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International Patent Cl: .sification(s)
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(21) Application No, : 14418/88 (22) Application Date : 08,04.88
(30) Priority Data
(31) Number (32) Date (33) Country
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(74) Attorney or Agent
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(56) Prior Art Documents
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(57) Claim
1. Method of crushing brittle material for grinding, in
which
a) the material for grinding is crushed in a first
crushing stage formed by a roller mill (&) using high
RSN PIVN
prassure ondAogglomerctes are formed,
b)Y the praduct of the first (. ushing stage is classifiead
on a screen classifier (6) and the oversize fraction
is returned to the roller mill (4),
c) and the proportion of the produckt of the first

crushing stage passing through the scrzen classifier
(8) is further crushed in a closed-circuit grinding
arrangement (10) which preferably contains a tubs
mill (11) and a sifter (12),

characterised in that

[



(11) AU-B-14418/88 -
(10) 598122 ?

d)

7.

the material for grinding undergoaes treatment for

breaking up tha aggl omerates batween the method
stages a) and b).

Apparatus for crushing brittle material for grinding,

coantaining

a)

B)

c)

a rolfer mill (&) as the first crushing stage, in

which the materiql for grinding i3 crushed under high
AN SRRV 2NV

pressure anqkagglomerates are formed,

a screen classifier (8) for classificotion of the

product of the first crushing stage.

a closed-circuit grinding arraongement (10) which
prefearaobly contains a tube mill 811) and a sifter
(12) for the further crushing of the proportion of
the product of the first crushing stage passing

through the screen classifier (B),

characterised in that

d)

a breaking machine (5) is arronged between the roller

mill (4) and the screen classifier (B6).
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The following statement is a full description of this invention, including the best method of performing it known to =« (g
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Mathod and apparatus for erushing brttla material fer
grindi ng

The Invention relates to o crushing mathod dgccording Lo
tha proomblae to claim 1 ond to apparatus nccerding to the
genaric concapt of claim 7.

A method dccarding to the praambla to clarm 1 (or appara-
tus acoording to the generic concepht of claim 7) 15 known
from Figura 8§ of EP-A-84 383, The matarinl srushed in
the roller mill 5 delivaered direchkly to a screen alassi~
fier . The ovarsize fraction ic led from the screen
classifier to thn tube mill (a proportion can also ba
raturnad to the roller mill). The proportion of the
product passing through the screen classifier passes
together with the material dischorged ‘rom the tube mill

to o sifter, and the fines fFrom the sitter form the

finished material, whilst the tailings are returcmed to
the tube mill (or o proporkion thereof to the roller
mill),

A method of this type haos certain disadvantages., Prac~
tical experiments show that the cggl omerates forming the
oversize froction on the screen clossifier contoin o
consi derable proportion of fines which is not separated
off in the screen classifier in view of the stability of
the agglomerates. Thggifor? the material reaching the
tube mill is poorly setbrated. Because of the high
toilings recycle factor it is necessory for the rollar

mil{ to be of {arge dimensions.
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Operational experience with roller mills 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 ball

mi |13 oparating by the dry process and by the wet
process,

A further disadvantoge of this known method is that in
view of the size of the agglomerates the oversiza frac-
tion precipitoted 1n the screen classifier can only be
conveyed to the tube mi | pneumatical ly or hydraulical ly
at very high energy costs, This disadvantage is signifi-
cant ohove all when fFor reasons of plant |ayouk tha
roller mill and the tube mill have to be arranged distant
from one another (for exampla because in a plant for the
manufacture of cement the roller mill has to be arranged
in the proximity of the clinker cooler and thus spatially

far removed from the closed~circuit grinding plant con-

tarning the tube mill or becduse in a mine the roller
mill has to be installed at the working face but the tube
mill is located in the dressing plant = equally for away
from the roller mill).

The subject of the earlier application DE-A-36 09 229 is

a method of crushing brittle material for grinding in

which the material for grinding is first of all crushed
in a roller mill and then undergoes treatment for break-
ing up agglomerates, after which the material is sifted

and the tailings precipritated during sifting are subjec-

ted to further crushing.
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Thae objact of the invention is to davelop a method accor-
ding to the preamble to claoim 1 in such a way that the
overal!l stze and the necessary drive power of the roller
mill are reduced, the aparating conditions tn tha roller
mill and in the subsequent further crushing stage are
improvad and the total energy consumption (including the
energy consumption for conveying the matarial for grindg-

Ing) is reduced.

This object is achieaved according to the invention by the

characterising feature of claim 1,

Apparatus according to the invention i1s the subjacth

matter of claim 7.

Advantageous embodi ments of the invention are contained

in the subordinate clarims.

According to the invention the material for grinding
undergoes treatment to break up aggl omerates after the
first crushing stage but before the screen classifica-
tion. In this way Lhe finas contained in the agglomer-
ates are released before the subsequent screen classifi-
cation. Whilst the oversize froction screened out in the
screen classifier Is returned to the Pollerégill, the
proportion of the material, which is well 4;#44#4&mm&(?or
example 100% under 5 mm)., passing through the screen
classifier can bsa convaeyed with low energy costs and |ow
wedar pneumatically (in the case of dry grinding) or hyd-
raulically (in the case of wet grinding) to the subse-

quent closed-circuit plant (which pfeFercblg contains a
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tube mill and a sifter or hydrocyclone)., According to
the invantion the roller mill can bae of much smaller
dimensions and requires a lower drive pnower,

It s also advantageous that the product which is well

cal ibrated by the screen classifier fafter first being
broken up) can be stored in silos without danger of tha
ml <ture separating.

By means of the method cccording £o the invention the
oparating conditions both 1n the roller mill and in the
subsequent tube mill are substantially improved. Thus at
|east In the case of material for grinding which is diff-
icult to draw in (for example clinker or ore) a marked
increase and steadying of the specific throughput of the
roller mill can be established. In addition, 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

first being broken up).

Because of the possibillity of energy—saving ondséaza¥ear
pneumatic conveying (resulting from the good eﬂ++bﬁﬂ%§gﬁ
of the product aofter crushing and screen classification)

the method according to the invention is particularly

sui table when the roller mill has to be arranged spatial -
ly far avay from the tube mill, for example when cement
mills (tube millg) which are arranged far away, for

example in a separate grinding plant, have to be supplied
by a roller mill arranged in the region of the kiln or

the cooler.
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In a similar manner the method according to the inventicn
permi ts aqual ly energy~-saving and |ow-=wear hydraulic
transport in cases in which in a mine the roller mill i3
set up near the working face, for instance underground,
but the tube mills to be supplied are arronged far away

above ground in the dressing plant,

The brealking machine arranged according to the invention
between the roller mill and the screen classifier can for
example be a hammer mill which runs at |ow speed (prefer-—
ably 20 to 30 m/s), the material being discharged from
the hammer mill either in the air stream or by a grate

base.

Another suitable form of breaking machine is an impact
mill with fixed impact strips, the material being advan-

tageously discharged through a grate base.

According to a further variant of the invention the
breaking machine is formed by a disintegrator with cen-

tral material delivery and peripheral material discharge.

A further advantageous variant provides as the breaking
machine a Simpson mixer which contcins a rotary cross
assembly equipped with rollers and ploughshares, in which
the rollers are kept at an adjustable minimum distance
from the base of the mixer so that the product passing

through the mixer is only broken up, not ground.
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The aforementioned variants of breaking methods or
breaking machines relate to the grinding of dry or moist

material for grinding.

In the case of wet grinding and/or wet classification the
breaking up of 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-
cation. In the case of brittle material for grinding the
breaking up is achieved merely by adding fluid, i.e.

wi thout any further activity: experience shows that the
aggl omerates of brittle material then break up very

easily.

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 miking vessel in such
a way that during a certain period of dwell the agglomer-

ated material for grinding is exposed to more or |ess
sharp fluid jets (preferably water jets) or turbul ence

which Is formed by one or more such fluid jets.

The mesh aperture of the screen classifier can advantage-
ously be chosen with 3 to 8 mm. The screen classifier
shoul d thus separate off only the coarse—grained propor-
tion (for example over 5 mm). This leads to a recycle
factor (in the circuit formed by the roller mill, the
breaking machine and the screen classifier, based on the
quantity of material for grinding delivered) of 1.1 to
1.3.
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Suech a scraon classifiar is substantially chaaper than a
siftar which is suppased to sift ouk the finished product
and consaquently cannot ba so highly loaded as a screen
classi fiar which meraly separatas of f thae coorse-grainaed
proportion.

Some ambodiments of the appardtus according to tha invan-
tiun are illustrated in thae dravings, in which:

Figura 1 shows a diagraom of the whola apparatus,

Figures 2 and 3 show a side view and a plan view of a

Simpson mi xer,
Figure 4 shows a side view of a bammer mi |,

Figures 5 and 6 show schematic representations of further

variants.

The apparatus illustrated in Figure 1 contains a rotory

kiln 1 with a clinker cooler constructed os a planetary

cool er.
The material is delivered from an intermediate bunker 3
serving as d buffer to a roller mill & in which the

material for grinding is crushed under high pressure and

aggl omerates are formed.

The product discharged from the roller mill 4 enters a
breaking machine 5 which is constructed for example as a

Simpson mixer (Figures 2, 3) or a Fammer mill (Figure 4).
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From the breacking machine 5 the material for grinding
passes to a screen classifier 6 from which the oversize
fraction Is conveyed back to the roller mill 4. The pro-
portion of material crushed in the roller mill & and
broken up in the breaking machine 5 which passes through
the screen classifier B8 is delivered to a silo 8 by a

conveying track which operates for example pneumatically.

From here the pre-crushed material paosses via a distri-
butor 9 to parallel ~connected closed-circuit grinding
arrangements 10, 10, 10" which each consist of a tube
mill 11 and a sifter 12.

Figures 2 and 3 show a Simpson mixer as one embodiment of
the breaking machine 5. [n a fixed housing 13 with an
outlet chute 13a it contdins a rotary cross assembly 15
driven by a shaft 14 and bearing rollers 16 and plough-
shares 17. The rollers 16 maintain an adjustable minimum
distance from the base of the housing 13 so that the
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 & shows the breaking machine 5 in the form of a

hammer mill in which the rotor 18 has hammers 19 suspen-—
ded from it. The materidl for grinding is introduced
through a pipe 20 into the mill housing 21 and discharged

pneumatical ly through a pipe 22. The flow speed of the

air delivered via a pipe 23 is adjusted by means of

val ves 24.
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Figure 5 shows a variant of the apparoctus diagram shown
in Figure 1.

Since the proportion of the product of the first crushing
stage passing through the screen classifier B (i.e., the
material for grinding leaving the cycle formed by the
roller mill &4, the breaking machine 5 and the screen
classifier 6) already contains a considerable proportion
of fines (for exaomple 504 < 90pm) it is sensible to pro-
vide a clircuit 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 tha sifter
12 is delivered to the tube mill 11. Figure 5 shows tinis
layout of the closed-circuit grinding orrongement 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-
tion timit for example 300 um) and the fines are sifted
out in a second stage in which the separation |imit is

for example 12 to 20 pm,

The following example may serve for further explanation

of the invention:
A comparison was made between
a) the method according to EP-A-84 383 in which the

material crushed in the roller mill is delivered

directly to a screen classifier,
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1 b) and the mothod according to the Invention in which a
braaking machine for breaking up agglomerates is
provided hetwaen the roller mill and the screen
classifier,

5
' Variant a Variant b
Throughput apparatus
M (t/h) 150 150
Recycle ratio
(roller mill) 2.0 1.2
| 10 Throughput raller mill
i Moy (t/h) 160 156
Speci fic throughput
} hw (ts/hm?) 200 200
Geometric throughput
15 potential p=D0.L.u (m®/s3) 1.3 0.78
Necessary dimensions of
the roller mill (0 x L) 1.4 « 0.66 1.2 x 0.45
Necessary drive power
of the roller mill CkVW1 600 LES
20
The specific throughput
e My fb S
"W D. L u | B
25
depends upon the grain size distribution of the material
del ivered to the roller mill. In the case of fresh
clinker it is 120 = 150 &*ﬁg, in the case of a mixture of
clinker and returned material 1t is approximately
200 g‘za. Because of the higher tailings recycle factor

30 a larger roller mill (with correspondingly higher drive
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powar) is necessary in variant a than in the variant b

according to the invention.

In the above tablae the following abbreviations are used
(which have not already been axplalned):

roller diameter D (m)
roller gap length L (m)
peripheral speed u (m/s).

In the further embodiment of apparatus according to the
invention which Is illustrated 1n Figure 6 the some ref-
arence numerals are used for the same components as in

Figure 1.

The appdaratus contains a gyratory crusher 25 as the prim-
ary crusher, from which the pre-crushed material for
grinding passes into the ‘ntermediaote bunker 3 from which

it is then delivered to the roller mill &,

The product discharged from the roller mill 4 passes
Immedi ately bhefore the screen classifier 68 to a breoking
machine 5' formed by a sprayer through which fluid, pref-—
erably water, is delivered to the material for grinding
falling onto a curved screen of the screen classifier.
The breaking and classification of the material for

grinding are dided by the supply of fluid.

The oversize fraction is conveyed to the roller mill &,
whilst the proportion which passes through the screen

classifier passes via a conveying track 7 which operateas
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for example hydraullcally to reach a s*orage bin 8'.

From here the pre-ground and cal ibrated material is deli-
vered via a distributor to the parallel-~-connected wet
grinding arrangements 163, 10'a, 10"a, which each consist
of a tube mill 11, a conveyor pump 26 and a classifier

12a (preferably a hydrocyclone).
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
BKuKkm=ExX

1. Method of crushing brittle material for grinding, in
which

a) the material for grinding is crushed in a first
crushing stage Cfrmed by a roller mill (&) using high

IRV RTAVN
pressure ondAogglomerotes are formed,

b) the product of the first crushing stoge is classified
on a screen classifier (6 and the oversize fraction

Is returned to the roller mill (&),

c) and the proportion ot the producht of the first
crushing stage passing through the screen classifier
(B) is further crushed in a closed-circuit grinding
arrangement (10) which preferably contains a tube
mi«i (1l1) and a sifter (12),

characterised in that

d) the material for grinding undergoes treatment for
breaking up the aggiomerates between the method

stages a) and b).

2. Method as claimed in claim 1, characterised in that
the proportion of the product of the first crushing ctage
passing through the screen classifie~ (6) |s conveyed
pneumatical ly or hydraulically to the closed-circuit

grinding arrangement (10) or to a silo (8) or storage bin
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(8') arranged bhefore the closed-circuit grinding arrange-
ment (10).

3. Method as claimad in claim 1, charactaricsad in that
the proportion of tha product of the first crushing stage
passing through the screen classifier (B8) is dalivered
together with the material discharged from the tube mill
(11) firast of all to the sifter (12) of the closed-
clircuit grinding arrangement (10), from which the ovaer-

size fraction is deliverad to the tube mi Il ¢11).

4, Method as claimed in claim 1, choracterised in that
fluid is added to the material for grinding in order to
break up aggl omerates.

5. Method as claimed in claim &, particularly for mater-
fal for grinding with plastic proportions, characterised
in that the material for grinding is subjected to mechan-

ical stress simul toneously with the delivery of fluid.

6. Method as claimed in claim &, characterised in that
the addition of the fluid takes place immediately before

and/or simul taneously with the classification,

7. Apparatus for crushing brittie material for grinding.

containing

a) a roller mill (&) as the first crushing stage, in

which the material for grinding is crushed under high
N wone)
pressure anq)Fgglomerdtes are formed,
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h) a screen classifier (6) for classification of the
product of the first crushing stage,

c) a closed=circuit grinding arrangement (10) which
prefarably contains o tube mill 911) and o 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 roller

mill (4) ond the screen classifier (6),

8. Apparatus as claimed in claim 7, characterised in
that the roller mill (&), the screen classifier (6) and
the breaking machine (5) are arranged spatially distant
from the closed-circuit grinding arrangement (10), and in
agpparatus for the production of cement the roller mill
(4), the screen classifier (B6) 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 aofter the silo (8).

9. Appardgtus as claimed in claim 7, characterised in
that the roller mill (4), the screen classifier (6) and
the breaking machine (5') dre arranged spatially distant
from the closed-circuit grinding arrangement (10a), and
an apparatus for dressing ore the roller mill (4), the
screen classifier (8) and the breaking machine (5') are

preferably darranged between a breaker (25) and a storage
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bin (8'), whilst the closad-circuit grinding apparatus
(10a) i3 arranged after tha storage bin (8°),

10, Apparatus as claimed in claim 7, characterised in
that thae breaking machine (5) 15 farmed by a hammar mil |
with a low peripheral speed, proferably 20 to 30 m/s, and
the material (s discharged in the air stream or through a

grate base,

11, Apparatus as claimed in claim 7, characterisaed in
that the breaking machina (5) 15 formad by an 1mpazt mo!l
with fixed impact strips, and the material is discharged
through a grate base.

12. Apparatus as claimed in claim 7, characterised in
that the breaking machine (5) is formed by a disinte-
grator with central material supply and periphery

material discharge.

13. Apparatus as claimed in claim 7, characterised in
that the breaking machine (5) is formed by a Simpson

mi xer which contains a rotary cross assembly (158) equip-
ped Wwith rollers (18) and ploughshares (17), and the
rollers (16) maintain an adjustable minimum distance from

the base of the mixer housing (13).

14. Apparatus as claimed in claim 7, characterised in
that the breaking machine (5') contains an arrangement

for delivering fluid to the material for grinding.
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15. Apparatus as clalimed in claim 14, chorackterised in
that the breaking machine s formed by a mixing vessel in
which the moterial for grinding is subjected to mechani-
cal stress simul taneously with the delivery of the fluid,

16. Apparatus as claimed in claim 14, characterised in
that the arrangement for delivering fluid is formed by a
sprayer arranged above the screen classifier (8) which i3

provided with a curved screen (6al.

DATED this 7th day of April 1988.

KRUPP POLYSIUS AG

EDWD. WATERS & SONS
PATENT ATTORNEYS

50 QUEEN STREET
MELBOURNE. VIC. 3000.
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