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Morphological Description of a Crushed Glass in Milling

E REY BAREE* LR BB

Toshibaru Shibata Michio Morikubo XKenji Yamaguchi

Abstract

Milling is confirmed morphologically in a combination of ball mill crushing (attrition) and a
crushed feed of tempered glass with restricted oversize meshes,

The super ellipse including popular and basic shapes such as a rectangle and an ellipse is
selecied as a biaxial-symmetrical template, The distance based on the Fourier sine coefficients
between the template-shapes and the test glass fractures are measured and discussed in focus
on the elongation and the asymmetry,

EE e
BN AR CRET T AR B L. F OEEROR L 2 i cARERL L, i
Tkl & B R 7 — V= I Uie, 2 o0ZEHfEsE B v T 2 T R L O T eI
DE{LER, BEFOBRRA T - TP EREMEL, BHELL o WFoEcELtrE

S LA ORI ER e - T

1. #

Bemrose-Bridgwater? ol OB BT 38T
BER TR i E 2 R 7R, BRI, TR
e LT oFgiRE, KM, R, fHEhike L
U OHTE, 20, SRR R ¢ B2 2 HE
ThDHEBAATWE, E6EANEcE L T L%
B, et Foialdi Xl o ST A, i
T SRY 0 [HHRET S, TUBYIc k5 THi
LRI, TR ) — X0 [ SR P
fEgEoERS shTnws, ohbic Lhidgigko—
D LTHRFEHNTHIR— I AR T30S
HZLLBITHTORE L > THLTHEE S h T
5. ZOBRERESMICIETE SN, BT R

Il

* T SR T AR A 2 B
{T060 LB LELIIEES TH)
Tel. (011) T16-2111 (A#R6552)

F TR L A R B b v,

AL TIRIGRBELD X = T b 5 2 Rk &
PRk L, K= 3 AR EAT, R S WA
F i Ll ORI bic B L.

2. FERPHIBIT®

BIFHR O RSIBEEARNTHE B 5 i BE e oW Tk
ERoSEOREIETIz X 355, RS NEs
L7neRiesiic L 5551, Luerken-Beddow &7 iz k
BIGHEEENTER 45 2 — 2 A EN T S, ARG T
i, SRR — v o 3os d ek oA b
HEEH LY. SR o vwEEE L, o
By oE D - WEiEENE () L5k, HEREERE
HARE Blk) 13

B(k) =-1%N§—:f(x) sin (kax) ,



ThD., AR Al &

Al =%I_N§_:f(x) cos (”kx) \

N
k=0, 1,0 J N—1, (N) rooenenei2)
THh D,
TR B Y Th A,
f(x):z(A(“) + AéN) CoS wX
Nt riexy, " Sox
+k§:]1A(k) COS(_I\T)Z .......... (3)
-1
=(AOEAD | 5 A tux
¥=1
a0 sin (TR oo
+2k2:1 B sm( N ) (4]

L x=0 T fox=1, X0 T 8x=0 Th 5.

Jo (8, 4) T x=0 TO { BEOBEEERNT,
WA 1 HAERT 22 bR TE LY. ZOEEE
oo £0) RENES (ED) OUETHS. ORI
N {E o FREE 55 FEFIER SRSz bhi
SEAEN B O 7 — U TEARFIE 5. BHMER
O EFERHE DKL E 0 5 B IEEE ORI TR O
Pl e AP A o TnA, BEO 7 — ) = EE
— TR R, R (AEHE) B DR
ME v, L LESoRB S bl SR i 2
AEZTEL CTBEEREIENTHS. MATESART
LB EED T, ESAE THRESHHE LR E
B, i, SRHEIEIR R R OIEERAR &k
o, FIREERE L VERCTI LS, Bl
DL Y, BUEERSINEEOR G LY, vw{-oh
o4yl (bifurcation) & DEL A5, Bleo HAME
I 5 B AR R A, BT AR Rl L
T, FERFREA BBk 5 0RERERD L, TEK
EEORL A SRERTE L BEEE AR T 50
G, Bl IR TES. Z ONFHEE L REE
L EBRIBICE L 5 L HEERE AT b F i oaik
WHENRENLD, BEESFHY 1T IELAT oREm
o T BB D { oMEBlici2i, 22 Chsts
W ORE R EEL, ME R o cEMOTRREE
Ptn, W L TR 2SR R BET 5. #
Ul 2 MR, B, EH, #EThS. T
hod—ighT3 e Pty OBRCHKAA—-—IF
Hick 2o bhs (Fig.1).

X
da

“‘+\%}m=1 .................................... (5)

B4 a/h=1, BLU2 OEEHOEHRFREO B
Pigs. 2, 3 oo, FHMEE m A1 0FER, 1T oM
WMo, SRR LR d ko, A—

No. 32 (1988 —

m-value

2 35

F——3
R 525
N 1.5

1.25
.75

Fig. 1 Super ellipse
x|t ey —
&+ =1

Fourier sine coefficient B2k}

ool i 12 "=
t ) with a=b
L » Negallve
0,001 1 1 1 ! 1 | Il
o 10 20 30 40

Harmanic number
Fig. ? TFourier sine coefficients for super
ellipse, aspect ratio=1
—case of biquadric axial symmetry—

T T T T T T
Aspect ratle=2
-
B N
— a
& s 1
a X SR - 2
W y <) N
§ o Purumdztcr d \ Y-gy ¥4. A ) 4
= W | = order,m —‘\\a l/\*" Ii\ i, B;" A
S ‘ N B L e
g | @ Negative . v/ V\,"r ‘\\Vj‘ ..:}‘ /1 h
£ o LAY, \[ 4o
o ot v A FN 2
£ L = with c=2b 1 40
3 . 40
£ | : 40
0001 1 1 1 1 1
|4 10 20 30 40

Harmonic number

Fig. 3 Fourier sine coefficients for super
ellipse, aspect ratio=2
—case of hiaxial symmetry—

AR EERIE S & B EE, R L oREE
D7 ) S~ 0B s Fig. § ioRL7E. B
o AR O FEM o%iE# & Table 250
Lz, 720, HEORMORELRIEECLSLE
HEEEA L BTz b (a>bh) 25, R (B &



BalE ofgll & i 2 BAreEis i kic e s e
Fol, BHE, #EGE B oEERE (B AW
TARESHCT T B 0T, BEc b Z R TH SR
AEh, FEOHLEYESC D, EREr ST A
Wik, A—A—EAD, R ERREER T
B ORIV, HEENEATEET TR, HRch - T
LEEREN L bk (b HEROHL: k2 OfRIF
OEIMBRE BN S (DIEEES). SR Ak NE
WEEOIE LR EGERRE, IH, BELIIREE
EEANI0IRBEIC I &, BN, R, B OTH—RNERS
RS (ACK) - BAODV s RiTRA v b L
TwWa, B o kiic, H55AEBENHC Lk
K, ERETEHEHRGR BQk+1) BELVWEIELD
ohbIhid k-1 ARTES, SAFLEEESL X
hRENWe, FAPEERBCRY, BRNC2 208
b3 2% (2A1) BT LRETER
CE D, ZORMEHE L TEE S, EEERT

Rhombus % Beddow BIVZURRL-7— U oiflih, EERK
Fig. 4 TFourier coefficients {(sine) for 7 b L il e (O IE — i BRYHE o B o PRty o
biaxial symmetry i CHRhas 2 AR Ea (M) 55509 & B R L4

—eifects of elongation—

Table Fourier sine coefficients for a family of ellipses

aspect ratio

1/3.56 | 1/3.0 1/2.5 1/2.0 1/1.8 1.9 1.5 2.0 2.0 3.0 3.5

o

0.9099 | 0.9294 | 0.9499 | 0.9707 ] 0.9898 | 1.0000 | 0,9898 | 0.9707 | 0.9499 | 0.9284 | 0,9099

1| 0.5996 | 0.6103 | 0.6210 | 0.6309 | 0.6380 | 0.8362 [ 0.6209 | 0.6026 | 0.5848 | 0.5683 | 0.5532
3| 0.3302 | 0.8225 [ 0.3107 | 0,2923 . 2625 L2112 L1534 | L1117 .0805; .0563 | .0371
6| —.0880 1 -.0860 | ~.0376 | 0.0001 . 0619 1256 | .1918 | .2209 | .2632 | .2681 | 2776
7| —.0623 | -.0330 | -.0096 | 0,0187 . 0526 0886 | .1049 | .1035 | 0861 .0868 | 0767
9] 0.0997 | 0.0892 [ 0.0780 | 0.0673 . 0605 L0677 | . 0935 | .1188 |- .1396 | .1560 | 1688
11| 0.0725 | 0.0639 | 0.0554 | 0.0485 | 0.0461 | 0.0542 { 0.0881 | 0.0756 | 0.0775 | 0.0763 | 0.0730
18 1 -, 0074 | 0.0032 .0142 . 0250 .0348 .0446 | .0578 | .0726 | .0868 | .08971 .1109
16 | —. 0018 ; C.0066 . 0160 . 0228 .ozav .0374 | .0470 | .0544 | .0590 | .0610| .0611
17 | 0.0318 | 0.0277 , 0248 . 0239 . 0258 L0317 | .0399 | .0488 | .0B82 | 0675 | .0761

19| .0260 .0219 . 0200 .0138 .0220 L0270 | .0337; .0396 | .0440 | .0470| 0485

21 | 0.0045 | 0.0087 | 0.0125 | 0.0156 | 0.0187 | 0.0231 | 0.0288 § 0.0345 | 0.0407 | 0.0471 | 0.0634
23| .0049 .0082 0111 .0136 .0169 L0197 | .0244 | 0287 | .0324 | ,08B2| .0370
25| .0128 L0116 L0112 .0118 .0135 L0167 | .0207 | .0245| .0286 | .0829| .0374
271 .0102 .0094 . 0092 . 0099 L0113 L0140 | . 0173 | 0203 | .0230 | .0283 | .0269
29 | .0040 . 00566 . 0069 . 0080 .0093 L0115 | .0142 | 0167 | .0194 | .0222 | .0252

31| 0.0083 | 0.0046 | 0.0055 | 0.0064 | 0.0075 | 0.0082 [ 0.0114 | 0.0133 | 0.0151 | 0.0187 | 0.0178
33| .0049 | .0045 . 0045 . 0049 . 0057 ,0070 | .0087 | .0102 | .0117{ .0134 | .0153
35| 0035 . 0032 . 0032 . 0035 . 0040 .0049 | .0061 | .0071| .0081! .0089 | .009B
37| 0.0008 | 0.0014 . 0017 . 0020 . 0024 .0029 | 0036 | .0042 | .00491 .0056 | .C0G6
39 | -.0001 1 0.0008 . 0006 . 0008 . 0007 .0000 | .0012} .00141! .0016| .0016 | .CO1B

harmonic number
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Fine Grinding of Lime Stone Powder by Tumbling Ball Mill

—Influence of Initial Water Content by Long Time Grinding
with Airtight Pot Mill—

EHEI R R I =

Akira Suganuma Shigeyuki Nakamura Toshitaks Hamada

Abstract

A series of experiments of long time fine grinding of lime stone powder by a small tumbling
pot mill was done to know the grinding aid effect of water. Main experiments were carrid out
without pot opening throughtout grinding because the repeat of pot opening and powder sam-
pling procedure had resulted in the higher grinding rate and the higher grinding limit of specific
Sﬁrface. '

The grinding limit specific surfase of lime stone powder with a small quantity of water as a
grinding aid reached more than three times larger than that of well dried one. The latter was
about 9,000 cm*/g. The higher initial water content resulied in the higher grinding limit of
specific surface. 4

The higher initial water content, on the other hand, suppressed the grinding rate on the eatly
stage of grinding, especially on the stage far bellow the grinding limit. Therefore, the optimum
initial water content depended on the target specific surface of grinding.

The grinding action which continued for a long period beyond the grinding lmit resulied in
a significant decrease of specific surface after the constant specific surface period. This pheno-
menon was more remarkable for the higher initial water content and accompanied by formation
of almost rigid coating.
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The Influence of the Degree of Dispersion of Airborne
Dust on the Collection Efficiency of a Cyclone
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Hideo Yamamoto

wH
Akira Suganuma

Abstract

The collection efficiency of a cyclone is remarkably influenced by dispersion ot agglomeration
pﬁenomena of the dust particles because the aerodynamic behavior of an agglomerate of small
primary particles is similar to that of single large particle. In this study, the collection efficiencies
of conventional tangential CYCLONE were measured for inlet air velocities from 10 to 50 m/s
and for various distributions of agglomerate of the same material.

The ohserved collection efficiencies for dusts containing agglomerate were higher than those
for well-dispersed dust and increased as the degree of agglomeration increased. However, the
efficiency for the dust containing extremely large agglomerate was much lower than predicted
from its aerodynamic size distribution, determined by cascade impactor, and was much smailer
than that for well-dispersed dust. In the small particle range it may even be negative because
the large agglomerate can be dispersed into small ones or primary particles by the pneumatic
force exerted in the cyclone.

In the range of a cyclone inlet air velocity of 10 to 50 m/s, the cyclone cut size obtained for
well-dispersed dust became smaller in proportion to the inlet air velocity to the power —0, 8. The
obsérved efficiency for the dust containing agglomerate however, decreased with increasing inlet

air velocity.
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Table 2 Conditions of dust generation

dust number |orifice diameter |air flow rate |key
[mm) [/min)

dust No. 1 7.5 200 O

dust No. 2 - 10 200 L)

dust No. 3 10 150 ®

dust No, 4 16 200 ®
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Computational Error in Size Measurement by Splitting Elliptical Particle Iimage
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Abstract

Computational error was discussed on the meastirement of particle size by splitting an elliptical

particle image. The particle outline was approximated by the broken line through measuring

points, the Y-coordinates of which are to be obtained by interpolation.

The relative error in size stems mainly from the division number of the elliptical particle and
the cut~off fraction of both the ends. Thus, the particle width is dominant, and the location and
orientation hecome éffective_ with small and elongated particles, respectively,

The area diameter equivalent to a circle was adopted, judging from the large wvariation of

Feret's diameters and the extreme sensitivity of the perimeter diameter.

It is possible to infer the true diameter from the approximated one by using the calculated

line especially for small particles consisting of less than 10 measuring lines,
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a, b long and short axes of ellipse, respectively
-1
C :ceefficient of vartation of particle diameter
-1
D particle diameter [m or -]

j= N

: fractional distance of particle from sampling
line [—]
E :relative error of approximate or measured
diameter to ideal or true one of particle

image, respectively (-]
f :fraction of half width of particle [—]
K :shape index of ellipse, (=h/a) [—]
N :division number of image plane [—]

np :number of measuring lines through particle
image [—]

Q :angle of ellipse radius from short axis

. [rad]
X, Y : coordinates of ellipse [—]
W : width of image plane fm]

8 : orientation angle of long axis from X-axis
[rad]

Subseripts

a area
all, 2 algorithm 1 or 2, respectively
ap  approximate

av  average

f Feret's
id ideal
j dimensionless

1, 8 lower and upper bouhdaries, respectively
measured
measuring line number inside particle image
ellipse’s center

real

m
n

o

p perimeter
r

i true
x?

y X-and Y-directions, respectively
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Estimation of Elutriation Rate of Fine Particles from
a Continuous Spouted Bed in Solid-Gas System

—Based on Particle Transport Mechanism in the Freehoard Region——
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Table 1 Spouted particles used

Particles Range mesh Density Terminal velocity i Diameter#

o5 (kg/m®) Um/s) Dy(um)
No, 1 Toyoura sand 65— B0 2670 - 1,31 180
Fine No. 2 Toyoura sand 48— 65 2670 1.60 218
Particles No. 3 Toyoura sand 100—159 2670 0,93 136
No. 4 Neobeads 65— 80 1640 1.00 204
No. 5 Soma sand 20— 28 2670 5.88 718
Coarse No. 6 Glass beads 20— 28 2500 ‘5. 73 725
Particles No, 7 Glass beads 14— 16 2500 8.28 1120
No. 8 Glass beads 9— 12 2600 10. 27 1767

*D,=median diameter (No. 1~No, 5), D;=length mean diameter (No. 6~No. 8)

Table ? Experimental conditions

Dy (m) 0. 067
D, (m) 0.01
7 (degree} ; 180
H(m; 0.30, 0.60, 0.90, 1.20 1,50,
1.80, 2.15, 2.46
Cr (kg kg'y; 0.2, 0.5, 0.7
Ulmssh; 1,8~2.1
F(kges;  1,4X107%~8.4X107°
hH

Fig. 1 Schematic diagram of the continuous
spouted bed in a solid-gas system.
1: Blower 2:Surge tank 3:Quadrant nozzle

4 : Control valve 5 :Orifice 6: Spouted bed
7 : Discharge pipe § : Screw feeder 9: Cyclone
10 : Hopper  i1: Scale 12 : Freeboard zone
13 : Shutter plates 14 : Fiber optic probe 15 :
Light source i6 : Photomultiplier 17 : Memory-
scope 18 : Load cell 19: Strain amplifier 20:
Pén recorder ‘
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ERR =
a: coefficient in Eq. (8} (a=4k,/Dyl) [m-1]
a’: coefficient in Eq. {8} (¢’=a/U) [m!]
Cs: concentration of fine particles in feed

[kgekg™]

C,: concentration of fine particles in the upward

moving region of fines [kgem—]

C.+ average concenlration of fine particles in a

spouted bed [kgekg™]

DU, Dg, Dy, Dy @ diameter of orifice, spout, column

and particle, respectively

[m], [pm]

F: feed rate of solid particles (kg, s1]

H: Theight of column from orifice to outlet [m]
ﬁp: cross-sectionally averaged holdup of fine

particle in the freeboard [mfem—?]

k. Theight of spouted bed [m]
k,: particle transfer coefficient in the freeboard
[rmes™]

R: radius of freeboard [m]
¥: radial coordinate in the freeboard [m]

T.D. H. : freeboard height above which the
elutriation rate becomes constant  [m]
[/: superficial gas velocity [megt]
U, : terminal velocity of a solid particle [mes™]
U, tir_ne-averaged value of gas velocity at center

line [megt]
U,o: O, at Z=0 [mes]
V## : root mean square of gas velocity fluctuation
in vertical direction at center line (=r.m.s)

[mes™1]

Ve | Vid at Z— o [mes™]

Ve (T.D.H): v at Z=T.D. H. [mes]

V: elutriation rate [kges]
Vmer + mass upflow rate of fine particles at the

top of spouted bed [kges1]

Viotar : total mass upflow rate of binary mixtures

at the top of spouted bed [kges1]

vy : local velocity of fine particles [mes]

Z and Zy : axial coordinate and height in the

freeboard (=H—h) [ta]

Z,: height of potential core in the freehoard [m]
Zs: rising up height of coarses measured from
surface of spouted bed (=region () =

fountain region} [m]

a: U [s~1]

¢ an angle of conical base [degree]

ps o particle density Tkgem~¥]
B3l A X
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Hybridization and Surface Modification of Powder
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4.14 61.6 61.6 —-0,0
3.51 6.1 56.2 —-0.2
3.063 51.0 51.4 —0.8
2,726 46. 4 46.9 —1.0
2.436 42,2 42.3 —0.2
2,348 41,0 40.8 —0.5
2,225 38.4 38.8 —0.4
1.903 31.9 3l.6 —0.8
1.697 26. 4 26.3 —0.0
1,530 21.8 21.8 +1.0
1.428 18.1 18.0 +0.5
1,342 15.3 14.9 +2.4
1.232 11. 4 10.7 +6.1

KRN CHESRD FOEL SR THES, o2
T, HECELT Ki=0, EAaMRATA—% M
a/b=1/4.25 IR HEAAV STV A, AR
FABARRE P RS CoAR YL & 2 B B,
Table3 Do X Hic, KWERIBORMICEST S
Lo M EEDTS, HBMEVIFE CHERE L —%
LTWa, &7z, FROEROTGE BRI T EEETEF
Cirhed, ko7 A~L2 FIRRERORnEOHER
iTv. Table 411 Thomas 5 ¥l N0 o AR
BB LEY P A& E ) 2 hOFRAS LY
7 VOEBER RiE TS EEEOEREOE L REoRE

No. 32 (1988)

Fable{ YOUAeEVEVRFAS MFRALLY S
v DBEPNE BB LIS Fricke Ko

R A—F

Condition : wt @ clay=2.34+0.02
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S=f/0=r)  0.0235 0.0235 0.0230
M 0,065 0.070 - 0,065
Conditions: 25°, Ky=5.0 mmhos/cin
Wi %% clay i M
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3.80 0.038 0.042
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Table| HEF— 74
date 87.07.28
data file name €bb535
sample name
neasuring time {sec} = 425.5
field voltage applied (V) = 100
particle density (g/cn3) = i
prax charge range (femt C) = +o 38,78304
nax particle charge (ney) (femt C) = -16.74704
max particle charge (pos) (femt ) = 16. 444
Ne. ave.dia. negative positive total
() {-) (femt C) (-) (femt C) {-) (femt C)
1 1.9 3 ~3.32(1.000) ) - 0.00(0.000) 3 ~3.32
2 2.2 1 -1.08(1.000) ] §.00{0.000) 1 -1,048
3 2.5 3 -3,08{1.000) 0 0. 0000, 000) 3 ~3.08
4 2.9 4 -6.33(1.000) 0 0.00(0.000) 4 ~6,33
5 3.3 7 o =9.14(1,000) 0 0.00(0.000) i -9, 14
6 3.7 13 -24.39(1.000) 0 0.00(0.000) 3 -24. 8%
T 4.2 12 -28.27(1. 000) 0 0.00(0.000) 12 -28. 27
8 4.7 26 ~-55.19(0. 990} 1 0.65(0.010) 27 ~-54. 54
9 5.3 62 -185.55(1, 000) 0 0.00(0. 000) 62  -185%.5%
190 6.0 209 -733. 4411, 000) 0 0,00(0.000) 209 -733. 44
11" 6.7 334 -1362.57(0.997) 2 3.85(0.003) 336 -1358.72
12 7.5 507 -2374.10(0.931) 4 15.65(0.007) 511 -23558.45
13 8.4 526 -2916.73(0.997) 2 7.68000.003). 428 -290%9.13
14 9.3 £70  -2937.34(0.993) 4 20.83(0.007) 475 -2916. 51
15 10.5 373 -2669.94(0.992) 3 21,19(0,008) 376 -2648.75
16 11.8 238 ~2000,68(0,996) 1 7.95(9.004) 239 -1992.73
17 13.3 70 ~-B677.32(1.000) 0 0.00(0,000) 70 -677.32
18 14,9 12 -135.99(1. 000 I 0.00(0.000) 12 -135.99
19 16.7 5 -75.83(1.000) { 0.00(0.000) 6 ~-75.88
20 18.8 1 -9, 87(1.000) 0 0.00(0,000) 1 -9, 87
21 21.3 0 0.00(0,.000) 1 0.00(0,000) 0 0. 00
22 24,2 0 $.00(0.000) 0 0.0000.000) 0 .00
average diameter : d50 (cownt) = 8.34(xm)  d50 {velume) = 9. 91(um)
negalive positive total
count (-) 2877 (0,994} i7 {0.006) 2894
pass {nano gram}  1104.0 {0,094} 6.2 (0.006) 1115.2
charge (feat €) -16220.72 (0,995) 77.73 (0.005) -16142,9%
q/a (micro C/g) -14.63 12.48 -14. 48
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