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This paper aims to develop a new approach for determining the performance of regrinding tumbling
mills, which is based on the grindability and floatability of locked particles through regrinding systems.
The approach combines the grindability factor, in which the grinding of coarse particles is only consid-
ered, with the floatability of the regrind mill feed and product using the corresponding grade-recovery
curves. The approach was examined in the Sungun industrial regrinding tumbling ball mill using various
feed rates. The results showed that the efficiency of the regrinding mill is extremely low and some prac-
tical approaches and means are proposed to enhance its efficiency.
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1. Introduction

In most cases, the existence of a regrinding mill in mineral pro-
cessing plants is inevitable and plays an important role. The main
objective of a regrinding mill in mineral processing plants is the
liberation of locked valuable minerals. The performance of regrind-
ing mills often deviates from the initial design operating state due
to the changes in ore characteristics and operational conditions. To
improve the efficiency of such mills, many means and ways have
been continuously proposed by researchers.

In this sense, the Bond standard grindability test has been
widely employed to determine the energy required for grinding
middlings and fine particles. As stated by Levin (1989), the Bond
grindability test cannot properly be applied in the case of fine
materials and middlings. Some limitations of the Bond grindability
test have been raised through the application of a mill without
lifters and screenings, instead of classification in a closed circuit
(Levin, 1989). In addition, the Bond grindability test does not take
into account the relationship between the distribution of feed size
and media size. Also, the same media size combination is often ap-
plied in the test, resulting in a higher work index value in the case
of fine materials due to hindering of breakage phenomena.

Considering these facts, Levin (1989) employed a comparative
grinding test in which a reference material from an operating plant
is ground in the laboratory mill to determine the equivalent energy
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consumption per revolution of the laboratory mill. Consequently,
the following grindability index was proposed for fine materials.
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where B is the equivalent energy per mill revolution and is almost
constant, making up 1.98 x 10~7 (kWh), P; is the aperture of the
limiting screen (um), G is the net mass of screen undersize pro-
duced per mill revolution (g), and U is the percentage undersize
in the minus 6 mesh feed. Once B is obtained, the grinding energy
is supposed to be calculated as follows:

19.8 XNkWh 2)

where m (g) of the desired product are obtained in N revolution (Le-
vin, 1989).

Based on the approach proposed by Liven, the specific energy
required for material grinding is considered equal to the equivalent
energy per revolution of the laboratory Bond mill. This energy can-
not be accurately estimated since the grinding energy of fine mate-
rials considerably differs from the equivalent energy per revolution
of the laboratory Bond mill. This implies that the effect of material
size on grinding energy is still present and the approach does not
takes into account changes in the relationship between size and
breakage behavior of material. In addition to this approach, Morrell
(2008) presented a new approach for determining the specific
energy requirement of tumbling mill (grinding) circuits. As stated
by Morrell, the application of this approach is limited by the
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product and feed size range and cannot be employed for regrinding
circuits fairly.

Ghaghazanian et al. (2008) used grade-recovery curves of the
regrind ball mill product and feed to evaluate the performance of
regrinding tumbling mills. The performance of regrinding mills is
satisfactory when the grade and recovery in the product is better
than that of the feed.

The objective of this study is to propose a new quantitative
approach combining floatability (grade--recovery curves) and
grindability for various feed rates in a circuit. The applicability of
this approach will be finally validated using several industrial
surveys in the Sungun copper beneficiation plant.

2. The Sungun regrinding circuit

The Sungun copper complex is located at the East Aazarbaijan
province, in the north-west of Iran. The Sungun mine is an open
pit mine of the porphyry copper deposit which is the second larg-
est copper mine in Iran. At this plant, a 3.962 x 5.791 m regrinding
tumbling ball mill with an overflow discharge is used to grind and
subsequently liberate locked valuable minerals from an entering
feed ground to —300 pm using primary and secondary milling pro-
cesses in a circuit closed with cyclones. The discharge of the
regrinding mill is mixed with the rougher and scavenger concen-
trates and then sent to the secondary cyclones. The discharge of
the regrinding mill is named as the regrinding product through
the manuscript. The underflow of the secondary cyclones is the
regrinding mill feed (Fig. 1).

Some important characteristics of the regrinding mill are sum-
marized in Table 1. To obtain insight into the performance of the
regrinding mill, samples were taken for testing from the regrinding
mill feed (cyclone underflow) and product (mill discharge).

3. Data collection and experiment

To validate the new approach, the regrinding circuit was sur-
veyed 4 times under various feed rates ranging from 72 to 100 t/
h, approximately corresponding to 1/10th of the Sungun plant feed
rate at any plant feed rate according to the mass balance results in
a stable operating condition. The sampling from the regrinding mill
product and feed was made using a proper sampling cutter. During
the sampling, it was tried to avoid over filling of the cutter. The
samples of the regrinding mill discharge and feed were collected
within a 45 min operating period. The representative gross sam-
ples were obtained by mixing of increments collected in equal time
intervals.

Once the representative samples were collected, a number of
the samples were dried and weighed for size analysis. The size
distribution of the regrinding mill feeds and products were
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Fig. 1. The regrinding circuit in the Sungun plant F.T.: Final Tail, R.C.: Rougher
Concentrate, S.C.: Scavenger Concentrate, F.C.: Final Concentrate.

Table 1
Operating conditions of the Sungun regrinding mill in initial
design.
Parameter Value
Availability (%) 90-97
Ball filling (%) 40
Ball size (mm) 25
The d80% passing product size (pm) 100
Feed top size (um) 300

determined using the sieve analysis to —37 pm. The size analysis
was repeated to maximize the measurement reliability.

More than 1000 particles from each size class were processed
for the liberation study using an optical microscopy.

Another part of the representative samples was immediately
subjected to the flotation kinetics tests to extract grade-recovery
curves. The flotation kinetic tests were conducted on the taken
samples without adding any chemical reagents, i.e., the relevant
chemical reagents have been already added at various points in
the plant regrinding system. The flotation tests were carried out
in a Denver flotation cell at pH 11.5.

In the flotation kinetic tests, froth was collected in a pan for a
certain period of time and the pan replaced by another pan. Each
pan of the concentrate was weighed and assayed for copper to cal-
culate copper recovery to the concentrate over time. The flotation
tests were extended up to 13 min residence time and the froth
samples were collected at time intervals of 1, 3, 5, 8 and 13 min
from the beginning of the flotation tests. The recovery of each
pan was then added to the recovery from any previous pans to ob-
tain the cumulative recovery. In addition to the cumulative recov-
ery, the cumulative grade was also calculated. In the next step, the
cumulative grade against the cumulative recovery was plotted to
develop a “grade-recovery curve”. At the low recovery, the grade
is quite high, since the concentrate mainly contains very hydro-
phobic particles. Once all the very hydrophobic particles were vir-
tually floated, less hydrophobic particles were recovered.

Any change on variables affecting the rate or extent of flotation
will lead to changes in the operating point on a grade-recovery
curve, or to a new grade-recovery curve. For example, factors
affecting all particles in the same manner, such as residence time
and air addition rate, will cause movement along a grade-recovery
curve. Those factors that affect the flotation of one particle type
more than another will lead to a new grade-recovery curve. Thus,
careful attention should be paid to run the flotation kinetics exper-
iments in a similar manner and at fixed conditions. Finally, the
floatability index (D) was calculated using grade-recovery curves
as explained in the following sections.

4. Proposed approach

It is thought that any approach for evaluating the regrinding
mills should meet the following criteria which are the metallurgi-
cal objectives of the regrinding process in the mineral beneficiation
plants:

1. The approach must explain the grinding process, whether the
regrinding is performing or not.

2. In the regrinding process, not only the production of much more
fine materials (slime production) must be limited (due to the
detrimental effects of the fine materials in downstream pro-
cesses like flotation) but also the liberation of locked valuable
minerals must have occurred sufficiently.

3. For a given beneficiation condition, the regrinding positive
effects must be reflected on the grade-recovery curves for any
given feed.
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