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In cement production, tube mills having multi-chambers are traditionally used either in open or closed
circuit operations. After the introduction of high compression grinding mills (High pressure grinding rolls
(HPGR), vertical roller mill (VRM) and Horomill), various circuit configurations have been developed for
energy efficient grinding. In this study, in order to evaluate and compare the performances of these
cement grinding technologies, industrial scale data were collected from HPGR-ball mill, VRM, Horomill
and multi-chamber ball mill closed circuits.

The grind abilities of the raw materials of all circuits were varying in a narrow range of 14-20 kWh/t.

The specific energy consumptions of the grinding equipment and the standard bond work indexes, used
100 pum screen, of raw materials are given below.

Circuit

Bond work index (kWh/t)

Specific energy consumption (kWh/t)

HPGR-ball mill
VRM

Horomill

Ball mill

14.7 20.0
19.6 27.5
14.4 17.5
14.4 325

The results show that high compression grinding mill circuits are more energy efficient than conven-
tional single stage multi-chamber ball mill circuits. The circulating load ratio around the circuit is much
higher compared to conventional ball milling. The reason is less fine and slime production of the high
compression technology which prevents the over-grinding.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Tube mills having multi-chambers are traditionally used for ce-
ment grinding either in open or closed circuit operations. In the
first chamber, larger balls (100-60 mm) are used for coarse grind-
ing while the smaller balls (40-15 mm) are used for fine grinding.
The chambers are separated by an intermediate diaphragm which
allows the passage of the fine particles to the second chamber
while keeping the coarse particles in the first compartment. Differ-
ent types of air classifiers are used in closed circuit operations. The
cut size of the separator is the critical control parameter and is
mainly controlled by the rotor speed (Duda, 1985).

The High pressure grinding rolls (HPGR) developed by Schonert
has been offered as a comminution technology with claims of im-

* Corresponding author. Tel.: +90 312 297 76 00.
E-mail address: naydogan@hacettepe.edu.tr (N.A. Aydogan).

0892-6875/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.mineng.2010.08.005

proved performance relative to conventional grinding technology.
In particular, it has been claimed that the advantage of the high
pressure grinding roll is its lower specific energy consumption
(Schénert, 1979). Compressing a particle bed between two counter
rotating rolls was achieved by the invention of the high pressure
grinding rolls (HPGR) (Schonert, 1988).The first commercial appli-
cation of HPGR was in 1985 and its success resulted in increasing
numbers of applications since then, particularly in the cement
industry (Kellerwessel, 1990).

In a vertical roller mill the interparticle comminution takes
place in a material filled gap between the rotating table and the
grinding rollers. The mill feed is charged to the center of the table
and moves by centrifugal forces and friction towards the table’s
edge. On its way it is nipped by two rollers installed at the outside
rim of the table. The rollers are attached to hydraulic cylinders
which provide grinding forces for comminution of the material.
The ground particles leave the table by an air stream and taken
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Table 1
Standard bond work indexes of the fresh feeds.

Circuit Bond work index (kWh/t)
HPGR-ball mill 14.7
VRM 19.6
Horomill 144
Ball mill 144

up to the separator incorporated in the casing of the mill. The fine
product is taken as the mill discharge and the reject of the separa-
tor falls back onto the table as the circulating load.

The Horomill consists of a horizontal cylinder supported on-
slide-shoe bearings and driven through an open gear train. The
Horomill can be described as a bed material compression mill, a
multi-compression mill and as high capacity mills (Cornille, 1999).

The introduction of high compression grinding technology
brought many different applications and circuit layouts using high
pressure grinding rolls (HPGR), vertical roller mill (VRM) and
Horomills.

In this study, in order to evaluate and compare the perfor-
mances of different cement grinding technologies using the ball
milling and high compression technology, industrial scale data
were collected from HPGR-ball mill, VRM, Horomill and multi-
chamber ball mill closed circuits.

2. Sampling and experimental studies

The simplified flowsheet of the various circuit configurations
are given below.

The sampling studies were conducted at a conventional ball
mill closed circuit, closed circuit HPGR pre grinding system with
a closed circuit ball mill. The other case studies, VRM, Horomill
and single stage closed circuit ball mill circuits, do not include
any pre grinding systems.

During the sampling surveys, all variables measured were re-
corded at the control room. Size distributions of the samples were

determined by using a combination of dry sieving and laser sizing
techniques. Mass balancing studies were performed to calculate
the adjusted data and the tonnages of all streams in the circuits. To
compare the circuits with each other, material characteriza-
tion achieved by standard bond work indexes of the fresh feeds
(Table 1).

3. Performance evaluation
3.1. Closed circuit ball mill grinding circuit

In this configuration, a multi-chamber ball mill was operated as
closed circuit with an air classifier (Fig. 1). Design parameters of
the circuit are presented in Table 2. As a result of the mass balanc-
ing studies, the tonnages around the circuit and the measured and
the calculated size distributions are presented in Figs. 2 and 3.

3.2. Closed circuit HPGR - closed circuit ball mill grinding

In this exercise the HPGR operates in closed circuit with an air
classifier to prepare ball mill circuit feed. Since HPGR product is
in the form of weak agglomerates which are referred to as “cake”,
a simple impact type disagglomerator is used before classification.
Since the product of the HPGR circuit is rather fine, the cut sizes of
both classifiers used in the circuit and the ball size distribution
within the ball mill should be optimized. While design parameters
of the circuit are presented in Table 3, the simplified flowsheet of
the circuit sampled and the measured and adjusted size distribu-
tions are shown in Figs. 4 and 5.

3.3. Closed circuit vertical roller mill grinding

In this study, a compact design and partial external recycling
type vertical roller mill circuit was sampled. VR mills are widely
used in cement industry especially for raw material and coal
grinding.

Ha®)

(c)

A

(d)

Fig. 1. Different circuit configurations where sampling was performed: (a) conventional ball milling circuit, (b) HPGR closed circuit with ball mill closed circuit, (c) vertical

roller mill circuit and (d) Horomill circuit.
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Table 2 Feed
Closed ball mill circuit design parameters. 447 t/h
1150 t/h

Ball mill diameter (mm) 4,660 570 t/h

Ball mill length (mm) 14,000 =

Ball mill motor power (kW) 5,200 i

Separator motor power (kW) 50

720 th l J, 150 ¢h

Disagglomerator }

Feed 150 t/h Flyash 10 t/h
[ ] 297 t/h ¥
1_.|
| } Dynamic air separator
Ball Mil | [ﬂ [:[]
Product 160 t/h Fig. 4. Sampling points and tonnages of the streams around the closed circuit HPGR
Py - closed circuit ball mill grinding.
237 tlh o

Fig. 2. Sampling points and tonnages of the streams around the closed ball mill
circuit.
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Fig. 3. The measured and calculated size distributions around the closed ball mill
circuit.
Table 4
Vertical roller mill grinding circuit design
parameters.
Table 3
Closed circuit HPGR - closed circuit ball mill grinding circuit design parameters. Table diameter (mm) 4700
Table rotation (rpm) 25.7
Roll length (mm) 1450 Roll length (mm) 700
Roll diameter (mm) 1000 Roll diameter (mm) 2360
Roll speed (m/s) 1.50 Roll speed (m/s) 1.50
Roller motor power (kW) 1200 Motor power (kW) 2200
HPGR circuit separator. motor power (kW) 60 Separator motor power (kW) 80
Ball mill diameter (mm) 3600 Fan motor power (kW) 500
Ball mill length (mm) 10,000
Ball mill motor power (kW) 1800
Ball mill circuit seperator. motor power (KW) 50
Disagglomerator motor power (kW) 80
3.4. Closed circuit Horomill grinding
Horomill is very new grinding process and used for cement and
Design parameters of the circuit are presented in Table 4. As a raw grinding in cement industry. Design parameters of the circuit
result of the mass balancing exercise, the tonnages around the cir- are presented in Table 5. As a result of the mass balancing exercise,
cuit and the measured and the calculated size distributions are the tonnages around the circuit and the measured and the calcu-

presented in Figs. 6 and 7. lated size distributions are presented in Figs. 8 and 9.
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Fig. 6. Sampling points and tonnages of the streams around the VRM circuit.
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Fig. 7. The measured and calculated size distributions around VRM circuit.

Table 5

Horomill grinding circuit design parameters.
Motor power (kW) 1500
Separator power (kW) 45

4. Discussion

A comparison of the fresh feed and product size distributions of
the circuits is given in Fig. 10. It can be seen that despite the fact
that the feed size varied significantly, the variation in the product
size distributions were relatively small.

—feed —#—sepfeed —&—product

—= static sep fine -sep reject

Cum % Passing

01 1 10 100
Particle Size (mm)

Fig. 9. The measured and calculated size distributions around Horomill circuit.

The 80% passing sizes for the circuits’ feed and product are gi-
ven in Table 6.

The specific energy consumptions based on power draws of the
grinding equipments and all main equipment are given with stan-
dard bond work indexes and operational work indexes (Rowland
and Kjos, 1980) in Table 7.

As it can be seen from the data high compression milling has
low energy consumption when it is compared with ball milling
technology. Wi,/W; value is a performance parameter indicating
the grinding performance. If this value is low, it shows that the
efficiency of this process is high. Horomill grinding technology
has energy advantages over the other high compression grinding
circuit. But on the other hand, the energy efficiency of the HPGR

Feed Sep feed
510 t/h
75 t/h
—’ —
|-> ( D
Product 85 t/h
Fly ash 10 t/h

Sep reject
425 t/h

A

Fig. 8. Sampling points and tonnages of the streams around the Horomill circuit.
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Fig. 10. Fresh Feed and Final Product Particle Size Distributions of the Circuits.

Table 6
80% passing sizes of feed and product.

Circuit fresh Circuit
feed product

F80/P80

HPGR-ball mill 21.0 mm 0.029 mm 724
HPGR in HPGR-ball mill circuit 21.0 mm 0.054 mm 389
Ball mill in HPGR-ball mill circuit 0.054 mm 0.029 mm 1.8
VRM 12.8 mm 0.029 mm 441
Horomill 15.5 mm 0.025 mm 620
Ball mill 17.5 mm 0.032 mm 547

Table 7

Grinding performance parameters of the circuits.

Circuit Bond Operating ~ W,;,/W; Specific  Over all
work work energy specific
index index consump- energy
(kWh/t) W; (kWh/t) Wi, tion consump-

(KWh/t)*  tion
(kWh/t)°

HPGR-ball mill 14.7 11.2 0.76 20.0 21.2

HPGR in HPGR- 14.7 6.2 0.42 8 8.9

ball mill circuit

Ball mill in HPGR- 14.7 24 1.63 12 12.3

ball mill circuit

VRM 19.6 15.5 0.79 27.5 34.8

Horomill 144 9.1 0.63 17.5 18.2

Ball mill 144 19 132 32.5 32.8

2 Grinding equipment motor power included.
" All main equipments (fan, disagglomerator and separator) motor power
included.

Table 8
Circulating load ratio around the circuits.

Product TPH Coarse TPH % C.L.

Ball mill 160 237 148
HPGR in HPGR-ball mill circuit 150 570 380
Ball mill in HPGR-ball mill circuit 150 297 198
Horomill 85 425 500
VRM 80 960 1200

is shadowed by the ball mill in the circuit. In HPGR-ball mill circuit,
when the compression of the grinding efficiency of HPGR and ball
mill circuits separately, it can be seen that HPGR circuit is very effi-
cient. Although VRM is also very effective grinding equipment, it
consumes too more energy to transport the material from grinding
table to dynamic separator by air inside the mill. External material
transportation using mechanical methods is more effective than
internal air transportation method.

The circulating load ratio around the circuit is much higher
compared to conventional ball milling (Table 8). The reason is less
fine and slime production of the high compression technology
which prevents the over-grinding.

5. Conclusion

In this paper, the performance evaluation studies of four differ-
ent cement grinding circuits containing HPGR, VRM, Horomill and
ball mill in different configurations were presented.

Results show that high compression milling technology (HPGR,
VRM, Horomill) has lower energy consumption than ball milling
technology. When all performances of the circuits compared with
each other, the performance of the Horomill circuit is the best.
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