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Brief History of Development of CLASANAL

The need for a classifier analysis software arose with the development of a ball mill simulation model as early as 1979 when a mathematical model for distribution function of comminution kinetics was developed.  This model, which was also subsequently published, led to the development of a full-fledged Distributed Fracture Model for simulating the grinding operation. The various features of this model and applications based on the same were published during 1982 to 1990.  The application of this model to closed-circuit grinding systems in 1984 led to the need for a classifier analysis model.  A mathematical analysis of particle size distributions (psd) of streams around a classifier had already indicated inconsistencies in the “raw data” and earlier investigators had also noted the possibility of “correction” of the same using a Lagrangian technique.  A mathematical model based on this technique was scientifically built and an algorithm developed to solve the set of equations.  In 1985, a unified equation for the classification function, for different classifiers like turboseparators, vibratory screens, hydrocyclones and separators based on proprietary designs like O-Sepa etc., was developed.  This was integrated with the classifier analysis model and eventually converted into a ready-to-use software CLASANAL, the first version of which was released in 1986 itself.  The inconsistencies inherent in the raw data were removed and corrected particle size distributions began to be used for evaluating classifier performance.

It used to be extremely difficult to convince plant engineers that the circulating load estimated from psd data should yield the same value from all size intervals.  A frequent question asked is: “Why should the circulating load of different particle sizes be the same?”.  The ignorance in this question is almost palpable for an informed scientist.  The point is that it is not the circulating load of different particle sizes that one estimates from the equation based on the psds, but the data of different size intervals are only used to estimate the overall circulating load, which ought to be a constant when estimated from different size intervals.  This is a classic case of one variable-multiple equations case.  In all such cases, the solution would be inconsistent or non-existent.  Unless data correction is done, the same can lead to absolutely meaningless and absurd conclusions.  It is in the industry’s own interest that it recognises the magnitude of this problem and the practical relevance of first correcting the data before effecting any changes to the classifier design or operating conditions.  

After the correction algorithm was successfully implemented and demonstrated to the industry, the software CLASANAL was enhanced in 1987 to estimate the following important parameters, general to all types of classifiers:

· Direct bypass fraction (also equal to water-split ratio for wet classifiers)

· Cut-particle diameter, d50
· Sharpness index of cut

· The complete Tromp efficiency curve

Between 1986 and 2001, CLASANAL has been used to analyse more than 20 classifiers employed in different cement, mineral, fertilizer and chemical plants.

A companion software SIZEANAL, which predicts the particle size distribution using measurements of any one instrument and easily measured Blaine data, was found to be extremely useful in this context.  The integration of SIZEANAL with CLASANAL for automatic transfer of predicted psds was however completed only in 1996.  This results in an extremely powerful and complete CLASANAL.

A comprehensive graphics system was developed primarily as an add-on to our data correlation and analysis software GITA during 1989 to 1992.  We have completed a full working version of this graphics system in Windows as late as 2001.  This has also been integrated with CLASANAL now.  The full sweep of this integrated graphics system will become evident only upon using the same.  

CLASANAL is useful to optimise not only classifiers but grinding mills/circuits as well.  We have also published a few case studies where significant benefits were derived by operating plants.

What is CLASANAL?

Introduction
CLASANAL is a classifier performance analysis package.  The performance parameters of a classifier can all be estimated by simply measuring the particle size distributions (psd) of the streams around the classifier, namely feed(s), coarse return and fines product.  The final product particle size distribution affects the performance characteristics of the powder concerned which, in turn, are summarised for a few industries in Table A.  How the three P’s of a powder, namely the psd, power and performance, are inter-related has been brought out in our publication (ZKG International, 1988).  

Classifiers are normally used as part of closed-circuit grinding systems.  A typical grinding circuit employing three classifiers is shown in Fig. 1, which also shows the possible sampling points for taking out powder samples for particle size analysis.  The two sampling points, 3 and 6, which refer to powders carried away by the respective air streams, are the more difficult ones whereas the other six samples can all be easily collected.  The air stream samples have to be sucked out iso-kinetically for them to be true representative of the streams inside the pipelines.  All the three classifiers in Fig. 1 can then be analysed using CLASANAL.

Our companion software SIZEANAL is extremely useful in this context.  However, CLASANAL can be used with or without SIZEANAL.  Accordingly, CLASANAL is supplied in two versions, in one of which SIZEANAL is integrated.  An accurate knowledge of the operation of a classifier is crucial to control and optimise the powder quality, as well as to optimise associated equipments like grinding mills, filters etc.

Classifier Performance Parameters

Typically, a classifier divides one feed stream into two product streams, one richer in coarse particles and the other richer in fine particles.  Classifiers, which are thus opposite of mixers, are usually employed in closed-circuit grinding systems, supposedly to improve the overall specific energy consumption.  In some cases, the fresh feed itself may contain sufficient amount of fines of the desired particle size range.  In such cases (as happens in grinding systems involving roll presses), the fresh feed (which is roll press product) enters the classifier with only the coarse return from the classifier made to enter the ball mill.  And, the ball mill product additionally enters the same classifier, thus making it a two feed-two product problem.  CLASANAL is applicable for both the above-mentioned cases.  

The following parameters define the performance of a classifier and govern the overall optimisation of the grinding circuit:

· The overall circulating load (CL), which is the ratio of the total rate of return of the coarse stream (in t/h) to the total rate of the product fines stream.

· Direct bypass fraction (Rf), which is not subject to classification action and which simply bypasses from the feed to the coarse return stream.

· Cut-particle diameter (d50), which represents that particle size for which the collection efficiency equals 50%.  The feed of this particle size gets divided equally between the coarse and fines streams.

· Sharpness index of cut (SI), which is an indicator of the ideality of cut of the classifier.

· The Tromp efficiency curve, which is a plot of the collection efficiency (the coarse stream which returns back to the grinding mill) versus the particle size.

The above performance parameters can all be estimated using CLASANAL from the basic measurements of particle size distributions of streams around the classifier.  The operating conditions of different classifiers may be different, but the performance parameters of all the classifiers are the same as mentioned above.  The performance parameters once estimated can be correlated to the corresponding operating conditions specific to any classifier like fan rpm, air flow etc.  It is then possible to control the classifier performance by calculating the desirable operating conditions.  

One crucial step prior to estimation of the above-mentioned performance parameters is the “correction” of the psd data for sampling and measurement errors.  The importance of this will become evident as we go along. 
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FIG. 1 - TYPICAL GRINDING CIRCUIT EMPLOYING CLASSIFIERS INDICATING
POSSIBLE SAMPLING POINTS AND BASIC MODEL EQUATIONS





TABLE - A

PERFORMANCE CHARACTERISTICS OF DIFFERENT POWDERS 

	No.
	Industry
	Performance

	1.
	CEMENT

a. Raw materials

b. Fuel coal

c. Cement
	Burnability

Combustibility and Elutriation

Strength, Setting time,

Heat of Evolution etc.

	2.
	MINERALS 

a. Copper, Lead, Zinc, Aluminium, Gold, Silver

b. Iron ore (magnetite)
	Liberation and flotation

Liberation and magnetic separation

	3.


	FERTILIZERS, PESTICIDES
	Good mixing and granulation, Minimisation of loss of valuable powder

	4.
	CHEMICALS

a. Polymers, Blowing agents etc.

b. Catalysts
	Foaming characteristics, 

Rate of decomposition

Good surface area

	5.
	DETERGENTS
	Flowability, Mixing of raw materials, Dust collection at transfer points

	6.
	PHARMACEUTICALS

a. Drugs

b. Carrier adsorbent
	Controlled release and absorption rate, Bio-availability of drug

Adsorption/desorption rate

	7.
	PAINTS, PIGMENTS, TONERS etc.
	Surface coverage

	8.
	THERMAL POWER

a. Coal

b. Ash
	Combustibility and Elutriation

Collection in ESP

	9.
	MILK POWDER
	Consistency, Minimisation of loss of valuable powder

	10.


	EQUIPMENTS

a. Grinding Mills and Circuits

b. Classifiers

c. Spray Dryers

d. Mixers

e. Fluidized Beds
	Powder quality

Separation efficiency

Material loss

Mixing efficiency

Fluidizability, Elutriation


Graphics in CLASANAL

Curve-fitting and graph-plotting features are inherent in CLASANAL.  The following graphs are generated:

· The particle size distributions of streams around the classifier, as measured.

· The particle size distributions of streams around the classifier, based on SIZEANAL predictions.

· The Tromp efficiency curve based on psd measurements.

· The Tromp efficiency curve based on SIZEANAL predictions.

The integrated graphics system enables one to display both cumulative and differential psds in a variety of formats.  The differential weight distribution can be seen in different combinations of bar, pie, histogram etc.  CLASANAL is capable of generating all these graphs in linear (or XY), log-log, semi-log and inverse semi-log scales.  Features like “what-if” and “goal-seek” also inherent in CLASANAL are especially useful for determining cut-particle diameter, control of the process for achieving a certain cut-size etc.  Standard graphics features like changing the color combinations, grid super-imposition, temporary masking of selected streams, print preview, saving of graphs as bitmap (.BMP) files, different printing combinations etc. are integral to CLASANAL. 

Productivity Enhancements

Grinding mills such as ball mills, roller mills, roller presses and grinding circuits are widely used in cement, mineral, fertilizer and thermal power industries.  All such mills usually operate in closed-circuit in conjunction with a classifier.  A single ball mill producing cement at the rate of 100 tons per hour and consuming 3000 kW of electrical power is not uncommon.  Even a small improvement in the operation of such mills can lead to substantial annual savings.  CLASANAL enables one to control the extent of fines and steepness quality factor (SQF) of the product powder, which in turn leads to mill optimisation. In combination with our package BMSIMUL, which is capable of predicting the complete mill performance for any set of operating conditions, it is possible to select the best combination of operating conditions that leads to minimum formation of undesirable fines.  In one instance, the use of CLASANAL and BMSIMUL led to an improvement of 25% in throughput of a PPC grinding mill.

Power Savings by Classifier Bypass

Ironically, CLASANAL is also useful to examine if the classifier is serving any useful purpose at all.  In one instance, an analysis of the classifier performance using CLASANAL led to the conclusion that the classifier may simply be removed from the circuit!  This was actually implemented leading to significant savings in power consumption without affecting the product quality in any way.  It must be mentioned here that our software BMSIMUL was also extensively used in this case and slight adjustment to the ball size distribution was all that was required to effect removal of the classifier.  We have even published this industrial case study (World Cement, 1993).

Sadly, we have noted that the classifiers seldom give the performance parameters guaranteed by the equipment supplier or desired in the specific cases.   CLASANAL is extremely useful to detect and correct any such faults.

Filter Performance Optimisation

Filters like bag filter, ESP etc. are used as downstream equipment to dedust the classifier product streams.  Optimising the classifier using CLASANAL can optimise the performance of such filters too.  

Research and Development

CLASANAL is a product of in-house research and development and is useful to industries involved in research and development of new powder products.  The steepness of a powder especially depends on the sharpness index of cut of the classifier used.  An ideal classifier with a sharpness index of unity would effect an exact cut at a specific particle size resulting in the production of a powder with the highest possible steepness for the given feed size distribution.  If a correlation between the classifier operating conditions and its performance parameters is established, the same can be used to simulate the effect of different operating conditions on powder quality given by its psd.  CLASANAL has been successfully used in a number of cement and mineral plants to improve the particle size distributions of special cements, raw-mix, alumina etc.  CLASANAL has been extensively used in conjunction with our hydrocyclone software HCYCLONE to design and optimise hydrocyclone employed in a bauxite plant.  CLASANAL is also useful to decide the type of classifier to be employed in any process to achieve the desired performance parameters, Rf, d50, SI and Tromp curve.  

Trouble-Shooting and De-Bottlenecking
We have used CLASANAL to pinpoint the operating deficiencies in a number of grinding circuits as well as used the same to determine if the classifier itself is a bottleneck.  Some of our findings in this regard have also been published.  CLASANAL, together with SIZEANAL and BMSIMUL, has been used to trouble-shoot over 50 grinding circuits yielding significant benefits to operating plants.  Many plants operate the classifier at too low impeller rpm’s and/or air flow resulting in too high d50-values and too low circulating loads.  On the other hand, operating the classifier at high impeller rpm’s leads to high classifier power and choking of the first compartment of the ball mill leading to highly unstable mill operation.  Since the presence of classifier can be justified only at reasonably high circulating loads, this calls for a re-adjustment of the ball size distribution in the first compartment and altering the diaphragm slot width and percent open area.  The retainer ring diameter also may need to be changed.  The problem is that in most plants classifiers are retrofitted to the open-circuit mills leading to the above incompatibilities.  Even in plants where the classifier comes as original equipment with the grinding mill, such incompatibilities exist which can be removed only by a thorough analysis using softwares such as CLASANAL, SIZEANAL and BMSIMUL.         

Cost Reduction and Profitability
CLASANAL has been used for a number of different reasons and the above discussion presents only a few of them.  In every case, the benefits have far out-weighed the cost of the software.  The above discussion illustrates the cost-benefit analysis of using the same.  There is a decided advantage of using CLASANAL for all the industries employing any type of dry or wet classifier.

Industries Which Can Use CLASANAL
Cement, Mineral, Fertilizer, Ceramic, Refractories, Pharmaceuticals, Paints, Pigments, Thermal power, Abrasives, Pesticides, Cosmetics, Polymers, Plastic coating powders, Blowing agents, Catalyst, Milk powder, Flour and other food products, Toner, Detergent, Chemicals, Powder metallurgy, Equipment manufacturers like Grinding mills/circuits, Classifiers, Cyclones, Hydrocyclones, Vibratory Screens, Spray Dryers, Burners, Kilns, Conveying equipments, Instrument manufacturers, Test houses, Laboratories, Research and Teaching institutes, Consultants etc.
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