Brief History of Development of SIZEANAL

The seed for the development of SIZEANAL was sown as early as 1978 with the publication of the first research paper on inter-conversion of particle size distributions (psds) by Dr. K. Viswanathan in the annual conference held by Indian Institute of Chemical Engineers, a record of which is currently not available.  The concept was advanced further with the development of mathematical derivations for the specific surface area of a powder for different standard distribution equations and the importance of particle sphericity as a shape factor in relating different definitions of particle diameters.  Parallelly, research on a new mathematical transform called the monotonic transform by Dr. K. Viswanathan led to the development of a new particle size distribution equation.  These researches were subsequently published in international journals in the period 1982 to 1984.  During this period, the different particle diameters and distributions measured by different instruments were identified and characterized.  Then mathematical equations to convert the measurements of one instrument to those compatible with any other instrument were established.  This explained the apparent differences in the measurements of different instruments and seamlessly reconciled the same.  

The first working program of SIZEANAL, based on the various mathematical relationships, was completed in 1982.  This was used initially to provide particle size analysis services to a number of industries, wherein the SIZEANAL report itself formed the test report furnished.  After testing and debugging the program for three years and gaining experience with a variety of powders, the first copy of SIZEANAL as a ready-to-use software package was sold in 1985.  The software was continuously upgraded and extensively tested in a number of cement, mineral, fertilizer, chemical, pesticide and pharmaceutical industries during the years 1985 to 1989 during which time it had become a stable and reliable product.  A fundamental research on characterising steepness of powders led to the development of a novel area-volume characteristic curve, which in turn could be related to the “steepness” of a powder.  This research was published in 1987 and the underlying concept was integrated into SIZEANAL.  The various mathematical models on powder characterization, size distributions and measurement techniques were also summarised and published by us in the form of three proprietary technical reports in 1984-1985.  In 1989, SIZEANAL received a national award from DSIR for outstanding consultancy (among all disciplines from all over the country) including the first prize cash award of Rs. 20,000/- and a citation.

The first full-length paper on SIZEANAL was published in ZKG in 1988 and further advances in SIZEANAL were published later in World Cement in 1991.  Our later researches on the subject have remained proprietary and unpublished.  SIZEANAL has been tested with almost all the particle size measurement instruments available in the world and the same can therefore become a great value-addition proposition to any of them.

A comprehensive graphics system was developed primarily as an add-on to our data correlation and analysis software GITA during 1989 to 1992.  This was later integrated with SIZEANAL to give graphical punch and power to the same.  The full sweep of this integrated graphics system will become evident only upon using the same.  Several small additions to this system have been regularly made over the last ten years.   A full working version of this graphics system in Windows has been completed by us as late as 2001.  

The software SIZEANAL has helped a number of industries during the last 20 years in the following ways:

· Understanding and optimising powder quality

· Analysis and optimisation of grinding mills and circuits

· Analysis and optimisation of classifiers including estimation of Tromp curves

· Analysis and optimisation of a number of powder production and processing equipments 

· Correlation of powder performance with psd (cement strength, coal burnability, elutriation etc.)

· Trouble-shooting and de-bottlenecking

What is SIZEANAL?

Introduction
SIZEANAL is a particle size analysis package.  The single most important property of any powder is its particle size distribution (psd).  The performance of the powder as well as the power required to produce the powder are intimately related to the particle size distribution.  How the three P’s of a powder, namely the psd, power and performance, are inter-related has been brought out in our publication (see ZKG International, 1988).  The performance criterion obviously is different for different powders as illustrated in Table A.

A knowledge of the particle size distribution enables one to control and optimise the quality of the powder, optimise the equipment that produce the powder by producing only the desired particle sizes, control the effluent quality for pollution control purposes, optimise the performance of equipments that treat/handle powders such as classifiers, cyclones, filters etc.

Different Instruments

There exist several particle size distributions for a single powder (!) for it is a combination of a distribution (such as number, area, weight etc.) and a particle diameter (such as area diameter, volume diameter, surface-volume diameter, Stokes’ diameter, Martin’s diameter etc.).  There exist different instruments such as Coulter counter, Photosedimentometer, X-ray sedigraph, Laser-based instrument, Microscopy-image analyser, Sieving set etc. to measure the psd.  Each of the above-mentioned instruments measures a different psd and one often tends to get confused on seeing the analysis results of different instruments as they may vary significantly for the same powder.  For instance, a Coulter counter measures the weight distribution of volume diameter, microscopy measures the number distribution of Martin’s diameter, a Photosedimentometer measures the area distribution of Stokes’ diameter (which is the raw data) etc.  SIZEANAL understands the inter-relationships between the distributions and diameters measured by different instruments and is capable of converting the data measured by one instrument into that of another.  Thus, using the data of any one instrument, SIZEANAL can give the information provided by all the other instruments plus certain parameters such as the steepness quality factor not measured by any one of them.

Graphics in SIZEANAL

Curve-fitting and graph-plotting features are inherent in SIZEANAL.  Most of the standard size distribution equations have been incorporated.  This eliminates any scatter in the experimental data and is useful for interpolation and extrapolation.  The integrated graphics system enables one to display both cumulative and differential distributions in a variety of formats.  The differential weight distribution can be seen in different combinations of bar, pie, histogram etc.  The cumulative psd curves are generated for “raw data” as well as for standard distribution equation fits.  All the relevant distributions like number, area and weight can be obtained literally with the touch of a button.  Additionally, useful graphs like area-volume characteristic curve and specific surface area distribution are also automatically generated.  SIZEANAL 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 SIZEANAL are especially useful for determining median 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 powders, print preview, saving of graphs as bitmap (.BMP) files, different printing combinations etc. are integral to SIZEANAL. 

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


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.  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.  SIZEANAL enables one to know the amounts present in different fine size ranges 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 SIZEANAL and BMSIMUL led to an improvement of 25% in throughput of a bauxite grinding mill.

Improving Operational Efficiencies

The operational efficiency of a number of equipments like grinding mills, classifiers, spray dryers and filters depends upon the psd of the powders involved.  The monitoring of psd is imperative to improving operational efficiencies of such equipments.  

Especially, the quality of a filter is the filter micron rating (FMR) at different levels of efficiencies.  It is undesirable to use a filter of a lower FMR-value than what is required.  The operational efficiency will be adversely affected if the filter being used does not have the proper FMR.  We have developed a complete package to monitor and control the psd of the incoming and outgoing streams, calculate and plot the FMR-value, and analyse the data of filter pressure drop and flow rate variation with time.  The most critical step is obtaining the number distribution of Martin’s diameter using a microscope and converting the same into the useful weight distribution using SIZEANAL.  This results in the manufacture of filters of proper quality, which ultimately ensures good operational efficiency of plants using these filters.  Similar applications of SIZEANAL have been made to improve the operational efficiencies of a variety of powder production and processing equipments.

Research and Development

SIZEANAL is a product of in-house research and development and is useful to industries involved in research and development of new powder products.  For instance, in one case, in the manufacture of oil well cement, SIZEANAL was extensively used to monitor the particle size distribution obtained at different plant operating conditions and arrive at the proper set of conditions giving the desired particle size distribution.  While developing several new powder-based products, SIZEANAL would be found extremely useful.

Trouble-Shooting and De-Bottlenecking
By enabling one to know the particle size distribution at different operating conditions (both right and wrong) SIZEANAL helps one to immediately pinpoint the reason of malfunction of the equipment.  For instance, in one limestone-grinding unit, it was possible using SIZEANAL to identify that the desired amount in the fine size range was not being generated.  Smaller size balls and lower air ventilation are primarily known to generate such fines.  When smaller balls were added and air ventilation adjusted, the mill returned to normal operation.

Cost Reduction and Profitability
SIZEANAL 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 SIZEANAL for all the industries producing or handling powders at any stage of their operations.

Industries Which Can Use SIZEANAL
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, Spray Dryers, Burners, Kilns, Mixers, Bins and Hoppers, Conveying equipments, Instrument manufacturers, Test houses, Laboratories, Research and Teaching institutes, Consultants etc.

Integration of SIZEANAL with Any Instrument
While sieving and microscopy (without image analysis system) are two more commonly used inexpensive techniques of particle size monitoring, there are several other instruments available which are based on other principles like electrical conductivity, laser diffraction, photosedimentation, X-ray based techniques etc.  SIZEANAL can be integrated with any such instrument.  The basic data furnished by any instrument are “amounts” in different “particle size intervals”.  The amounts may be number, projected area, surface area, volume or weight.  The particle size may be any one of the possible diameters like sieve diameter, volume diameter, area diameter, surface-volume diameter or Stokes’ diameter.  This forms the basic input data for SIZEANAL as well.  The integration of SIZEANAL with any instrument will follow the scheme enunciated below:
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The above is an “automated” scheme where the instrument’s basic measurements are automatically captured in a file for analysis by SIZEANAL.  Alternately, the basic data can be entered “manually” using the Basic Data menu option of SIZEANAL itself.

The version of SIZEANAL to be integrated with different instruments would be different, which in turn would depend on the “amount” measured.  For instance, if the “amount” measured is weight, weight-version of SIZEANAL is to be used, and if the “amount” measured is number, number-version of SIZEANAL is to be used.  The “particle size” measured is similarly identified by the CODEXP-value. For the underlying theory and the actual CODEXP-values corresponding to different instruments, our various technical reports may be consulted.  

It may be noted that in integration of SIZEANAL with sieving set and microscope discussed earlier, the basic data are entered “manually” into SIZEANAL.  In advanced sieving sets and automatic microscopes with image analysers, the instruments measure and transmit the data electronically.  In such cases, automatic integration is possible even for sieving set and microscope through the “interface program” route discussed above.

The integration of SIZEANAL is a great value addition proposition for any measurement instrument.  The “one” distribution and “one” diameter measured are used by SIZEANAL to give “all” distributions and “all” diameters, besides several important average properties of the powder as well.  Further, distribution equation fitting feature enables one to “smoothen” out the errors and inconsistencies inherent in raw data and take out predictions at any specific set of particle sizes.  Finally, the integrated graphics system in SIZEANAL acts as the icing on the cake adding great elegance and power to the instrument as a whole.

