MINERALOGIA POLONICA
Vol. 7, No 1 — 1976

Andrzej SZYMANSKI *, Janusz M. SZY MANSKI **

CALCULATION OF MOHS HARDNESS SCALE OF MINERALS
FROM IMPACT ABRASION HARDNESS

UKD 549.08:539.531:620.178.16

Abstract, Basing on the abrasion hardness tests of Mohs scale minerals, the
authors worked out a formula that permits plotting a corrected curve of dependence
of the depth of abrasion with a sand grain on hardness. From the rectilinear depen-
dence the formula was derived which makes it possible to recalculate abrasion
hardness to the generally accepled Mohs hardness scale for the materials with con-
tinuous structure. The results evidence that impact abrasion hardness can be used
to determine Mohs scale hardness of minerals.

Hardness is one of the basic diagnostic features in mineralogy, as well
as the main factor determining the possibility of exploitation and proces-
sing of minerals with industrial applications. Several methods of testing
hardness have been developed, which are more or less commonly used
depending on tradition and laboratory equipment, Since the adopted in-
strumental methods of hardness testing are manifold (diamond indenters
according to Vickers, Knoop, Grodzinski, Berkowicz, Hanneman, or hard-
ness testers according to Brinell, Rockwell, Shore), it is a troublesome
task to relate the results obtained to the generally accepted Mohs scale
of hardness, introduced in 1812, because of unequal distances between its
degress, Several attempts have been made to adapt Mohs scale and relate
it with the results yielded by instrumental tests (Povariennykh 1963,
A, Szymanski, J. M. Szymanski 1976). Owing to those efforts, Mohs scale
can still be used for diagnostic purposes, !

Hardness testing by scratehing soft mineral with a harder one, which
served to establish Mohs scale, has one undisputable merit, viz. multidi-
rectional action of forces destroying the tested sample. Due to this, it is
possible to relate Mohs scale and the adequate methods of hardness testing
to the method of testing impact abrasion hardness, in which the effect
of collective scratching is determined. Dynamic measurements are more
useful for the practical estimation of mineral hardness as being closer to

* Research Centre of Semiconductors, Warsaw (Warszawa, ul. Konstruktorska 6).
* Institute of Glass and Ceramics, Warsaw (Warszawa).

61



the conditions under which the tested material usually fails during ex-

oitation, e
5 The sand blower, called Mackensen's apparatus, works on the ‘Pl“lf‘lf-'lpltt‘__
of abrading the surface tested (mineral face or section) with a btf"earrl. Or
quartz sand of the grain-size 800—500 pm, blown 'L;l'!dt?l‘ the preb:}u'rct; 'o,.
1.5 atm, from the chamber with a capacity of 28 cm? A measiure 0 ..anagI
sion hardness is the depth hy, of the hole blown out in the tested matu@
(Phot. 1), measured with a needle applied to the surface before and after
the blowing action.

The blower is calibrated by abrading pyrex glass down to a depth of
3 -1-0.05 mm, or a fluorite crystal on the face (111) down to a depth of

2.1
3.95 1 0.05 mm, or else a magnetite crystal on the face (111) to a depth
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Fig, 1. Relationship between Mohs scale hardness classes
aceording to Khrushchev and impact abrasion hardness
tested with guartz grains
Hy — hardness clagses according to Khrushchev in Mohs hardness
scale corrected by Povariennych, h — hardness estimated from
depth of hole blown by grain stream from 28 cm?® capacity cham-
ber under pressure 1.5 kG/em?
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of 2.00 40,05 mm. In view of substantial differences in its composition
depending on the manufacturer, glass must be treated as a secondary
standard and each batch calibrated in comparison with fluorite or mag-
netite.

Milligan (1936) was the first to test hardness of minerals by the me-
thod of impact abrasion. Later A, Szymanski (1972, 1973) made an atternpt
to interpret abrasion hardness in relation to Mohs scale, As a result of
his investigations, he obtained a curve illustrating the relationship be-
tween the depth h,, of the hole blown out by the sand stream and the
Mohs scale hardness classes Hy (Fig. 1, curve a), proportional to hardness
measured with Vickers microhardness tester:

Ho= 0.7y Hy (1)

where:
H, — hardness classes,
H, — Vickers hardness number in kG/mm?2.

A change in the shape of curve a for minerals with hardness numbers
greater than 5 made it difficult to find a mathematical expression for the
relationship between impact abrasion hardness and hardness classes.

Analyses of several cross-sections of samples after abrasion hardness
testing (Phot, 1¢) and an assumption that the mass of abraded material
rather than the hole depth is a measure of abrasion hardness permitted
the authors to derive formulae describing hardness determined by the
method of impact abrasion.

The size distribution curve of grains striking the surface of the tested
material is a normal curve; hence, the depth of the hole blown out is dif-
ferent at different points, being approximately constant at the same
distance from the hole centre. The bottom of the hole assumes the shape
of a spherical cap (Fig. 2). The radius
of the sphere was determined experi- |
mentally, When a Mackensen sand [
blower is used for tests, the radius '
is 3 mm, being equal to the radius
of the circle on the surface of the
tested material within which abras-
ion oceurs. As appears from the study
of the mechanism of hole formation,
certain expansion of the abraded
area outside the circle is due to the
secondary abrasion by the grains and
abraded material conveyed with the
air blown out through the blower 3 !
outlet pipe. [

Assuming that the mass of the
abraded material is proportional to its
volume and that the measurement
conditions are constant, the relation- . z :
ship between the hole volume and 118 2. Geometrical rule of calculation

; . of corrected depth from depth of bl -
its measured depth h,, was examined. p_out hole Tt
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: . 7 Wp = 75 hm > T On account of the
Thrf:tixftaieasdi‘::rf __c_:o;slmizr::}?.ﬂ?: tfowno?xt holes:m the corrected depth he,,
consta; 1

was introduced, i.e. the height of a cylinder with th% base radius r =
— 3 mm, whose volume is equal to that of the hole {Flg'. )i .

.li h )<3m;m then the measured depth hy, is the loop of the spherical
cap, ang1 heor may 'be calculated from the formula:

h ’) ;
Heor = (1/2 S (2]
1f by, = 3 mm, then:
Reor = "i_‘ hm = 2 mm (3]

f a cylinder with
If h.. > 3 mm, then the hole volume may be set up o (
the basz radius of 3mm and the height hy = hm — 3 and a hemisphere
with a radius of 3 mm. Accordingly,

heor = hm — 1 (4]

1 ¢ of heor instead of hy, as a measure of impact abrasion
hargxiﬂs;gt}i};er::lu;ts of ,ﬂfo Szymanski’s investigations (1972) were recalcu-
lated and plotted on the diagram (Fig. 1, curve b). .

From the resultant rectilinear dependence the formula [5] was derived
which permits recalculating of abrasion hardness to the un;ts of ‘the ge-
nerally accepted hardness scale for minerals and other materials with con-
tinuous structure,

Hy= 17— 1.05hcor (5]

' The physical sense of assuming the value of heor instead of hmn, is self-
_evident because the effect of abrasion in the whole area and by all the
sand grains is thus taken into account. The pertinence of this choice is
further corroborated by a change of the corrected depth heor for the in-
_dividual Mohs scale hardness classes. The curve intersects the axis of
ordinates at the point close to hardness of quartz, which is absolutely
explicable seeing that quartz sand was used as abrasive. Certain discrepan-
cies between the results of impact abrasion and the values of heor and Hy
calculated on their basis (Table 1, columns 6 and 7) are due to empirical,
therefore somewhat oversimplified, assumptions introduced to the con-
siderations, First of all, the distribution of grain impact on the abraded
surface varies with depth. Moreover, the character of abrasion is different
when the grains hit the surface at an angle of 90° in the initial stage of
abrasion and when they hit the hole bottom of the shape similar to
a spherical cap at an angle less than 90°. Neglecting the different energy
of blown-out grains in the outlet, the empirical character of the assump-
tion that the hole bottom resembles in shape a spherical cap is obvious.

In Table 1 and Figure 1 worth noting is the value obtained from im-
pact abrasion tests of halite (h,, = 4.25 mm) which deviates considerably
from the expected value (h, = 5.50 mm). The choice of halite as the stan-
dard substltutmg in gypsum Mohs scale (Povariennykh 1963) is not very
fortunate_conmdenng its fairly high plasticity under load (A. Szymanski
1973). This feature of halite also becomes manifest when testing its hard-
ness by Vickers method.
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The suggested method of recalculating the results of impact abrasion
to hardness classes H, widens the scope of applicability of the latter me-
thod. Moreover, it permits scaling of Mackensen blowers on any material
whose hardness has been previously determined by one of the microscopic
methods. In the case when other abrasives than sand, e.g. corundum or
diamond grains, are used in the Mackensen blower, it is possible to test
abrasion hardness in the whole range of Mohs scale and to derive formulae
similar to the formula [5]. Those formulae would take into account both
hardness of the abrasive and the grain habit, which has a bearing on the
value of the direction factor of the curve.

Table 1
Impact abrasion hardness of Mohs scale minerals
I_'_‘___"'“ L RN ~ Hardness r
L el il R
hardness | Mineral UL calculated from formula
- of face | from formula | depth depth
scale | R h By =1 5
Hy=07y H 1l o —_
0 V-Bo | o | oy 1.05 heor
1 2 3 4 5 6 7
1 Talc 001) | - 6.35 5.35 1.38
P Halite (100) 2.7 4.25 325 | 3.69
3 Galenite (100) 2.97 4.78 3.78 2.03
4 Fluorite | (111) 3.89 3.95 2.95 3.90
5 Scheelite (11D) 4.098 — — | no sample
6 Magnetite (111) 5.893 2.00 1.08 5.80
T Quartz (1011) 6.96 0.47 023 | 6.77

|
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Andrzej SZY MANSKI, Janusz M. SZYMANSKI

S EOW Z PODATNOSCI
ZASADA OBLICZANIA TWARDOSCI MINER[}
NA SCIERANIE DYNAMICZNE

Streszczenie

W oparciu o pomiary odpornodci na $cieranie mineratéw skali Mohsa
autorzy opracowali wzor pozwalajacy na wykreslenie skorygo.wani-_er_|‘k1."?:y_—
wej zaleznosci glebokoSel Scierania ziarnem plas_kowym od t\’\lfdlId_Ufa.(:l.
Prostoliniowa zaleznogé pozwolila na sformuiolwamf.' ‘wzoru u'mlmzhwmja—
cego przeliczanie dla materialéw o strukturze ciagle] Scieralno$ci na twar-
dosé wedlug ogélnie przyjetej skali Mohsa. Wyniki wskazujg na mozlnw_os;fr
stosowania $cieralnosei dynamicznej do okreélania twardoSci mineratow.

OBJASNIENIA FIGUR

Fig. 1. Zaleinoé¢ twardobci mineralow skali Mohsa, wyr_aionej w klasach twardosei
3 Chruszczewa i §cieralnodci dynamiczne] ziarnem piaskowym

H, klasy twardosel wedlug Chruszczewa wyrazone w skall twardosel Mohsa skory-
wane) przez Powariennycha, h — twardos¢ wyznaczona na podstawie glebokosel otwo-
ru wydmuchanego strumieniem piasku z komory o pojemnodel 29 em? pod ciSnleniem
1,5 kG/em?

Fig. 2. Zasada geometryczna wyprowadzenia he.r W oparciu o glebokosé¢ otworu hm
mierzong iglica aparatu

OBJASNIENIA FOTOGRAFIIL

Fot. 1. Efekt écierania halitu na Scianie (100) (fot. a, b) i w przekroju (fot. )

Andwced ITHMAHBCKH, Anyu M. ITHMAHBECKH

NPHHUHKN PACYHETA TBEPAOCTH MHHEPAJIOB HA OCHOBE
MOJAATJIMBOCTH HA JTHHAMHWYECKOE HCTUPAHHUE

Pesome

Ha ocHoBe nsmepenns CONpOTHBIAEMOCTH Ha HCTHPAHHE MHHEPAJOB 110
wkane Mooca aBToppl paspabotann (GopMyay, MOIBOASIOULYIO ONpPEeauTh
KPHBYIO 3aBHCHMOCTH [YGHHDI llapananHua 3epHOM NEcKa oT TBepaocTH. [1ps-
MOJMHEHHAS 3aBHCHMOCTD MO3BOJIM/A BLIBECTH QOPMYIY MPEAOCTABIAIONLYIO
Aqd MATEPHANTOB HENPEPLIBHOH CTPYKTYPLI BO3MOMKHOCTL MEPecYeTa HCTHPA-
HUA Ha TBEPAOCTBL COTAACHO OOBIYHO NMpHHATOH wKase Mooeca. PesyabraTul
YKa3bIBAIOT Ha BO3MOXKHOCTb NPUMEHEHHs AHHAMHYECKOTO HCTHDAHMA LIS
OnpefiesieHuss TBEPAOCTH MHHEDAJIOB.

OBBACHEHUSA K ®UTYPAM

Dur. 1. 3anucuMocTs TBEPAOCTH MHHEPANOB N0 lKALe Mooca, Bblpamennolt B xmaccax
TEBEPAOCTH MO XP}FU.IBB}', W JIHHAMHYECKOM HCTHRAJNBHOCT BIO 3EDHOM TecKa
He — wnaccw 7rf3pnr}€m no Xpywesy BoipakeHHble B mKane Mooca ucnpasnennofi A. C. Tlo-
BAPEHHKX, B — TBEpAOCTL ONPELCAEHNAA Ha OCHOBE rAvOHHLL NpoGouH kL B TOR (:-rpyr\l‘: necKd
H3 Kamepul eMioersio 28 cM' noa nasaewnes |5 kGlome K

ur -0 M o R x%¢ =

Gur. 2. rf.‘f.J.\i(_Tle[(I:LK-!H MpHHUHD BLIBEACHHS hﬂnpam‘ HCXO/A H3 rAyOuHLl npofoussl h

HE3MEPEHHOH NrIoH allfnapara

OBBACHEHHS K ®OTOIPAGUHU
Dor. 1. Ipdexr napananun rasnra na rpann (101) (dor. a, b) u ¢ paspese (dqor. 6)
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Phot. 1. Halite crystal after blowing action on face (100) (Phois. a, b) and in section
(Phot. ¢)
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