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Strength and Crushing Characteristics of Single Particles
in Nonmetallic Inorganic Brittle Materials.
By Eiki Kasai, Hojin Ryu and Fumio Sarro.
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(@) compression sheqr and
impact by platens
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{b) impact abrasion by Fig. 2 Models for single particle
inertia of a particle crushing.
(a) sphere - platens system
— ﬁ__% (b) irregular shaped
S T ficle —
._,@ edp-Segiulion particle — platens system
F————— :_‘__‘;®:‘} (¢ ) sphere-platen system
77T, (impact)

(c) shear and impact
through fluid medium

Fig. 1  Models for crushing
mechanism.
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Table 1 Conversion percent of fracture energy into various energies.

Kind of Conversion percent Conversion percent Conversion percent
sample of total kinetic of sound energy of plastic deformation
energy of fracture energy
(EE+Es)/E[—] Eso/E[—] Epl/E[—]
Quartz glass - 7.84x10-6 -
Borosilicate glass 0.39 5.98 x 106 —
Soda glass 0.28 — —
Quartz 0.11 1.90x10- ¢ -
Feldspar 0.06 4.76 X106 -
Limestone 0.02 2.51x10-° 0.55
Marble — — 0.63
Gypsum - - 0.78
Talc — - 0.76

Gaudin-—-Schuhmann 3, ¥ EHERS,HAZNREHNTH Y, LIELEFIHIRS. b0k
BRIk Ui, Gilvarry 51920 (3 FEsaRY, EROCE LV ITV, KA v BT
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Fig. 6 Hypothetical steps in the fracture process of a sphere.
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Fig. 8 Variation of particle compressive strength with volume of
specimen.
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Table 2 Weibull’s coefficient of uniformity for typical inorganic substances.

Kind of Coefficient of uniformity
sample m [—]
changed volume test fixed volume test*

Silicate glass 6.61 (d=2.63x10"2—5.60%x10"4) 5.0
Borosilicate glass 5.93 (d=3.29%x10-?2—8.59x 10" %) 3.4
Quartz (1) 4.56 (d=1.02x10"1—2.52x10-2) 6.4

6.49 (d=2.52%x10"2—3.00x10"3)

21.30 (d=3.00x10"3—3.00x10"4)

2.57 (d=3.00x10"4—4.04x10"5)
Quartz (1) 9.32 (d=2.54x10"2—4.40%x10"5) -
Feldspar 5.01 (d=9.33%x10"2—3.85%x10"3) 2.7

10.60 (d=3.85x10"%—5.70x1074)
3.21 (d=5.70x10"%—4.34x10"5)

Limestone (1) 11.90 (d=1.01%x10"1—3.80x10"3) 4.2
3.26 (d=3.80x10"4—4.54%x10"5)

Limestone (1) 6.21 (d=7.62x10"2—7.40x10"5) —
Limestone (1) 4.78 (d=1.91x10"2—4.17x10"4) —

Marble 13.20 (d=2.01x10"2—3.68x103) 4.5
6.38 (d=3.68x1073—1.96x10"4)
3.20 (d=1.96x10"*—3.28x10-5)

Gypsum 24.90 (d=2.01x10"2—3.80x10"4) —
2.69 (d=3.80x10"4—4.54x1075)

* The test was done by slow compression using spheres having d=2. Ocm diameter.

E = (015) 65/(3n1)n(5m75)/(3m)[(1_))12)/ Y1]2/3

(So Vl/m)5/3g(3m=5)/m (9)
E/M = (0.897) 65/ Bm p- 17 @m=5/G@m) [(]-y2)/ Y, ]2/3
(SoVol/m)s/3 g-5/m (10)
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Fig. 11 Variation of specific fracture energy of a single
particle having 2.0cm diameter with loading rate.
Bo-G : Borosilicate glass

Q  : Quartz
L : Limestone
10° — . . . . ; —
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o —/\/
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S 2 t
— ]0 = -
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Fig. 12 Variation of fracture surface energy of a single
particle having 2.0cm diameter with loading rate.
Bo-G : Borosilicate glass
Q : Quartz

L  : Limestone

Lo Liehs b, Bk (13) Ko
BB n ODEIIEF /N L, i,
Weibull o #)— M RE m DOfEix 3
OMEICHN . Dz Enb (14) K
O d DIFEIIFFC/NHE L, L
oo T, v (BRLTF R,
BIEF—EDEE ESH. —F, WA
DOIEREBIMEEREOHEAL LD
ML, SRR M < 7o TH
B LIehs o C, R mE = 1 v ¥ —
(EmttEERCAT 2 BEEY
DOWH=FLF —TCEZBIND
) 13 Fig. 1229 o X 512t b, ¥
R, B 1o ¥ — DR RN GED
S REEEE I 3\ ORI/ X
{Tesd. BHEm=F V¥ — 11—
DM BDROPEIETHH = L%
EET DL, BE, BEH=FLF—
DREHICAR T3 5 MEEEIC KT 2
WHESHRIELIBF LD, Bz
W, FIEEE2 102 N/s O F #EAE
BT & BER KIS e DR D
RIERE v, T COWPER = NV
F— LM BRD LR ICHEESR oK
ERAIETH L, AR X > Tk
BIEDRAEIAME L ETH LD
bhsb. coZtuaFETH L, E
BEOEESH RO DR L —B &
HEIND AL DS & & R
L, EEN b chs. E2AT, fif
HEE, BHEREN EL b &R
B & OB EIAHEINT 5 2 L hn
2 C, BEBIEILL, flziEy
vIR, BEF COE=FAF—F

TOBELRMMT AEBCHS. FlziE, 2v 270 — PicBW RIS TIEEA10 52 x 107
psi/s AL LB GOV v 7 RoOFEMMEIG 131, 12205 1. 47TO&BR L 7c b, B=F AL F¥F—DHE
130.95:52.2, B TIX0.9120H 1. 20& B 725 &\ 5 R BTV 5.

SERE T AR T O SR ER I & L IR T 5 ARy e g o> -2 & — v Fig. 133D
CERA~DO B RETIC X A8 WRT X9l b, FIPERBITOR T OEMOEE & P
ORI RIS, Mo “C” 3ERICL > COBEIRSL 2 — V5 Thb, “R7 2fh
MBI RAES, “07 BHEEAFEDLT. S0 L5 Bk T by T AR OB
KFOFEHOAE X xit, FO—F% Fig. 143 R34, HEEEE 0 KIE L, BRERTOR 1



FH 3 F12R SRERE M ADRBRL T DR & B R 177

d i TEBRTH S .

6. FHIOTE

BRI PP L R L OB RIF & 70 h & 1T
Ilamshcnss, BERRESEMEORBORBERIC L -
THHEL SN 5. BB EZAM P LT R 708 #:
A RTHERRE LT, KOFENAER LI T 5 0%
Ok, SEO{EHE<, Rehbinder ZEH H\ iz~ 1 7

75 7 ANDOKGTFORERZFICET OME, v v rEE,
MR IZERME OBLZE/ZET ST 5390 25, FRflk Fig. 13  Typical breakage
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pattern of sand-cement sphere
broken by free-fall impact.
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Fig. 14 Variation of mean size of fractured fragments with
impact velocity.
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Table 3 Sphere compressive strength of a particle having 2.0cm diameter for typical inorganic

substances under three environmental conditions of vacuum, air and water.

Kind of sample Sphere compressive Strength ratio
strength
St [ MPa] St/ Sty [—]
vacuum air water vacuum air water

Silicate glass 35.3 27.0 15.2 1.31 1 0.56
Borosilicate glass 45.2 45. 1 33.6 1.00 1 0.75
Soda glass 43.0 31.5 1.37 1 -
Quartz - 11.4 10.0 - 1 (.88
Feldspar — 9.75 7.02 - 1 0.72
Limestone 4.91 4.15 3.96 1.18 1 0.96
Marble 3.10 2.48 2.40 1.25 1 0.97
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FrRIFEmCET A<M 27025, 2ICHEAL, TOBERCYL > TREMETT 50D EE
2B DH. TR LT MREBO KRG OFENFOBEICKE L HFETLZ L3N THA.

7. & ¥ U

AR T, FICERBIENE PO R F O PATFRME T O EMIERNC 1) % RRE, Bk= %
WF —, BRHEYOHEL, ThbopBRECSHT 2 1EE, MEHEOKE, FHRIOME
FiI oW COBREDOHRBRELEH L TORL. &ﬁ®%%fﬁ@%0hﬁ%1ﬁﬁ§ﬁkﬁb
TeRBHF LW E . ok, FFMRERE® Fx Rl Eiown. Z O THRA Le—
E®H%Kﬁﬁéﬁﬂ%4%@%ﬂ®¢f%ﬂ@,¢@®ﬁﬁ%ﬁ%&bfhé.L®ﬁﬁk
Wi, BEBFE OB EET 5 R, o, BREMCER D EANSEOBEERBC /LD b
DEEZLND. i, EEOBEGBRTHMOBN iy, T TRLULICHIEERCT5%E
BRIHRT, HH5 BRI CCOEAMERL DL HDH. L Lichb, BRNFHEIT
DE—WFORELXE 2 5 ECEECZ L, A FEBGRRE, H5\ ik, B EMEEERE
BT B AN I hARICESEREEOBEBR ST EE20FIH L FHITHS. F
7o, MR TR T, WERSRAYRTA~1 7 r 25, 7OV A X EBBF91 X & ORI
FsiF B WM SIFER D B IR IR O BRI b AL ET bR A. 20X 5 A
M, SHIL, /e vt —F—LW LIV T I 2e v XGOS BET, HDHCITHBER T
IR COREMEA B OBIEICEI T 5 KB 5 T HRIBAE T h 5. b, BMTHEBC
RKiFH 2N 2 7 I NEHRORBE O & - O MRHE I RUE T B O T BRFHIEE O ML
BT AR ENEERELEZOND.
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