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ABSTRACT:
                         Ceramics by itself is an ocean of a field in engineering whose applications are proliferating day by day in almost every industry. The paper overviews the remarkable developments in the world of  ceramics and exclusively discusses the properties of zirconia ,an oxide of zircon. It is in fact seen with their merits over other conventional metals , thereby the joining techniques are also talked about. The paper draws out inferences and the advent of this wonder material in various fields of transportation. Whilst shipping is known to be a massive contributor to global trade and is trying to keep pace with developments of other industries , we will see how the industry is constantly  researching to find out alternatives to engineering materials used  on marine diesel engines . Interestingly scientists feel that “ ceramics” is the word that can quench the thirst for higher power and higher efficiency diesel engines. With the hunger for more power, high speed, low maintenance  cost, longer overhaul periods, the industry is still earnestly  attempting to bring the best out. But with fine ceramics, IT IS TIME FOR A CHANGE!..
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	INTRODUCTION:

	                                          The continuing evolution of the ceramics and materials world and the associated materials technologies is accelerating rapidly with each new technological development supplying more data to the knowledge bank. As new materials and even newer technologies are developed; methods of handling, forming and finishing are required to be devised to maintain pace with this rapid rate of development. One of the most prominent examples of this rapid and accelerating technological development is the electronics industry, more specifically the simple transistor. The pace of this development and the development of the associated materials and processing technology has been quite astounding. The push has been along miniaturisation and packing the maximum amount of performance into the smallest space. Recently noted, an e-mail quote stated that; “If the marine industry had advanced at the same pace as the Computer industry, we would be propelling ships, which gave a thousand miles to the barrel!”.  The concept of the simple transistor stands as one of the most significant electronic engineering achievements of the 20th century.

A ROAD BLOCK IN THE WAY!
                                                            When the Otto cycle and Diesel cycle were devised the only candidate materials suitable for the construction of heat engines were ‘metals’ due to their unique properties such as tensile strength, low cost of production, case of joining, abundance etc. The thirst for high powered engines has resulted in members that need to deal with higher temperatures and increased mechanical stresses, for which the prevailing metals and their exotic alloys are already facing their upper limits; most engineering ceramics can be used over 1000 degrees Celsius with undiminished strength. With the recent development in phase transformation toughening of zirconia, techniques previously applied to metals such as alloying, quenching, tempering etc. were now considered applicable to ceramics. A research on their application as candidate materials for the marine diesel engine would surely lead to higher efficiencies. 
CERAMICS OR METALS ?
         Ceramics are solid materials that are neither metallic nor organic. 

         They operate under high temperatures and stresses with good dimensional stability. 
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	         Compared to the various steels, the thermal conductivity of CeTZP is clearly very low while its thermal expansion coefficient is similar in magnitude. 

         It must be noted that its high hardness (and thus lower wear) together with its very low thermal conductivity make CeTZP an excellent candidate material for heat engines. 

CERAMIC JOINING:
                                          Ceramics perform best when combined with support structures, however direct substitution for a metallic part results in the ‘knock-on’ effect due to the differential wear rates, contact stresses at the interfaces. Basically, ceramic joining can be distinguished into two types, namely, spraying, bonding respectively. The former is used in case of parts which need a comparatively thin coat in the range of about 20 to 25 microns, the latter used in case of coats in the range of a few mm. 

                                                       Despite its obvious importance, joining is often neglected during the design process. Many engineers incorporate ceramics into a component as though they were high performance metals, giving little thought to service conditions or joining operations. This can lead to two outcomes, either the part fails and its designers conclude that the ceramic was unsuitable and that metals should be used as before, or an expensive redesign may be required if a ceramic must be used. There are many important issues to be considered alongside joining such as materials selection, best practice and joint design etc. The joining techniques commonly used are of three types as follows: 

1.       Mechanical joining.
2.       Brazing.
3.       Adhesive joining.
                                                       There are problems associated with these processes including processing considerations (such as component size and joining atmosphere), time constraints and costs. To combat the constraints, new methods of joining have been devised such as 

         Ultrasonic Joining. 

         Transient Liquid Phase Bonding. 

         Infiltration Processes. 

         Microwave Joining. 

         Sol-Gel. 

	

	

	

	
	


Application of Ceramics to Marine Diesel Engines:
                                                                                                                                               The utilization of fine ceramics for heat engines as structural material, high temperature material in particular, has been actively studied since 1970's.Researches on the application of fine ceramics to high temperature components of gas turbine engines such as nozzle and turbine blades started mainly in western countries. Being coincident with the oil crisis at that time, researches on the application of fine ceramics to diesel engines, automobile and vehicle engines in particular, also started feverishly.
                                                                                                                                                There were studies on improving the engine performance and reliability for enabling engines to be operated without maintenance for a long period of time by utilizing ceramics for improving the heat resisting and sliding properties of combustion chamber components .

                                                                                                                                                 In an early stage, ceramics based on oxides such as alumina and mullite were taken into consideration with the purpose of the uti1ization of them for special heat exchangers for marine gas turbines.

                                                                                                                                                 When started research, everything had to be done by feel without having any strength test data, and the corrosion resistance of ceramics against ash in heavy fuel oil had been studied by various high temperature strength and high temperature fatigue test methods by a trial and error approach. 

Merits in Utilization of Ceramics:
                                                                      The energy utilization rates of marine diesel engines are exceptionally good and their thermal efficiencies exceed 50%. Consequent1y, the merits of the utilization of ceramics for marine engines differ from those for automobile engines. The fo11owing are considered merits that can be expected by utilizing ceramics.
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Issues with ceramics:
A. Reliability

                                Reliability is the most important property when utilizing ceramics for marine diesel engines. The evaluation of the reliability of ceramics is not high in general. It is thought that this low evaluation comes from images such as insufficient toughness and great strength dispersion. For marine use, it is intended to use ceramics with excellent high temperature strength, corrosion resistance and wear resistance for parts for which these properties of metallic materials are insufficient. Consequently, it is necessary to sufficiently investigate the properties of ceramics to be used. It is essential to develop ceramic components with high temperature strength including fatigue strength and creep strength and with small strength dispersion. It is also necessary to know corrosion

resistance of ceramics not only in an oxidation atmosphere but also against molten salts such as

vanadium, sodium, sulfur, calsium and magnesium included in fuel oil, 1ubricating oil and sea water.

Friction and wear properties are also important in the case where ceramics are used for components having sliding surfaces such as cylinder sleeves and piston rings.

B. Combustion Characteristic

                                                       In the case where ceramic components with thermal insulation ability are used around the combustion chamber in order to reduce cooling loss, combustion condition changes, since combustion chamber wall and combustion gas temperatures become high. Attention must be given to the mixture of fuel oil with air and fuel injection conditions. It is necessary to know combustion characteristics of various kinds of fuel, since NOx increases and measures to lower environmenta1 pollution are needed.

C.  Improvement in Efficiency

                                                                    It is necessary to add equipment to recover energy in exhaust gas ill the case where cooling loss is decreased and exhaust gas temperature is raised. Turbo-compound systems and exhaust gas economizers that have already been on the market for marine use may be usefu1. However, the redesigning and cost reduction of systems are considered necessary, since exhaust gas temperature becomes higher.

D.  Machinability and Cost

                                                         Ceramics are made by sintering and their hardness is generally high .Consequently, it is incommensurably difficult to machine them into necessary dimensions in comparison with metal. It is necessary to get sintered products with dimensions close to final dimensions by. injection  molding . It is not too much to say that a reduction in machining costs holds the key to put ceramic products in practical use. Since it is difficult to produce large-sized components from ceramics because they are sintered products, ideas must therefore be taken into  design.

E.  Non-destructive Inspection

                                                          Ceramic products can be destroyed even by defects of 10μm or less which are smaller by two figures than those in case of metallic products. Advance screening, non-destructive inspection in particular, is therefore very important. Since no ultrasonic flaw detector in practical use which can detect defects down to this size is available at the present, research in the future is expected.

Present State of Several Researches on Ceramics
Combustion of Water Emulsified Fuels on Ceramic Engines
                                                           This research aims at realizing high-performance and low-po11ution diesel engines. In order to achieve this aim, the following measures are taken. The combustion chamber of a diesel engine is covered with ceramics having thermal insulation ability in order to raise combustion gas and combustion chamber wall temperatures. By exploiting these high temperatures, water emulsified fuels in which fine water droplets are dispersed and mixed are burned in order to shorten a combustion period and realize almost perfect combustion. Thus, combustion efficiency is improved while decreasing nitrogen oxides and particulates.

 Corrosion Resistance of Ceramics

                                                                         The corrosion resistance of ceramics against ash and molten salts in heavy fuel oil is now under examination experimentally by the methods of applying reagents to test pieces and exposing test pieces in the combustion gas flow. The test pieces were rectangular pieces of 4mm in width, 3mm in height and 40 to 45 mm in length. The reagent was a mixture of V2O5 and Na2SO4 in the ratio of 85% to 15% into which acetone was added, and it was applied to the upper surfaces of test pieces at the rate of 2Omg/cm2 on the average. Tests were conducted in the temperature range from 5000 C to 14000 C, using a temperature of 8000 C as a standard and taking the lowering of the melting point of the reagent into account. A temperature of 1400’ C is anticipated working gas temperature of gas turbine engines. Test retention time was 20 hours as a standard, and tests for 50 hours and 100 hours were a1so conducted for temperatures of 8000 C, 12000C and 14000 C. The weight, width, thickness and length of every test piece were measured before the test and compared with those measured after the test after acid cleaning. Flexural strength was also measured before and after the test, and change in strength was investigated. All strength tests are three-point bending tests in the atmosphere under ordinary temperature. Among tested ceramics, there were some ceramics into which reagents or substances reacted with reagents penetrated from their surfaces. The depth of penetration of these ceramics was also measured with a metal1ographic microscope or a comparator. There were no much changes as per the X-ray diffraction results. 

Tests by Exposing Test Pieces in the Combustion Gas Flow

                                                                                                      Components of gas turbine engines and diesel engines being exposed to their combustion gases are in the high temperature and high speed flow. It is therefore important to experimentally investigate corrosion resistance of materials with accelerated test equipment imitating actual engines. The sulphur content of fuel oil to be used is adjusted to one percent with additives and artificial sea water is added to it. Round-bar test pieces are exposed to the gas flow with a temperature of 1000’ C and a speed of 180 m/s which is produced from the above-mentioned fuel oil. Test pieces with cracks on their surfaces which were made by pressing a Vickers indenter by30kg-f were also tested. Test pieces tested in the gas flow have almost equal strength of those tested in the furnace in case of the gas with additives and strength lowers when kerosene with a small amount of impurities is used. Judging from these results, it is considered that the toughness of materials with surface cracks is improved with molten salts and their sensitivity to notches gets dul1. It is therefore considered unnecessary to worry about surface finish when using ceramics in a corrosion atmosphere.

CERAMIC CYLINDER LINER AND PISTON RING ASSEMBLY: 

                                                                                                                     There has been great interest in developing an un-cooled, ceramic diesel engine since ten to thirty percent of the work output of an internal combustion engine is expended on the cooling system. Nearly adiabatic operation and recovery of exhaust heat in a turbo-compounding system may increase the thermal efficiency of such an engine to 48%. Additional benefits may include multi-fuel capability, reduced noise, reduced white smoke emissions, lower compression ratio, and reduced maintenance. Further, such an engine may be lighter and easier to produce because of the elimination of the need for a cooling jacket. Research and development has been done in the area of developing a sliding seal/cylinder liner system capable of performing adequately under harsh conditions. Some of the vital factors to be achieved in the liner-ring assembly are good sealing, lubrication, low wear rate i.e, a low co-efficient of friction. The liner/ring combination must exhibit acceptable wear rates not only at high temperatures, but also at high velocities of as much as 5-10 meters per second, and under conditions of exposure to combustion products and excess oxygen. The liner is made from either silicon nitride or partially-stabilized zirconia (PSZ), the piston rings are made from nickel molybdenum (Ni-Mo) bonded titanium (TiC) carbide. 
Further, the silicon nitride and partially-stabilized zirconia cylinder compositions are ion implanted with one or more layers of metal ions such as cobalt, nickel, titanium, niobium, silver, zinc, copper, zirconium, or yttrium. The metal ion deposition is ion mixed or implanted using argon, Ar, ions. The ion implanted cylinder material is then oxidized in an air or a representative diesel exhaust environment at 600° C.-800° C. for approximately 30 minutes to form a lubricious, near surface, oxide layer on the surface of the ion-implanted ceramic. At high temperatures, such as 800° C.-1200° C. and above, the lubricious oxide transfers to the sliding seal ring to form a stable lubricating film.The ion mixing of the metal ion with the ceramic composition occurs within the outer 0.4-0.5 micrometer thick surface region of the ceramic composition.  

APPLICATION ON FUEL VALVE: 

                                                                           In most diesel engines, fuel injectors are positioned such that at least a portion of the injector tip protrudes into the engine combustion space. The injector tip is thus exposed to the high temperatures and pressures from fuel combustion and engine compression release braking. In these injectors which employ a needle valve to control the fuel spray, the valve seat can potentially be heated to close to its tempering temperature during engine compression release braking. During normal engine operation, the fuel travelling through the injector tip carries heat away. During engine braking, however, fuel spray is halted and the injector tip is thus more susceptible to heat transfer from the air in the cylinder. If the compressed air is allowed to heat the injector nozzle valve seat to its tempering temperature, the hardness of the valve seat material can be reduced. Because the valve seat is subjected to repeated impacts by the needle valve member, softening of the valve seat material can result in quicker wear and distortion of the seat, leading to improper sealing. Additionally, weakening of the metal in the area of the valve seat can accelerate fatigue, which can eventually lead to tip breakage and catastrophic engine failure. Exotic metal alloys with higher tempering temperatures could be used in the injector tip, however, the use of these materials is often cost-prohibitive. It is thus desirable to develop a new method of protecting the injector tip from overheating. A ceramic coating less than about three millimetres thick is applied on the fuel valve. The ceramic material is preferably sized and sufficiently resistant to heat transfer that the valve seat is not heated to or above its tempering temperature during combustion or braking. 

  
Ceramic coated fuel injector: 
	1. Ceramic insulating coating


	2. Nozzle outlets


	3. Valve seat


	4. Needle valve


	5. Injector body


  

APPLICATION ON EXHAUST VALVES: 

                                                                             Exhaust valves operate under high temperatures. ‘Hot corrosion’ is one of the major problems. Vanadium in the fuel forms vanadium pentoxide (V2O5) with a dew point of 690 degree Celsius. Above and around this temperature, vanadium pentoxide is a corrosive liquid and apart from corrosive effects, a number of complex sodium, vanadium salts can be formed by the combustion of residual fuel oil. These salts can adhere to the valve seat if the temperature is high. The acidic effect corrodes the valve seat. These  deposits breakaway locally leading to local blow-by and valve burning. Also, ‘Tramping’ of the valve on the valve seat fatigues it. The solution for this problem could be depositing a layer of stellite or dolite or similar alloys on the valve seat and the valve seat inserts. These processes are cost prohibitive. However, ceramics which have the unique properties of chemical inertness, corrosion resistance, hardness, high thermal conductivity ( non-oxide ceramics) are best suited candidate materials for valve seats inserts. 
  

APPLICATION ON BEARINGS AND PUMPSHAFTS:   
                                                                                                 Conventional bearings face ills such as risk of fretting corrosion, development of fatigue cracks. Further, bearings and pump shafts are members that are exposed to complex mechanical stresses.    The ZTA (zirconia toughened alumina) material group, in particular, is associated with blended oxide ceramic. Alumina and zirconia are blended in the most varying of ratios. Quite a common ratio is 20% ZrO2 and 80% Al2 O3. The material properties vary in line with the blending ratios. Basically this material variant unifies the hardness of Al2O3 and the toughness of ZrO2. 

  

These blended oxide ceramics have the following properties: 
· good tribotechnological properties 

· very high strength coupled with great hardness 

· very good corrosion-proofing 

· high fracture toughness 

· high wear resistance 

· good surface condition 

· In operations, blended oxides prove their worth in mechanically highly stressed components, such as sliding bearings (crosshead guides) and pump shafts. 

APPLICATION ON VARIOUS VALVES: 

                                                                         Due to the advanced properties of the technical ceramics used, Ceramic Valves offer significant advantages over standard material valves. ceramic valves are manufactured using solid 99.5% high-purity alumina ceramic, guaranteeing a valve that is superior in all respects, including resistance to:

• Corrosion: 99.5% alumina ceramic is virtually inert to almost all organic and inorganic chemicals. They do not interact with, nor contaminate the process media. They are physically and chemically stable against most acids and alkalis and offer years of service with little or no corrosive degradation.

• Abrasion: 99.5% alumina ceramic is 43% harder than zirconia, 140% harder than porcelain and 730% harder than stainless steel, an indication of the long-term wear-resistance properties of the valve materials.

• Cavitation: Even severe, continuous cavitation will not degrade or damage ceramic valve components. Therefore, ceramic valves may be used in cavitating or high differential-pressure applications with little or no harmful effects.

	A ceramic coated butterfly valve.


                                                  

There is more what ceramics can be applied onto the modern marine diesel engine. The energy utilization rates of marine diesel engines are exceptionally good and their thermal efficiencies exceed 50%. 

ZIRCON MARKET: 

                                     Zircon is a common accessory mineral and found worldwide. Noted occurrences include: Australia; the Ural Mountains; Trentino, Monte Somma, and Vesuvius, Italy; Arendal, Norway; Sri Lanka; India; Thailand; Ratanakiri, Cambodia; the Kimberley mines, Republic of South Africa; Madagascar; Renfrew County, Ontario, and Grenville, Quebec, Canada; and Litchfield, Maine; Chesterfield, Massachusetts; Essex, Orange, and St. Lawrence counties, New York; Henderson County, North Carolina; the Pikes Peak district of Colorado; and Llano County, Texas in the United States. Australia leads the world in zircon mining, producing 37% of the world total and accounting for 40% of world EDR (economic demonstrated resources) for the mineral. 

The current world market for zircon is in the order of 1.2 million tonnes. Australia and South Africa are the dominant producers while Iluka Resources Limited is the largest global supplier with a 37% market share. 

Since 2002 the zircon price has steadily risen in response to strong demand driven principally by the construction boom in China, which is now a major consumer along with the traditional ceramic markets of Spain and Italy. The average zircon price in 2005 rose 24% to around $US635 per tonne while Iluka has reported a similar proportionate increase in its contract prices for 2006. 

Zircon demand is forecast to remain strong, driven by consumption in developing economies such as China and India. Supply remains very tight and, until the shortage is offset by major new production sources, Iluka’s reported view is that zircon prices will continue to rise. It is forecast that over 100,000 tonnes of new production may be required to cover a looming shortfall.
CONCLUSION:

                              Advanced ceramic materials are now well established in many areas of everyday use. The improvements in performance, service life, savings in operational costs and savings in maintenance are clear evidence of the benefits of advanced ceramic materials. Life expectancies, now in years instead of months with cost economics in the order of only double existing component costs, give advanced ceramics materials a major advantage. The production of these advanced materials is a complex and demanding process with high equipment costs and the requirement of highly specialised and trained people. The ceramic materials of tomorrow will exploit the properties of polycrystalline phase combinations and composite ceramic structures, i.e. the co-precipitation or inclusion of differing crystalline structures having beneficial properties working together in the final compound.
Tomorrow (even today) the quest will be to pack the highest amount of bond energy into the final ceramic compound and to impart a high degree of ductility or elasticity into those bonds. This energy level has to be exceeded to cause failure or dislocation. The changing pace of technology and materials also means that newer compounds precisely engineered to function will be developed. Just how this will be achieved and when the knowledge becomes public - who can tell! Ceramics, an old class of material, still present opportunities for new material developments. Talking marine, though ceramics inherently have many properties such as heat resistance, corrosion resistance and wear resistance better than those of metal, products which are put to practical use as engine components are still few. Since fine ceramics were developed as structural material only about a quarter of a century ago, it is natural that they have many points which have not been clarified yet. Research and development have often been conducted so far on ceramics having a single component such as alumina, silicon nitride and silicon carbide in the main. It is considered that the function and performance of ceramics will be improved through the composition of components like metallic al1oys and that ceramics with properties suited to uses will appear in the future. It is also thought that more ceramics will be practically used at proper positions by combining well with metallic materials in the future, since it has become possible to substantially reduce moulding and machining costs by the near-net-shape method. We expect that high-performance and low-cost engines requiring almost no maintenance work will be realized with the aid of ceramics in the 21st century.
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