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Size Reduction |

Alr + Product

Grinding zone

over size
A

Y shaft

Scparator
vane

Air hammer

Anyil plate

Fig. 2.10 : Classifying Hammer Mill (Miko-Atomiser)

Working :

inding chamber, the solid part . i
ﬁmﬂﬂwﬂ%ﬂﬂ%ﬂﬂﬂ“ﬂme& (get collected) &ou.m the wall of the chamber mcm.vw .."oss._?mw_cm_o.w

i them. The airstream carries finer particles inward from the m.d: ing zone :

N i :rection BC. The separator vanes tend to throw particles outward in the
the sheft 12 £ 0 f m. article passing between the separator vane Emmmmmmn. wheel)
W_.MM nﬁmmﬂomw. M_..WoowHMM Hwﬂummwcvo: the force that dominates - the drag exerted by the air or the
«1ou e

a are Mumn huH@.BUOH (4)3

icles m_,t.m given a high rotation velocity. Coarse

too large are thrown

jed by changing the speed of the rotor or the size and
varie

ize can be
.ﬂDQEﬁﬁ 8 ——a— UL 13 UUUTH

I

Unit Operations - | N.E

Size Reduction

Such type of mills reduce 1 t0 2 t/h to an average particle size of 7 ¢4 mo. i and need energy
of about 40 kWh per tonne.

Size Reduction mﬂ&vﬂgq Feed Size Product size

1. Blake jaw crusher 1500 -40mm 50— 5 mm . |

2. Gyratory crusher’ 1500 40 mm' 605 mm - D\
3. Crushing rolls 50-5mm  5~01mm(200-mesh) U

4, Hammer mill 50 - 5 mm 5-0.1mm

5. Ball mill 5-2mm 0.1 mm {about 200 - mesh) g

w

A/Wﬁ.\\oma: and Closed-Circuit Grinding :
In many machines, the feed material is reduced to satisfactory size by passing it once
through the machine. mm the material is passed only once through the machine {crushing or

———

grinding), and no attempt is made to return the oversize material to it for further reduction, the

process is known as open-circuit grinding. If the partially ground material from the anr.—mm

is sent to a size separation unit, from where the undersize is withdrawn as the product and the

oversize material is returned to the machine for reground, the process is known as closed-
e T - -

circuit_grinding.'In case of coarse particles, the size separation unit is a screen or grizely

while it is some form of classifier in case of fine powders. Closed-circuit grinding though
useful for any nEm:E”_ it is commonly employed to machines yielding a fine product. The size
separation unit is sometimes incorporated inside a machine (ultrafine grinder) but it is the
commen practice to have such unit outside the size reduction equipment. A flow sheet for
typical closed-circuit grinding consisting of a set of size reduction machines and separators,
is shown in Fig. 2.11.

The product from a crusher is screened into three fractions : oversize, intermediate and
fines. The oversize is returned back to the crusher. The intermediate particles are fed to & rod
mill where they are reduced in size and are then fed to a ball mill alongwith the fines from a

size separation unit.

The ball mill shown in Fig. 2.11 runs wet, i.e., the stream of water is introduced in the
mill with the f.ed material to carry the product to a Dorr classifier, that furnishes a simple
method for mmvmnma:.m oversize and undersize. The oversize obtained as a sludge from the
classifier is repulped with more water and returned back to the ball mill. Closed-circuit
grinding requires less energy as compared to open-circuit grinding and is of most value in

reduction to fine and ultrafine sizes. .

r = radius of the ball

e

o

Scanned by CamScanner

o

g L -

i,

12 .



Size Reduciion

Coarse

Zﬁzﬂmﬁﬁﬂ\? mﬁ. muccma QHD\CQ_\

uus{OS‘mnoq ’
Crusher

Dorr classifier *‘
% Oversize recycle

slarry

Fig. 2.11 : Flow sheet for closed-circuit grinding system
The on.EuEmnR which are used in industry are :
Jaw crusher in Cement Industry.
Ball mill in Paint Industry.
Ultrafine grinders in Cosmetic and Pharmaceutical Industries.
Cutters in Leather Tanning Industry.
Hammer mill in Food Industry.
m_nm reduction operation is carried out in coal washeries, cre processing, cement industry,
paint industry, chemical industry, and food processing Em_._mr.w
. [SOLVED EXAMPLES]
I : A certain crusher accepts a feed material having a volume- mﬁ?ow _mean
diametEr of 19 mm and gives a vnoaca of volume-surface mean diameter of 5 mm. The power
required to crusk 15 tonnes per hour is 7.5 kW. aS_B will be the power consumption if the
capacity is reduced to 12 ﬁouumm per hour ?
Solution :
We have,

R

3
e
m U-w Uuw

where P is the power consumption in kW, m is the feed rate in t/h and co_: U: is the

. .m,o percent of the feed passes 50 mm screen and 80

surface-volume mean diameters of product and feed respectively.

m=12th P=7K, =34x% 103
P os[L _ L
7 = 4% 1075005 ~ 0018

6 kW

1

Size x,m..“_:amo: Unit Operations - | 2.23 —
Casel:
P = 75kW,m=15th
(2 Lt tRotl ) !
Dyp= 5mm=0.005m
Grainden (6l 14 E@ DusBmAseswm |
7.5 1 1
3 = K| 5005 " 0019
Intzrmediate )
mﬁn = Wh x 103
Casell:

oo ADS.

ﬁ .
Ex. FM\ What will be the power required to crush. 150 tonnes per hour of limestome if

Work index of lime stone = 12.74.
" Solution :
We have,

P 1
<. O 3162 W; —H g
' D, i) Q Uvm

m
In this equation, P is ifi KW and D, is in mm.
m = 150 th, W; =12.74
Dy, = product size = 3.126 mm

D, = feed size = 50 mm

m.
150 o.mpmmxww.qn ﬁ

]
n

256.4 kW

Diameter of ball mill = = 450 mm

Diameter of ball = 25 mm
Solution:
Data : Diameter ef ball mill = 450 mm
Diameter of ball = 25 mm
RARIEE R EETRPI R S NS LIS | B T S I-HI A _ E_

1
V3125  E

percent of the E.o&:na ad. me BB screen?

. s ATS,
Ex. 2.3 Find out the E.mmn& speed of Sum ball mill by using following data :
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Unit Operations - | 2.24 Size Reduction

D = diameter of ball mill in m
D=450mm = (G4Bm

R =0225m

Diameter of ball = 25 mm

. - = 0025m
' 0.0125m
9.81 m/s?

2.81
0.225 - 0.0125
= 1.08 r.p.s. WE It .
= 64.8 r.p.m. I

.
Critical speed = 65 r.p.m. '

.
.

.Psm.
Ex. 2,4/ A pair of rolls is to take a feed equivalent Srmvranm 38 mn in diameter and crush
them phere rmﬁsm a an:mnm i . If the co- mmmema of h.dosoﬁg. what should '
be the diameter of the rolls ?

Solution: p

= co-efficient of friction = 0.2,

For particles to be drawn between the H.ozm and crushed B> tan o, where o ig | Fm,:. sﬁ angle
of nip. Hence @ should be less than tan-! (0. 29)or Hmonﬂ 30 for margin of safety, t take mbm? of
nip to vm 160,

We Fm.cm :

o
s

tn

- R
1t H

(=%}
1]

127

g m = 6.35 mm

=9
1]

R_ = radius of feed particle

mm\mhww mm
Putting the values of R, d and o in above equation
14635
- cos (16) = T+ 19
0.96126(r +19) = r+6.35
r = 307.5 mm
SSter of rolls = 9r=2x 3075 =615 mm

.2 Bpam so the EE:mSn of rolls is 600 mm.

2
Unit Operationg — |

e

2.25

Size Reduction

.5 : Calculate the operating speed of the ball mill from the following data :
Diameter of ball mill £500 mm

(ii) Diameter of ball = 40 mm , iR
(ii1) Operating mvomm is 50% of the o:ﬂop_ mumma of the EE . B .
Solution : h

The critical speed of the ball mill in revolutions per second is given by,

v,r = % NM T .
where g = 981 m/s? B )
Diameter of ball mill = 500 mm=05m
P , R = radius of ball mill = 0.25 m . L
Diameter of bell = 40mm=004m -
r = radiusofball = 0.02m )
N, - L )\# .
2r N 0.25-0.02 =
= 1.04 r.p.s. |
= mmh HicE = 62rpm
The operating speed of ball mil] - 05N,
- osx62
. = 31 I.p.m. w: Ams,
Ex, 2.6 : What rotational speed, in revolutions per minute, would you recommend for a
ball mill 1200 mm in.dianieter charged with 75 mm ballg ¢ r/
Solution :
The critical speed of ball mi}l is given by
N .n..mPa wml T ,
where g = 9.81 m/q? )
R = radius of the ball mill
Diameter of ball mill = E_oong )

-~ R

Hwoo..mumcogno.m.cﬁ
radius of the ball

"t
1

Scanned by CamScanner



L Unit Operations I 2.26 Size Reduction
r = 752 = 37.5mm = 0.0375m
[}
N, = 9.81
2% ¥ 0.60-0.0375
_.._ o = (.66 n.ﬁ.m..
_ . o = 39.6rpm = 40rpm. - -

Operating speed of the ball mill is 50 to 75% of the eritical speed.
Operating speed = 50t075% of 40 r.p.m.
20t0 30 r.p.m.

The pdtational speed that can be recommended is between + 20 to 30 r.p..

Ex,2.7: A certain set of crushing rolls has rolls of 10 mlllMﬁB diameter and 375 mm 5&&

They .are set so that the crushing faces m_.m 12,5 mm apart. The manufacturer

recommends their speed to be 50 to 100 r.p.m. They are employed to crush a rock having

specific ansd% 2. mm/nn the angle of nip is{31% 30/ What is the maximum ﬁmg_mm&_o size of
the feed and BmﬁB:B actual capacity of rolls in tonnes per hour if the actual nmnmeQ is 12%

of the theoretical ?

..o ADS,

= 4,352 x 10-"ND. .d.s,

TR L e

in mm, w ?S&E in mmn,

Theoretical Q%mﬂ@ in SH Q

. idth bet
where N in r.p.m., D (roll &Bumﬁma d (half the mml.ﬁ&r e s.a_mu

rol} surface) in mm and §'(specific m.nm.,.:,%u.

Solution |
We have : . . .
r+d .
cs = TR .
T = 11 = 2000/2 = 500 mm
e r = radiusof ro
e d = (gap between the rollsy2 = 12.5/2 = 6.25 mm
R = radius of feed particle in mm
For margin of safety, take 2 o =31°
. o = 15° .
) cos-o = 09659
500 + 6.25
08659 = “500+R
R = 2412mm o .
Diameter of the feed particle = 48.24 mm = .
rolls is given by

Theoretical capacity of the
for N = 60 rpm.

O = 4352x 107X Nx Dxwxdxs

Unit Operations - | Size Reductio
where
Q = 4352x 107 50x 1000 375x 6.25 x 2.35
T=n9ssth
Actual capacity at 50 r.p.m. = 12% owﬁﬁmommma& 4 \«.\Sﬂ PYuwy ars.
‘ 7= 012(19. mmﬁ
HFS_
For N = 100 r.p.m. .
Q theoretical = 2X 119.85 = 239.7 t/h )
Actual capacity at 100 r.p.m. = 0.12(239.7)
= 28.76th ' . .
Maxim pacity (at speed of 100 «.n.E.v. = 28.76 t/h. s AnE,
Ex. 2,8 Calculate the operating speed of the ball mill from the. data m.:an ,vm_cﬂ :
Drameter of ball mill = m?ﬁmwm; = 60.mm L
If(I) operating speed is, 55% less than the critical speed.
(II) critical speed is 40% more than the operating speed.
Solution : \b P(..\\m H
The critical speed of a wm: E: is given by D Qv\ w\ﬂ,
- 1
Ne = on wm r

where R is radius of 2 ball mill and r is the radius of ball. _ .

g = 08l
R .= 800/22400mm=040m
o= 60/ =30 mm u_o.@uf
= o.mwl-..@.w :A mﬁu!r
(I} Operating speed is 55% less than the critical speed.
5% ofthe critical speed = 055x 082=045rpm.
Operating speed =-0.82-0.45 u‘.o.wq rps (22 rp.m.)

(I) Critical speed is 40% more-than the operating speed.

i Critical speed = 1.40 (operating speed)
0.82/1.40

Operating speed
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2.28 Size Reduction

ey are set so that the crushing surfaces are 12 mm apart at the narrowest point. The

\>

Unit Operations — |

2,29

[EXERCISES|

Give the classification of size-reduction machines.

L )
angle of nip is 30°. What is the maximum permissible size of feed ? o Name the four common ways of breaking solids in size-reduction machines.
Solution : . - -
: ' 3. Write a brief note on Blake jaw crusher. —_—
- ——7r* = radius of roll = 1000/2 = 500 mm : - ] 1 operation of a ball mill
. e tion and o .
. R = radius of feed particle = ? 4. Write in brief the constructio . P i S
d = gapbetweentherolls/2=122=6mm 5. What do you mean by closed-circuit grinding and ommb.nﬁnm_ﬂ grinding ?
o = angleof nip/2 = 30/2 = 15° 6. State why centrifuging is not desirable in a ball mill 7
cos 0. = “ H M 7. Define critical speed and give the formula for calculating the critical speed.
. (1s) 500+6 : - 8. Define angle of nip and give relationship between angle of nip, feed size, gap between
s = =
8 500 +R rolls and diameter of rolls.
. 50046 N . . :
- 09859 = iR ‘9. Draw a neat sketch of Blake jaw crusher and name its parts.
R = 2386 mm 10. State Rittinger's and Kick's law.
Size of feed particle = 2R=2x 23.86=47.72mm= 48 mm - ADs. 11. What should be the diameter of set of rolls which accepts feed equivalent to spheres of
72.10 : What should be the diameter of a set of rolls to take feed of size mﬂi<m.~m5.& to 50 mm in diameter and crush them to wﬁWmHmm Wm.sﬂm a diameter of 15 mm ? The co-
38 mm spheres and crush to 12.7 mm ? efficient of friction is 0.30. {Ans. 750 mm)
.« , The co-efficient of friction is 0.35. 12. Differentiate between crushing and grinding operation.
~ Soluticn : 13. Differentiate between jaw crusher and gyratory crusher. .nu..l,
. g = tano 14. Draw a neat sketeh of conical ball mill and .name its parts,
tana = 0.35 . .
. o = tan!0.35 = 19.290 15, State the difference between Blake jaw crusher and Dodge jaw crusher.
cos o = 0.944 ) : a ) |
r+d
cos 0 = @ & ) . (o o
where r = ﬁm&ﬁw om. —.o:..u (._L.\ = .fhuv L _
38 C f e e Y
R = radius of feed particle = 5 = 19 mm Dmn 106 4 N o
12.7 o
d = gapbetweenrolls/2="3" = 6.35 mm. cogdl = Kot g L .
N . ¢ s
r+6.35 K14, ST
0944 = g . .
‘
< r = 2069 mm 045 z\ﬁ; mm
* . J = B
Diameter of the rolls = 271=2(206.9) =413 mm s
Diameter of the rolls = 413 mm. . 9399 o £ 962 KR bmﬁwho
! rea of the
ilable, so 400 mm rolls should be used. o
pmﬁmm are not ava . Aos. ,ﬁ.\w 2,24 0 . openingsin _~
.39. of rolls = 400 mm " .\\\
3 s ik =0 e At Tasirnm '
N S \.\I\l\l = - ~a
m—— — - - - e

T D =060
r = radius of the ball
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