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ABSTRACT

Tata Research Development and Design Centre (TRDDC) has developed
a state of the art mineral processing simulator called SimL8. It performs
modelling, simulation and optimisation functions and provides viable
strategies for enhancement of the performance of mineral processing
plants. A number of case studies on plant diagnostics, grinding,
classification, flotation and pressure filtration are taken up to
demonstrate the utility of modelling and simulation on SimL8 platform.
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INTRODUCTION

The efficiency and viability of a mineral processing plant operation is deter-
mined by its productivity, yield, product quality, cost, energy consumption, en-
vironmental impact and so on. These indices, in turn, are impacted by the chem-
istry of the process, as controlled by chemicals, reagents, surfactants, polymers,
pH etc., and by the physical unit operations employed. The advances made in
molecular structure, properties and behaviour now permit us to select chemicals
with much greater reliance on our understanding of the fundamentals than on
empirical knowledge. Molecular modeling and reagent design is an emerging
field, which holds considerable promise for mineral processing industry. Recent
advances in reagent design''"'*! have shown that it is possible to identify more
selective reagents, tailor - made for a specific separation problem at hand. De-
tailed discussion on these topics, however, is outside the purview of this paper.
The reader is referred to several excellent monograph and reviews.
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Improvement in the process chemistry, in isolation, is by no means adequate
for optimisation of the mineral processing plant. It is concurrently necessary to
analyse in detail the various unit operations that comprise the plant as well as the
manner in which these are interconnected, that is, the circuit configuration. For
this purpose, one has to carry out computer aided process design, simulation,
optimisation and circuit synthesis. SimL8, the state of the art mineral processing
simulator developed by TRDDC, perform these tasks with relative ease in a user
friendly environment.

As shown in Fig.1, the first step in an exercise directed at plant optimisation
usually calls for collection of plant data, followed by data reconciliation. plant
audit and diagnostics. Next step entails acquiring or building mathematical models
of the various unit operations comprising the plant, such as size reduction, clas-
sification, beneficiation, liquid-solid separation etc. The models can be empiri-
cal, semi-empirical or more realistic and detailed phenomenological models in
the particle population balance paradigm. The last approach requires a sound
understanding of the actual physical phenomena prevailing in a unit operation.
Once the mathematical models are validated with plant / laboratory data, it
should be possible to simulate the performance of individual units and the circuit
as a whole, and come up with strategies for performance enhancement. These
complex and computational intensive tasks are best carried out with help of a
tailor-made, dedicated and user-friendly modeling-simulation tool such as SimlI.8.

Plant audit & diagnostics

Unit operations
optimization &
circuit design

Design / selection of Size Reduction

appropriate reagent & classification
combination (dosage

optimization)

Solid - Liquid
separation

Separation
of desired
component

Fig. I : Schiematic diagram showing variouws steps in plant optimization

MODELING-SIMULATION TOOLS

Very few commercial modelling-simulation tools for mineral processing plants
ar¢ currently available. These are USIM PAC from BRGM, France: JKSimFloat
from JKMRC. Australia: and SimL& from TRDDC, Pune. Based on more than
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fifteen years of TRDDC experience in modelling, simulation and optimization of
mineral processing unit operations and circuits, SimL8 was developed in col-
laboration with the software-engineering group of Tata Consultancy Services and
Hindustan Zinc Limited. It incorporates the latest Simulator Development Envi-
ronment (SDE), a proprietary technology of Tata Consultancy Services, which
enables seamless additions of new unil operations, process models, solvers or
optimisers. SimL8 has 3 modes of operation, namely, data reconciliation!'®'7!,
parameter estimation and simulation. It has a user friendly graphical user inter-
face, which interacts with the backend solver, optimiser and a large backend
library of process models. The architecture of SimL8 is shown in Fig 2.

Data Reconciliation
R B ) oplnimizat;rr:d of
Seaioon grinding circuits

| sowvers | | | optimizers |

Plant flow sheet

. Ecaqipcran?mr::s Design and
pecifi .
oces! i optimization of
EL Pr 5 specific GUI C> flotation circuits
] variables
Piant data 3
Grinding
Classification
Flotation Design of mineral
MGS processing
| Filtration cirguits

Editable report
Graph
Display value
Run info for output

Fig. 2 : Architecture of Siml8

CASE STUDIES

A few case studies carried out by us are presented in the following sections
to illustrate the utility and power of SimLS§.

Plant Audit and Diagnostics!'*!7!

A process audit is a methodical and systematical exploration of a system for
quantifying its performance. Process auditing of a mineral processing plant at
regular intervals can provide valuable information to the plant engineers regard-
ing the plant health and drift in the plant performance with time. It is also
possible to identify the problematic process units from the plant audit. This case
study was done on a Pb circuit, shown in Fig. 3, of a Pb-Zn plant. The Pb circuil

375



ikt foass . - 4 =t

PRADIP S, RAHA and P C. KAPUR

comprises of rougher (Ro). scavenger (Sc). cleaner! (Cl), cleaner2 (C12) and
cleaner3 (Cl3) banks.,

Based on recanciled data, the bar-charts in Figure 4 show the variation in the
Pb grade and Ph recovery across various runs.

Amounts of graphite carbon and insoluble across the runs are shown in
Fig. 3.

The variations in the performance of different process units across the data
sets are shown in Fig. 6(a-d). In an ideal separation the distribution of the desired

component (Ph) is unity and undesirables (Gr. C. Insoluble) rero

Fig. 3 : Pb circuir
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Figure 6 (a, b, ¢, d)
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It will be seen from these plots that there are considerable variations in the
performance of the process units in different runs. On the whole. Rougher and
Scavenger are working reasonably efficiently as compared to the cleaner banks
in rejecting insolubles. For separating Pb, Cleaner] is not working well; how-
ever, cleaner 3 has better separation performance for Pb ., and in set 3 it is
performing quite well.

Information of this kind based on plant data but appropriately reconciled for
mass balances using a tool like SimL38, if collected on a regular basis and docu-
mented, again with the help of a data processing tool like SimL8 having those
functionalities, can provide valuable means of optimizing plant pertormance. If
the trends of this kind established on the basis of plant data are correlated with
actual mineralogical or operating conditions, one can make suitable changes 1o
enhance plant performance.

Grinding and Classification!'%**
Case study 1 :

This illustration is for a typical chrome ore beneficiation plant. The original
chrome ore grinding section is shown in Fig. 7. The problem in the plant was
related to low throughput with relatively high generation of slime (-37 micron).
SimL8 was employed 1o mass balance, model and simulate the grinding circuit.

It was found from the plant audit studies (consisting of sampling campaigns
followed by data reconciliation and performance assessment of cach individual
unit) that the sieve bend was overloaded and was not performing well. Based on
extensive simulations, a circuit modification was proposed in which the finer
fraction of screw classifier is not reclassified in the sieve bend but directly taken
out as product. Moreover, the sieve bend overflow is sent back to screw classi-
fier, unlike the original circuit in which the sieve bend overflow is recycled to
the ball mill. These changes led to a significant increase in the overall circuit
throughput and reduction in proportion of slimes fraction. The modified circuit
is shown in Fig. 8.

As the separation efficiency of sieve bend was poor. the throughput of the
modified circuit could be improved by bypassing the screw classifier finer frac-
tion. The sieve bend performace before and after the modification is shown in
Fig. 9. The sieve bend was overloaded and reduction in the sieve bend loading
can improve its separation efficiency.
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Fig. & : Modified chrome ore grinding circuit
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A comparison of the performance of the two circuits is shown in Table 1.

Table | : Comparison of performance of two circuits

Circuit Feed (V/hry | Feed (t/hr) Ball mill Product. Product
(-3 mm) (-15+3 mm) | throughput wt% (-37 | wl%
(t/hr) micron) (-500+37
micron}
Normal 81.46 25.70 69.70 34.88 62.95
Modified ckt | 151.39 47.76 112.18 34.13 65.45

A 100l like SimL8 can thus be very gainfully utilised in plant practice in not
only assessing the unil performance quantitatively but also to find suitable rem-
edies to those operating sub-optimally.

Case study 2

The primary and secondary hydrocyclones in a classifier circuit can be com-
bined in various ways as shown in Fig. 10.

Fig. 10 - Classifiers arranged in various swavs

The plots in Fig. 11 shows the simulated product size distributions obtained
under different modifications. It would scem that there is an oplimal classifier
circuit for a given product requirement. which can be identified by modelling
and simulation.
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Cumulative Size Distribution in Final Product
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Fig. 11 : Product size distribution in various hydrocyclone arrangements

Flotation circuit?*-3

The flotation circuit will be described with a case study of the Pb circuit
already shown in Fig. 3.

Case study 1 :

Some interesting simulation results were obtained when the final Pb concen-
trate stream is fed back to various banks i.e., rougher, scavenger, cleanerl, cleaner2
and cleaner 3. Fig. 12 illustrates the effect of recycling path (the results of
increasing proportion of recycling of final concentrate back to the flotation cir-
cuit) on the rejection of graphite carbon content and Pb recovery. It would seem
that recycling of final concentrate to scavenger has the most disastrous effect on
lead recovery with only a small improvement in graphite carbon rejection. This
is expected since material fed to scavenger bank will go out of final tails, leading
to high loss of valuable material. When recycled to rougher bank, even though
the recovery drops, it is accompanied with a better performance in graphite
rejection. Recycling in cleaner 1, cleaner 2 and cleaner 3 shows improved per-
formance with better rejection of graphite carbon and lower drop in recovery in
that order. The simulation results suggest that cleaner 3 concentrate can be re-
cycled back for improving the quality of concentrate.

Case study 2 :

Based on empirical experience, plant engineers often shift cells from one
bank to another. The effect of shifting some cells from rougher to scavenger bank
was simulated with SimL8. Fig. 13 shows the effect of increasing the number of
rougher cells, while keeping total number of rougher and scavenger cells con-
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stant, on Pb grade and recovery. With an increase in number of rougher cells. Ph
grade drops. Pb recovery increases slightly as number of rougher cell is in-
creased from 2 to 3 and then it begins to drop again with further increase in
number of rougher cells,
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O-th level simularion :

SimL8 has many detailed and realistic mathematical models for grinding.
classification and flotation. For other unit operations. which have not been
modelled yelt, a lacility of O-th level simulation has been provided. In O-th level
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simulation, it is assumed that separation efficiency of a process unit, which can
be calculated in SimL8, remains approximately invariant of any reasonable
modification in the circuit configuration. Thus, one set of separation efficiencies
can be employed to simulate the modified circuits. This is demonstrated with
reference to the Pb circuit in Fig. 3. It is known that a multi gravity separator
(MGS) can be quite effective in rejecting graphite carbon from the Pb circuit. A
decision had to be taken regarding the position of MGS in the Pb circuit. With
this objective in mind, several circuit configurations were tested by simulation
in order to obtain the best possible circuit configuration. Fig. 14 shows the
optimal circuit configuration-obtained. There is a significant improvement in Pb
grade with only marginal drop in recovery when MGS feed comes from cleaner
I concentrate and cleaner 2 tails. Table 2 shows the expected performance of
different circuit modification.

Fig. 14 : Pb circuit with MGS

Table 2 : Effect of MGS on Pe?‘formance of Pb Circuit

Circuit Configuration i Grade (%) Recovery (%)
Pb ~ Gr.C | Pb
Without MGS | 48,12 9.58 62.26
Feed Conc. Tail
Scavenger Cleaner 1 Rougher 4617 | B8.74 66.67
Conc
Cleaner 1 Conc  Cleaner 2 Cleaner 1 71.87 0.86 50.88
With | Rougher Conc Cleaner 1 Rougher 71.23 0.81 46.29
MGS| Cleaner 1 Conc  Cleaner 2 Cleaner 1 68.41 0.75 57.19
and Cleaner 2 !
tail
Cleaner 1 Conc  Cleaner 2 Rougher 73.15 0.67 | 41.66
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Solid Liquid Separation'***"

All mineral processing plants have solid liguid separation units, like thick-
ener, pressure fillration etc. The various solid liquid separation devices are listed
in Tuble 3.

Table 3 : Dewatering devices
T

Pressure  (kPa) Device
0 i~ Gravity bel filter
<10 Thickener
<200 Vacuum and drum [ilter
<300 Ceramic drum filter
200-1.000 Belt press filter
1.000-3,000 Plate and frame filter
5.000-20.000 Tube press

The issues that need to be addressed for efficient dewatering operation are: (1)
The optimum dosage of dewatering aids (eg. flocculants). (i) The best dewatering
aid for a particular slurry, (iii) The extent of dewatering achievable economically.
(iv) The rate of dewatering and (v) Optimal conditions for maximizing extent and
rate of dewatering. TRDDC has developed cxpertise in modeling simulation of
filtration processes. The study involves characterisation ol the slurry in the labora-
tory, modeling and simulation to ascertain the optimal conditions for the filtration
process. Fig. 15 shows the model fiton Zn concentrate laboratory experimental data
at various operating pressures. Fig. 16 shows the effect of initial slurry height in
filtration chamber on everall throughput. From the figure we observe that the through-
put for a given handling time has a maxima with respect to initial slurry filling
height. The maximum throughput increases by as much as 40 % when the handling
time is reduced by 200s. Further, if the stopping criterion is relaxed from a value
of 16% 1o 10%. for a fixed filtration pressure and handling time. the maximum
throughput increases by 50%. The maximum throughput is obtined when the fil-
tration lime is same as the handling time.

800
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700 b - 08 J

600 l—

so0 |
400 -

300 |-

fiitration lime (min)

100 =

(8} 02 03 04 05 06 o7 o8
Solid volfraction

Fie, 13 2 Comparison of expevimental data and mode! peedionon of Zr cong
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Fig. 16 : Effect of initial sty height on overall throughput

ACKNOWLEDGEMENT

Development of SimL8 has involved hundreds of man-months effort and

contribution of many of our colleagues in TRDDC, TCS and HZL. We are
greatful to all of them for their inputs. We also greatfully acknowledge the help
and support of the management of TCS and HZL.

REFERENCES

I

Ravishankar, S.A., Pradip, Khosla, N.K., (1995), "Selective flocculation of iron
oxide from its synthetic mixtures with clays: A comparison of polyacrylic acid and
starch polymers”, Int. J. Mineral Processing, 43, p. 235.

Pradip, Das, K. K., Singh, R., (1995), "Flotation of complex sulphide ores, In:
selected topics in mineral processing”, (Eds.) Pradip and Kumar, R., Wiley Eastern,
New Delhi, p. 118.

Pradip, Kumar, R., (Eds.), (1995), "Selected topics in mineral processing”, New Age
Pub., New Delhi, p. 300.

Das, K. K., Pradip, Suresh, B., (1995), "Role of molecular architecture and chain
length in the flotation separation of oxidised copper-lead-zinc minerals using
salicylaldoxime derivatives", Proceedings, XIX International Mineral Processing Con-
gress, San Francisco, SME-AIME, USA, vol. 3, p. 245.

Mulukulta, P.S, (1994), (Ed.,) "Reagents for better metallurgy", SME-AIME, Colo-
rado, p. 364.

Pradip, (1994), "Beneficiation of alumina-rich Indian iron ore slimes", Metals, Ma-
terials & Processes, 6(3), p. 170.

Pradip, (1994), "Reagents design and molecular recognition at mineral surfaces”.
Proceedings. Symposium on Reagents for Better Metallurgy, (Ed.) Mulukutla, P.S.,
SME-AIME, Chap. 24, p. 245.

385



[T T Y ol &w:ﬁMLﬂﬂ'h‘ Wi et g vk bbb s o wbt b s bbb 1o min 2k b

10.

20.

21.
22,

24.

PRADIP S. RAHA and P. C. KAPUR

Pradip. (1992), "Design of crystal-structure specific surfactants based on molecular
recognition at mineral surfaces”, Current Science, 63(4), p. 180.

Pradip. Fuerstenau, D.W., (1991), "The role of inorganic and organic reagents in the
flotation separation of rare-earth ores”, Intl. J. Mineral Processing, 32, p. |.
Pradip, Singh, R., Das, K. K., Sankar, T. A. P, Sunilkumar, T. §.. Narsimhan, D_,
Rao, N. K., (1991), "Studies to improve the flotation recovery in the beneficiation
of a complex mixed sulphide-oxide ore from Malanjkhand, India", Proceedings
XVII Intl. Mineral Processing Congress, Dresden. Germany IV, p. 151.

Pradip, (1988). "Applications of chelating agents in mineral processing”, Minerals
and Metallurgical Processing, 5(2), p. 80.

Pradip, (1988), "Testing and evaluation of reagents for mineral flotation", Minerals
and Metallurgical Processing, 5(3), p. 114.

Somasundaran, P.. Moudgil, B.M., (Eds..) (1988), "Reagents in Mineral Technol-
ogy", Marcel Dekker, p. 755.

Jones, M.J., Oblatt, R., (Eds.,) (1984), "Reagents in mineral industry"”, IMM, Lon-
don, p. 294,

Sabne, M. P. et. al., (1995), "Improvements in mineral processing plant performance
through computer-aided plant auditing and diagnostics”, In : Mineral Processing
Recent Advances and Future Trends, Ed.: S.P.Mehrotra and R.Shekhar, Allied Pub-
lishers, New Delhi.

Kapur, P.C., Monika Agrawal and Fuerstenau, D.W., (1993), "A two-tier approach
to the mass balance of multi-level mineral processing data”, Part 1: Performance
index and local balance around a node, Int. Journal of Min. Process., 39, p. 209
Kapur, P.C., Monika Agrawal and Fuerstenau,D.W., (1993). "A two-tier approach
to the mass balance of multi-level mineral processing data". Part 2: Splicing of
stream flows and global balance over a circuit, Int. Journal of Min. Process., 39. p.
225.

Sivakumar S. et. al., (1998), "Modelling and simulation of chrome ore grinding
circuit at Sukinda”, Tata Search, p. 77.

Austin, L.G., Klimpel, R.R., and Luckie, PT., (1984), "Process engineering of size
reduction : Ball milling", Society of Mining Engineers.

Prasher, C.L., (Ed.). (1987), "Crushing and Grinding Process Handbook, John Wiley
& Sons.. p. 259.

Kapur, P.C., "Modelling of tumbling mill batch processes™. Chapter 9 in (23).

Lynch, A.J., (1977), "Mineral crushing and grinding circuits: Their simulation, op-
timization and control", Elsevier Scientific Publication Co., p. 87.

Fintoff, B. C., Plitt, L. R. and Turak, A. A., 1987, "Cyclone modelling - A review
of present technology”. CIM Bulletin, Vol 80, p. 39.

Klimpel. R.R.. (1980). "Estimation of weight ratios given component make-up analysis
of streams”, Trans SME/AIME, Vol 266, p. 1882.

386



26.

27.

28.

29.

20

31.

32

33.

3.7

36.

PRADIP §. RAHA and P. C. KAPUR

Kapur, PC., (1970), "Analysis of the bond grindability test", Trans IMM, Vol 79,
p C 103

Kapur, PC., (1982), "An improved method for estimating the feed-size brekakage
distribution functions”, Powder Tech, Vol 33, p. 269.

Nageswararao. K., (1995), "A generalised model for hydrocyclone classifiers", Aus
IMM, 300(2), 21 (Dec).

Napier-Munn, T. 1., (Ed.), Mineral Comminution Circuits-Their operation and opti-
mization, JKMRC, p. 273.

Pradip, Sabne, M. P, and Sivakumar, S., (1996), Computer-aided optimal design of
mineral separation circuits, Transport Phenomena in Metallurgical Processes, NML,
Jamshedpur, p. 192.

Sabne, M.P., Pradip, Vora, S.B., and Kapur, P.C., (1995), Modeling, Simulation and
Optimization of a complex multi-stage multi-component flotation separation circuit,
in Mineral Processing Recent Advances and Future Trends, Ed.: S.P.Mehrotra and
R.Shekhar, Allied Publishers, New Delhi,.

Pradip, Rao, R. and Sivakumar, S., (1995), "Role of computer aided modelling and
plant optimization in mineral processing”, Quantitative Approaches in Process Met-
allurgy, Eds: A.K.Tripathi, P.Dutta and H.S.Ray, Allied Publishers, New Delhi.

Dey A, Kapur, P.C., Mehrotra S.P., (1989), "A search strategy for optimization of
flotation circuits", Int. J. of Min. Process., 26, p. 73.

Kapur, PC., Dey A, and Mehrotra, S.P., (1989), "Identification of feed and simula-
tion of industrial flotation circuits”, Int. J. of Min. Process, 26, p. 73.

Landman, K.A. and L.R. White, (1997), "Predicting filtration time and maximizing
throughput in a pressure filter", AIChE J, 43, 3147.

Landman, K.A., L. R. White and M. Eberl, (1995), Pressure filtration of flocculated
suspensions”, AIChE J., 41,1687.

Buscall, R. and L.R. white, (1987), "Consolidation of concentrated suspensions I:
The theory of sedimentation”, J.Chem. soc. Faraday Trans., 83, 873.

387



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15

