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The effect of the compaction applied pressure, compaction velocity and feed
rarticle size on the size reduction f}fJ Alumina Oxide by using the compressibility
process were investigated. The apparatus consist of two punches and large die which
i a single punch pressing. The applied pressure varied over the range of (3.1 to 31.3)
MFa and the compaction velocity adjusted Srom (0.5 to 100) cim/min. Feed sizes used
are; UGG, 500045004000 and 33500 . The grmmd alumina oxide was screened by
sieves analyses method . The increases in specific surface area and the percentages of
the losses in input energy for each case were evaluated.

The results of this investigation indicated that the high size reduction occurred at
a stawer compaction velocity and a high applied pressure for all fed particle sizes.
These results will help us in the design of mills in order to decreases the losses in
inputt energy for size reduction of solid material,
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Nomenclature;-

S:  The specific surface arca afier

4 The maximum displacement of the i )
the compressibility process.

upper punch.

LE The areaunder the hvstersis AS  Increase in specific surface area
loops (A) (losses energy), (cm™/gm).
T v H X i ¥ N r a
A {:} ; The weights fraction Ref T gppled Soresbyupoe

) punch.
retained on sieve of size (i). e
UPW  The wupper punch work or the

S The specific  surface  area gross inpul work.
1
fom™em), .
Sy The specific surface area before A The  average particle size
the compressibility process. ( 4 m).
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Particle 8fze Reducrion fy Compressibiliny
Process of the Aliming axide,

, . . . ; i The sphericity of particles
£, The solid density ol alumina ; : : .
: T —— min. particle diameter
axide (=2.024 am/fem), (= . ).
max. particle diameter
1-Introduction:- erilrﬂ:npa':cl inside the pores of the
e PWCEY cOMprrcted was {ound a source
Size reduction is one of*(hg —of cracks-in“powder compacts is called
oldest processes of solid particles that “%”“”51“{3“3; ] h'“_wmf. atlribuled to the
had been used and is respected to be the high compaction velocity "
lirst operation in a chemical process or The dry and wet grinding
the last step before product packaging operations have been discussed by
". Size reduction such as crushing and many authors " "' Size reduction is
grnding is usually carried out o usually  considered as  the most
ncrease the specific surface area of expensive energy consuming

catalysts or supports (such as Alumina
Oxide) of the  active components ©
because the rates of mass tansfer and
reactions are directly proportional to the
surlace area of contact with a second
phase ".One purpose of the size
reduction  operation is (o prepare
products in finer particle size ranges
Another purpose is to liberate the
constituent minerals in ores as a
preparation tor subsequent separation
processes,

A wide variety of cquipment
types are used differing in nalure and
tntensity  of  forces  applied and  in

ZROIMCTY ! x
members Compressibility is the
ability of the material 1o reduce the

volume under the pressure, this happens
- ihe size reduction of the coarse
particles inside the ball mill, Coarse

particles of Alumina Oxide need more
than  100KN o approach  the
compaction  condition.  While  the

maxinum capacity of Instron machine
that used in this work is 100KN.Since
the compaction pressure more than anv
other factor largely confrols 1he
resulting mechanical properties of fingl
Emduct. Knowledge of the rclationship
ctween compaction applied pressure
and the material properties 15 very
Lnportant.  As pressure s applied.
re-arrangement ol particles 1akes within
die: so that targe voids arc filled and
inter particles friction may be sufficient
tocause - fragmentation of  the
particles™. Further increase in ressure
15 believed to cause elastic an plastic
deformation of the weaker particles
being  brought into  close physical
coniact LAt the same time. air

14

department. The largest problem lics in
the fact that most of the cnergy input to
the crushing or grinding machines s
observed by the machine itself, and only
a small fraction of the total energy is
available for breaking the material. In
the ball mill, it has been shown that less
than 1% of the total energy input is
available for actual size redlction, the
bulk of energy being wilized in the
roduction of heat, sound and other
osses " The total energy input during
the compressibility process is used for
particle  rearrangement, interparticle
[riction, friction of the particles with the

and velocity of  hreakape—-—4die-wall: - elastic  deformation, plastic

deformation. fragmentation of bonds.

In the present work, the effect of
applied pressure, compaction velogity
and the feed particle size on the size
reduction of Alumina Oxide (which is
very important parameters in the design

0l stze reduction equipments) by using

the compressibility = process ™ were
Tudied,
2-Experimental work:-

~ The experiments were
pertormed in o a  hvdraulic  universal

lestng  machine (model 1195 Instron
Lid..High Wycombe.lTK) fitied with
67.2 mun stainless steel die diameter as
shown in fig (1), It is decided to use
hardened steel (55%) for the punch and
die cylinder to withstand the large
applied pressure and abrasion,

The feed stoke emploved was

Alumina Oxide {from Alcoa
intcrnational company) of fractions
TTB000.5000.4500.4000 “and 3500 Hm.

These fractions are the normal sizes of a
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narrow range distribution as shown in
table (1),

The size reduction of Alumina
Oxide has been conducted in a cylinder
die. upper punch and lower punch as
shown 1 fig (2), The clearance hetween
the dic-wall and the punches is 0.2 mm
in the majority of tests, The experiments
were  carried  firsstly  at  constant
compaction velocity
the range of applied pressure is from 3. ]
to 30.3 MPa in this work, secondly at
constant applied pressure 25.2 MPa for
the same size fractions but at different

compaction  velocity  from 0.5 1o
HOcm/min,

~ The speciflic swface area of
Alumina  Oxide before  and atter

compressibility process are caleulated
for cach size fraction usm% cquation (1)
as represented by Allen(1981) 7%

The sphericity of each feed alumina
oxide sizes were:

Y a000=0.752, Wsnon=0.749, W,4500=0.746,
"'F.:!'ll':i."_"'ﬂ-?ai]' and ngﬁul;:G.?42.

For caleulation the increase in
specific surface area (AS), the following

tormula 1s used

AS=S,-, S (2)

The energy used during the
compressibility can be calculated from
punch force and displacement curve
(FD-curve). The plotting of the
displacement of the upper punch on the
axis of the abscise versus the force on
the upper punch on the ordinate results
in a force displacement curve. This
curve is comprises the die-wall fractiop
and inters particle friction works (* '*
During compaction. foree displacement
measurements are carried out according
to a method which uses a planimeter o
measure the area under the FD-curve,
which is the Instron testing machine

plotted it. The FD- curve of particles of

alumina Oxide is shown in fig (3). Fig
(3) consists of two hystersis loops. The
hystersis loop (A) corresponds 1o the
loss eneroy (EE) (die-wall friction work
and anterparticles friction work). The

(0.5 cv/midiTand ™

~ 7 TTragmeniation. At a

LE%-LE/UPW
= UPW- T B¢ calculated from DeBley,

Farticle Size Reduction by Campressibifity
Proacess of the Afuming oxide.

hystersis loop (B) represents the work
carried back (o the u per punch, apd ity
indicated by work o l'PfrxpﬂnsEun “4 “This
measure of elasticity of the compressed
mass. The losses percentage in input
cnergy (LE%) can be calculated from
cquation (3):

etal. (1971) " equation (4):

3-Results and Discussion:-

Fig (4) shows the increase in
specific surface arca ﬁ.r‘uSJ ol Alumina
xide versus the applied pressure for
various fecd artic!les size. It can be
shown that the

increase in specific

surface  area (AS) increases - with
increasing the applied ressure for all
leed particles size. This is a pood

explanation about the effect of applied
pressure to the compressibility process.
At small applied pressure, there are fwo
important stages of compaction oceurs,
the filling of holes of the same order of
size as the original particle and the
filling of voids which are substantially
5malﬁ:r: by - plastic  flow or by

high applied
pressure, may be occwrs the filling of
the holes between primary particles and
plastic deformation of ™ the primary
particles, Therefore when an mcreasing
the applied pressures, the size reduction
increases too. Fig (4) shows that (he
larger feed particle size gives a high
increase in specific surface areq preater
than of smaller feed particle size due 1o
the fact that the snmﬁm' particles are of
greater hardness than the larger particles
and at the same time, that as the feed
particles size increase the production of
[in particles increases too, therefore the
increase in specific surface area (AS)
increases  with increasing the feed
particle size as shown in fig (4),

Table (2) shows the results of
the maximum displacement of the upper
punch and the energy losses for
different applied pressure for all feed
particles size of Alumina Oxide.

The losses percentage in IHpL

encrgy  (LE%) against the applied
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pressure (P) for various feed particle
size of Aluming Oxide was plotted in
fig (5). Table (2) and fig (5) show that
the energy losses and the losses
parcentage in input energy increases
with increasing the applied pressure.
This conld be attributed that at high
applied pressure, the amount of work,
used to overcome friction of die-wall

and the antiparticle friction. imcreases— =%

and relatively more than the work used
tor particles rearrangement. Fig (5)
shows that the losses percentage in
iput energy incrcases with decreasing
the feed particle size because the larger
particles are sofler than smaller particles
as shown in takle (2).

_ Fig (6) shows the increase in
specilic surface arca {AS) of Alumina
Oxide against the compaction veloeity
(Vi for various feed particle sizé.
Fig (6) shows that the increase in
specilic surface area (AS) decreases
with increasing the compaction velocity
for all feed particles size. This could be
due to that at high compaction velogiry
ihe air enm:ppecf inside the pores of the
compacted powder causes an increase in
the 1otal resistance of the powder during
the compressibility process™ This
resistance will  lead to  a  small
iragmentation of the coarse particles,
because they reduce the total applied

ressure 1o the single particles, -
Therefore the size reduction decreases
with  increasing  the  compaction
velocity,

Fable (3) shows the resulis of

energy losses for different compaction
velocity of Alumina Oxide for all
particles size. The losses percentage in
input  encrgy  (LE%)  against  the
compaction velocity (V) were plotted
it fig (73Table (3) shows that the
cnergy losses decreases with increasing
the compaction velocity also in fig (7) 1t
can be shown that the percentage losses
ininput  energy  decreases  with
mereasing  the  compaction  veloeity.
This mav be due o that the slower
compaction velocity gives a lot of time
to the air to escape from the pores of the
particles during the compressibility
].TII'DEEHF:.

4-Conclusion:-

1-it was found that the maximum size
reduction occurs at high pressure and
low compaction  velocity, Also  the

16

Particle Size Beduction by Compressibifity
Pracess of the Afuming oxidy,

larger particles of Alumina Oxide are
softer than the smaller particles. This
conclusion will help us for simulation
and  design of  size  reduction
gquipments,

2-The compressibility process gives a
size reduction of a coarse particles wilh
low energy losses approximately21-
5% assshown-in figs (5 and 7) when
comparison with that obtained by using
the ball mill.
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Fig. (4) Increase in specific surface area { As ) versus the compaction applied pressure
(p} for different foeds size of alumina oxide
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Fig. {5) The percentage of the losses in input energy (LE %) against the applied pressure
(1) for different feeds size of aluming oxide
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Fig. (6) increase in specifie surface area ( Ag Jversus the compaction velocity ( Vps) for
different feeds size of aluming oxide
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Fig. {7) The percentage of the losses in input energy (LE %) against the compaction

velocity (Vps) for different feeds size of aluming oxide



