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ABSTRACT
 
Agglomeration is a widely used process that plays a key role in de-dusting, controlling particle size and shape, controlling density and the overall performance of bulk solid products. From porous granules and charcoal briquettes to masonry bricks, agglomeration or particle size enlargement transforms powdery bulk solids into materials of larger sizes with either random or controlled shapes and performance characteristics. The performance of agglomerated products is determined by their composition, structure and the process used to form them. specific objectives were achieved during this research are development and  testing of a bench-scale agglomeration process for granulating limestone-based material as a filter media for metals adsorption are discussed. They allow estimation of important properties of agglomerated products, such as the bulk density, the strength of wet and dry granules and the kinetics of liquid wetting. 
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INTRODUCTION
Agglomeration is the process of smaller particles clumping together to form larger masses. It happens naturally when fine powders, dust, or microscopic particles stick to one another through physical or chemical forces, and it can also be deliberately engineered in industries ranging from pharmaceuticals to food manufacturing. The same basic principle appears in contexts as different as nano particle research, water treatment, and even urban economics (1).
Agglomeration is the process of particle size enlargement, commonly used to enhance material fines into a usable granular form while providing benefits such as dust reduction, improved handling, and economic efficiency. Understanding particle agglomeration and aggregation and the mechanisms that cause such assemblies is important in a wide range of processes and applications. Aggregation and agglomeration are two terms that are used to describe the assemblage of particles in a sample (1,2). 
Limestone water comes from the natural processes that dissolve limestone rock. It’s like nature’s very own mineral-infused elixir, formed when rainwater seeps through limestone deposits, picking up calcium carbonate along the way. This water contains mineral content that can range from 50 to 500 milligrams per liter. It frequently boasts a distinct taste that many enthusiasts rave about. Research shows that calcium, which you’ll find plenty of in limestone water, plays a critical role in agglomeration. Although these two terms have distinct meanings, they have been used interchangeably, leading to a universal confusion (3). 
In the second approach of agglomeration by compression, or compaction, a powder blend is fed to a compression device that promotes agglomeration due to large, applied compaction pressures. Continuous sheets of solid material are produced, as in roll pressing, or some solid form is made, such as a briquette or tablet. Continuous sheets or strands may either break down in subsequent handling to form a granulated material, or the material may be further processed through a variety of chopping, spheronizing or forced screening methods. Carrier fluids may be added or induced by melting, in which case the product is wet extruded. Compaction processes range from confined compression devices, such as tabletting, briquetting machines and ram extrusion to unconfined devices, such as roll presses and a variety of pellet mills (4),
In a CPI plant, an agglomeration process involves several peripheral unit operations, such as milling, blending, drying or cooling and classification, referred to generically as an agglomeration circuit. In addition, more than one agglomeration step may be present as in the case of pharmaceutical or detergent processes. In troubleshooting process upsets or product quality deviations, it is important to consider the high degree of interaction between all unit operations involved in solids processing facilities (5).
Agglomeration is typically used to create flee-flowing, non-segregating, uniform blends of key ingredients, with agglomerates of controlled strength that can be reproducibly metered in subsequent operations. The desired attributes of the agglomerate clearly depend on the application at hand. Still, it is important to appreciate the generic impact of agglomerate size distribution and porosity, both of which impact final product appearance. Agglomeration is used to achieve numerous benefits. For example, a proper size distribution of granules improves solids flow, deaeration and compaction behaviour, but minimizes segregation. Granule porosity controls strength, attrition resistance and dissolution rate, impacts capsule and tablet behaviour, and controls surface-to-volume ratios of catalyst applications. The generic agglomeration mechanisms of granulation and compaction are addressed in the following sections (1,3, 6).
METHODOLOGY
The agglomeration method is a chemical coal washing method that involves the addition of a liquid separating medium. Sulfur can be separated from the coal based on differences in surface tension. The water-limestone agglomeration method is an effective technique for recovering and eliminating ash from coal. The agglomeration process can be applied to sub-bituminous, bituminous, and anthracite coal (7). The method used in this research is qualitative, researchers conduct direct observations through research in the laboratory. Various agglomeration techniques, including pressure and non-pressure methods, allow for tailored solutions based on material characteristics. Limestone agglomeration efforts built on the work, in which limestone was granulated for purposes of producing an aggregate for incorporation into concrete. Limestone agglomeration efforts built on the work described in (8), in which limestone was granulated for purposes of producing an aggregate for incorporation into concrete. The process has applications across industries, improving product characteristics, simplifying transportation, and promoting recycling efforts. Data were obtained directly through observation with reference to standards.
RESULT AND DISCUSSION
The science of agglomeration has been described extensively by (9) have researched the granulation of limestone fines for purposes of producing a concrete aggregate from quarry waste materials. In their study, three insoluble granule binders were tested and the manufactured granules were tested for strength. The manufactured material was incorporated into concrete and observed by scanning electron microscopy to see how the material changed the quality of concrete when it was incorporated in the mix.
Agglomeration processes can be loosely broken down into agitation and compression methods. Agglomeration by agitation will be referred to as wet granulation. Processes include fluid-bed, disc, drum, and mixer granulators, as well as many hybrid designs. Here, a particulate feed is introduced to a process vessel and is agglomerated, either batch-wise or continuously, to form a granulated product. The feed typically consists of a mixture of solid ingredients, referred to as a formulation, which includes a key active product ingredient (API), binders, diluents, flow aids, surfactants, wetting agents, lubricants, fillers and end-use aids (such as sintering aids, colors and taste modifiers). Agglomeration can be induced by a solvent or slurry atomized onto the bed of particles, or by the controlled sintering or partial melting of a binder component of the feed. Product forms generally range from spherical agglomerated or layered granules, to coated carrier cores (7,9).
At the most basic level, agglomeration occurs when individual particles come into contact and stay connected. Several forces can drive this. Electrical charges on particle surfaces attract or repel neighboring particles, and weak intermolecular attractions called van der Waals forces pull particles together over very short distances. The geometry of the particles matters too: irregularly shaped particles with more surface area tend to interlock or stick more readily than smooth, round ones (2,8,9).
There are two broad pathways. In one, particles collide during a process like gas-phase synthesis and form clusters without exchanging energy. The system simply settles into its most disordered (highest entropy) arrangement, and clumps are a natural result. In the other, the particles interact energetically )9). They might partially fuse through heat (a process called sintering) or bond in ways that reduce their total surface energy. The first type of agglomerate is generally looser and easier to break apart. The second produces denser, more permanent clusters (1,2,10).
Unfortunately many of these chemicals are in solid form which proves a challenge for chemical engineers as it provides more problems over traditional liquid and gas based products due to fundamentally different governing physics (11). Many of problems stem from segregation of the final product where two solid components split from each other during transport leading to poorly distributed mixtures which can pose hazards to the quality of the produced product, and reduced performance in use. Problems also arise due to low bulk densities and difficult flow characteristics which make these powder products difficult to store and handle. These processing and material handling problems that occur within industry can be solved by agglomeration enabling, an increased bulk density product with a more free flowing nature and also less prone to segregation as individual constituents are held together in the formed agglomerate(6,11). 
In addition to these problems agglomeration can act as a method to enhance a product, providing desired size distributions or product geometry for increased functionality, better consumer perception or protection of the end user from such hazards as dust and other possibly toxic or hazardous effects. Agglomeration consists of a process capable of increasing particle size in a semipermanent aggregate form, known as granules, where the primary particles can be distinguished [2,3,11]. This process comprises a range of processing techniques employing solutions, slurries, melting, and binders [10,12]. In general, the liquid phase is sprayed onto a solid particle bed that is in constant motion. The liquid makes the surface of the particles stickier and enables mutual particle bonding. The wetted particles remain clustered through a combination of capillarity and viscous forces, and solid bridges are formed by drying or sintering [1,12].
Despite a large body of research on the subject there is still, as yet, no a-priori method of predicting granulation; there is as yet no method of knowing what will happen when a binder and powder are brought together within a specific mixer. Research continues around the world to develop this understanding in order to provide a predictive model of granulation (4, 13). 
Agglomerated products are usually made to a specification that requires some knowledge of the use/ functionality of the material required. Many different “properties” can be used within industry to measure the quality of produced granules. Some examples of properties used are (1, 7,13): 
• Size Distribution – The size of the granules produced and the range that these sizes occur in. Generally it is excepted that a narrow size distribution is best, as it likely leads to better batch homogeneity but can also be specified to be a certain width as post processing compression options are usually enhanced by a wider size distribution as a wider distribution is found to pack and compress better, leading to improved tablets. 
• Porosity – The amount of free ‘air’ space within the granule. – The amount of air within the granule is significant as it provides for better dissolution ability, however usually at the trade off individual granule strength. 
• Attritional ability/ Dusting behavior – The ability of the granule to loose material, producing constituent powder again. This is a problem as during packaging and transport significant attrition can occur, negating the use of agglomeration processes in the first place, leading to a product with a large amount of unintentional fines, and thus spoiling customer perception. The dusting behavior can also severely affect the safety of post-processing processes, leading to dust build up, provoking hazards of explosion and inhalation.
 • Dispersability – Granules are usually designed to be dispersed into a medium as a method of use of the material, thus dispersability of the solid granules is of interest and their time to break down is of interest within some industries. 
• Dissolution rate/time- Dissolution rate and time are important factors, granules are usually produced to be dispersed in a medium, and thus are likely to be dissolved. These processes need to be carefully considered and the granules engineered for that particular case, as different final uses are likely to require significantly different dissolution times. 
• Strength- As mentioned above individual granule strength is important for dusting and attritional behavior as well as for other post processing operations. It is generally assumed that there is a trade of between granule strength and dissolution rate. 
• Shape- The shape of produced granules is of importance in some industries as it considerably influences bulk properties, such as flowablitliy and processing behavior while also effecting customer perception. 
• Color- the color of the produced product can influence customer perception 
• Homogenetity- Homogeneity throughout the product, both between different batches and within the same batch is also of significance within the fine chemical and pharmaceutical industries, while spread of chemical throughout the individual granule is also of importance to many industries such as those of controlled release fertilizers.
For example, the coal agglomerate quality analysis in this study used proximate analysis, which included inherent moisture content, ash content, volatile matter content, fixed carbon, and calorific value. The following are the results of the proximate analysis (2):
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Fig 1- The coal agglomerate quality analysis 
Applications of agglomeration methods in different situations but based on the same fundamentals: briquetting, coating, compacting, granulating, instantizing, microencapsulation, pelleting, baking and sintering. The equipment where agglomeration can be carried out was also cited, namely disc and agglomeration drums, mixers, spray dryers, fluidized beds, and low-density agglomerators (4,14). Agglomeration may be consolidated with other unit operations, and factors such as physical and chemical properties, particle sizes, thermal sensitivity, and final product handling properties are decisive in selecting the agglomeration process. There are some advantages for choosing the fluidized bed as the preferred equipment for particle agglomeration compared to other devices: transporting and handling of solids are facilitated due to the liquid behavior of the fluidized bed, uniform temperature distribution, large solid–gas contact area, high heat transfer, and uniform mixed product [6, 15]. Agglomeration phenomena due to the formation of low-melting-point materials induced by alkali (Na, K) content when burning high-alkali fuels such as high-sodium coal or high-potassium biomass (9, 10, 11) have also been widely reported. 
However, limestone has also been reported to be the cause of the agglomeration problem in industrial-scale boilers firing petroleum coke with limestone injected as the sorbent for in situ desulfurization . For these reasons many differing types of equipment have been developed to achieve these aims aiming to make, larger entities from powders, in which the individual primary particle are still visible, this process when carried out in a mixing device is usually described as granulation. Granulation and agglomeration processes tend to use a liquid or ductile solid (so called binder) to facilitate the build up of agglomerates. the agglomerated particles with very high minimum fluidization velocity would lead to defluidization in the bed [16]. Moreover, the size of the agglomerate may be too large to be discharged from the bed, which eventually results in the blockage of the discharging chute of the boiler. In severe cases, agglomeration would cause unscheduled shutdown of the boiler [4,16]. Due to the wide range of industries and uses that granulation is used as a process for, ranging from fertilizer production through to fine chemical manufacture and pharmaceuticals and the differing scales of production ranging from kilograms/day to tones/hour there is a wide range of equipment designed for such uses, each with individual benefits and drawbacks (17). 
 CONCLUSION
Agglomeration is one of the major operational problems in fluidized bed system. Agglomerated products are usually made to a specification that requires some knowledge of the use/ functionality of the material required. Many different “properties” can be used within industry to measure the quality of produced granules. the limestone addition was found to result in the formation of calcium silicate (CaSiO3), which prevented bed agglomeration to a significant extent. Some examples of properties used are: Size Distribution, Porosity, Attritional ability/ Dusting behavior. Dispersability, Dissolution rate/time, Strength, Shape, Color, Homogenetity. Clustering via aggregation is reversible, whereas clustering via agglomeration is irreversible
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