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(57) Claim

1. Method of crushing brittle material for grinding, in 

whi ch

a) the material for grinding is crushed in a first

crushi ng stage f ormed by a rol Ier mi I I ( A) usi ng hi gh 
ve. wo\\'\ cJSrx

pressure and^aggl omerates are f ormed,

b) the product of the first .rushing stage is classified 

on a screen classifier (6) and the oversize fraction

ί s returned to the rol I er mi I I ( A) ,

cl and the proportion of the product of the first

crushing stage passing through <-he screen classifier 

(8) is further crushed in a closed-circuit grinding 

arrangement (10) which preferably contains a tube 

mill (11) and a sifter (12),

characterised in that ■/ Ί v :-.(



(11) AU-B-14418/88 

(10) 598122 ·2·

d) the material for grinding undergoes treatment for 

break!ng up the agglomerates between the method 

stages a) and b).

7. Apparatus far crushing brittle material for grinding, 

contci ning

a) a rol i er mill (4) as tho first crushing stage, in 

which the material far grinding is crushed under high 

pressure andyagglomerates are formed,

b) a screen classifier (6) for classification of the 

product of the first crushing stage.

a) a closed-circuit grinding arrangement ( 10*) which 

preferably contains a tube mill 911) and a sifter 

¢12) for the further crushing of the proportion of 

the product of the first crushing stage passing 

through the screen classifier ¢6),

characterised in that

d) a breaking machine ¢5) is arranged'between the rol Ier 

mill ¢¢) and the screen classifier ¢6).
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1 Method and apparatus far crush!ng brittle material for

grιnding

The invention rel ateo to a crushing method according to 
o<5 the preamble bo claim I and bo apparatus according bo the

tt ' generic concept of claim 7.
«0009«”

0 S:

eJ· A method accord!ng ba the preamble ba claim 1 (or appara-

tus accord! ng to the generic concept of claim 7j 15 known
8 C 0 9

10 from Figure 8 of EP-A-84 383. The material crushed in
β 8 S
’ the rol I er mill is del 1 verad directly to a screen classi­

fier . The oversize fraction is led from the screen

. classifier to the tube mill Ca proportion can also be
returned to the rolIer mill). The proportion of the

15 product passing through the screen classifier passes
together with the material discharged *'rom the tube mill 

to a sifter, and the fines from the sifter form the 

finished material, whilst the tailings are returned to

, the tube mill (ora proportion thereof to the rol Ier

20 mill).

A method of this type has certain disadvantages. Prac­

tical experiments show that the agglomerates forming the 

oversize fraction on the screen classifier contain a

25 considerable proportion of fines which is not separated

off in the screen classifier in view of the stability of

the agglomerates. Therefore the material reaching the 
s.f2_e-c\ ,

tube mill is poorly •eeq-i-brabock Because of the high 

tai I i ngs recycle f actor it is necessary for the rol Ier

30 mi (( to be of (arge di mens!ons.
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Operational experience with rolIer mi I is which have ball 
mills arranged after them also shows that ball mills 
react comparatIvely sensitively to fluctuations in the 
coarse grain content. This applies equally for bail 

mi I Is operating by the dry process and by the wet 

process.

A further disadvantage of this known method is that in 

view of the size of the agglomerates the oversize frac­

tion precipitated in the screen classifier can only be 

conveyed to the tube mi ( I pneumati cai Iy or hydrauli cal Iy 

at very high energy costs. This disadvantage is signifi­

cant above alI when for reasons of plant layout the 

rol Ier mill and the tube mi I I have to be arranged di stant 

from one another (for example because in a plant for the 

manufacture of cement the rol Ier mi I I has to be arranged 

in the proximi by of the clinker cooler and thus spatially 

far removed from the closed-circuit grinding plant con- 

tai ni ng the tube mi I I or because i n a mi ne the rol Ier 

mi I I has to be i nstal Ied at the worklng face but the tube 

mill i s Iocated i n the dressi ng pi ant - equal Iy far away 

from the rolIer mill).

The subject of the earl i er appl i cat!on DE-A-36 09 229 i s 

a method of crushing brittle material for grinding in 

which the material for grinding is first of all crushed 

in a rolIer mill and then undergoes treatment for break­

ing up agglomerates, after which the material is sifted 

and the tailings precipitated during sifting are subjec­

ted to further crushing.
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1 The object of the Invention is to develop a method accor­

ding to the preamble bo claim 1 in such a way that the 
overall size and the necessary drive power of the rolIer 
mill are reduced, the oporati ng conditions in the rol I er

5 mill and In the subsequent further crushing stage are
' improved and the total energy consumption (including the

energy consumption for conveying the material for grind- 

I ng) i s reduced,

10 This object is achieved according bo the invention by the 

characterisi ng feature of claim 1.

Apparatus according to the invention is the subject 

matter of claim 7.

15
Advantageous embodiments of the Invention are contained 

in the subordinate claims.

According to the invention the material for grinding

20 undergoes treatment to break up agglomerates after the 

first crushing stage but before the screen classifica­

tion. In this way the fines contained in the agglomer­

ates are released before the subsequent screen classifi­

cation. Whilst the oversize fraction screened out in the

25 screen classi fi er is returned to the rol Ier mi I I , the

proportion of the material, which is well -sal i brated^C for 

example 100% under 5 mm), passi ng through the screen 

classifier can be conveyed with low energy costs and low 

wear pneumatically (in the case of dry grinding) on hyd-

30 raul ical Iy (in the case of wet grinding) to the subse­

quent closed-circuit plant (which preferably contains a

tt. ,
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1 tube mill and a sifter or hydrocyclone), According to
the invention the roller mill con be of much smaller 

dimensions and requires a lower drive power.

5 lb Is also advantageous that the product which is well
' calibrated by the screen classifier (after first being

broken up) can be stored in silos without danger of the 

mixture separating.

1,0 By means of the method according to the invention the 

’ operating conditions both in the roller mill and in the

- ‘ subsequent tube mill are substantially improved. Thus at

least in the case of material for grinding which is diff­

icult to draw in (for example clinker or ore) a marked

15 increase and steadying of the specific throughput of the 

rol Ier mi I I can be establ i shed. In addi ti on, the opera­

ting conditions in the tube mill are significantly 

steadied by the calibration of the material for grinding 

achieved by means of the screen classification (after
β s 4 e

,,J 20 first being broken up).

Because of the possibi I i ty of energy-saving and l.owpwear 

pneumatic conveying (resulting from the good o-eH -t-bi-at ι on 

of the product after crushing and screen classification)

25 the method according to the invention is particularly

suitable when the rol I er mill has to be arranged spatial­

ly far away from the tube mill, for example when cement 

mills (tube mills) which are arranged far away, for 

example in a separate grinding plant, have to be supplied

3Q by a rol i er mi I I arranged i n the regi on of the ki 1 n or 

the cooler.
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1 In a similar manner the method according to the invention

permits equally energy-saving and low-wear hydraulic

transport in cases in which in a mine the rolIer mill is

set up near the working Face, For instance underground,

5 but the tube mi I Is to be suppl ied ore arranged far away

' above ground in the dressing plant.

The breaking machine arranged according to the invention 

between the rolIer nn I I and the screen classiFier can For

10 example be a hammer mi I I which runs at low speed (prefer- 

abl y 20 to 30 m/s), the material being discharged From 

the hammer mill either in the air stream or by a grate 

base.

15 Another suitable Form oF breaking machine is an impact

mill with Fixed impact strips, the material being advan­

tageous! y di scharged through a grate base.

According to a Further variant oF the invention the 

20 breaking machine is Formed by a disintegrator with cen­

tral material delivery and peripheral material discharge.

Is
1 ’· A Further advantageous variant provides as the breaking
1 ' ' ’

machine a Simpson mixer which contoins a rotary cross 
| 25 assembly equi pped wi th rol I ers and pioughshares, i n whi ch

j the rolIers are kept at an adjustable minimum distance

from the base of the mixer so that the product passing 

through the mi xer i s only broken up, not ground.

30

L
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1 The aforementioned variants of breaking methods or

breaking machines relate to the grinding of dry or moist 

material for grinding.

5 In the case of wet grinding and/or wet classification the

breaking up af the agglomerated material for grinding 

takes place by the addition of fluid (preferably water) 

to adjust the fluid content of the slurry necessary for 

the transport by pumping and/or for the wet classifi”

10 cation. In the case of brittle material far grinding the 

breaki ng up is achieved merely by adding fluid, i.e. 

without any further activity; experience shows that the 

agglomerates of brittle material then break up very 

easi I y.

15

In the case of material for grinding with plastic propor­

tions which resist breaking up, in a further variant 

mechanical energy is supplied in a mixing vessel in such 

a way that during a certain period of dwell the agglomer-
;! i I

si 20 ated material for grinding is exposed to more or less 

sharp fluid jets (preferably water jets) or turbulence 

which is formed by one or more such fluid jets.
t t *

< « β
« it

The mesh aperture of the screen classifier can advantage- 

25 ousl y be chosen with 3 to 8 mm. The screen classifier

should thus separate off only the coarse-grained propor­

tion (for example over 5 mm). This leads to a recycle 

factor (i n the ci rcui t formed by the rol I er mi I I , the 

breaking machine and the screen classifier, based on the

30 quantity of material for grinding delivered) of 1.1 to 

1. 3.
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1 Such a scroon classifier is substantially cheaper than a 

sifter which is supposed to sift out the finished product 
and consequently cannot bo so highly loaded as a screen 
classifier which merely separates off the coarse-grainod

5 , proportion.

Some embodimonte of the apparatus according to the inven- 
tiun are Illustrated in the drawings, In which:

10 Figure 1 shows a diagram of the whole apparatus,

Figures 2 and 3 show a side view and a plan view of a 
Simpson mixer,

15 Fi gure h shows a si de vi ew of a hammer mi I I ,

Figures 5 and 6 show schematic representations of further 

var ί ants.

20 The apparatus illustrated in Figure 1 contains a rotary 

kiln 1 with a clinker cooler constructed as a planetary 
cooler.

*

The material is delivered from an intermediate bunker 3

25 s.ervl ng as a buff er to a rol I er mi I I 9 i n whi ch the

material for grinding is crushed under high pressure and 

agglomerates are formed.

The product di scharged from the rol Ier mi I I 4 enters a

30 breaking machine 5 which is constructed for example as a 

Simpson mixer (Figures 2, 3) or a Hammer mill (Figure 9·).
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From the breaking machine 5 the material for grinding 

passes to a screen classifier 6 from which the oversize 

fraction Is conveyed back to the rol I er mill 4. The pro­

portion of material crushed in the rol Ier mill 4 and 

broken up i n the break!ng machi ne 5 whi ch passes through 

the screen classifier 6 is delivered to a si I a 8 by a 

conveying track which operates for example pneumatically.

From here the pre-crushed material passes via a distri-

10 butor 9 to paral I el-connected closed-circuit grinding 

arrangements 10, 10', 10" which each consist of a tube

mill 11 and a si fter 12.

Fi gures 2 and 3 show a Si mpson mi xer as one embodi ment of

15 the breaking machine 5. In a fixed housing 13 with an 

outlet chute 13a it contains a rotary cross assembly 15 

driven by a shaft 14 and bearing rollers 16 and plough­

shares 17. The rol I ers 16 maintain an adjustable minimum 

distance from the base of the housing 13 so that the

20 material in the breaking machine 5 is not ground but is 

merely broken up, i.e. the proportion of fines is 

released from the agglomerates.
«

<<
Figure 4 shows the breaking machine 5 in the form of a

25 hammer mi I I in whi ch the rotor 18 has hammers 19 suspen­

ded from it. The material for grinding is introduced 

through a pi pe 20 i nto the mi I I housi ng 21 and di scharged 

pneumatically through a pipe 22. The flow speed of the 

ai r del i vered vi a a pi pe 23 i s adjusted by means of

30 valves 24.
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1
'J 1 Figure 5 shows a variant of the apparatus diagram shown
ί 1 In FIgure 1.

•i ί
I f
rj

■ I

i
i
ί

Since the proportion of the product of the first crushing

5 stage passing through the screen classifier 8 (i.e. the
' material for grinding leaving the cycle formed by the

rol Ier mi I I 4, the breaking machine 5 and the screen 

classifier 6) already contains a considerable proportion 

of fines (for example 50X < 90pm) it is sensible to pro-

10 vide a circuit in the finished grinding cycle in which

the said material for grinding is delivered first to the 

sifter 12 together with the material discharged from the 

tube mill 11. The oversize fraction leaving the sifter 

12 is delivered to the tube mill 11. Figure 5 shows tin s

15 layout of the closed-circuit grinding arrangement 10

which is suitable for many applications.

The sifter 12 can be constructed as a two-stage sifter in 

which the first stage is set relatively coarse (separa—

20 tion limit for example 300 pm) and the fines are sifted 

out in a second stage in which the separation limit is 

for example 12 to 20 pm.

The following example may serve for further explanation

25 of the invention:

Λ comparison was made between

a) the method accordi ng to ΕΡ~Α~84· 383 i n whi ch the 

30 material crushed i n the rol I er ml I I is del i vered

directly to a screen classifier,
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Ι b) and tho method according to the Invention in which a 

breaking machine for breaking up agglomerates is 

provided between the roller mill and the screen 

cl osslfi an.
5

Variant a Variant b

Throughput apparatus
M (fc/h) ISO 150

Peoyci e roti o 
(rol1er mill) 2. 0 1. 2

Throughput rollor mi 1 1
M y Ct/h) ISO 156

Specific throughput 
my (ts/hm3) 200 200

Geometric throughput 
potential p=D.L.u (m3/s) 1. 3 0. 78

Necessary di mensi ons of 
the rol 1 er mi 1 1 (0 x L) 1. 4 * 0. 66 1.2 x 0. P5

Necessary drive power 
of the rol1er mill CkVT 600 PG8

■ ί <: 20
The specific throughput

« β 4 't . s
mV * D . L. u h · m·3.

25
depends upon the grai n si ze di str
del i vered to the roil er mi 1 1 . Ir
c1 i nker it is 120 -5- 1 50 t.

h.
s
m3’ i n the case of a mixture of

clinker and returned material It is approximately 
b c*

200 Because of the higher tai I i ngs recycle factor

30
h. m3 

arger rol er mill (with correspondingly higher drive
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1 power) Is necessary in variant a than in the variant b
accordlng to the invention.

In the above table the following abbreviations are used
5 (wh'ch have not already been explained):

rolIer diameter D (mJ 

roller gap length L ( m) 

peripheral speed u <m/s).
.1.0

In the further embodiment of apparatus according to the 

invention which is illustrated in Figure 6 the same ref­

erence numerals are used for the same components as in 

Fi gure 1,

15

The apparatus contains a gyratory crusher 25 as the prim­

ary crusher, from which the pre-crushed material for 

grinding passes into the ’ntermediate bunker 3 from which 

it is then del i vered to the rol I er mi I I A.
20

The product discharged from the rolIer mill A passes 

immediately before the screen classifier 6 to a breaking 

machine 5' formed by a sprayer through which fluid, pref- 

erably water, is delivered to the material for grinding

25 falling onto a curved screen of the screen classifier.

The breaking and classification of the material for 

grinding are aided by the supply of fluid,

The oversize fraction is conveyed to the roller mill A,

30 whi 1st the proportion which passes through the screen

classifier passes via a conveying track 7 which operates
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1 for example hydraulically to reach a storage bin 8'.

From here the pre-ground and calibrated material is deli­

vered via a distributor to the parol I el-connected wet 

grinding arrangements 10a, 10’a, 10"a, which each consist

5 of a tube mill 11, a conveyor pump 26 and a classifier
<

12a (preferably a hydrocyclone).

10

1ι
y 20

I

] 25

30

I
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 1 &k«kMsxx
1. Method of crushing brittle material for grinding, in 

whi ch

5
a) the material for grinding is crushed in a first

crushing stage f ormed by a rol I er mill Ck) using high 

pressure and lagglomerates are formed,

10 b) the product 

on a screen 

i s returned

of the first crushing stage is classified 

classifier (6'1 and the oversize fraction 

to the rol Ier mi I I ζ A) ,

c) and fhe proportion of the product of the first 

15 crushing stage passing through the screen classifier

(6) is further crushed in a closed-circuit grinding 

arrangement (10) which preferably contains a tube 

miii (11) and a sifter (12),

20 characterised in that

d) the material for grinding undergoes treatment for 

‘ breaki ng up the aggiomerates between the method

stages a) and b).

25

2. Method as claimed in claim 1, character i sed in that 

the proportion of the product of the first crushing stage 

passing through the screen classifies (6) Is conveyed 

pneumatical Iy or hydraul i cal I y to the closed-ci rcui t

30 grinding arrangement (10) or to a silo (8) or storage bin



1 (Θ' ) arranged before the closed-circuit grinding arrange­
ment ( 10) .

3, Method as claimed in claim 1, character i sed in that
5 the proportion of the product of the first crushing stage

passing through the screen classifier (6) is delivered 

together with the material discharged from the tube mill 
(11) first of all to the sifter ( 12) of the closed- 
circuit grinding arrangement (10), from which the over-

10 size fraction is delivered to the tube mill (11),

4, Method as claimed in claim 1, character ι sed in that 

fluid Is added to the material for grinding in order to 

break up agglomerates,
15

5. Method as claimed in claim 4, particularly for mater­

ial for grinding with plastic proportions, character Ised 

in that the material for grinding is subjected to mechan­

ical stress simultaneously with the delivery of fluid.

20

6. Method as claimed in claim A, characterised in that 

the addition of the fluid takes place immediately before

• and/or simultaneously with the classification.

25 7. Apparatus for crushing brittle material for grinding,

contai ni ng

a) a rol I er mi I I ( 4) as the f i rst crushi ng stage, i n

which the material for grinding is crushed under high

30 pressure andvagglomerates are formed.



- 3

b) α screen classifier (63 for classification of the 
product of the first crushing stage,

c) a closed-circuit grinding arrangement (103 which 
preferably contains a tube mill 911) and a sifter 
(12) eoc the further crushing of the proportion of 

the product of the first crush!ng stage passing 
through the screen classifier (S3.

3 0 characterιsed in that

d3 a breaking machine (53 is arranged between the rolIer 

mill ( kJ and the screen classifier ( S3 .

15 8, Apparatus as claimed in claim 7, character i sed in

that the rol I er mill (4), the screen classifier (S3 and 

the breaking machine (5) are arranged spatially distant 

from the closed-circuit grinding arrangement (10), and in 

apparatus for the production of cement the rolIer mill

20 (A), the screen classifier (6) and the breaking machine

(5) are preferably arranged between a clinker cooler (2) 

and a silo (8), whilst the closed-circuit grinding arran­

gement (10) is arranged after the silo (8).

25 9. Apparatus as claimed in claim 7, character I sed in

that the rο I Ier mill (4), the screen cl ass i f ί er (6) and 

the breaking machine (5') are arranged spatially distant 

from the closed-circuit grinding arrangement (10a), and 

an apparatus for dressing ore the rolIer mill ( k) , the

30 screen classifier (6) and the breaking machine (5'3 are

preferably arranged between a breaker (25) and a storage

L
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1 bln (Θ'), whilst the closed-circuit grinding apparatus 
<10a) is arranged after the storage bin (S').

10. Apparatus as cl aimed in claim 7, characterιsed in
5 that the breaking machine (5) is formed by a hammer mill 

* with a low peripheral speed, preferably 20 to 30 m/s, and
the material is discharged in the air stream or through a 
grate base.

10 11. Apparatus as claimed in claim 7, character ι sed in

that the breaking machine (5) is formed by an impact mill 

with fixed impact strips, and the material is discharged 

through a grate base.

15 12, Apparatus as claimed in claim 7, character i sed in

that the breaking machine (5) is formed by a di sinte- 

grator with central material supply and periphery 

material discharge.

20 13. Apparatus as claimed in claim 7, character i sed in

that the breaking machine (5) is formed by a Simpson 

mixer which contains a rotary cross assembly (15) equip­

* ped with rol I ers (16) and ploughshares (17), and the

rol I ers (16) maintain an adjustable minimum distance from

25 the base af the mixer housing (13).

IA. Apparatus as claimed in claim 7, character i sed in 

that the breaking machine (5’) contains an arrangement 

for delivering fluid to the material for grinding.

30
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1 15, Apparatus as claimed In claim 1A, character! sed in
that the breaking machine Is formed by a mixing vessel in 
which the material far grinding is subjected to mechani­
cal stress simultaneously with the delivery of the fluid,

5
' 16, Apparatus as claimed in claim 1A, character i sed in

that the arrangement for delivering fluid is formed by a 
sprayer arranged above the screen classifier (6) which is 

provided with a curved screen (Sa'i .

10
DATED this 7th day of April 1988.

KRUPP POLYSIUS AG

EDWD. WATERS & SONS
,,se PATENT ATTORNEYS

.,5 20 50 QUEEN STREET
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