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Annotation. This article presents the results of theoretical and experimental studies on the processes of
destruction ore in wet self-grinding mills (WSGM). Depending on pH (hydrogen parameter) and Eh (oxidizing-restoration
parameter) values, water medium is capable of penetrating into the lumps through cracks formed in the mother rock
(germinal ones). Argillaceous and ochreous minerals being practically always available in mineralogical composition of
the deposits of diamond-bearing raw material, form specific films on the mineral surfaces. When the lump and obstacles
interact, surfaces are destructed, microcracks are closed at the expense of material elasticity, and a lump may be
represented as a sphere inside of which there are minor cavities filled with the incompressible liquid. The equivalent
circuit for determining the stress-strain state of a piece exposed to the load at an angle of repose of the material in
motion are justified. In this case, a uniformly distributed pressure acts on the body of arbitrary shape, depending on the
hydrostatic pressure of the pulp inside the drum and the force of hydrodynamic resistance). It is assumed that a piece
has the shape of a sphere with a uniform structure, but in some of its parts there are cavities filled with an
incompressible fluid. Under the action of forces inside the cavity wedging effects of water occur, the effect of which on
the strength ores depends on the expansion force and the angle of the micro crack. The experimental researches are
done under laboratory and industrial conditions. Effect of a wedging force upon the ore strength was determined
experimentally under laboratory conditions using a plant for one-axial compression of samples from different ores and
rocks; the plant was equipped with hydraulic press with 60 kN and computer for simultaneous recording of compression
force and deformation. The research methodology stipulated that tests were carried out involving following samples: dry,
previously wetted, solid, glued two-layer, and with a cavity. It was established that the disintegration of kimberlitic ore in
WSGM is significantly influenced by the characteristics of the aquatic environment pH and Eh, the values of which vary
from 3.2 to 7.0 and from -500 to +1020 mV.
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Dressing plants, which process diamond-bearing raw material, use wet self-
grinding mills (WSGM) to crush and grind bulk commodity with the coarseness of
300-900 mm; the plants help liberate diamonds, remove films on their surface, and
grind initial ore up to the required processing depth. Currently, ore-mining enterprises
often use WSGM of the diameter from 5 up to 10.5 m produced by Syzran plant and
such foreign companies as Svedala and Rockcyle. According to the studies by
Yakutniproalmaz [1] the mills operate at n,=0.75n rotation frequency (n. is the
critical frequency of drum rotation), coefficient of drum charge being from 0.3 to
0.45, H:L > 1:0.8 ratio, and temperature of process water being 4° or equal to the
environmental one at the ore surface taking into consideration permafrost conditions.
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In the process of drum rotation, water medium is heated and the obtained heat
energy is used for the material thawing along with its dissipation in the environment.
In terms of long-term thawing, diamond-bearing ore loses its iciness, strength, and
durability which results in the fact that the lumps are broken even in terms of
insignificant dynamic loading. However, papers [1, 2] determine that in the context of
near-lifter and waterfall operating modes of WSGM, lumps are raised by height H
during the drum rotation and interact with the load core (totality of lumps) or
components of the drum liner at B angle under the gravity force. In this case, dynamic
loads remain to be significant and water medium has not time to effect considerably
the strength and durability of lumps.

Paper [3] represents computational scheme and analytical expressions to
determine energy losses of a falling lump at the moment of its interaction with the
water plane depending upon the lump mass, its falling height, and interaction angle. It
has been determined that water layer reduces the velocity of lump falling by 25—
30 %; that results in the increased dynamic loads on separate lumps in the center of
WSGM and improves diamond integrity.

Depending on pH (hydrogen parameter) and Eh (oxidizing-restoration parameter)
values, water medium is capable of penetrating into the lumps through cracks formed
in the mother rock (germinal ones) or due to the effect of a blast wave. Argillaceous
and ochreous minerals being practically always available in mineralogical
composition of the deposits of diamond-bearing raw material, form specific films on
the mineral surfaces which contact with them at the molecular level. According to
[4], such films are capable of widening (wedging) the microcracks though which
water penetrates into a lump filling the available cavities. When the lump and
obstacles interact, films are destructed, microcracks are closed at the expense of
material elasticity, and a lump may be represented as a sphere inside of which there
are minor cavities filled with the incompressible liquid. Effect of the water medium
characteristics upon the process of rock and ore breaking inside the WSGM drum was
studied both theoretically and experimentally.

A problem of determining stress and strain state of a lump in the process of its
effecting by water medium and dynamic loads was solved theoretically while a
problem of selecting basic characteristics of water medium in terms of which ore and
rock breaking would be optimal was solved experimentally.

Figure 1,a,b demonstrates computational schemes to determine stress and strain
state of a lump (sphere) located on a lifter plane and being effected by the loads at the
angle of natural slope of the material in motion (g). In this case, an arbitrary shaped
body is effected by equally distributed pressure (Py) which value is defined
depending upon hydrostatic pressure of the pulp (Pp) inside a drum and force of
hydrodynamic resistance (P,) in terms of lump movement along with the lifter at
velocity
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where mg =1tng/30 is frequency of drum rotation; nq is quantity of turns of drum; Dy is
drum diameter.

To formalize the computational scheme, following factors were assumed:

— lump shape is taken as a sphere which projection to the plane perpendicular to
the force effect is determined from expression S = nD?/4, where D is sphere diameter;

—we should study three-axial compression of a lump under the effect of uniform
pressure (Py);

— stress and strain state of the sphere is considered at the moment when forces of
resistance and hydrostatic pressure have their maximum values (Fig. 1);

— lifter elasticity is neglected, a lump is considered to be lying on a rigid base; and

— sphere is of homogeneous structure, however, its certain parts have cavities
filled with incompressible liquid.
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Figure 1 — Computational scheme to determine stress and strain state of a lump (sphere)

According to [5], pressure effecting the lump is determined from expression

P = gypHy + Kpg ynV?S,

where vy, 7y, are densities of hard and pulp masses respectively; Hp is hydrostatic
(maximum) pressure on the lump in the center of its mass; g is free fall acceleration;
V is velocity of lump motion in the liquid; K4 is hydrodynamic coefficient of liquid
resistance; and S is area of the sphere projection on the interaction plane.

In terms of three-axial compression by (Py) pressure, any area inside the sphere
experiences stresses equal to P, [6]; depending upon the cross-section area of a cavity
filled with water, force F = P(F. (where F. is cross-section area of cavity inside the
sphere) will occur at any direction.

Figure 2 represents computational scheme to determine wedging effect of water
inside the sphere. In this context, we consider that pressure from force F is
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transmitted to a microcrack with 2a angle by means of R forces which value is
defined by projecting all the forces on axes X and ¥V: R = F/2sina..

Figure 2 — Computational scheme to determine wedging effect of water

Effect of a wedging force upon the ore strength was determined experimentally
under laboratory conditions using a plant for one-axial compression of samples from
different ores and rocks; the plant was equipped with hydraulic press with 60 kKN and
computer for simultaneous recording of compression force and deformation. The
research methodology stipulated that tests were carried out involving following
samples: dry, previously wetted, solid (Fig. 3,a), glued two-layer (Fig. 3,b), and with
a cavity (Fig. 3,c). Table 1 represents the results of tests for samples compression up
to their breaking; Figures 4-6 demonstrate diagrams of sample compression and their
photos after breaking.

a) b)

120

e
A

Figure 3 — Test samples: a) solid sample; b) cut sample; c) sample with a cavity
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Table 1 — Results of sample testing for breaking compression.
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1 80x80x120, dry 91.47 0.01437 | 630.01 6281.54 | 5850.81
2 80x80x120, dry 91.46 0.01452 | 630.01 6209.54 | 5907.68
3 80x80x120 wet 82.82 0.01439 | 570.43 6077.81 | 5093.89
4 80x80x120, wet | 57.76 0.00998 | 465.02 5163.72 | 5012.77
5 80x80x120, dry | 71.58 0.01363 | 493.01 5488.86 | 5106.93
6 80x80x120, wet | 51.25 0.00965 | 432.23 5098.72 | 5006.11
7 80x80x120, dry | 55.28 0.00974 | 443.11 5122.61 | 5010.18
8 80x80x120, wet | 47.38 0.00949 | 326.34 5083.19 | 4821.06
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Figure 4 — Diagram of samples Nel and Ne2 compression (a) (Table 1)
and their photos in broken condition (b)
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Figure 5 — Diagram of sample Ne5 compression (a) (Table 1) and its photo in broken condition (b)
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Figure 6 — Diagram of sample Ne6 compression (a) (Table 1) and its photo in broken condition (b)
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Basing upon the performed studies, following conclusions may be drawn:

— while compressing dry and wet samples, stress is subject to a linear law
depending upon their relative deformation: in terms of dry solid sample (Fig.4,a) up
to 0.015; in terms of wet solid sample (Fig. 5,a) up to 0.010; and in terms of wet
sample with a cavity (Fig. 6,a) up to 0.009;

— if sample condition is changed (dry, wet, with a cavity), ultimate breaking stresses
are as follows (Table 1): 91 MPa for solid dry (samples Nel and Ne2); 83 MPa for solid
wet (sample Ne3); 71 MPa for dry two-layer (glued) without a cavity (sample Ne5);
57 MPa for wet two-layer (glued) without a cavity (sample Ne4); 55 MPa for dry with a
cavity (sample Ne7); and 48 MPa for dry with a cavity (sample NeS).

Thus, water medium reduces strength of solid ore samples by 8-10%; in case of wet
samples with a cavity the reduction is by 40 % comparing to the solid ones.

Paper [7] determines experimentally the effect of water characteristics £h and pH
upon the process of ore disintegration. The experiments were carried out in the
apparatus of membraneless type in continuous-flow mode with process water
parameters. It is defined that if return water is treated by different electrodes, then pH
and Eh characteristics vary within the ranges from 3.2 up to 7.0 and from -500 up to
+1020 mV; in this context, Eh shifts towards the range of negative values making it
possible to apply widely physical and chemical pulp characteristics. While changing
physical and chemical properties of the return water in wide range, the obtained
results allow developing such a water composition in terms of which disintegration
process and water penetration into the rocks will increase by several time. In
particular, if water system composition is turned to be acid, then disintegration
process and water penetration into the ore samples will grow by 2-3 times [6, 7].
Results of the laboratory studies are confirmed by industrial tests performed under
conditions of factory Ne3 [8]. It is identified that ore and rock breaking inside WSGM
IS more intense in terms of process water treatment in electrolysis units before its
supply into WSGM,; that indicates considerable effect of water properties upon ore
softening.
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Conclusions. Thus, ore disintegration in WSGM is effected considerably by
water medium characteristics pH and Eh which values vary within the ranges from
3.2 up to 7.0 and from -500 up to +1020 mV. In this context, £k shifts towards the
range of negative values making it possible to vary significantly physical and

chemical pulp characteristics and changing its composition so that disintegration process
and water penetration into the ore will increase by several times.
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AHoTauif. Y paHiit cTaTTi NpeacTaBneHo pesynbTaTi TEOPETUYHUX Nf eKCepuMEHTanbHUX AOCHIgKeHb NPOLECIB
PYIHYBaHHS pyan B MnHi Mokporo camonogpioHeHHs (MMC). BogHe cepefoBuLLe 3anexHo Bif 3Ha4eHb pH (BogHeBUi
nokasHuK) i Eh (OKMCnoBanbHO-BIGHOBHWA MOKA3HMK) 30aTHE MPOHMKATU BCEPEAMHY KPYMHMX LUMATKIB Yepes TPILLMHM,
SKi YTBOPIOKOTLCA B MATEPUHCHKI MOpoai (3apOAKoBi). [MMHICTOOXPUCTI MiHEpPanH, SIKi NPaKTUYHO 3aBXaM NPUCYTHI B
MiHeparnoriyHoMy CKnazi pofoBMLLA CUPOBUHM, 4O CKMagy SKOro BXOAATh anmasw, YTBOPKOTL Ha NOBEPXHI MiHepanis
nNiBKW, SKi NpK B3aeMogii WMaTka 3 nepeLkogamn pyrHyIOTbCS, MIKPOTPILLMHM 3aKpUBAKOTLCA 3a PaxyHOK MPYKHOCTI
Marepiany i KpynHWA LWIMATOK MOXHa NPeLcTaBuUTW y BUINSALi Kymi, YyCepeanHi SKoi € HEBENKi NOPOXHUHW, 3anOBHEHI
HecTucnmea piguHoto. OBIPyHTOBaHO eKBiBaNEHTHY CXeMy Ans BU3HAYEHHS HaNpPYXeHO-Ae(hOPMOBAHOro CTaHy LWMarTka,
IO MiANAETLCA Al HABaHTaXEHHS Mig KyTOM NPUPOLHOrO YKOCY MaTepiany B pyci. B LbOMY BUNaAKy Ha Tino AOBINbHOI
tbopmm i€ piBHOMIPHO PO3NOMINEHUIA TUCK, 3anMeXHUIA Bif MigpPOCTAaTUYHOMO TUCKY Nynbnu ycepeauHi 6apabaxa i cum
rigpoauHamiyHoro onopy. [pUAHATO, WO LWMATOK Mae ¢opMy Kyfi 3 OZHOPIOHOK CTPYKTYPOK i MOPOXHUHAMW,
3anoBHEHUMM HECTUCNIMBOIO pignHOIO. ia Aieto cun ycepeamHi NOPOXHUHW BUHWKAKOTL PO3KIMHIOBATLHI Aii BOAM, BB
SKMX Ha MIUHICTb pyd 3anexuTb Big 3ycunns posnopy i Kyta MIKpPOTPILLMHW. EKcnepuMeHTanbHi JoChimKeHHs
BMKOHyBanucs B nabopaTopHWX i MPOMMCNOBMX YMOBax. BnnuB pO3KMMHIOBANBHOMO 3ycunns Ha MILHICTb pyau
BM3HAYaBCS eKcrepUMeHTarnbHO B nabopaTopHUX yMOBaxX Ha YCTaHOBLi 41 OAHOOCHOMO CTUCHEHHS 3paskiB 3 PisHMX
nopia i pya, obnagHaHin rigpasniyHum npecom 60 kH i komn'toTepoM Ans OAHOYACHOI (hikcalii CUNMKM CTUCHEHHS i
aedopmauii. MeTogukot gocnimkeHb nepepbavanucs BUNPoOYBaHHS 3paskiB Cyxux i 3a3panerigb 3BONIOXKEHMX,
MOHOJITHNX, CKMEEHNX BOLIAPOBKX i 3 MOPOXHMHOW. BCTaHOBNEHO, L0 Ha AesiHTerpauito pyay B MMC icToTHuMI BNnmB
YWMHATb XapakTepUCTUKN BOOHOMO cepenoBuila pH i Eh, 3HaueHHs kX 3MiHIOTLCS B Mexax Big 3,2 8o 7,0 i Big -500 go
+1020 mB.

KntoyoBi cnoBa: piguHa, eKCepuUMEHT, MILHICTb, €KBiBaneHTHa CXema, BOAHEBMIA MOKAa3HWK, OKWUCIHOBanbHO-
BiHOBHMI MOKAa3HWK.

AnHoTauusa. B HacTosleil cTaTtbe MpeAcTaBfieHbl PesynbTaTbl  TEOPETUYECKUX W SKCMEPUMEHTaSbHbIX
MCCMEAOBaHMIA MPOLECCOB paspylUeHnst pyabl B MenbHuUe Mokporo camouamenbuenuss (MMC). BogHas cpepa B
3aBMCUMOCTW OT 3Ha4YeHWn pH (BoJOpOAHLIN MNokasatenb) U Eh (OKMCIUTENbHO-BOCCTAHOBUTENbHBLIN NOKa3aTerb)
crnocobHa MPOHUKaTb BHYTPb KPYMHBLIX KYCKOB Yepe3 TpelyuHbl, KOTopble 06pasyloTcs B MaTEpWUHCKOM nopoge
(3apopblwesble). [MUHUCTOOXPUCTBIE MUHEPanbl, KOTOPbIE MPAKTUYECKW BCeraa NpUCYTCTBYHOT B MUHEPANOrMyeckom
COCTaBe MECTOPOXAEHNS anmasoCcoaepkallero Cbipbsi, 06pasytoT Ha NOBEPXHOCTU MUHEPAMNOB MMEHKW, KOTOpble Npu
B3aMMOLENCTBUM KyCka C NPENATCTBUAMM Pa3pyLLAKTCs, MUKPOTPELLMHbI 3aKPbIBAKOTCA 3a CYET ynpyrocTu matepuana
W KPYMHBIA KYCOK MOXHO NpefcTaBuTb B BUAE Lapa, BHYTPWU KOTOPOro UMeKTCsl HeborbLune NonocTy, 3anofiHeHHble
HecxuMaemoit xuakoctblo. OBOCHOBaHa 3KBMBAreHTHas Cxema Ans OnpefeneHns HanpsikeHHO-LeopMUPOBAHHOMO
COCTOSHWMS  KyCKa, MOABEprarolerocs BO3AENCTBUK HArpyskW nog YrrioM ecTecTBEHHOro OTkoca matepuana B
OBWKeHUU. B 3TOM criyyae Ha Teno npou3BONbHON (hOPMbl OEACTBYET PaBHOMEPHO pacnpeferneHHoe AaBreHue,
3aBuCsLLee OT MAPOCTaTUYECKOrO AaBNEHNS Nynbnbl BHYTpY BapabaHa v Cunbl rMapoaNHAMUYECKOTO COMPOTUBEHNS.
MMpWHATO, YTO KyCOK MMeeT (hopMy Liapa C OJHOPOLHOW CTPYKTYPOM U MONOCTSMM, 3anONHEHHbIMI HECKUMAEMOW
XugkocTbto. [oa AecTBUEM Cun BHYTPX NOMOCTU BO3HUKAKOT PaCKNMHMBAIOLLME BO3AENCTBIS BOAbI, BIUSIHUE KOTOPbIX
Ha NPOYHOCTb PyA 3aBUCUT OT YCWNWA pacropa M yrna MUKPOTPELLUMHbI. IKCepUMEHTarbHbIE UCCrefoBaHNs
BbINOMHANNCh B NIABOPATOPHbIX 1 NPOMBILLMEHHbBIX YCOBUAX. BNnsHne packnmH1BaloLero yeunms Ha npoYHOCTb pyabl
ONpeAensanocb 3KCNEPUMEHTaNbHO B TabOPaTOPHbIX YCNIOBMSX Ha YCTAHOBKE ANS OOHOOCHOrO CxaTtus 0bpasuos 13
pasnuyHbIX nopoa 1 pya, obopynoBaHHOW ruapasnnyeckum npeccoM 60 kKH 1 KoMMbIOTEPOM ANS OJHOBPEMEHHOM
cukcauum cunel cxatust U gedopmaumnn. Metoaukoi nccnegoBaHuii npeaycMaTpuBanmch UCTbITaHust 06pasLoB Cyxux
W NPeaBapuTenbHO YBIAXHEHHbIX, MOHOMUTHBIX, CKMEEHHbIX ABYXCMOWHBIX M C MOMIOCTbID. YCTaHOBNEHO, YTO Ha
pe3uHTerpaumio pyasl B MMC cyLiecTBEHHOE BNUSHWE OKa3bliBAKOT XapakTepuCTUKi BOAHOW cpeabl pH v Eh, 3HaueHus
KOTOPbIX U3MEHsIloTCS B Npeaenax ot 3,2 ao 7,0 n ot -500 go +1020 mB.

KnioyeBble cnoBa: XUOKOCTb, 9KCMEPUMEHT, MPOYHOCTb, 3KBMBANEHTHAs CXema, BOLOPOAHbIA MokasaTerb,
OKUCNUTENBHO-BOCCTAHOBUTENbHbI NOKa3aTenb

Cmamms Haditiwrna do pedakyii 29.06. 2019.
PexomeHdosaHo Ao dpyky 0-pom mexH. Hayk B.I1. Hadymum



