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The Study of Milling Properties for Optimization of
Treatment and Recycling of Converter Slag

Sung-Eun Kuh - Kyoung-Jin Hwang * Dong-Su Kim

Department of Environmental Science and Engineering, Ewha Womans University

ABSTRACT

To treat and recycle a large quantity of converter slag, the milling properties of
-14/+24 mesh-sized slag has been considered. The optimal conditions in milling
process were investigated for producing powder-type slag and the required
consumption was derived for the economical grinding. The characteristics of milling
processes were studied in the variation of the rotational speed, milling time, filling
ratio of ball, and size and amount of feed. The grinding efficiency was also examined.
The optimal rotational speed in this experimental condition was observed to be the
value of 79% of critical speed. The extent of grinding was increased with increasing
the grinding time. but the efficiency of milling was decreased with the time. 50% ball
filling was shown to have the optimal grinding effect, and less amount and small-
sized feed made the milling efficiency high. As the result, using Bond's equation,
power required for efficient milling was considered and the highest value was
observed in the condition of high grinding time and optimal rotational speed.
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Al A7l o8 FHE AX A7 =z QL
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o, & 4%l A8 selae =4S Table 13
2ok AHEE €Ul AlRE THAHAA BAYse
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Fig. 1. Particle size distribution of converter
slag.

AA Aol n &0 MLz Ho o] HEE tumbling
el ball mill€ AHEEISITE. & AgelA] AHER
ball mill(AST Co. Korea)2] Al¥g o}3-3 2t}

9)¥zo] : 27cm, WHZHo] : 23cm

YRR : 24cm @, WHEAA : 22cm O
2483 1 9.313L

motor : 220V, DC

maximum output : 1750kWh

ball : 30mm@ 73 ARE
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Table 1. The composition of converter slag used in the experiment

Fetotat CaQ CaOree | Si0Oz | Al2Os

MgO | MnO | P20s CaF: Crz03 Total

wt % | 15~24|40~50| max.10 | 10~15| max.2

1~2 | 3~7 | 1~3 | max. 0.5 | max. 0.3 100
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2.3. dY=d

Ao EHzHE &3] A8 ball mille]
AALE, EHAZL balle] F1F, A5y FF
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AEEsE Z718A =¥ Fig. 39 (a)elMd ()&
AA (o) ZL ez 1 5] WaA "ot
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Fig. 2. The variation of cumulative weight %
of passing as a function of particle
size for differential rotational speed
at 16(@),43(0), 77(a), 110(A), and
162rpm(lD .

(a) Cascading

(b) Cataracting

(c) Centrifusing

Fig. 3. Motion of grinding media in tum-
bling ball mill.

A&7l ZE e balld €27t §4 it
nlnej XA Hol npRge] E EHUJLR F
|38tA1%H(Fig. 3(a)), ball millY 2A&HE=s o
Z718HA Hd 948 ¥ balle] mille) e &
uiebA 22 ggle] millz g4 AEA o] £
€ ¥ojuA A o (Fig. 3(c)). ©] We mill9)
FHaue Iu 471 A9 dojuA] germz
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A8y AFdte 28 YAYAEE(N., criti-
cal speed of ball mill)2ti 3teH), mille]l 3] HA]
critical speed(No)ellX& 3 Ao HY &
o2 =flmz ¥ 283 (1) 4Y A 2) 9
718 FYsA 43 4 (3)0) ARA}
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W = mg (1)
¢ =2 - m 2Ry mfRNE
m P RNA

o714, C = centrifugal force(lb - ft/sec?), W
= gravitational force(lb - ft/sec?), v = periph-
eral speed of mill (ft/sec). m = mass of grinding
ball(lb), N = RPM of mill{rpm), R = radius of
mill(ft), g = gravitational acceleration(ft/
sec’) & 22t oJul @t wabA critical speed(No)
€ 4 (3)228H 4] (4)8 2o =EHY,

- F - -BE w

(D: diameter of mill(ft))

ball®] diameterg& Y Al 4 ()& 4 52 ¥
B ®

_ 1
Ne= ol (5)

(dyv: diameter of ball mill(ft))

dutH o 2 tumbling mille] EHEEE EF N,
9] 65~80%7 AZ3tH, HAo] & EHY L &2
A dies dad vE o 2 £22 FHEe
Roz delA Uct. EF o] dFolM AAE vt
o 9J3td FHAAI st He HASEE GA
Y&z 77% F=Y dke 2ust ded 7
B A3e D=0.722ft, dp = 0.098ft31 ZlA
4 (5)& AHg3E N.& A4st 27 97.02rpme
o2 velgtt Fig. 29 AdA HA9 A&
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Ao 23 Ao ZAHAG
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Fig. 4. The variation of cumulative weight %
of passing as a function of particle
size according to the time at 10(@),
20(0), 30(4A), 40(A), and 50min(lD.
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3.3. Balie| £zI8Y EM484

Hogg$} Fuerstenaus ¥4l media®t 44
89 279 g FHA L9 ARFIE Fig. 59
4 (6)o) AAE FHAuF(P(kwh)) 2.2 VERY
' i Atagy ?

P= 0.001216 0, N'LD*%in g sin® 8 (6)

o47]M, o, = density of ball (Ib/ft®), N = frac-
tion of N;, L. = length of mill(ft), D = dia-
meter of mill(ft), Psy = power consumption at
50% filling(kwh)-& ztzt Yeldc}. Fig. 62 99
Hogg$t Fuerstenau ©] &l 2] Asle] £ gl
ball®] 2x&9| Wgd nt& FYiUF o 50%
ball®] A F¥ L FHE Jebd ol Fig.
6ol 23tH ball®] £7&o] 0.5¢ W EHEEo
712 F7kdle ReE JEwmn, o geld geld
& FHEES Fades 2oz BYHYY, 0~
0.59] #3& B ball® slag?t ¥ £4
Alel ball9] ko] WobAlH 43 HIEAAM dojut
€ vlR3go] AAA o] EHR &) S8 H
€ ALoR AlgEn. W, $U&0] 50%€ dolA
A He A g Bxg 231ez QA8 A
2 o2z gE 4ol £ dv FUo] E4EA H
I, ballgo] mill ¢tellH €58 & A& T3] I
2= WYl 38 F 9iA] d3tolrt FofEo]
Gdatolu R 7} ZokA A €t ¥ wreha, ole] Az
2 FYHgo] b He Aoz AYEd
Fig. 6914 ball®) 23 &d W& P/Psy ¥ 334
olgxoz nFs € o ball fillinge] 0.5 3%

Fig. 5. The formation of crop load in the
ball mill(The dotted line means free
flight trajectory of crop load).
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Fig. 6. The relative power consumption (P/
Pso) in the variation of bail filling.
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gto] Bobd Eouix] 28 FoEA € =
g balle] Bd a8l 3} stRgo g QU8 £24u)
£& 77 8qles ZAgdA £ 9
o' wabd size reduction® lUAle] A4 %
€ neidte B FAFE HEY ¥art Ut o
AYe] oA AR oA diF Age B =
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3.5. Al&e| 37|y By

Bl mAlg YAEE £ ball millel F
dste Alge 27)d] G g BYRAEE ZAEY] 4
&te] Alge] 278 YVHH 22 ball mill #HA A
&5 A7l EHE 0.1, 0.5, 2812 1.0 cm
Fog 23 & A7EE FYF AUl el
Y - vmatdy. & 4¥zddM Adedady
2717k 0.1 emd A% 49 €da9 Y=st
-14/+400 meshe] ¥8lelH 2& YA/ E¥3in
gled vtal, 0.5 cm$t 1.0 cme] BS$ddle A F
A F 60%S} 20% FEte] 1 WAL e
2 ¥4=Ee oz ey Y EAAte
WM E ball milldl Y41 E4A &S 2771 7}
2 Fe Aol o AAAY Aoz YL AE 4 9
o AA YAIEe Zr|d) vl BHsein £
E&o EuodM A Alge I7|7 & A%
7t ¥ A3AQ Ao ZAHUY. ol GA 4
g Z7|7 & BN RS B9 BA9 A7) e
Aol Hg] B A g grie AAT DA A
e & 4 A& Aolth £ nMF 27 7A £
8l7] A3 Ee Rl Yy AR} Hoze

Cum. Wt. % of Passing

Size ( u m)

Fig. 7. The variation of cumulative weight %
of passing as a function of particle
size according to the amount of feed
to be 500(@),1000(0), 1500(4), and
2000g(A).

Aog AtaEo v}t EMz2UE e ¢
Alge 7|7t 8% 89007 ALY Aoz oA
=

3.6. ZAHHE - FHL22E

AA BEHFHANE B9 vEY haEHE
¥ & Fo] BYu|e] H|Fo] ZDE o] ZYe
QA7 ol FaEA FHEded, doaA A9
DE ZAREE Hges B QTN HJEF &Y
B3] g SHAZEE Bondd) 4L X &3}
o Aits] Bgtch FAE 247G o240 F
YA 8Fg Asted dAdez 714 del A4
¥+ Bond9 4 (crack length theory, 1952)&
particle size®} H3lo] @& ball millg} oz £
v & el w3 83 o] 8o Y2 Relg},?

AA EdaAol 8¢ AUAE B2 NE
A nAHERA, EM R71E strain energys
A AAe9 Ry HAaHor FUA FFHE
2 g ¥ o)yl x2l EAS A$d doMe o
29 MA (5o vl ele ReE HFE F 3
o}, 23y 9D crack tipe] YA HD stresse &
Aol B (xHE webd 2 Aot gy 1
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Fig. 8. The variation of cumulative weight %
of passing as a function of particle
size according to the size of feed to
be 0.1(@),0.5(0), 1.0cm(aA).

29 @9 FA (Ex 29 F3)E 2437 A8
A 288y 9% gl Aoz g & Yok

E & %

o« 1/ Vx (7

o7]A, x¢ = the size of feed(um), xp = the
size of product(um)zl oW, ojud EA & xr 2
71o0ARE xp 271744 43 o ovixle
o 2

E=hW%—ﬁ;) 8)

1714, ke = Bond's constant® €#A Q& vl
BA5ERA A7) FFe 498 e} g
Al €},

%3, BondE work index(Wi)ehe 0 & 39
sigied, Wie 8ME 100um sievedl 80% 3
#o| B3k sizeVHA 43l o o (kwh/
ton)€ %31 Bond A% ohgd 22 @AM
Ade Aoz Bausm Yg.¥

ky =V 100X 10 W, = 0.3162W; 9)

A2 BAYEA 23 e EoliA @AY
o] 4@t

E=-L - 0.3162W.~(7%—7l7) (10)

o714, Wi = work index(kwh/ton), f = 80%
passing size of feed(um), p = 80% passing
size of product(um), P' = power required(kw).
2832 m’ = feed rate(tons/h)& 29| &c}. Bond
AL i FEe A &t FAGA Y £
3o Ag7Hsdlct 28122 ball millely rod
millell 101X 7HE ZRA H 8716 Ades 3t
FE 1 9lew, E3 work index(Wi)e 4% oA
% Ee 4% Yristed M3 del Abgs
£ whgolth P ul3o] 283 A ¢
739 llkwh/ton F = Wi& 7€ Aoz B3
HA}.? olo], v]ZHE ALEstd B AN A
822 AMEHE e v F5E S48 & A=, o gt
o] 2.80F =2 oz BEAHo 7|E9 &9
work index #o2A HIE 1lkwh/tong WE
g3t 1o 2Eo] 28 ¥ 4¥ =AA ball
mille] oA PaFHY FHALLFE Al
Fig. 9% 10} Jelfich

o714 AEd FHEE P*= millolA ballel &
g A RS e Aoz FEEHE FY& o)
3 A|5e 2 go] FE PP FAFEH A
dde Mdez Yd=od ¢ Uk,

HA Fig. 994 AAgme] 2 FYAEE
HAFed, HA4%7t 43~77 rpm?) A% A
dHog A Jexton HHe A= 77
rom8] AS Y| Age] 7MY & Aoz e
t}. Ball millel 9@ £4A] rpme] $7F31H 9
28 %(ball millY) A oG AN FH8F
)2 Frtehed v, FHAL (AN 28FHd
A A S 40 o] 8€ e =) A
9l rpmolA 714 & & 2]l kA FAQH
v dAd=He FYHL8FS Zolu BEHES
< F7H7171 S8t A 9] rpmell M FAEE A
o] ulg3 e},

Fig. 10& E4A10e] & T A& Jehd A
olt}y, iAol 10864 Hat F/l84E F9



AZeda Nzl £ MWL AANE AY g4 Byo] BE AT 1147

0.03

0.02 |

0.01 |

Power Required (kw)

0.00 - L :
0 100 200

Rotational speed (rpm)

Fig. 9. The variation of power required as a
function of rotational speed.
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Fig. 10. The variation of power required as
a function of time.
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. critical speed of ball mill{rpm)

: centrifugal force(lb - ft/sec?)

: gravitational force(lb - ft/sec?)

: peripheral speed of mill{ft/sec)

: mass of grinding ball(lb)

: RPM of mill(rpm)

: radius of mill(ft)

: diameter of mill(ft)

: gravitational acceleration(ft/sec®)
. power requirement(kwh)

: density of ball (Ib/ft*)

: fraction of N.

. length of mill{ft)

. diameter of ball mill(ft)

: power consumption at 50% filling(kwh)
. energy(kwh/ton)

. the size of feed(um)
. the size of product(um)

: Bond's constant

: work index(kwh/ton)

: 80% passing size of feed(um)

: 80% passing size of product{um)
. power required(kw)

: feed rate(tons/h)
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