technology with processing
tailing based hardening blends and the determination of basic characteristics of an artificial massif.
Analysis. The present work provides the results of research on conventional technologies of hardening
blends preparations and the one developed by the authors; the results prove the effectiveness of
hydropercussion-cavity activation of solution materials.
Summary. The analysis of the stowing manufacturing technologies under investigation has shown the
effectiveness of the developed method based on the hydropercussion-cavity treatment of hardening
blends materials.

Key words: underground mining; stowing; hardening blends; processing tailings; hydropercussion-
cavity blending machine.

Introduction. Practice and existing literature review [1-3] testify that the use of
goaf stowing in definite mining-geological conditions is technically advisable and
economically feasible when developing deposits of non-ferrous metal valuable ore, as
well as coal and iron-ore deposits. And at the same time, important are the stowing
systems for mineral extraction at great depths and in the areas of tectonic disturbances,
where protection from rock pressure and rockbursts is impossible without the use of
artificial massifs [4—8]. However, expensive cast hardening blends (CHB), manufacture
technology and methods of delivering into the goaf restrain their application. Basic
elements of cost of stowing are costs for binders.

Transition to low-grade integrated binders, search for some new cost-effective
technologies of hardening blends manufacture promote stowing systems in mining
practice thus becoming a relevant scientific and practical task.

Stowing prime-cost reduction should be ensured by the development of new
technologies of mine stowing with gangue from various manufactures as binders and
fillers.

The experience of stowage facilities operation shows that it is the milling technology
that has become a frequent practice in hardening blends manufacture [9—11]. The main
advantage of mills is their simple construction and maintenance together with high
productivity. But they are metal- and power-intensive and distinguished by some
functional restrictions in the efficient grinding fineness and finely dispersed
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homogenization of mill feed in aqueous media. According to the research, preparation
of high-quality stowing blends with the use of fine tailings in ball mills does not make
it possible to apply their complete fraction. Milling technology of hardening blends
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Fig. 1. A diagram of hardening blend preparation with a paddle mixer:
a—-TC; b—-ATC
Puc. 1. Cxema npUTrOTOBIEHHS TBEPCIOIIEH CMECH C HCHOJIF30BAaHUEM JIOTTACTHOTO
CMECHUTEJISL:
a—XII; b— AXI]

manufacture with the use of processing tailings with less than 30 micrometer fraction
content does not provide high quality stirring of components and their homogenization,
which results in the reduction of binder properties and its over-expenditure.
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Research methodology. In order to study various technologies of processing
tailings stowing based blends preparation, experimental research of compositions of
solid stowing solutions TC (processing tailings and cement) and ATC (anhydride,
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Fig. 2. A diagram of hardening blend preparation with a ball mill:
a—-TC; b— ATC
Puc. 2. Cxema npuroToBJIeHNUs TBEPACIONIEH CMECH C HCIIOIb30BaHUEM [IAPOBOM
MEJIbHUIIBL:
a—XII; b—- AXL],

processing tailings and cement) prepared with the following two methods: with the use
of a paddle mixer (fig. 1, where TPP stands for the Talnakh processing plant) and a ball
mill (fig. 2).
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Research results. Specific consumption of materials, blend density, its fluidity and
the strength of samples within the control period of concreting have been determined
for all compositions under investigation (table 1, 2).

Results analysis has shown the dependence between the strength and fluidity of
stowing compositions and the technology of grinding and homogenization of blend
components and made it possible to determine a rational method of preparing CHB in
ball mills.

Table 1. TC compositions with the use of a paddle mixer and a ball mill
Ta6una 1. Cocrasnl X1 ¢ ncnoib30BaHneM JI0NIACTHOIO CMECHTeJIs1 M IIAPOBOi MeIbHUIbI

. Materials consumption Blend Blend Density cont;)[lpcharacteristic,
Preparation — density | fluidity, mm :
scheme TPP tailings, | Cement, Water, t/m’ (Suttard) 3 7 28 90
kg/m? kg/m? 1 days days days | days
Ina 1246 170 500 1.92 206 - 0.30 | 0.80 | 1.25
E?i()l(gie 1183 240 500 1.92 225 0.30 | 0.55 1.50 | 2.10
1112 320 500 1.93 244 045 | 0.85 | 2.00 | 3.05
1039 400 500 1.94 246 0.75 1.35 | 3.10 | 4.00
In a ball 1246 170 500 1.92 200 - 0.35 | 095 | 1.50
mill 1183 240 500 | 1.92 220 030 | 055 | 1.25 | 2.00
1111 320 500 1.93 240 0.60 | 1.20 | 2.25 | 3.30
1039 400 500 1.94 242 1.50 | 2.25 | 3.30 | 4.70

The main features of CHB manufacture in a ball mill include the fact that during
grinding and stirring an active homogeneous part of the blend is formed with increased
strength and rheological properties [12].

Table 2. ATC compositions with the use of a paddle mixer and a ball mill
Ta6auuna 2. CoctaBbl AXI] ¢ HCNI0/Ib30BaHHEM JIOMACTHOTO CMECHTEJISI H IAPOBOIi MeJIbHHIIBI

Materials consumption Density control
. P Blend » characteristic, MPa
Preparation . Blend fluidity,
. TPP density
scheme | Anhydride, | | ... Cement, | Water, | /3 mm (Suttard) 28 | 90
e/ tailings, ke/m’ 1 3 days | 7 days days | days
g kg/m?
In a paddle 400 853 170 500 1.92 200 - 0.50 {0.70| 1.2
mixer 600 657 170 | 500 | 1.93 203 - 1070 |1.00] 1.8
600 594 240 500 1.93 220 0.60 | 0.80 [1.50]| 2.6
400 718 320 500 1.94 223 0.70 | 1.00 |1.70| 2.8
600 521 320 500 1.94 225 0.70 | 1.10 |1.90| 3.2
In a ball 400 853 170 500 1.92 195 - 0.60 [0.85| 1.5
mill 600 657 | 170 | 500 | 1.93 198 — | 085 [1.30] 222
600 594 240 500 1.93 215 0.70 | 1.05 |1.85] 3.3
400 718 320 500 1.94 218 0.85 | 1.25 |2.10] 3.5
600 521 320 500 1.94 220 0.90 | 1.40 [2.35| 4.0

CHB manufacture technologies with the use of a paddle mixer and a ball mill make
it possible to ensure blend components hydration and crystallization processes
development. However, at the same time, low intensity of simultaneous stirring of
blend components does not ensure complete homogenization of CHB materials with
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the dispersed part of processing tailings, which results in the growth of binder

consumption.
In order to provide the homogeny and intensity of components of CHB compositions
under investigation, hydropercussion-cavity machines (HCM) may be efficiently

applied in their production.
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Fig. 3. A diagram of hardening blend preparation with HCS:
a—TC; b—ATC
Puc. 3. Cxema npurotoBieHus TBepAetouieil cMecu ¢ ucrnons3oBanueM ['KC:
a—XI; b— AXI]

HCM have currently found industrial application basically in mining industry [13].
The use of HCM promote to a significant economic benefit due to significant
intensification of hydromechanical processes by means of reaching the hydropercussion-
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cavity mode of the treated blend, reduction of power- and material-intensity, reduced
production facilities.

In order to study the impulse hydropercussion-cavity effect on the materials of CHB,
hydropercussion-cavity separator (HCS) [14] and the related technology of preparing
stowing blend.

Research has been carried out for two compositions of hardening blends TC and
ATC according to the developed technology with the use of HCS (fig. 3).

Specific consumption of materials, blend density, its fluidity and strength of samples
within the control period of concreting have been determined for the studied
compositions (table 3).

Table 3. Compositions of TC and ATC with the use of HCS
Ta6auua 3. CoctaBbl XII u AXI] ¢ ucnoabzoBanuem I'KC

Materials consumption Density control characteristic, MPa
Anligirlizde, TPI;:;E:? £s; Cement, kg/m* | Water, 1 7 days 28 days 90 days
— 1246 170 500 0.5 1.2 2.0
- 1183 240 500 0.7 1.6 2.6
- 1112 320 500 1.6 2.9 43
- 1039 400 500 2.9 4.3 6.1
400 853 170 500 0.9 1.6 24
600 657 170 500 1.2 2.0 2.9
600 594 240 500 1.4 2.5 3.8
400 718 320 500 1.7 3.0 4.4
600 521 320 500 1.9 33 4.7

The obtained results have shown that CHB preparation with the use of
hydropercussion-cavity separator allows ensuring high-quality activation and
homogenization of stowing compositions.

Table 4. The distribution of the phases of textural features of CHB with the use of HCS, g/cm?
Tabuauna 4. Pacnipenenenne ¢has crpykrypubix o6paszosanuii JITC ¢ ucnoassosanuem I'KC, r/em?

TC composition ATC composition
Mineral Formula 3 7 28 3 7 28

days | days days days days days
Clinochlore (Mg, Al, Fe)s (Si, Al)s O10 (OH)s 9.8 | 15.5 16.3 6.1 8.6 12.0
Brownmillerite | Caz (Al, Fe)20s 3.9 0.0 0.0 1.4 0.0 0.0
Quartz SiO2 7.8 94 | 144 6.1 7.7 11.6
Diopside CaMgSi206 25.1 | 363 | 459 33| 9.1 11.1
Gypsum Ca(S04) 2(H20) 240 | 269 | 34.0 58.3 | 68.7 71.0
Jarosite K Fes (SOa4)2 (OH)6 6.8 7.2 9.8 6.1 6.8 7.3
Ettringite CasAl2 (SO4)3 (OH)12 26H20 13.2 | 175 | 229 153 | 25.3 27.1

X-ray phase ad X-ray structure analysis of crystallization processes on the terms of
strength gain has revealed that the compositions of ATC, which harden by means
of crystallization of anhydride and new formations within (table 4), in the course of
processing tailings and cement and anhydride interaction, gain maximum strength after
hydropercussion-cavity treatment (table 1-3).
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Results analysis. In the course of the research it has been stated that the content of
fine fractions in stowing formulations in processing tailings ensure the manifestation
of their binding properties and the increased strength gain of the hardening blends
when they are treated within the action of hydropercussion-cavity impulses.

Research results testify that the developed technology of processing tailings based
CHB manufacture with the use of HCS allows ensuring high intensity of blend finely
dispersed components simultaneous stirring, their homogenization and the refreshment
of the hydrating surfaces, which result in the improvement of stowing strength and its
increased gain.

Summary. Based on the research, it has been stated that the samples of stowing
blends which have been prepared by the milling method, are generally 20% stronger
than the samples prepared with the use of a paddle mixer. At the same time, stowing
blend samples, prepared according to the technology with a hydropercussion-cavity
machine are generally 30% stronger than the samples prepared with the use of a milling
method.

The developed technology of mine stowing [15] thus ensures the improvement of
hydrating level and the activation of stowing blends components, which results in the
increased activity of CHB components and strength of the artificial massif.
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Pa3pa0oTka TeXHOJOrHM 3aKJIaKH TOPHBIX BHIPA0OTOK
TBepACIOIIMMH CMeCAMH HAa OCHOBE XBOCTOB 000raleHunst

Boaxkos E. I1.!, Auymenkos A. H.!
! Cubupckuii penepansHbiil yHuBepcuret, Kpacunosipek, Poccust.

Peghepam
Beeoenue. Axkmyanvnvim HanpagieHuem co8epuleHCMEO8aH U MEXHOI02UU NOO3EMHBIX 20PHbIX paboOm 516-
JIAEMCA WUPOKOe 6HeOpeHe CUCmeM pa3pabomKu ¢ 3aKIa0KOl 8blpaboOmanHo20 npoCmMpancmea.
Llenv pabomut. Pazpabomams u pexomen0o8amv 3)heKmueryo mexHono2uio 3aKkaiaoKu 2OpHbIX 6bipado-
MOK MEepOeioWUMU CMECAMU HA OCHOBE X60CTNO8 0D02AlYeHUSL.
Memoowvt uccnedosanus. [Ipogederue IKCnepUMEHMATLHBIX UCCTEO08AHULL MEXHOL02UL 3AKIAOKU 20p-
HBIX 8bIPAOOMOK MBEPOCIOUUMU CMECAMU HA OCHOBE XBOCIO6 0002aujeHus ¢ OnpedeleHuem OCHOBHbIX
Xapaxkmepucmuk UCKyCccmeeHH020 MAcCusa.
Ananu3z. B npedcmasnennou pabome npugeoenvl pe3yibmamol UCCAe008aHU MPAOUYUOHHBIX MEXHONO0-
2utl nPU2OMOGIEe s MEepOetowUX cmecell U paspabomantoll asmopamu, noomeepicoaroujue 3pgdexmus-
HOCHb 2UOPOYOAPHO-KABUMAYUOHHOU AKMUBAYUU MANEPUATIO8 CMECU.
3aknrwuenue. Ananus ucciedyemvlx MexHoN02UL NPOU3BOOCHBA 3AKAAOKU NOKA3ANL 3P DeKmuUeHocmy paz-
pabomannozo cnocoba, OCHOBANHO20 HA SUOPOYOAPHO-KABUMAYUOHHOU 06pabomKe Mamepuanos meep-
oerowux cmecell.

Kniouesvie cnoea: noosemuas paspabomka; 3akiaoka; meepoeiowue cMmecu; X60Cmvl 0002aujenus;
2UOPOYOaAPHO-KABUMAYUOHHBII CMECUMeNb.
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