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1 
Introduction
Concrete industry is consuming  a lot  of natural resources  (water,   cement and,  aggregate)  causing environmental degradation. Lower is the consumption of these resources, lower is the adverse impact  on environment.  The  consumption of these  materials can be reduced  through replacement of some of the resources  by waste  materials like Fly Ash or Cenospheres,  [1]. Another, the  effectiveness of concreting solely depends  on its properties  like strength, workability  and durability. It is well known fact that the compressive  strength of concrete  is inversely  proportional to water  cement ratio.  In general,  if a water cement ratio  of 0.4 to  0.5 is used,  [2], concretes  performs  well in compressive  strength.  However,  the workability  in terms of slump and V-Bee degrees as per IS codal provisions result in honeycombing.  The cements  available  in market  today,  evolve more heat  of hydration than  older 33 grade cement,  resulting in fast hardening of cement thereby  further  reducing the ease of placing concrete.  An optimized  solution is therefore,  required  to be searched to achieve higher workability  without compromising  the compressive strength, [1].

2 
Cenosphere
Cenospheres  are  hollow alumino-silicate spheres  obtained from fly ash  resulting  from burning  of from coal in thermal power plants.  They are formed during cooling and solidification of inorganic molten coal residues  around  trapped gas.   Cenosphere  particles  have  spherical  shapes  with  sizes typically ranging from  10 to  400 µ m.   They  are  lightweight, inert  and  hollow spheres  mainly  consisting  of silica and alumina,  are  filled with  air  or gases, and  are  by-products of the  combustion  of pulverized  coal at  the thermal power plants.   These  ash  particles  get  their  hollow spherical  shape  as a result  of cooling and solidifying around  a trapped gas (generally  C O2  and N2  bubble)  from the molten  droplets,  of inorganic coal residue.  A typical SEM scan of Cenosphere  is presented in Figure  1, [5].

Another  variety  of the  particles,   present in  the  coal  ash,  is called  plerospheres.    The  amount of cenospheres  or  plerospheres  in  an  ash  normally  depends  on  its  carbon  and  iron  contents.   Physical properties  of a typical cenosphere/plerosphere is presented in Table1.[6].
Tab. 1: Physical  Properties of Typical  Cenosphere  Sample, [6]
	Sr.  No.
	Description of Property
	Typical  Value (Range)
	Unit

	1
	Diameter
	20-200
	µ m

	2
	Density
	0.3-0.6
	gm/m3

	3
	Shell Wall Thickness
	2-10
	µ m


2.1 
Chemical Composition of Cenospheres
Coal is an organic fossil fuel with the dominant content of carbon  element that varies from about  30 % by weight  in lignite  coals and  up to 85% by weight  in anthracite coal.  In addition  to organic  content in coal, there  is also mineral  content which is responsible  for surface and  inheritance moisture.   During release of mineral and organic matter in coal the volatile substances  such as steam,  volatile tar  and gases like H2 , CO, C H4 , C2 , H6   and C2 H4   etc are released,  [6], [7].

2.1.1 
Constituents of cenospheres:
Following  are the  chemical  constitutes of cenospheres.The generalized  chemical  composition  of fly ash cenospher/plearosphere is presented in the Table2,  [6], [7]

• SiO2   (Quartz):  As it  is prime  constitute of cenospheres  the  hollow spherical  practical contains higher  thermal resistivity.  In fused silica state  it  has  compressive  strength of 1100Mpa.   Quartz is used  in the  production of Portland cement,  drinking  glasses,  glass for windows  and  beverage bottles.  It finds its application in telecommunication industry in the manufacture of optical  fibre. For removal  of tooth  plaque,  it can be used in hydrated form in toothpaste.
• Al2 O3  (Alumina): It is an inert compound.  For this inertness  it is used as a filler in plastic industry and for its high electrical  resistivity  it is used as electrical  insulator.
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5 
Conclusions:
1.  Cenospheres  are useful in improving workability  of concrete without compromising the compressive strength
2.  The  chemical composition  of Cenospheres  is highly suitable  to be used as an additive  to concrete and replacing  some part  of cement and fine aggregate
3.  The physical properties  of Cenospheres,  particularly the nano size, is helpful in improving  the rate reaction  of cement and water
4.  An advantage of cenospheres is their spherical shape.  This creates the lowest surface area to volume ratios  and hence less water  is required  to wet out the surface and improve the workability
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