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Summary

A new method which covers the determination of dk bmaterial’'s basic mechanical
properties such as internal friction, shear stiengbrasiveness and grindability is presented and
discussed. Several fine bulk materials have bestedeand classified. The apparatus consist of a
drive shaft and a disc rotating in a closed cyilicelrchamber. A normal pressure is applied to the
disc through the drive shaft. The wear elementistssf a bar fixed to the underside of the disc.
The space in the bottom of the cylinder is filledthna given mass of the sample of fine bulk
material. The disc is then rotated for a given nendf revolutions and the mass loss of the bar is
determined as well as the size reduction of th& madterial. This newly proposed method has the
advantages of easy testing procedures and the befiaed attrition conditions than the standard
test method.
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Introduction

The operating costs of a mineral or any bulk solgfecessing and
transportation are made up mainly of power inpub¥ercome friction losses
within the mechanical systems and of the replacémisystems elements due
to wear, including the wear losses on the inteddaetween bulk solids and the
machine elements [1, 2]. Thus, the bulk materiapprties which affect power
input, wear, and throughput of the processing amlling systems are of direct
interest to such system designers.

This paper presents a new concept for determinibglia material’s basic
properties such as shear strength, apparent cohdésation angle, abrasiveness
and grindability. Abrasiveness and grindabilityasfy material are not inherent
properties of the material but properties of thbological system. Therefore,
any numerical evaluation of these properties obthifinom laboratory apparatus
may lead to errors when applied directly to theustdal conditions [3, 4, 5].

Review on methods of abrasive wear testing in commition

Abrasive wear can be defined as wear due to hartcles or hard
protuberances forced against, and moving alonglid surface, and can be
classified into: gouging abrasion, high-stressn@jrig) abrasion and low-stress
scratching abrasion. There are several differqmedyof method and tester with
which to measure the wear rate of these mechaniants,some of these are
presented in Figure 1. As wear can take place aveng period it would be
impractical to measure the wear of actual companduting their service life.
Thus, a series of accelerated wear tests has beeslogded which can be
correlated to actual conditions. However, it is alitays easy to simulate every
type of abrasion, particularly when abrasion gaegether with corrosion and
comminution.

Wear tests, utilising predominantly an attritiomnging mechanism include
(Fig. 1) the YGP, hammer mill, tribotester and BCAJRII mill. The marked-
ball, jaw crusher, rotating electrode and dry-samober wheel abrasion tests
have significantly smaller areas of contact tharhi@ previous examples and
involve predominantly compression, shear and impacates. The remaining
tests illustrated in Figure 1, namely the Hardgroni#y, loaded column wear test
and vibratory chamber impact tester, exhibit wezaracteristics intermediate
between the extremes of the other categories bjustsdescribed. In these tests
a combination of attrition, compression and shegeses is involved [17].
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F - feed, P - product, 1 - test blade/specimen]déd, n - direction of rotation

Fig. 1. Test methods for abrasive wear in commimugirocesses
Rys. 1. Metodydcznego badanigcieralngci i kruszalndci

In the main course of this investigation a recediyeloped method [16—
—19], which allows for much closer simulation ofrative wear conditions
found in actual mills [18], was used. The methodaister and less expensive
than the standard Hardgrove test [8], and any mahteombination (i.e.,

material of blade or type mineral sample) can bedusnder any operational
condition.
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Basic mechanical properties of fine bulk materials

Shear strength of fine bulk materials

The shear strength of fine bulk materials is theximam available
resistance that it can offer to shear stress avengoint within itself. When
this resistance is exceeded, continuous shearadmplent takes place between
two parts of the fine materials. The shear strenftfine materials depends on
three factors:

1) sliding friction between adjacent grains;

2) rolling friction, as some of the grains will changesition by rolling; and

3) the resistance to moving individual grains gengraklled the effect of
interlocking action.

For a given bulk solid (granular abradant), thetiparof the shear strength
that is due to interlocking action varies with dénsinterlocking is affected
somewhat by particle shape and grain size distabuf typical pattern of fine
material behaviour in a shear test is shown onrgigu

a) b)
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Fig. 2. Torque diagram (a) and schematic representaf fine cohesive material behaviour in
a shear test (b). For non-cohesive materials cosmid®- 0 andt, = T,
Rys. 2. Wykres momentu (a) i schematyczny przebastabiasciernego probki materiatu
sypkiego kohezyjnego (b). Dla materiatu bezkohezyinsktadnik C gky do zera a,=T1,

The shear stress diagram consists of peak anduegsidlues. After the
peak value of torque is reached at a small valuangular displacement, the
shear strength decreases and the torque necessacpntinue the shear
displacement is reduced to the final residual valuerque. Shear displacement
takes place across a shear zone. Stresding at any point within the plane of
shear action can be resolved into two componen@ndr.
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Fig. 3. Schematic diagram of arrangement insideapiparatus (fine bulk material versus disc-bar
assembly with two different shapes of bar: a) mgt#ar and b) triangular and interpretation of

interaction between the particulate mineral andbidrewithin shear zone, where: 1 — drive shaft,

2 — disc-bar assembly, 3 — cylindrical container, garticulate mineral — abradant
Rys. 3. Schemat wirza cz:sci testowej stanowiska badawczego z uwdgleniem uktadu

wspoétdziatania tarczy i beleczki z materiatem sypkilla dwéch ksztattow probki (beleczki):

a) prostopadkziennej i b) o przekroju trojitnym. Schemat wzajemnego odziatywania beleczki
i materiatu sypkiego, gdzie: 1 — wat ragahcy, 2 — uktad tarcza—beleczka, 3 — cylindryczny

pojemnik, 4 — materiat sypki seierniwo

/
a) b)

Fig. 4. The view of the apparatus built by theitogt for Sustainable Technology, Radom
with mounted cylindrical tribotester (1), loadingligy (2), normal load and torque indicators (3)
Rys. 4. Stanowisko badawcze zbudowane w Instyfiaihnologii Eksploatacji w Radomiu
Z zamontowanym cylindrycznym tribotesterem (Igzlkem obciznika (2), czujnikami sity i momentu (3)
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Table 1. Specification of the apparatus and expantal details
Tabela 1. Ogdélna charakterystyka stanowiska badayecz

Name Apparatus - tribotester
Load used [N] 1000
Drive shaft Speer [rpm] 30
Test duration [rev] from 1 to 200
Mean sliding distance [m] 0.05 and 6.0
Abradants Coal‘(gsoig’_q;%a%d Sic

An examples of results from the experiments cargatin the proposed
apparatus (Figures 3 and 4, and Table 1) are sliwviAigure 5. The results
pointed out that the magnitude of the resistanceldcte evaluated from
Coulomb's equation:

3

3T, 6
1, = C+o,tanp= R 10", MPa D

and

—
|

3

= 0, tang= 23;;’ 10°, MPa (2)

where:
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[

peak value of torque, Nm,

— apparent cohesion, MPa,

residual value of torque, Nm,

— radius of cylinder, m,

— peak value of shear strength, MPa,
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residual value of shear strength, MPa,

-

F
. — normal stress, MPa,

o, = —
I:n

normal force, N.

In a body of fine bulk materials under normal strebe particles are in a
state of static equilibrium. To displace them tanigdly, it is necessary to
overcome the resistance offered by the existingesion bonds between the
particles and by a considerable degree of intemhocKi.e. by the apparent
cohesion). After a peak stress is reached at d salak of shear displacement,
the degree of interlocking decreases and some @fatthesion bonds are
ruptured. The shear necessary to continue shepladénent is reduced by
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approximately the value of apparent cohesion (lEg@ and 3). The decrease in
the degree of interlocking is caused by the padidieing crushed and broken
and by the redistribution of the particles (slidimglling and lifting). The
magnitude of internal resistance while shearirgg, the internal frictional angle
depends on the grain size and environment, e.gstarei content (Equation 3).
Therefore, consistent, bulk-solid sample prepanagsamportant.

¢ = arctanr—’— arctaﬂ?’T—r de 3
o 2RF, ' 3)

n n

Grinding and abrasion of fine bulk material

The shear process is accompanied by wear of th@mure 3). The grains
of particulate material become ground to a greatdesser degree, which can
be determined by the index of comminution (IC).sSTmdex characterises the
ease of pulverisation of the material. A prepar@a@e of the material receives
a definite amount of grinding energy (energy inpat)d the change in size is
determined by sieving. IC is expressed in mg ofveused bulk material
(fraction <75um particle size) per joule of energy input.

Relative displacement between the layers of fingema and the bar’'s
surface (Figure 3) provides considerable abrasiearvef the bar material due
to the grains of the bulk material sliding acrdss surface. They may also move
relative to one another and may rotate while stjcieross the wearing surface.
In various industrial situations, as well as indeddory test apparatus, high
stress abrasion occurs. In the high-stress abrasioditions, bulk solid particles
or abradant particles are intensively crushed dmasson is increased.

The abrasion property of bulk solids is represerigdhe abrasion factor
(AF) and the intensity of abrasion (IA). The aboasfactor is the mass of metal
lost by abrasion from a bar when rotated in a $jgecmass of bulk solid under
specified conditions, expressed in mg metal lostkgeof pulverised bulk solid,
i.e., bulk-solid particles <7pm. The intensity of abrasion does not include the
bulk solid’s size reduction effect during the teatsd is expressed in mg of
metal lost in 1 s from fnof the bar surface exposed to abrasive action.rWea
resistance (WR) and relative wear resistarg)egive the best indication of a
material’s resistance to wear. Wear resistancepsesented as the energy input
required to wear the blade, when rotated in a §ipdcmass of bulk material
under specified conditions, expressed in MJ of gnérput per g of metal lost.
Relative wear resistance) (is the ratio between the wear resistance ofébtet
material and the wear resistance of a standardriaate
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T, MPa

% 1 2 3 4 Gn, MPa
Fig. 5. Shear strength of fine coal as a functibnamal stress, and Coulomb’s
parametergand C (Equation 1)
Rys. 5. Przykladowy wykres zmiany wytrzymgdonascinanie warstwy wgla w funkcji
napkzenia normalnego oraz parametry rownania Coulomh& (réwnanie 1)

The above properties can be calculated as follows:

IC = FI;C - index of comminution%,

AF = AW _ abrasion factor,ri?—g,

g

1A = M - intensity of abrasiong,
d m° [$
WR = EELO‘6 — wear resistance of bar material,

_ WR (specimentested) . .
= - relative wear resistance,
WR (standard)

where:
PC - fraction of pulverised material 448, g,

El - energyinput, J,

AW - wear of bar, g,
S - area of surface exposed to abrasidn, m

ty — duration of test.
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Results and conclusion

The use of the proposed method leads to the detation of a number of
parameters of interest in mineral processing artkidnlids handling.

A series of tests have been performed on one coal, water slurry, and
three abradants. The results are summarised ire Pabl

Table 2. Basic mechanical properties of selectek imaterials
Tabela 2. Przyktadowe wiasst mechaniczne wybranych materiatdw sypkich

. Coal water |  SiO, Al,O3 SiC
No Properties Coal slurry 99% 99% 99%
1 Vicker's hardness, HV ~65 - ~97(Q ~1500 ~2050
2 Shear strength=r1,, MPa 1.58 0.833 2.58 2.99 2.97
3 Apparent cohesion C, MPa 1,11 1,49 ~Q ~ ~0
4 Internal friction anglep, deg 334 19.1 53.1 55.8 55.4
5 Index of comminution IC,nj_lg 0.512 0.491 2.030 1.792 1.838
. mg
6 Abrasion factor AF,k— 69 33 140 437 2655
. . mg
7 Intensity of abrasion lAﬁ 39 11 111 403 2253
m

The proposed method is much more flexible tharstaadard method [12],
and it may quite closely simulate attrition conali inside various mineral-
processing systems and bulk solids handling equipraach as-mills, chutes
and conveyors. The method also allows for a quiclid anexpensive
determination of the abrasiveness and grindabiitybulk material in any
operational condition (viz. pressure, sliding véigand temperature) and in
any material configuration (viz. material of bardasample of particulate
material-abradant). In the proposed method, a samplonly about 20 g of
abradant (range of particles size 6@ -1200 um) was used and normal
loading, F=1000 N, was applied.

The results of tests to determine the abrasiveoielsalk materials (AF and
IA) will differ in relation to material configuradns (with various bar materials).
Therefore, the abrasive property of a bulk matestaduld be tested with bars
made from materials currently used or considereduie in the equipment.
Only results from tests that completely simulateeraponal and material
conditions in the industrial installation can beredily applied to design
calculations. In the tests presented in Table 2;68%Co bars were used.
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Metoda badania kruszalndci i §cieralnosci dla materiatow sypkich
Streszczenie

Przedmiotem tego artykutu jest nowa metoda, ktdrejmuje wyznaczanie podstawowych
wlasnaci materiatow sypkich, takich jak tarcie wegtrzne, odporn& na $cinanie, sciernads¢
i kruszalng¢. Za pomog ww. metody przebadano kilka materiatow sypkichsaticza agé
stanowiska badawczego sktada siwatka napdzajcego i tarczki umieszczonych w pojemniku
cylindrycznym. Prébka poddawana procesowiyrvania ma ksztatt beleczki przymocowanej do
tarczki, ktora jest dociskana do wypetla@ggo cylinder materiatu sypkiego o olmmej masie.
W trakcie testu probka — beleczka obragaadsireilong liczbe obrotéw, a po t&ie wyznacza si
ubytek masy probki i stopieskruszenia materiatu sypkiego. Do zalet testefazpaatwosé
przeprowadzenia proby i precyzyjnej identyfikacinunkow procesu ciernego.



