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1.3 COMPOSITION OF MOULDING SAND Moulding sands are mixtures of three or more ingredients. A green sand contains clay and water, as well as the principal sand constituent, SiO2. These three components provide the bulk and plasticity required of the moulding sand. Other materials may be added to the sand mixture to enhance certain properties. Sand: Granular particles of sand, SiO2, principally, comprise 50 to 95 percent of the total material in a moulding sand. The rest being the other oxides such as alumina, sodium ( Na2O + K2O ) and magnesium oxide (MgO + CaO).These impurities should be minimized to about 2 % since they affect the fusion point of the silica sands. Ideally fusion point of the sands should be about 14500C for cast irons and about 15500C for steels. In different moulding sands, these sand particles may differ in the following ways: 1. Average grain size( micrometer to millimeter), grain size distribution, and grain shape( round, subangular, angular, very angular) 2. Chemical composition 3. Refractoriness and thermal stability. Zircon sand is basically zirconium silicate ( ZrSiO4). The typical composition is ZrO2 – 66.25 %, SiO2-30.96 %, Al2O3 – 1.92 %, Fe2O3 – 0.74 % and traces of other oxides. It is very expensive. The advantages are high fusion point (24000C), low coefficient of thermal expansion, high thermal conductivity, high chilling power, high density, and requires a very small amount of binder (3 %). It is generally used to manufacture precision steel castings requiring better surface finish and for precision investment casting. Clay: Moulding sands may contain about 2 to 50 per cent of clay. With suitable water content, it is the principal source of the strength and plasticity of the moulding sand. Clay is thus the bond or binder of moulding sands. In some mineral deposits, clay and sand occur in mixed proportions, so that the sand can be mined and used directly for moulding. Clays are defined as “essentially aggregates of extremely minute crystalline, usually flaked shaped particles that can be classified on the basis of their structure and composition into a few groups which are known as clay minerals. Some clays are composed of particles of a single mineral, whereas others are mixtures of clay minerals or contain admixtures of quartz, pyrite, organic matter, etc.” Types of Clay 1. Fire clays or Kaolinites ( Al2O32SiO22H2O) 2. Bentonite(Al2O34SiO2 H2On H2O) 3. Special clays( halloysite, illite, attapulgite) Kaolinite has a melting point of 1750 to 17870 C and Bentonite has a melting temperature range of 1250 to 13000 C. Of the two, Bentonite can absorb more water which increases its bonding power. There are two types of Bentonite available, one with sodium as adsorbed ion which is often called western Bentonite ( volume increases some 10 to 20 times, high dry strength which lowers the risk of erosion, better tolerance of variations in water content, low green strength, high resistance to burn out, which reduces consumption) and the other with calcium ion called southern Bentonite( low dry strength, high green strength). The clay chosen for moulding sand should give it the requisite strength for the given application taking into consideration the metal being cast and thickness of the casting. Water: Water, present in amounts of about 1.5 to 8 percent, activates the clay in the sand, causing the aggregate to develop plasticity and strength. Water in moulding sand often refers to as tempering water. The water is adsorbed by the clay up to a limiting amount. Only that water rigidly held by the clay appears to be effective in developing strength. Additional water, however, can act as a lubricant, and makes the sand more plastic and more mouldable, though the strength may be lowered. Thus control of water percentage in the aggregate is very important. Water may engage in ion exchanges with the clay if dissolved minerals are present.
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Special Additives: Besides the three basic ingredients, other materials may be present in moulding sands. They often referred to as additives and are used to develop some specific property. Cereals: It acts as binder and is finely ground corn flour or gelatinized and ground starch from corn. Cereals may be used in moulding sands for increased green or dry strength or collapsibility in amounts up to 2 percent. Ground Pitch: Pitch is a by-product of coke making, being distilled from soft coals at about 3500 C and above. Pitch is used in amounts up to 3 percent to improve hot strength or finish on ferrous castings. Asphalt It is a by-product of the distillation of petroleum. It is used for the same purpose as pitch. Sea Coal It is a finely ground soft coal used in moulding sand for cast irons, principally for the purpose of improving the surface finish and ease of cleaning the castings. It is usually ground to fineness similar to that of the moulding sand in which it is used. Percentages employed in sands are about 2 to 8 percent. Graphite Synthetic or natural graphite may be used in percentages of 0.2 to 2.0 percent for the purpose of improving the mouldability of the sand and surface finish of the castings. Fuel Oil It is sometimes used in very small percentages, 0.01 to 0.10 per cent, and seems to confer improved mouldability to the sand. Wood Flour Ground wood flour or other cellulose materials such as cob-flour, cereal hulls, and carbonized cellulose may be added in amounts of 0.5 to 2.0 per cent to moulding sands. They may function to control the expansion of the sand by burning out at elevated temperature. They can improve collapsibility and flowability of the sand. Silica Flour Pulverized silica, finer than 200 mesh, is called silica flour. It may be used in amounts up to 35 percent for the purpose of increasing hot strength of the sand. It also increases the density of the sand for resisting metal penetration. Iron Oxide Fine iron oxide is used in small percentage in some sands to obtain added hot strength. Perlite It is an expanded aluminium silicate mineral, useful in small percentages, 0.5 to 1.50 per cent, to obtain better thermal stability of the sand. It may also be used as a riser insulator. Molasses, Dextrin Cane molasses, unrefined and containing 60 to 70 per cent sugar solids, may be used for increases dry strength of the sand and edge hardness of moulds. Dextrins may be used for the same purpose. Binders for Carbon Dioxide Moulding: In this process sodium silicate (water glass, SiO2 Na2O) acts as binder. This is essentially a quick process of mould preparation. The mould is prepared with a mixture of sodium silicate and sand and then treated with carbon dioxide for two to three minutes such that a dry compressive strength of over 1.4 MPa is arrived at. The carbon dioxide is expected to form a weak acid which hydrolyses the sodium silicate resulting in amorphous silica which forms the bond. The introduction of CO2 gas starts the reaction by forming hydrated sodium carbonate (Na2CO3 + H2O). This gelling reaction increases the viscosity of the binder till it becomes solid. The compressive strength of the bond increases with standing time due to dehydration. Binders for Shell Moulding: The dry and fine sand (90 to 140 GFN) which is completely free of the clay is used for preparing the shell moulding sand. The synthetic resins used in shell moulding are essentially thermosetting resins which get hardened irreversibly by heat. The resin most widely used, are the phenol formaldehyde resins. Combined with sand, they have very high strength and resistance to heat. The phenolic resins used in shell moulding usually are of two –stage type, that is, the resin has excess phenol and acts like a thermoplastic material. During coating with the sand the resin is combined with a catalyst such as hexa-methylene-tetramine
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(hexa) in a proportion of about 14 to 16 % so as to develop the thermosetting characteristics. The curing temperature for these moulds is around 1500 C and the time required would be 50 to 60 seconds. Binders for Core Sand: The core sands need to be stronger than the moulding sand and therefore the clay binder used in moulding sands is not enough but somewhat better binders need to be used. The normal binders are organic in nature, because these would be burnt away by the heat of the molten metal and thus make the core collapsible during the cooling of the casting. The amount of binder required depends to a great extent on the fineness of the sand grains. The amount of clay left in the sand increases the consumption of the binder. The binders commonly used are linseed oil, core oil, resins, dextrin, and molasses, etc. Core oils are mixtures of linseed, soya, fish, petroleum oil and coal tar.



Reference: 1. Manufacturing Technology by P.N.Rao, TMH
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