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Abstract o g

The effect of mill diameter (D=74.3, 86.6, 99 and 112.5 mun),ratio of feed
velume to mill volume (Vi=10,30,50,70 Yo)y number of balls (N=2,3,4,5,6 and 7
balls), ball diameter(d=10,20,30 and 37.5 mmi}, mill speed (RPM=60,80,90 and
100% of max. mill speed), grinding time (T=10,20,30,40 and 50 min) and Jeed

particle size ( X, =2000,1000,500 and 100 L m) on the increase in specific surfuce

area of the ground Alumina Oxide has been investieated. The ground materials
were screened by using normal and micro sieves down to 45 micrometer to give a
complete analysis of the ground product, The increases in specific surface arca of
the products were evaluated.

The results of the best operating conditions that achieve high increase in
specific surface area of the ground Alumina Oxide with low ENErgy consumptions
were tabulated in table (3).
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Nomenclature:-

78,

Mill diameter {mm)

d Ball diameter (mm)
N, Number of balls
KPM Mill speed (% of max. mill.
speed) W SR
AQ.  The weights fraction retained
on sieve of size (i)
i3 The_  specific  surface area
(em“/gm)
As Increasc in specific surface
ared {cmz:’gm}
A Grinding time (min)
V.,  Ratio of volume of feed
material to volume ol mill
X'+ The average particle size ( 4/ m)
A, The size of ground product al
the end of grinding ( £ m)
X Feed size ( ¢4 m)

The of
alumina oxide (=2.024 gm/cm™)

solid

ol

density

The sphericity of particles

min. particle diameter

¥

max. particle diameter

1-Introduction:-

Alumina oxide is extensively
used as a catalyst, support and an
adsorbent. For example the suppons
perform many functions, but most
important 15 maintenance of  high
surface area of active components .
Grinding is usvally carried out in order
o increasc the specific surface area
because 1 the most  operations
involving solid particles. the rate of
mass (ransler and reactions are dircctly

bl
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proportional to the surface area of
contact with a second phase.Grinding
is more a random process, and is
subjected Lo the laws of probability
The degree of grinding particies
depends on the probability of their
entering a zong betwegen the medium
and the probability of some occurrence
“taking place after entry ', The exact
method by which the fracture occurs is
not known. Pirt suggested that there is
close similarity between the grinding
operations and chemical reaction. In
both cases a critical energy level must
be excecded before the start of the
process and in both cases time is vital a
variable ™. The operating conditions
of a ball mill are shown in the
following empirical equations:

X, = f(d,D,T,RPM,N,,V, . x
(1)

It is important to study the
operating conditions of a ball mill that
gives a high surface area of the ground
products  and  with low energy
consumption in comminutions ¥, Also
it 15 necessary first to describe the
motion of a charge with mill speed.
Cascading begins at low speed where
the balls eventually roll over each
other by which abrasive grinding
occurs ™, In the Cascading regime fine
grinding takes place and hence greater
wear and tear of the mill
Cataracting regime occurs at higher
speed. At this regime. the balls are
projected into space and thercafter
describe approximately parabolic paths
before again meeting the balls mass **.
In the Cataracting regime a coarse
erinding takes place, that is due 1o the
impact ol the particles and hence less
wear and tear on the mill Y. There is
hardly any breakage at very low speed
and critical speed (where the balls
would be against the sheli thought
cvele and so be carried  around
continuously with the mill shell) ™,
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The best operation occurs when the
balls between the linear radius of the
charge and the radius of the mill go
through their circular and parabolic
paths withoul mutual interference ',

Onece of the most difficult
question to answer in optimal design of
a ball mill is the choice of mixtwe of

ball size to be used in the mill "2~

Various formulas have been proposed
for the required ratio of ball size to ore
size " none of which are entirely
satisfactory. An empirical rule which
has been used for many years is '

¥o=Kd™ s (2)

Where K =107 1o 0.7 *107 for soft
w0 hard material, d is the ball diameter
n (mm) and X is the particle size in

{mm). The above empirical rule gives a
good basis for determining the ball
size, but thereafter the correct size
should be determined by trial and
error. The effect of balls and miil
diameter on the rale parameter (that
required 1o evaluate a grinding process

particularly for its initial grinding stage

ol various mill types) in dry and wet
grinding operation have been discussed
by many authors "% ' " M Kotak et al
U9 investigated the elfect of ball
diameter and feed size on the rate
parameter for grinding of silica glass,
limestone and gypsum, while Deniz '™
studied the effeets of ball diameter and
feed size on limestone, trass and
clinker at batch grinding condition.
Deniz developed an empirical equation
to express the rale parameter of each
material as a function of feed size and
ball diameter. The optimum loading in
a ball mill is also discussed by many
authors “™ for dry and wet grinding
n a laboratory experiments Deniz and
onur !, found that the 0.4 is 2 good
powder-ball loading ratio to give an
efficient breakage of pumice in a ball
mill, while in many investigations, it

Influsnce of Operatiog Conditions of & Ball Mill on the
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has been found that this ratio a round
from 0.6 to 1.1. Herbst et al " deals
with greal detail the movement of the
charge in a ball mill and derives a
technique to caleulate optimum  ball
load as a function of rotational
velocity.In the present investigation the
effect of operating conditions such as

==-number of “halls, ball diamcter. mill

diameter. mill speed, feed particle size,
voiume of feed 1o the volume of mill
and grinding time on the increase in
specific surface area of the ground of
Alumina Oxide were studied.

2-Experimental work and analvsis:-

The experiments were preformed
in a {our steel mills of 74.3, 86.6, 99
and 112.5 mm internal diameter, using
alloy steel balls of 10, 20, 30, and 37.3
mm  diameter. The grinding  stock
emploved was Alumina oxide (from
Alcoa  intentional  company) of
fractions 2000, 1000, 500, and 100
Lim. These fractions are the nominal
size of a narrow range distribution as
shown in table (1).The operating
—conditions-of five experimental groups
for grinding of Alumina Oxide are
tabulated in table (2).The ground
products for each experiment were
homogenized and divided into 8 equal
samples by Riffler divider to have a
proper amount of Alumina Oxide (1 5-
200 gm.The analysis of the samples
[rom the Riffler divider were carried
out using normal and micro sieve
(sieving machine) and the material
retain on each sieves were weighted,

The specitic surface area of
Alumina  Oxide before and afier
grinding process are calculated for
cach experiments using equation (1) as
represented by Allen (1981) ',

r
(}(}@-Zg RN (3)
L i JY,

o
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Where the sphericities of each feed
particles size were:

{n:;le:w = (L7 5__ Wign = (.69 1,
{Ill)r.‘:'ll,' = lﬁ‘ﬁ‘{ﬁ! Iln'-l‘l'|r_'|.} = ﬂ-ssg}

For caleulate the inercase in specific

surface area is caleulated. using
cquation (4) SR el
AS =8, =8, visinaan (4)

3-Results and Discussion:-

The increase in specific surface
arca of alumina oxide(1000 £ m) were
plotted versus the number of balls for
two ditferent mill diameter as shown in
Fig (1) It can be shown that the
increase  in specific  surface area
increases with increasing the number
of balls (i.e. increase the cfficiency ol
grinding) to a maximum wvalue and
then decreases when the number of
balls becomes greater than 3 balls. This
could be due to that the mncrease the
number of balls causes increase the
impact force of balls on  the material
over the surface of the mill, while

further increase in the number of balls

makes increasing the probability to
impact the balls between them (which
causes the losses i the kinctic energy
of balls) greater than ball- material.
This probability is decreased when the
mill diameter is increased. Becausc the
free movement of the balls is
increased, therefore the efficiency of
grinding 1s increased when increasing
the mill diameter as shown in Fig. (1)

Fig (2} shows the increase in
specific surface area of Alumina Oxide
(1000 grm) versus the ratio of feed

volume to the mill volume ( I’iﬂ] for

two dilferent mill diameters. Tt shows
the behavior of grinding is similar to
that  observed by Von  seebach
(1972)*" for grinding of cement
clinker except for the range of mill
charge. Fig(2) shows that the increase

“therefore . the
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in specific surface area increases with
inereasing the ratio of volume of feed
to volume of mil] to a maximum value
and then decrease when the rado
becomes greater than 30 % ,this may
be due to the fact that the increase the
volume of feed causes increase the
probability of impact balls-matcrial
grinding  efficiency
increased but at same time when
increase the feed volume, the abrasion
between the material and mill surface
increases too and this leads 1o increase
the fine particles which covers the
larger particles in the balk mass and
hence reduce the chances of [laster
breakage, (Cushioning effect)> While
the increase the mill diameter lead 1o
increase the chance of separation
between the fine and coarse particles
(i.e. reduce the Cushioning effect)
therefore the grinding increases when
increase the mill diameter as shown in
figs (1-2).

The increase in specific surface
area versus mill diameter for various
ball diameter for the feed particle size

of 2000.1000; 500. and 100 £ m were

plotted in Figs (3-6) respectively. Figs
(3 and 4) show that the 20 mm ball
diameter gives a greater increase in
specific surface area than the other ball
diameters that used for prinding of
2000 or 1000 L1 m feed size, while in
Figs (5-6), 10 mun ball diameter gives
a higher efficiency of grinding than the
other ball diameters that used for
grinding of 500 or 100 4 m [eed size.
This may be due to the fact that the
larger particles need larger balls to

ground them, while the smaller
particles need smaller balls so the balls
that have 30 mm diameter, for

example, break the particles to a given
limit size therefore, its effect decrease
since its size becomes larper in
comparison with particle size of later
stage.



Eng. & Technology, Vol. 24 No. 1, 2004

The efficiency of grinding depends on
the surface area of grinding media 2",
thus balls should be as small as
possible, and balls facilitate the
production of fine material but do not
deal so effectively with the larger
particles in the feed.Also it can be seen
Trom Figs (3-6) the increase in speciiic
surface ares increases when iserease
the mill diameter until the mill
diameter becomes 99 and 90 mm the
increase in specific swface area are
slightly decreases or constant for the
feed particle size of (2000, 1000 Am)
and (500,100 22 m) as shown in Figs
(3-4) and Figs (5-6) respectively for all
ball diameters used. This may be due
to that when increase the mill diameter,
the balls move more freely and the
falling height of the balls is also
increased therefore the impact force
and compression effect are increased.
Therefore the larger particles are
broken to a stage when the abrasion
effect comes into play, but the increase
vf mill diameter above a certain value
the efficiency of grinding slight
decrease or constant. This nuy  be
aitributed to the wall effect,

The increases in  specific
surface area were plotted versus the
percent of maximum mill speed for
various feed particie size as shown in
F1g (7) and the increases in specific
surface arca were plotted versus
grinding time for various feed particle
size as shown in Fig (8). Figs (7-8)
show that the increases in specific
surface area increase proportionally
with increasing the mill speed and
grinding time for all feed size. This
may be attributed to fact that at low
speed, Cascading take place, where the
surface of the charge being inclined at
approximately 30% to horizontal, in the
Cascading regime, balls at the dynamic
surface of the charge are subjected to
mutual inter{ference. The energy losses
resulting from ball-ball contact (which

Influence of Operating Conditions of a Bull Mili on the
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increases when increase the mumber of
balls) may be influence the breakage of
particles by reducing the probability of
breakage in a stress application event
involving a stronger particle relative Lo
corresponding probability of breakage
for a weaker particle, this leads to the
weaker particles are broken more
rapidly=leaiing behind on increasing
proportion of stronger particles. On the
other hand the substantial proportion of
the ball energy may be small to
overcome the interfering influence of
fine size (cushioning effeet) in siress
application  event involving feed
parlicles. At higher speed, cataracting
regime occurs. In this case, the kinetics
energy of the balls increases (i.c.
increase the impact force) .on the other
hand. the parabolic path will be given a
chance to some of the separation
between the fine particles and the large
particles which is the result of the
acceleration of gravity, Therefore the
interfering influence of fine size is
reduced i.e., the grinding increase at
this stage. This occurs also when
increasing the mill diameter as shown
Figs (1-6). ~

Fig (7) shows that above 80%
of maximum mill speed for the feed
particles size of 2000 and 1000 Am

and above 90% of maximum mill
speed for the feed particle size of 500
and 100 g m, the grinding efficiency
decreases or constant. Also fig(8)
shows that above 40 min for the feed
particie size of 2000 and 1000 fm

and above 30 min for the feed particie
size of 500 and 100 gm, the
efficiency of grinding decreases or
constant. This could be explained by
the presence of fine particles (increases
with incrcasing the mill  speed,
grinding time and feed particle sizc)
which swrrounds the large particles and
this increases the choice of force
disribution over a large number of
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force distribution over a large number
of contact points and hence less impact
intensity  on  the large particles.
therefore in industrial application, the
finer particles should be sieved our
during the process of grinding Also
Figs (3-8} show the increasing 1in
specitic surface arca for larger particles

is greater than that of smaller particles
due to the fact that the smaller particles

are of greater hardness than the larger
particles,

4-Conclusions:-

The following conclusions are drawn
out from the present study:

1-The determination of the specific
surface area of Alumina Oxide was
based on the resulls of sieve analysis of
the ground product. The results show
that the increase in specific surface
area increases proportionally  with
increasing the number of balls, the
ratio ot feed volume to the mill
volume, mill diameter, mill speed. ball
diameter, grinding time and feed
particle size 1o a certain value and ihen

the efficiency of grinding decreases; —

2-Grinding  efficiency decreases as
grinding proceeds to fine size and it
was found that the increase in specific
surface arca of larger particles are
greater than that of smaller particies,
l.e. less energy is consumed for the
larger particles. Also it is important to
take care in the determination of
specific surface area of fine particles,
since the small weight of these
particles may alter the results
completely.

3-The operating conditions of the ball
mill are wvery important, since it
governs the nature of the product and
the best operating conditions that
achicve high increase in specific
surface area of alumina oxide and with
low energy losses are tabulated in table
(3).
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Table (1) Nominal of real of feed size

Nominal size ( 4 m)

; Rcal size range { ye m)

|
|
| 2000 ~-2000+1800 )
| 1000 -1120+900
i 500 -560+450
| 100 ] -125+90
Tuble (2) operating conditions of experimental work
| Group | No. Feed | Grinding : RPM %of |  Ball Mill | No.of |Ratio% |
| ne. | of size( | time (min) | max.mill | diam. diam. balls | of
| | exp. | pm) | speed Cm) | ) feed vol
’. ', E mill vol
C1 121000 |10 80 20 743 | {2345, 20
L] | 1000 |10 80 2 866 | 6T 20 |
b2 i 8 1000 10 80 20 743 | 5 110.30,50
L 1000 0 g0 | 20 86.6 5 1 .70)
|3 a4 | 2000 w1 80 {743, s 30
| | 1000 10 80 (10,20, | 86.6,99 s 30|
| i 500 10 80 30,37.5) [ .112.5} s | 30|
' | 100 0 80 | 5 1 30 |
¥ 776 | 2000 0 20 99 5 |
| , 1000 0 60,8090, | 20 99 5 3 .
| | 500 10 ooy | 20 .| 99 | s | 30 |
| | 100 10 el CAfpeeEEegy P & 3D |
| S ‘ 20 | 2000 80 ‘ 200 | 9 | 5 | 30
; 1000 | {10.20,30. 80 W 99 5 1 30
| | so0 | 40507 | 8 | 20 ‘ 99 | 5 | 30
o L os | ow e | s | 0 |

Total experimental work=120

Table (3) the best operating conditions of grinding of alumina oxide

ir Operation condition * Feed size (1t m) ]
| 2000 & 1000 | 500 &100 |
Mill diameter (mm) " 99 90 _|

| Bill diameter (mm) 20 1o ]
No. of balls 5 5 i

_ RPM % of max. mill speed 80 90 -_
i _ feed volume |
; Ratio % of —= 30 30 |
: mill volume |
v Grinding time (min) = | 40 30 ;




Eig, & Technology, Val, 28 Mot 2008 Inituence of Operating Conditions of a Balt Mill on the
Specific Surface Area ofthe Ciround Alumina Oxide
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Gt
8 -
Fidl |
a6l |
As 3l

A0k

LY

.oy «D =743 mm

10 & D=85 6mm
(9, . it e i b P

0 1 i 7 8

2
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£
Ll

MNo. of balls

Fig { 1) Increase in specific surface area ( AS ) versus no. of balls for various mill
diameter (feed size 1000 ¢ m) of alumina oxide
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As g

40 -

» =743 mm
20
B =866 mm

Q 10 20 n 40 S &li] 0 B0
(Volume of feed /Volume of mill)(%o)

L]

Fig (2) Increuse in specific surface area ( A § ) versus ratio of volume of feed to
volume of mill for various mill diameter (feed size 1000 g2 m) of alumina oxide



Eng & Techaology, Vol 2 Moo 1, zu0g Influence of Operating Conditions of 2 Ball Mill on the
Specific Surfuce Arca of the Cround Alumina Oxide

250 . i T AT S N
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00
P50
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bH |
+ d=10mm
B =20 mm
i
A d=30 mm
|
[ wd=3T 5 mm |
| e s — T — I
i T #0 o0 106 [REE 120

Mill diameter(DD) (mm)

Fig (3) Increase in specific surface area { A ) versus mill diameter for various bal!
diameter (feed size 2000 #¢ m) of alumina oxide

140 - . T e e et e .
120
100
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44 # =10 mn
M =20 nun
A ™30 mm
U wd=37.5 mm
0 o s o I . '
il T bl i) 100 | i 120

Mill diameter(D) (mum)

Fig {4) Increase in specific surface arca ( A5 ) versus mill diameter for various ball
diameter (feed size 1000 ¢ m) of alumina oxide
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A1 p— - e = T ; B A
9
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1
i
B0 4
|

T8 i
|
Al
As 4. '
4 4
ST ¢ d=10mm |
i B J=-20 pm |
; A d=30 mm f
1
= d=37.5 mm
. i E ——— e ——e ——— - o —
i "'[:I & S0 1411 114 124

Mill dizineter{ID) (mm)

Fig (5} Increase in specific surface area ( As ) versus mill diameter for various ball
diameter (feed size 500 £ m) of alumina oxide

60 ; = - = : e
&0

40
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: SAArael

80 70 &0 aC 100 110 120
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Fig (6} Increase in specific surface area { As ) versus mill diameter for various ball
diameter (feed size 100 z£m) of alumina oxide
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Fig (7) Increase in specific surface arca ( AS ) versus RPM % of max. Mill speed lor
various leed practical size of alumina oxide
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Fig (8) Increass in specific surface area { AS ) versus grinding time for various feed
practical size of alumina oxide





