Surface engineering
 Surface engineering refers to a wide range of technologies that aim to design and modify the surface properties of components. There are two main categories of surface engineering methods that can be used to optimize the surface properties and the bulk materials. These are surface coatings and surface modification. 
Surface coating processes involve depositing a layer of molten, semi-molten or chemical material onto a substrate. One of the main functions of surface coating is to modify and reinforce the surface functions instead of reforming the composition of the bulk material. Some examples of surface coating processes include (1) Physical Vapour Deposition (PVD), (2) Chemical Vapour Deposition (CVD), (3) plasma and thermal spraying, (4) cladding and (5)electroplating. 
Surface modification processes which can be classified as hardening by flame, induction, laser or electron beam, high energy treatments, e.g. ion implantation; and diffusion treatments, e.g. carburizing and nitriding. Surface modification processes are applicable to control friction, improve surface wear and corrosion resistance, and change the physical or mechanical properties of the component. Surface modification treatments also can be combined with surface coating processes, for instance laser cladding. This combination enhances the advantages of surface coatings and surface modification, thus achieving specific requirements and fitness for purpose. Surface Coating: any mixture of film-forming materials plus pigments, solvents, and other additives, which, when applied to a surface and cured or dried, yields a thin film that is functional and often decorative. Surface coatings include paints, drying oils and varnishes, synthetic clear coatings, and other products whose primary function is to protect the surface of an object from the environment. These products can also enhance the aesthetic appeal of an object by accentuating its surface features or even by concealing them from view. Most surface coatings employed in industry and by consumers are based on synthetic polymers—that is, industrially produced substances composed of extremely large, often interconnected molecules that form tough, flexible, adhesive films when applied to surfaces. High precision Coating Powder Coating The other component materials of surface coatings are pigments, which provide colour, opacity, gloss, and other properties; solvents or carrier liquids, which provide a liquid medium for applying the film-forming ingredients; and additives, which provide a number of special properties. This article reviews the composition and film-forming properties of polymer-based surface coatings, beginning with the polymer ingredients and continuing through the pigments, liquids, and additives. The emphasis is on paints (by far the most common type of coating), though occasional reference is made to other types of coatings such as drying oils and varnishes. For a fuller understanding of polymeric compounds, which form the basis of surface coatings, the reader is advised to begin with the article industrial polymers, chemistry of. For an overview of the position of surface coatings within the broader field of industrial polymers, see Industrial Polymers: Outline of Coverage. 
A coating is a covering that is applied to the surface of an object, usually referred to as the substrate. The purpose of applying the coating may be decorative, functional, or both. The coating itself may be an all-over coating, completely covering the substrate, or it may only cover parts of the substrate. An example of all of these types of coating is a product label on many drinks bottles- one side has an all-over functional coating (the adhesive) and the other side has one or more decorative coatings in an appropriate pattern (the printing) to form the words and images. Paints and lacquers are coatings that mostly have dual uses of protecting the substrate and being decorative, although some artists paints are only for decoration, and the paint on large industrial pipes is presumably only for the function of preventing corrosion. Functional coatings may be applied to change the surface properties of the substrate, such as adhesion, wetability, corrosion resistance, or wear resistance. In other cases, e.g. semiconductor device fabrication (where the substrate is a wafer), the coating adds a completely new property such as a magnetic response or electrical conductivity and forms an essential part of the finished product. 
[bookmark: _GoBack]A major consideration for most coating processes is that the coating is to be applied at a controlled thickness, and a number of different processes are in use to achieve this control, ranging from a simple brush for painting a wall, to some very expensive machinery applying coatings in the electronics industry. A further consideration for 'non-all-over' coatings is that control is needed as to where the coating is to be applied. A number of these nonall- over coating processes are printing processes. Many industrial coating processes involve the application of a thin film of functional material to a substrate, such as paper, fabric, film, foil, or sheet stock. If the substrate starts and ends the process wound up in a roll, the process may be termed "roll-to-roll" or "web- based" coating. A roll of substrate, when wound through the coating machine, is typically called a web. Coatings may be applied as liquids, gases or solids. 1.2 Polymers for surface coatings Polymer-based surface coatings can be considered to be two-phase composite materials consisting of pigment particles and other additives dispersed in a continuous matrix of polymer. Polymers provide the coating film its capacity to adhere to the substrate, most of its chemical resistance, and flexibility. In addition, the continuity of the film, much of its durability in the presence of environmental stresses, its gloss properties, most of its mechanical and thermal properties, and most of any chemical reactivity that the film will exhibit are dependent on polymers as well. The key properties of the coating polymer are molecular weight, molecular weight distribution, glass transition temperature (T ), and solubility. Also important are the reactive molecular groups making up the polymer and the kinetics and mechanism by which the polymer is formed—that is, whether it is formed by step-growth polymerization or chain-growth polymerization. (These two polymerization reactions are described in detail in the article industrial polymers, chemistry of). Another key attribute of the polymer is its structure. Polymers can have linear, branched, or network architectures (1A, 1B, and 1C of industrial polymers, chemistry of). The latter type of structure, consisting of polymer chains bonded covalently at several sites to form a three-dimensionally cross-linked network, is often formed in the coating film during its curing. The department of Polymer and Surface Engineering, has undergone changes in its nomenclature and was established in 1946. Earlier it was known as Paints, Pigments and Varnishes (PPV) Section and was steered in the beginning by none other than Professor N.R. Kamath, a famous chemical engineer, graduate of first batch of B.Sc. (Tech.), in 1936, who later migrated t IIT- Bombay as Head of Chemical Engineering and Deputy Director. The B.Sc. (Tech.) courses in plastics and paints technologies were started in 1940s and have been popular throughout. Several   small and medium industries covering plastics, paint, printing ink, adhesive and sealers have been founded by the graduates of the Department and maintained excellent connectivity with industry. Polymers are molecules that contain many atoms, typically tens of thousands to millions. While many polymers occur naturally as products of biological processes, synthetic polymers are made by chemical processes that combine many monomers, together in chains, branched chains, or more complicated geometries. Starch, cellulose, proteins, and DNA are examples of natural polymers, while nylon, Teflon, and polyethylene are examples of the synthetic variety. Both classes possess a number of highly useful properties that are as much a consequence of the large size of these molecules as of their chemical composition. Although most synthetic polymers are organic, that is, they contain carbon as an essential element along their chains, other important polymers, such as silicones, are based on noncarbon elements. A substance applied to other materials to change the surface properties, such as colour, gloss, resistance to wear or chemical attack, or permeability, without changing the bulk properties is a coating material. Surface coatings include such materials as paints, varnishes, enamels, oils, greases, waxes, concrete, lacquers, powder coatings, metal coatings, and fire-retardant formulations. In general, organic coatings are based on a vehicle, usually a resin, which, after being spread out in a relatively thin film, changes to a solid. This change, called drying, may be due entirely to evaporation (solvent or water), or it may be caused by a chemical reaction, such as oxidation or polymerization. Opaque materials called pigments, dispersed in the vehicle, contribute colour, opacity, and increased durability and resistance. Organic coatings are usually referred to as decorative or protective, depending upon whether the primary reason for their use is to change (or preserve) the appearance or to protect the surface. Often both purposes are involved. The physical, chemical and mechanical properties of a material surface determine its applicability in many technical devices. Numerous applications could not be realized without the use of surface modifications, coatings and thin film technology. Therefore, the need for efficient and effective methods of surface modification is becoming increasingly evident to allow the production of far superior products in terms of wear resistance, corrosion protection, enhanced biocompatibility, thermal insulation, improved optical and altered electronic properties. Coating technologies of particular interest include physical and chemical vapor deposition, thermal spraying, electrochemical deposition, sol-gel-syntheses, and plating. Surface modification includes directed energy techniques such as ion, electron and laser beams as well as etching procedures and thermo-chemical diffusion. Beyond that, mono-layers (e.g. SAM, Langmuir- Blodgett) have attained high significance in preparing thin films to modify biomedical surfaces. Recent novel techniques to prepare patterned surfaces (e.g. nano-imprint lithography, micro- contact printing) have proven their potential for the fabrication of integrated circuits and bioactive implants. Thus, this course offers an exciting field of study. New trends related to surface engineering and coating technology for the synthesis of functional materials surfaces including novel fabrication methods, materials and applications, new characterization techniques as well as numerical simulation and modeling are some of the areas of research. The department is part of UGC Centre for Physico-chemical Aspects of Textiles, Fibres, Dyes and Polymers. It is well equipped and offers 3 Ph.D. fellowships under the UGC SAP meritorious fellowship scheme 1.3 Surface engineering and engineering environment When two surfaces come into contact and relative motion is generated, the contact stresses increase due to the relatively small percentage of load-supporting area. This will result in friction and wear, and possibly even lead to failure. In the high stress applications of a modern engine or gearbox, there are areas where the pressure of metal moving against metal forces away all the lubricating oil and allows heat to build up. In the case of extreme pressure and friction, this heat is enough to instantaneously weld the two parts together just before they are broken apart by their movement. This constant weld and break process which can occur at the atomic scale results in drag and wear, which are destructive. If the gears are the components of a spacecraft, and if the single part fails, the entire multi-million dollar spacecraft would fail. So engineered surfaces to combat friction and reduce wear is highly desirable. Many materials have been developed to have specific bulk properties, although they have not been particularly optimised for the surface properties. Surface engineering can solve
13. 13 these problems by: i. Implanting alloying atoms to different depths, thereby improving toughness and fatigue properties; (surface modification) ii. Depositing surface layers, thick or thin, including lubricants; (surface coating) iii. Redesigning the surface shape of the component to distribute stresses. 1.4 Friction, Corrosion and Wear Surface engineering techniques solve friction, corrosion, and wear problems. Friction, corrosion and wear are the most common factors that cause engineering failures. In industrialized countries, 7% of GNP represents the cost of friction, wear and corrosion, with the possibility of 1% of this figure being reduced through the use of efficient tribological systems. On a worldwide level, 34% of all lubricants produced are consumed in Europe, with 50% of this being recycled, with a further 2.5 million tonnesbeing lost in the environment. 1.4.1 Friction: The frictionless plane is a concept from the writings of Galileo Galilei. In his 1608 The Two New Sciences, Galileo presented a formula that predicted the motion of an object moving down an inclined plane. His formula was based upon his past experimentation with free- falling bodies.[1] However, his model was not based upon experimentation with objects moving down an inclined plane, but from his conceptual modeling of the forces acting upon the object. Galileo understood the mechanics of the inclined plane as the combination of horizontal and vertical vectors; the result of gravity acting upon the object, diverted by the slope of the plane. where is the force of friction exerted by the object and the inclined plane on each other, parallel to the surface of the plane, is the normal force exerted by the object and the
14. 14 plane on each other, directed perpendicular to the plane, and is the coefficient of kinetic friction 1.4.2 Corrosion: Corrosion is a natural process, which converts a refined metal to a more stable form, such as its oxide or hydroxide. It is the gradual destruction of materials (usually metals) by chemical reaction with their environment. Sea water corrosion damage of a shaft, nuts & bolts without coating Corrosion is mainly an electrochemical phenomenon which occurs when metals react with materials in their environment. Figure 1. shows the corrosion damage of a shaft without a proper coating. Corrosion costs in the UK and USA are approximately £30bn and $276bn every year respectively
15. 15 In the most common use of the word, this means electrochemical oxidation of metal in reaction with an oxidant such as oxygen. Rusting, the formation of iron oxides, is a well-known example of electrochemical corrosion. This type of damage typically produces oxide(s) or salt(s) of the original metal, and results in a distinctive orange colouration. Corrosion can also occur in materials other than metals, such as ceramics or polymers, although in this context, the term degradation is more common. Corrosion degrades the useful properties of materials and structures including strength, appearance and permeability to liquids and gases. Many structural alloys corrode merely from exposure to moisture in air, but the process can be strongly affected by exposure to certain substances. Corrosion can be concentrated locally to form a pit or crack, or it can extend across a wide area more or less uniformly corroding the surface. Because corrosion is a diffusion-controlled process, it occurs on exposed surfaces. As a result, methods to reduce the activity of the exposed surface, such as passivation and chromate conversion, can increase a material's corrosion resistance. However, some corrosion mechanisms are less visible and less predictable. General Surface Corrosion: Crevice corrosion Crevice corrosion is a localized form of corrosion occurring in confined spaces (crevices), to which the access of the working fluid from the environment is limited. Formation of a differential aeration cell leads to corrosion inside the crevices. Examples of crevices are gaps and
16. 16 contact areas between parts, under gaskets or seals, inside cracks and seams, spaces filled with deposits and under sludge piles. Crevice corrosion is influenced by the crevice type (metal-metal, metal-nonmetal), crevice geometry (size, surface finish), and metallurgical and environmental factors. The susceptibility to crevice corrosion can be evaluated with ASTM standard procedures. A critical crevice corrosion temperature is commonly used to rank a material's resistance to crevice corrosion. Pitting corrosion Certain conditions, such as low concentrations of oxygen or high concentrations of species such as chloride which complete asanions, can interfere with a given alloy's ability to re-form a passivating film. In the worst case, almost all of the surface will remain protected, but tiny local fluctuations will degrade the oxide film in a few critical points. Corrosion at these points will be greatly amplified, and can cause corrosion pits of several types, depending upon conditions. While the corrosion pits only nucleate under fairly extreme circumstances, they can continue to grow even when conditions return to normal, since the interior of a pit is naturally deprived of oxygen and locally the pH decreases to very low values and the corrosion rate increases due to an autocatalytic process. In extreme cases, the sharp tips of extremely long and narrow corrosion pits can cause stress concentration to the point that otherwise tough alloys can shatter; a thin film pierced by an invisibly small hole can hide a thumb sized pit from view. These problems are
17. 17 especially dangerous because they are difficult to detect before a part or structure fails. Pitting remains among the most common and damaging forms of corrosion in passivated alloys, but it can be prevented by control of the alloy's environment. Pitting results when a small hole, or cavity, forms in the metal, usually as a result of de- passivation of a small area. This area becomes anodic, while part of the remaining metal becomes cathodic, producing a localized galvanic reaction. The deterioration of this small area penetrates the metal and can lead to failure. This form of corrosion is often difficult to detect due to the fact that it is usually relatively small and may be covered and hidden by corrosion- produced compounds. Galvanic Corrosion Galvanic corrosion occurs when two different metals have physical or electrical contact with each other and are immersed in a common electrolyte, or when the same metal is exposed to electrolyte with different concentrations. In a galvanic couple, the more active metal (the anode) corrodes at an accelerated rate and the more noble metal (the cathode) corrodes at a slower rate. When immersed separately, each metal corrodes at its own rate. What type of metal(s) to use is readily determined by following the galvanic series. For example, zinc is often used as a sacrificial anode for steel structures. Galvanic corrosion is of major interest to the marine industry and also anywhere water (containing salts) contacts pipes or metal structures.
18. 18 Factors such as relative size of anode, types of metal, and operating conditions (temperature, humidity, salinity, etc.) affect galvanic corrosion. The surface area ratio of the anode and cathode directly affects the corrosion rates of the materials. Galvanic corrosion is often prevented by the use of sacrificial anodes. Intergranular Corrosion: Intergranular corrosion (IGC), also known as intergranular attack (IGA), is a form of corrosion where the boundaries ofcrystallites of the material are more susceptible to corrosion than their insides. (Cf. transgranular corrosion.) This situation can happen in otherwise corrosion-resistant alloys, when the grain boundaries are depleted, known as grain boundary depletion, of the corrosion-inhibiting elements such as chromium by some mechanism. In nickel alloys andaustenitic stainless steels, where chromium is added for corrosion resistance, the mechanism involved is precipitation ofchromium carbide at the grain boundaries, resulting in the formation of chromium-depleted zones adjacent to the grain boundaries (this process is called sensitization). Around 12% chromium is minimally required to ensure passivation, a mechanism by which an ultra thin invisible film, known as passive film, forms on the surface of stainless steels. This passive film protects the metal from corrosive environments. The self-healing property of the passive film make the steel stainless.Selective leaching often involves grain boundary depletion mechanisms.
19. 19 These zones also act as local galvanic couples, causing local galvanic corrosion. This condition happens when the material is heated to temperature around 700 °C for too long time, and often happens during welding or an improper heat treatment. When zones of such material form due to welding, the resulting corrosion is termed weld decay. Stainless steels can be stabilized against this behavior by addition of titanium, niobium, or tantalum, which form titanium carbide, niobium carbide and tantalum carbide preferentially to chromium carbide, by lowering the content of carbon in the steel and in case of welding also in the filler metal under 0.02%, or by heating the entire part above 1000 °C and quenching it in water, leading to dissolution of the chromium carbide in the grains and then preventing its precipitation. Another possibility is to keep the welded parts thin enough so that, upon cooling, the metal dissipates heat too quickly for chromium carbide to precipitate. The ASTM A923, ASTM A262, and other similar tests are often used to determine when stainless steels are susceptible to intergranular corrosion. The tests require etching with chemicals that reveal the presence of intermetallic particles, sometimes combined with Charpy V-Notch and other mechanical testing. 1.4.3 Wear: Wear is the progressive loss of material from a surface. Among the different types of wear, abrasive wear and adhesive wear normally occur more often than others. Abrasive nwear is due to hard particles or hard protuberances forced against and moving along a solid surface.
Adhesive wear is caused by localised bonding between contacting solid surfaces leading to material transfer between the two surfaces or the loss from either surface. Adhesive wear is a typical example of how a soft material can wear down a harder one. Figure. demonstrates the phenomenon of abrasive and adhesive wear. Abrasive wear Adhesive wear The study of the processes of wear is part of the discipline of tribology. The complex nature of wear has delayed its investigations and resulted in isolated studies towards specific wear mechanisms or processes.[5] Some commonly referred to wear mechanisms (or processes) include:  Adhesive wear  Abrasive wear  Surface fatigue  Fretting wear  Erosive wear  Corrosion and oxidation wear 1.4.3.1 Adhesive wear Adhesive wear can be found between surfaces during frictional contact and generally refers to unwanted displacement and attachment of wear debris and material compounds from one surface to another. Two separate mechanisms operate between the surfaces.
21. 21 Friccohesity Friccohesity defines actual changes in cohesive forces and their reproduction in form of kinetic or frictional forces in liquid when the clustering of the nano-particles scatter in medium for making smaller cluster or aggregates of different nanometer levels. 1. Adhesive wear are caused by relative motion, "direct contact" and plastic deformation which create wear debris and material transfer from one surface to another. 2. Cohesive adhesive forces, holds two surfaces together even though they are separated by a measurable distance, with or without any actual transfer of material. 1.4.3.2 Abrasive wear Abrasive wear occurs when a hard rough surface slides across a softer surface. ASTM International (formerly American Society for Testing and Materials) defines it as the loss of material due to hard particles or hard protuberances that are forced against and move along a solid surface. Abrasive wear is commonly classified according to the type of contact and the contact environment. The type of contact determines the mode of abrasive wear. The two modes of abrasive wear are known as two-body and three-body abrasive wear. Two-body wear occurs when the grits or hard particles remove material from the opposite surface. The common analogy is that of material being removed or displaced by a cutting or plowing operation. Three-body wear occurs when the particles are not constrained, and are free to roll and slide down a surface. The contact environment determines whether the wear is classified as open or closed. An open contact environment occurs when the surfaces are sufficiently displaced to be independent of one another 1.4.3.3 Surface fatigue Surface fatigue is a process by which the surface of a material is weakened by cyclic loading, which is one type of general material fatigue. Fatigue wear is produced when the wear particles are detached by cyclic crack growth of microcracks on the surface. These microcracks are either superficial cracks or subsurface cracks.
22. 22 1.4.3.4 Fretting wear Fretting wear is the repeated cyclical rubbing between two surfaces, which is known as fretting, over a period of time which will remove material from one or both surfaces in contact. It occurs typically in bearings, although most bearings have their surfaces hardened to resist the problem. Another problem occurs when cracks in either surface are created, known as fretting fatigue. It is the more serious of the two phenomena because it can lead to catastrophic failure of the bearing. An associated problem occurs when the small particles removed by wear are oxidised in air. The oxides are usually harder than the underlying metal, so wear accelerates as the harder particles abrade the metal surfaces further. Fretting corrosion acts in the same way, especially when water is present. 1.4.3.5 Erosive wear Erosive wear can be defined as an extremely short sliding motion and is executed within a short time interval. Erosive wear is caused by the impact of particles of solid or liquid against the surface of an object. The impacting particles gradually remove material from the surface through repeated deformations and cutting actions. It is a widely encountered mechanism in industry. Due to the nature of the conveying process, piping systems are prone to wear when abrasive particles have to be transported. The rate of erosive wear is dependent upon a number of factors. The material characteristics of the particles, such as their shape, hardness, impact velocity and impingement angle are primary factors along with the properties of the surface being eroded. The impingement angle is one of the most important factors and is widely recognized in literature.[13] For ductile materials the maximum wear rate is found when the impingement angle is approximately 30°, whilst for non ductile materials the maximum wear rate occurs when the impingement angle is normal to the surface. 1.4.3.6 Corrosion and oxidation wear This kind of wear occur in a variety of situations both in lubricated and unlubricated contacts. The fundamental cause of these forms of wear is chemical reaction between the worn material and the corroding medium.[14] This kind of wear is a mixture of corrosion, wear and the synergistic term of corrosion-wear which is also called tribocorrosion.
Electroplating Electroplating is a process that uses electric current to reduce dissolved metal cations so that they form a coherent metal coating on an electrode. The term is also used for electrical oxidation of anions onto a solid substrate, as in the formation silver chloride on silver wire to make silver/silver-chloride electrodes. Electroplating is primarily used to change the surface properties of an object but may also be used to build up thickness on undersized parts or to form objects by electroforming. The process used in electroplating is called electrodeposition. It is analogous to a galvanic cell acting in reverse. The part to be plated is the cathode of the circuit. In one technique, the anode is made of the metal to be plated on the part. Both components are immersed in a solution called an electrolyte containing one or more dissolved metal salts as well as otherions that permit the flow of electricity.
30. 30 A power supply supplies a direct current to the anode, oxidizing the metal atoms that it comprises and allowing them to dissolve in the solution. At the cathode, the dissolved metal ions in the electrolyte solution are reduced at the interface between the solution and the cathode, such that they "plate out" onto the cathode. The rate at which the anode is dissolved is equal to the rate at which the cathode is plated, vis-a-vis the current through the circuit. In this manner, the ions in the electrolyte bath are continuously replenished by the anode. Other electroplating processes may use a non-consumable anode such as lead or carbon. In these techniques, ions of the metal to be plated must be periodically replenished in the bath as they are drawn out of the solution. The most common form of electroplating is used for creating coins such as pennies, which are small zinc plates covered in a layer of copper. The cations associate with the anions in the solution. These cations are reduced at the cathode to deposit in the metallic, zero valence state. For example, in an acid solution, copper is oxidized at the anode to Cu2+ by losing two electrons. The Cu2+ associates with the anion SO4 2− in the solution to form copper sulfate. At the cathode, the Cu2+ is reduced to metallic copper by gaining two electrons. The result is the effective transfer of copper from the anode source to a plate covering the cathode. The plating is most commonly a single metallic element, not an alloy. However, some alloys can be electrodeposited, notablybrass and solder. Many plating baths include cyanides of other metals (e.g., potassium cyanide) in addition to cyanides of the metal to be deposited. These free cyanides facilitate anode corrosion, help to maintain a constant metal ion level and contribute to conductivity. Additionally, non-metal chemicals such as carbonates and phosphates may be added to increase conductivity. When plating is not desired on certain areas of the substrate, stop-offs are applied to prevent the bath from coming in contact with the substrate. Typical stop-offs include tape, foil, lacquers, and waxes 2.1.3 Galvanization: Galvanization or galvanisation is the process of applying a protective zinc coating to steel or iron, to prevent rusting. The most common method is hot-dip galvanization, in which parts are submerged in a bath of molten zinc. Galvanizing protects in two ways: It forms a coating of corrosion-resistant zinc which prevents corrosive substances from reaching the more delicate part of the metal.
31. 31 The zinc serves as a sacrificial anode so that even if the coating is scratched, the exposed steel will still be protected by the remaining zinc. Hot-dip galvanizing deposits a thick robust layer that may be excessive. In the case of automobile bodies, where additional rust proofing paint will be applied, a thinner form of galvanizing is applied by electrogalvanization. The hot-dip process generally does not reduce strength on a measurable scale,with the exception of high-strength steels (>1100 MPa) where hydrogen embrittlement can become a problem.[4][5] This is a consideration for the manufacture of wire rope and other highly stressed products. The protection provided by hot dip galvanizing is insufficient for products that will be constantly exposed to corrosive materials such as salt water. For these applications, more expensive stainless steel is preferred. Some nails made today are electro-galvanized. Nonetheless, electroplating is used on its own for many outdoor applications because it is cheaper than hot dip zinc coating and looks good when new. Another reason not to use hot dip zinc coating is that for bolts and nuts size M10 (US 3/8") or smaller, the thick hot-dipped coating fills in too much of the threads, which reduces strength (because the dimension of the steel prior to coating must be reduced for the fasteners to fit together). This means that for cars, bicycles and many other light mechanical products, the alternative to electroplating bolts and nuts is not hot dip zinc coating but making the bolts and nuts from stainless steel. The size of crystallites in galvanized coatings is a visible and aesthetic feature, known as "spangle". By varying the number of particles added for heterogeneous nucleation and the rate of cooling in a hot-dip process, the spangle can be adjusted from an apparently uniform surface (crystallites too small to see with the naked eye) to grains several centimetres wide. Visible crystallites are rare in other engineering materials. Thermal diffusion galvanizing, or Sherardizing, provides a zinc diffusion coating on iron or copper-based materials.[6][7] Parts and zinc powder are tumbled in a sealed rotating drum. At about 300 °C zinc will evaporate and diffuse into the substrate to form a zinc alloy. The preparation of the goods can be carried out by shot blasting. The process is also known as dry galvanizing, because no liquids are involved, there will be no danger of hydrogen embrittlement of the goods. The dull-grey crystal structure of the zinc diffusion coating has a good adhesion to
32. 32 paint, powder coatings, or rubber. It is a preferred method for coating small, complex-shaped metals, and for smoothing rough surfaces on items formed with powder metal. 2.1.4 Thermal and plasma spraying: Thermal spraying techniques are coating processes in which melted (or heated) materials are sprayed onto a surface. The "feedstock" (coating precursor) is heated by electrical (plasma or arc) or chemical means (combustion flame). Thermal spraying can provide thick coatings (approx. thickness range is 20 micrometers to several mm, depending on the process and feedstock), over a large area at high deposition rate as compared to other coating processes such aselectroplating, physical and chemical vapor deposition. Coating materials available for thermal spraying include metals, alloys, ceramics, plastics and composites. They are fed in powder or wire form, heated to a molten or semimolten state and accelerated towards substrates in the form of micrometer-size particles. Combustion or electrical arc discharge is usually used as the source of energy for thermal spraying. Resulting coatings are made by the accumulation of numerous sprayed particles. The surface may not heat up significantly, allowing the coating of flammable substances. Coating quality is usually assessed by measuring its porosity, oxide content, macro and micro-hardness, bond strength andsurface roughness. Generally, the coating quality increases with increasing particle velocities. Several variations of thermal spraying are distinguished:  Plasma spraying  Detonation spraying  Wire arc spraying  Flame spraying  High velocity oxy-fuel coating spraying (HVOF)  Warm spraying  Cold spraying In classical (developed between 1910 and 1920) but still widely used processes such as flame spraying and wire arc spraying, the particle velocities are generally low (< 150 m/s), and raw materials must be molten to be deposited. Plasma spraying, developed in the 1970s, uses a high- temperature plasma jet generated by arc discharge with typical temperatures >15000 K, which makes it possible to spray refractory materials such as oxides, molybdenum, etc.
33. 33 2.1.5 Nitriding, Carburizing, and Boriding Nitriding is a heat treating process that diffuses nitrogen into the surface of a metal to create a case-hardened surface. These processes are most commonly used on low-carbon, low-alloy steels. However, they are also used on medium and high-carbon steels, titanium, aluminum and molybdenum. Recently, nitriding was used to generate unique duplexmicrostructure (Martensite-Austenite, Austenite-ferrite), known to be associated with strongly enhanced mechanical properties Typical applications include gears, crankshafts, camshafts, cam followers, valve parts, extruder screws, die-casting tools,forging dies, extrusion dies, firearm components, injectors and plastic-mold tools.
34. 34 Plasma nitriding, also known as ion nitriding, plasma ion nitriding or glow-discharge nitriding, is an industrial surface hardening treatment for metallic materials. In plasma nitriding, the reactivity of the nitriding media is not due to the temperature but to the gas ionized state. In this technique intense electric fields are used to generate ionized molecules of the gas around the surface to be nitrided. Such highly active gas with ionized molecules is called plasma, naming the technique. The gas used for plasma nitriding is usually pure nitrogen, since no spontaneous decomposition is needed (as is the case of gas nitriding with ammonia). There are hot plasmas typified by plasma jets used for metal cutting, welding, cladding or spraying. There are also cold plasmas, usually generated inside vacuum chambers, at low pressure regimes. Usually steels are beneficially treated with plasma nitriding. This process permits the close control of the nitrided microstructure, allowing nitriding with or without compound layer formation. Not only the performance of metal parts is enhanced, but working lifespans also increase, and so do the strain limit and the fatigue strength of the metals being treated. For instance, mechanical properties of austenitic stainless steel like resistance to wear can be significantly augmented and the surface hardness of tool steels can be doubled. A plasma nitrided part is usually ready for use. It calls for no machining, or polishing or any other post-nitriding operations. Thus the process is user-friendly, saves energy since it works fastest, and causes little or no distortion. This process was invented by Dr. Bernhardt Berghaus of Germany who later settled in Zurich to escape Nazi persecution. After his death in late 1960s the process was acquired by Klockner group and popularized world over. Plasma nitriding is often coupled with physical vapor deposition (PVD) process and labeled Duplex Treatment, with enhanced benefits. Many users prefer to have a plasma oxidation step combined at the last phase of processing to produce a smooth jetblack layer of oxides which is resistant to wear and corrosion. Since nitrogen ions are made available by ionization, differently from gas or salt bath, plasma nitriding efficiency does not depend on the temperature. Plasma nitriding can thus be performed in a broad temperature range, from 260 °C to more than 600 °C. For instance, at moderate
35. 35 temperatures (like 420 °C), stainless steels can be nitrided without the formation of chromium nitride precipitates and hence maintaining their corrosion resistance properties In the plasma nitriding processes, nitrogen gas (N2) is usually the nitrogen carrying gas. Other gasses like hydrogen or Argon are also used. Indeed, Argon and H2can be used before the nitriding process during the heating of the parts to clean the surfaces to be nitrided. This cleaning procedure effectively removes the oxide layer from surfaces and may remove fine layers of solvents that could remain. This also helps the thermal stability of the plasma plant, since the heat added by the plasma is already present during the warm up and hence once the process temperature is reached the actual nitriding begins with minor heating changes. For the nitriding process H2 gas is also added to keep the surface clear of oxides. This effect can be observed by analysing the surface of the part under nitriding (see for instance. Boriding also called boronizing, is the process by which boron is introduced to a metal or alloy. It is a type of surface hardening. In this process boron atoms are diffused into the surface of a metal component. The resulting surface contains metal borides, such as iron borides, nickel borides, and cobalt borides, As pure materials, these borides have extremely high hardness and wear resistance. Their favorable properties are manifested even when they are a small fraction of the bulk solid. Boronized metal parts are extremely wear resistant and will often last two to five times longer than components treated with conventional heat treatments such as hardening, carburizing, nitriding, nitrocarburizing or induction hardening. Most borided steel surfaces will have iron boride layer hardnesses ranging from 1200-1600 HV. Nickel-based superalloys such as Inconel and Hastalloys will typically have nickel boride layer hardnesses of 1700-2300 HV.
36. 36 Boriding can be achieved in several ways, but commonly the metal piece is packed with a boriding mixture and heated ca. 900 °C. Typical boriding mixture consists of boron carbide powder diluted with other refractory materials such as alumina or silicon carbide. Potassium tetrafluoroborate (KBF4) is used as a flux. The process converts some of the Fe to iron boride, consisting of two phases: FeB concentrated near the surface, and diiron boride (Fe2B).[1] Boride layer depths can range from 0.001 - 0.015 inch depending on base material selection and treatment. Boronizing gives the material the following desirable properties: wear resistance, improved hardness (1300-2000HV is possible), thermal stability, resistance tocorrosion by acids, reduced coefficient of friction, and increased galling/cold-welding resistance.It is possible to combine with other heat treatments such as carburizing, hardening or induction hardening to create deeper wear layers or high core hardness. It is often used on steel, but is applicable to a variety of alloys and cermet materials. A wide range of materials suitable for treatment including plain carbon steels, alloy steels, tool steels, nickel-based super alloys, cobalt alloys, and stellite. The following materials not compatible with boronizing: stainless steels, nitrogen, aluminum or silicon containing grades. Applictions of Boronizing:  High wear agricultural machinery components  Ground engaging tooling  Oil field drilling tools  Ball valves for severe service  High wear pumps  Gears  Valves  Thread guides  Coffee grinding disks  Burner nozzles  Plastic injection molding components  Tools and dies
37. 37  Aluminum extrusion dies  Aluminum die-casting shot sleeves  Coring tines for turf management  Steam turbine components  Glass cutting and forming tools and dies  Any steel components that wear quickly due to abrasion or adhesive wear and require frequent replacement Carbunizing: Carburizing, carburising (chiefly British English), or carburization is a heat treatment process in which iron or steelabsorbs carbon liberated when the metal is heated in the presence of a carbon bearing material, such as charcoal or carbon monoxide, with the intent of making the metal harder. Depending on the amount of time and temperature, the affected area can vary in carbon content. Longer carburizing times and higher temperatures typically increase the depth of carbon diffusion. When the iron or steel is cooled rapidly by quenching, the higher carbon content on the outer surface becomes hard via the transformation from austenite to martensite, while the core remains soft and tough as a ferritic and/or pearlitemicrostructure. This manufacturing process can be characterized by the following key points: It is applied to low-carbon workpieces; workpieces are in contact with a high-carbon gas, liquid or solid; it
38. 38 produces a hard workpiece surface; workpiece cores largely retain their toughness and ductility; and it produces case hardness depths of up to 0.25 inches (6.4 mm). In some cases it serves as a remedy for undesired decarburization that happened earlier in a manufacturing process. Carburization of steel involves a heat treatment of the metallic surface using a source of carbon. Carburization can be used to increase the surface hardness of low carbon steel. Early carburization used a direct application of charcoal packed onto the metal (initially referred to as case hardening), but modern techniques apply carbon-bearing gases or plasmas (such as carbon dioxide or methane). The process depends primarily upon ambient gas composition and furnace temperature, which must be carefully controlled, as the heat may also impact the microstructure of the rest of the material. For applications where great control over gas composition is desired, carburization may take place under very low pressures in a vacuum chamber. Plasma carburization is increasingly used in major industrial regimes to improve the surface characteristics (such as wear and corrosion resistance, hardness and load-bearing capacity, in addition to quality-based variables) of various metals, notably stainless steels. The process is used as it is environmentally friendly (in comparison to gaseous or solid carburizing). It also provides an even treatment of components with complex geometry (the plasma can penetrate into holes and tight gaps), making it very flexible in terms of component treatment. The process of carburization works via the implantation of carbon atoms into the surface layers of a metal. As metals are made up of atoms bound tightly into a metallic crystalline lattice, the implanted carbon atoms force their way into the crystal structure of the metal and either remain in solution (dissolved within the metal crystalline matrix — this normally occurs at lower temperatures) or react with the host metal to form ceramic carbides (normally at higher temperatures, due to the higher mobility of the host metal's atoms). Both of these mechanisms strengthen the surface of the metal, the former by causing lattice strains by virtue of the atoms being forced between those of the host metal and the latter via the formation of very hard particles that resist abrasion. However, each different hardening mechanism leads to different solutions to the initial problem: the former mechanism — known as solid solution strengthening — improves the host metal's resistance to corrosion whilst impairing its increase in hardness; the latter — known as precipitation strengthening — greatly improves the hardness but normally to
39. 39 the detriment of the host metal's corrosion resistance. Engineers using plasma carburization must decide which of the two mechanisms matches their needs. Gas carburizing is normally carried out at a temperature within the range of 900 to 950 °C. In oxy-acetylene welding, a carburizing flame is one with little oxygen, which produces a sooty, lower-temperature flame. It is often used to anneal metal, making it more malleable and flexible during the welding process. A main goal when producing carbonized workpieces is to ensure maximum contact between the workpiece surface and the carbon-rich elements. In gas and liquid carburizing, the workpieces are often supported in mesh baskets or suspended by wire. In pack carburizing, the workpiece and carbon are enclosed in a container to ensure that contact is maintained over as much surface area as possible. Pack carburizing containers are usually made of carbon steel coated with aluminum or heat-resisting nickel-chromium alloy and sealed at all openings with fire clay. 2.2 The more technologically advanced coating technologies  -Physical vapor deposition (PVD)  -chemical vapor deposition (CVD)  -Ion implantation  -Ion-beam assisted deposition (IBAD)  -Ion-beam mixing  -Laser treatment Nowadays, a multitude of options are available to select and specify a treatment or a combination of treatments to engineer the surfaces of components or structures. 2.2.1 Physical vapor deposition (PVD) A type of vacuum deposition process where a material is vaporized in a vacuum chamber, transported atom by atom across the chamber to the substrate, and condensed into a film at the substrate's surface. Hybrid physical-chemical vapor deposition (HPCVD) is a thin-film deposition technique, that combines physical vapor deposition (PVD) with chemical vapor deposition (CVD). For the instance of magnesium diboride (MgB2) thin film growth, HPCVD process uses diborane (B2H6) as the boronprecursor gas, but unlike conventional CVD, which only uses
40. 40 gaseous sources, heated bulk magnesium pellets (99.95% pure) are used as the Mg source in the deposition process. Since the process involves chemical decomposition of precursor gas and physical evaporation of metal bulk, it is named as hybrid physical-chemical vapor deposition. HPCVD has been the most effective technique for depositing magnesium diboride (MgB2) thin films. Other MgB2 deposition technologies either have a reducedsuperconducting transition temperature and poor crystallinity, or require ex situ annealing in Mg vapor. The surfaces of these MgB2 films are rough and non-stoichiometric. Instead, HPCVD system can grow high- quality in situ pure MgB2 films with smooth surfaces, which are required to make reproducible uniformJosephson junctions, the fundamental element of superconducting circuits. During the growth process of magnesium diboride thin films by HPCVD, the carrier gas is purified hydrogen gas H2 at a pressure of about 100 Torr. This H2environment prevents oxidation during the deposition. Bulk pure Mg pieces are placed next to the substrate on the top of the susceptor. When the susceptor is heated to about 650°C, pure Mg pieces are also heated, which generates a high Mg vapor pressure in the vicinity of the substrate. Diborane (B2H6) is used as theboron source. MgB2 films starts to grow when
41. 41 the boron precursor gas B2H6 is introduced into the reactor chamber. The growth rate of the MgB2 film is controlled by the flow rate of B2H6/H2 mixture. The film growth stops when the boron precursor gas is switched off. The HPCVD system usually consists of a water-cooled reactor chamber, gas inlet and flow control system, pressure maintenance system, temperature control system and gas exhaust and cleaning system. The main difference between HPCVD and other CVD systems is in the heating unit. For HPCVD, both substrate and solid metal source are heated up by the heating module. The conventional HPCVD system usually has only one heater. The substrate and solid metal source sit on the same susceptor and are heated up inductively or resistively at the same time. Above certain temperature, the bulk metal source melts and generates a high vapor pressure in the vicinity of the substrate. Then the precursor gas is introduced into the chamber and decomposes around the substrate at high temperature. The atoms from the decomposed precursor gas react with the metal vapor, forming thin films on thesubstrate. The deposition ends when the precursor gas is switched off. The main drawback of single heater setup is the metal source temperature and the substrate temperature cannot be controlled independently. Whenever the substrate temperature is changed, the metal vapor pressure changes as well, limiting the ranges of
42. 42 the growth parameters. In the two-heater HPCVD arrangement, the metal source and substrate are heated up by two separate heaters. Thus it can provide more Advantages  PVD coatings are sometimes harder and more corrosion resistant than coatings applied by the electroplating process. Most coatings have high temperature and good impact strength, excellent abrasion resistance and are so durable that protective topcoats are almost never necessary.  Ability to utilize virtually any type of inorganic and some organic coating materials on an equally diverse group of substrates and surfaces using a wide variety of finishes.  More environmentally friendly than traditional coating processes such as electroplating and painting.  More than one technique can be used to deposit a given film. Disadvantages  Specific technologies can impose constraints; for example, line-of-sight transfer is typical of most PVD coating techniques, however there are methods that allow full coverage of complex geometries.  Some PVD technologies typically operate at very high temperatures and vacuums, requiring special attention by operating personnel.  Requires a cooling water system to dissipate large heat loads. Application As mentioned previously, PVD coatings are generally used to improve hardness, wear resistance and oxidation resistance. Thus, such coatings use in a wide range of applications such as:  Aerospace  Automotive  Surgical/Medical [9]  Dies and moulds for all manner of material processing  Cutting tools
43. 43  Firearms  Optics  Watches  Thin films (window tint, food packaging, etc.)  Darts barrels  Metals (Aluminum, Copper, Bronze, etc.) 2.2.2 Chemical Vapor Deposition (CVD) Chemical vapor deposition (CVD) is a chemical process used to produce high quality, high- performance, solid materials. The process is often used in the semiconductor industry to produce thin films. In typical CVD, the wafer (substrate) is exposed to one or more volatile precursors, which react and/or decompose on the substrate surface to produce the desired deposit. Frequently, volatile by-products are also produced, which are removed by gas flow through the reaction chamber. Microfabrication processes widely use CVD to deposit materials in various forms, including: monocrystalline, polycrystalline,amorphous, and epitaxial. These materials include: silicon (SiO2, germanium, carbide, nitride, oxynitride), carbon (fiber,nanofibers, nanotubes, diamond and graphene), fluorocarbons, filaments, tungsten, titaniu m nitride and various high-k dielectrics.
44. 44 Types of Chemical Vapor Deposition CVD is practiced in a variety of formats. These processes generally differ in the means by which chemical reactions are initiated.  Classified by operating pressure:  Atmospheric pressure CVD (APCVD) – CVD at atmospheric pressure.  Low-pressure CVD (LPCVD) – CVD at sub-atmospheric pressures.[1] Reduced pressures tend to reduce unwanted gas-phase reactions and improve film uniformity across the wafer.  Ultrahigh vacuum CVD (UHVCVD) – CVD at very low pressure, typically below 10−6 Pa (~10−8 torr). Note that in other fields, a lower division between high and ultra- high vacuum is common, often 10−7 Pa. Most modern CVD is either LPCVD or UHVCVD.  Classified by physical characteristics of vapor:  Aerosol assisted CVD (AACVD) – CVD in which the precursors are transported to the substrate by means of a liquid/gas aerosol, which can be generated ultrasonically. This technique is suitable for use with non-volatile precursors.
45. 45  Direct liquid injection CVD (DLICVD) – CVD in which the precursors are in liquid form (liquid or solid dissolved in a convenient solvent). Liquid solutions are injected in a vaporization chamber towards injectors (typically car injectors). The precursor vapors are then transported to the substrate as in classical CVD. This technique is suitable for use on liquid or solid precursors. High growth rates can be reached using this technique.  Plasma methods (see also Plasma processing):  Microwave plasma-assisted CVD (MPCVD)  Plasma-Enhanced CVD (PECVD) – CVD that utilizes plasma to enhance chemical reaction rates of the precursors. PECVD processing allows deposition at lower temperatures, which is often critical in the manufacture of semiconductors. The lower temperatures also allow for the deposition of organic coatings, such as plasma polymers, that have been used for nanoparticle surface functionalization.[3]  Remote plasma-enhanced CVD (RPECVD) – Similar to PECVD except that the wafer substrate is not directly in the plasma discharge region. Removing the wafer from the plasma region allows processing temperatures down to room temperature.  Atomic-layer CVD (ALCVD) – Deposits successive layers of different substances to produce layered, crystalline films. See Atomic layer epitaxy.  Combustion Chemical Vapor Deposition (CCVD) – Combustion Chemical Vapor Deposition or flame pyrolysis is an open-atmosphere, flame-based technique for depositing high-quality thin films and nanomaterials.  Hot filament CVD (HFCVD) – also known as catalytic CVD (Cat-CVD) or more commonly, initiated CVD (iCVD), this process uses a hot filament to chemically decompose the source gases.[4] The filament temperature and substrate temperature thus are independently controlled, allowing colder temperatures for better adsorption rates at the substrate and higher temperatures necessary for decomposition of precursors to free radicals at the filament.[5]  Hybrid Physical-Chemical Vapor Deposition (HPCVD) – This process involves both chemical decomposition of precursor gas and vaporization of a solid source.  Metalorganic chemical vapor deposition (MOCVD) – This CVD process is based on metalorganic precursors.
46. 46  Rapid thermal CVD (RTCVD) – This CVD process uses heating lamps or other methods to rapidly heat the wafer substrate. Heating only the substrate rather than the gas or chamber walls helps reduce unwanted gas-phase reactions that can lead to particle formation.  Vapor-phase epitaxy (VPE)  Photo-initiated CVD (PICVD) – This process uses UV light to stimulate chemical reactions. It is similar to plasma processing, given that plasmas are strong emitters of UV radiation. Under certain conditions, PICVD can be operated at or near atmospheric pressure. Use of Chemical Vapor Deposition CVD: CVD is commonly used to deposit conformal films and augment substrate surfaces in ways that more traditional surface modification techniques are not capable of. CVD is extremely useful in the process of atomic layer deposition at depositing extremely thin layers of material. A variety of applications for such films exist. Gallium arsenide is used in some integrated circuits (ICs) and photovoltaic devices. Amorphous polysilicon is used in photovoltaic devices. Certain carbides and nitridesconfer wear-resistance. Polymerization by CVD, perhaps the most versatile of all applications, allows for super-thin coatings which possess some very desirable qualities, such as lubricity, hydrophobicity and weather-resistance to name a few. CVD of metal- organic frameworks, a class of crystalline nanoporous materials, has recently been demonstrated. Applications for these films are anticipated in gas sensing and low-k dielectrics. 2.2.3 Ion Implantation Ion implantation is a materials engineering process by which ions of a material are accelerated in an electrical field and impacted into a solid. This process is used to change the physical, chemical, or electrical properties of the solid. Ion implantation is used in semiconductor device fabrication and in metal finishing, as well as various applications inmaterials science research. The ions alter the elemental composition of the target (if the ions differ in composition from the target), stopping in the target and staying there. They also cause many chemical and physical changes in the target by transferring their energy and momentum to the electrons and atomic nuclei of the target material. This causes a structural change, in that the crystal structure of the
47. 47 target can be damaged or even destroyed by the energetic collision cascades. Because the ions have masses comparable to those of the target atoms, they knock the target atoms out of place more than electron beams do. If the ion energy is sufficiently high (usually tens of MeV) to overcome the coulomb barrier, there can even be a small amount of nuclear transmutation. Ion implantation equipment typically consists of an ion source, where ions of the desired element are produced, anaccelerator, where the ions are electrostatically accelerated to a high energy, and a target chamber, where the ions impinge on a target, which is the material to be implanted. Thus ion implantation is a special case of particle radiation. Each ion is typically a single atom or molecule, and thus the actual amount of material implanted in the target is the integral over time of the ion current. This amount is called the dose. The currents supplied by implanters are
48. 48 typically small (microamperes), and thus the dose which can be implanted in a reasonable amount of time is small. Therefore, ion implantation finds application in cases where the amount of chemical change required is small. Typical ion energies are in the range of 10 to 500 keV (1,600 to 80,000 aJ). Energies in the range 1 to 10 keV (160 to 1,600 aJ) can be used, but result in a penetration of only a few nanometers or less. Energies lower than this result in very little damage to the target, and fall under the designation ion beam deposition. Higher energies can also be used: accelerators capable of 5 MeV (800,000 aJ) are common. However, there is often great structural damage to the target, and because the depth distribution is broad (Bragg peak), the net composition change at any point in the target will be small. The energy of the ions, as well as the ion species and the composition of the target determine the depth of penetration of the ions in the solid: A monoenergetic ion beam will generally have a broad depth distribution. The average penetration depth is called the range of the ions. Under typical circumstances ion ranges will be between 10 nanometers and 1 micrometer. Thus, ion implantation is especially useful in cases where the chemical or structural change is desired to be near the surface of the target. Ions gradually lose their energy as they travel through the solid, both from occasional collisions with target atoms (which cause abrupt energy transfers) and from a mild drag from overlap of electron orbitals, which is a continuous process. The loss of ion energy in the target is called stopping and can be simulated with the binary collision approximation method. Accelerator systems for ion implantation are generally classified into medium current (ion beam currents between 10 μA and ~2 mA), high current (ion beam currents up to ~30 mA), high energy (ion energies above 200 keV and up to 10 MeV), and very high dose (efficient implant of dose greater than 1016 ions/cm2 ). All varieties of ion implantation beamline designs contain certain general groups of functional components (see image). The first major segment of an ion beamline includes a device known as an ion source to generate the ion species. The source is closely coupled to biased electrodes for extraction of the ions into the beamline and most often to some means of selecting a particular ion species for transport into the main accelerator section. The "mass" selection is often accompanied by passage of the extracted ion beam through a magnetic field region with an exit
49. 49 path restricted by blocking apertures, or "slits", that allow only ions with a specific value of the product of mass and velocity/charge to continue down the beamline. If the target surface is larger than the ion beam diameter and a uniform distribution of implanted dose is desired over the target surface, then some combination of beam scanning and wafer motion is used. Finally, the implanted surface is coupled with some method for collecting the accumulated charge of the implanted ions so that the delivered dose can be measured in a continuous fashion and the implant process stopped at the desired dose level. Application in semiconductor device fabrication Doping : The introduction of dopants in a semiconductor is the most common application of ion implantation. Dopant ions such as boron, phosphorus or arsenic are generally created from a gas source, so that the purity of the source can be very high. These gases tend to be very hazardous. When implanted in a semiconductor, each dopant atom can create a charge carrier in the semiconductor after annealing. A hole can be created for a p-type dopant, and an electron for an n-type dopant. This modifies the conductivity of the semiconductor in its vicinity. The technique is used, for example, for adjusting the threshold of a MOSFET. Ion implantation was developed as a method of producing the p-n junction of photovoltaic devices in the late 1970s and early 1980s,[2] along with the use of pulsed-electron beam for rapid annealing,[3] although it has not to date been used for commercial production. Silicon on insulator : One prominent method for preparing silicon on insulator (SOI) substrates from conventional silicon substrates is the SIMOX (separation by implantation of oxygen) process, wherein a buried high dose oxygen implant is converted to silicon oxide by a high temperature annealing process. Mesotaxy : Mesotaxy is the term for the growth of a crystallographically matching phase underneath the surface of the host crystal (compare to epitaxy, which is the growth of the matching phase on the surface of a substrate). In this process, ions are implanted at a high enough energy and dose into
50. 50 a material to create a layer of a second phase, and the temperature is controlled so that the crystal structure of the target is not destroyed. The crystal orientation of the layer can be engineered to match that of the target, even though the exact crystal structure and lattice constant may be very different. For example, after the implantation of nickel ions into a silicon wafer, a layer of nickel silicide can be grown in which the crystal orientation of the silicide matches that of the silicon. Application in metal finishing Tool steel toughening : Nitrogen or other ions can be implanted into a tool steel target (drill bits, for example). The structural change caused by the implantation produces a surface compression in the steel, which prevents crack propagation and thus makes the material more resistant to fracture. The chemical change can also make the tool more resistant to corrosion. Surface finishing : In some applications, for example prosthetic devices such as artificial joints, it is desired to have surfaces very resistant to both chemical corrosion and wear due to friction. Ion implantation is used in such cases to engineer the surfaces of such devices for more reliable performance. As in the case of tool steels, the surface modification caused by ion implantation includes both a surface compression which prevents crack propagation and an alloying of the surface to make it more chemically resistant to corrosion. Other applications Ion beam mixing : Ion implantation can be used to achieve ion beam mixing, i.e. mixing up atoms of different elements at an interface. This may be useful for achieving graded interfaces or strengthening adhesion between layers of immiscible materials. Problems with ion implantation
51. 51 Crystallographic damage : Each individual ion produces many point defects in the target crystal on impact such as vacancies and interstitials. Vacancies are crystal lattice points unoccupied by an atom: in this case the ion collides with a target atom, resulting in transfer of a significant amount of energy to the target atom such that it leaves its crystal site. This target atom then itself becomes a projectile in the solid, and can cause successive collision events. Interstitials result when such atoms (or the original ion itself) come to rest in the solid, but find no vacant space in the lattice to reside. These point defects can migrate and cluster with each other, resulting in dislocation loops and other defects. Damage recovery : Because ion implantation causes damage to the crystal structure of the target which is often unwanted, ion implantation processing is often followed by a thermal annealing. This can be referred to as damage recovery. Amorphization : The amount of crystallographic damage can be enough to completely amorphize the surface of the target: i.e. it can become an amorphous solid (such a solid produced from a melt is called a glass). In some cases, complete amorphization of a target is preferable to a highly defective crystal: An amorphized film can be regrown at a lower temperature than required to anneal a highly damaged crystal. Sputtering : Some of the collision events result in atoms being ejected (sputtered) from the surface, and thus ion implantation will slowly etch away a surface. The effect is only appreciable for very large doses. If there is a crystallographic structure to the target, and especially in semiconductor substrates where the crystal structure is more open, particular crystallographic directions offer much lower stopping than other directions. The result is that the range of an ion can be much longer if the ion travels exactly along a particular direction, for example the <110> direction in silicon and other diamond cubic materials[citation needed] . This effect is called ion channelling, and, like all the channelling effects, is highly nonlinear, with small variations from perfect orientation
52. 52 resulting in extreme differences in implantation depth. For this reason, most implantation is carried out a few degrees off-axis, where tiny alignment errors will have more predictable effects. Ion channelling can be used directly in Rutherford backscattering and related techniques as an analytical method to determine the amount and depth profile of damage in crystalline thin film materials. 2.2.4 Ion- Beam Assisted Deposition (IBAD) In ion-assisted deposition (IAD), the substrate is exposed to a secondary ion beam operating at a lower power than the sputter gun. Usually a Kaufman source, like that used in IBS, supplies the secondary beam. IAD can be used to deposit carbon in diamond-like form on a substrate. Any carbon atoms landing on the substrate which fail to bond properly in the diamond crystal lattice will be knocked off by the secondary beam. NASA used this technique to experiment with depositing diamond films on turbine blades in the 1980s. IAS is used in other important industrial applications such as creating tetrahedral amorphous carbon surface coatings on hard disk platters and hard transition metal nitride coatings on medical implants. Sputter deposition is a physical vapor deposition (PVD) method of thin film deposition by sputtering. This involves ejecting material from a "target" that is a source onto a "substrate" such as a silicon wafer. Ion beam assisted deposition or IBAD or IAD (not to be confused with ion beam induced deposition, IBID) is a materials engineering technique which combinesion implantation with
53. 53 simultaneous sputtering or another physical vapor deposition technique. Besides providing independent control of parameters such as ionenergy, temperature and arrival rate of atomic species during deposition, this technique is especially useful to create a gradual transition between the substratematerial and the deposited film, and for depositing films with less built- in strain than is possible by other techniques. These two properties can result in films with a much more durable bond to the substrate. Experience has shown that some meta- stable compounds like cubic boron nitride (c-BN), can only be formed in thin films when bombarded with energetic ions during the deposition process. 2.2.5 Ion-Beam Mixing Ion beam mixing is the atomic intermixing and alloying that can occur at the interface separating two different materials during ion irradiation.[1] It is applied as a process for adhering two multilayers, especially a substrate and deposited surface layer. The process involves bombarding layered samples with doses of ion radiation in order to promote mixing at the interface, and generally serves as a means of preparing electrical junctions, especially between non-equilibrium or metastable alloys and intermetallic compounds. Ion implantation equipment can be used to achieve ion beam mixing. The unique effects that stem from ion beam mixing are primarily a result of ballistic effects; that is, impinging ions have high kinetic energies that are transferred to target atoms on collision. Ion
54. 54 energies can be seen on the order of 1 keV to 200 keV. When accelerated, such ion energies are sufficiently high to break intra- and especially inter-molecular bonds, and initiate relocations within an atomic lattice. The sequence of collisions is known as a collision cascade. During this ballistic process, energies of impinging ions displace atoms and electrons of the target material several lattice sites away, resulting in relocations there and interface mixing at the boundary layer. (Note that energies must be sufficiently high in order for the lattice rearrangements to be permanent rather than manifesting as mere vibrational responses to the impinging radiation, i.e. the kinetic energies must be above the threshold displacement energy of the material.) If energies are kept sufficiently high in these nuclear collisions, then, compared to traditional high-dose implantation processes, ballistic ion implantation produces higher intrafilm alloy concentrations at lower doses of irradiation compared to conventional implantation processes. The degree of mixing of a film scales with the ion mass, with the intensity of any given incident ion beam, and with the duration of the impingement of the ion beam on a target. The amount of mixing is proportional to the square roots of time, mass and ion dose. At temperatures below 100 °C for most implanted materials, ion beam mixing is essentially independent of temperature but, as temperature increases beyond that point, mixing rises exponentially with temperature. This temperature-dependence is a manifestation of incident ion beams effectively imparting the target species-dependent activation energy to the barrier layer.[3] Ballistic ion beam mixing can be classified into two basic subtypes, recoil mixing and cascade mixing, which take place simultaneously as a result of ion bombardment. In recoil mixing, atoms are relocated by single collision events. Recoil mixing is predominately seen at large angles as a result of soft collisions, with the number of atoms undergoing recoil implantation varying linearly with ion dose. Recoil implantation, however, is not the dominant process in ion beam mixing. Most relocated atoms are part of a collision cascade in which recoiled atoms initiate a series of lower energy lattice displacements, which is referred to as cascade mixing. Ion beam mixing can be further enhanced by heat spike effects Ion mixing (IM) is essentially similar in result to interdiffusion, hence most models of ion mixing involve an effective diffusion coefficient that is used to characterize thickness of the reacted layer as a function of ion beam implantation over a period of time.
55. 55 The diffusion model does not take into account the miscibility of substrate and layer, so for immiscible or low-miscibility systems it will overestimate the degree of mixing, while for highly miscible systems the model will underestimate the degree of mixing. Thermodynamic effects are also not considered in this basic interdiffusion equation, but can be modeled by equations that consider the enthalpies of mixing and the molar fractions of the target species, and one can thereby develop a thermodynamic effective diffusion coefficient reflecting temperature effects (which become pronounced at high temperatures). Advantages and disadvantages Advantages of ion beam mixing as a means of synthesis over traditional modes of implantation include the process' ability to produce materials with high soluteconcentrations using lower amounts of irradiation, and better control of band gap variation and diffusion between layers. The cost of IM is also less prohibitive than that of other modes of film preparation on substrates, such as chemical vapor deposition (CVD) and molecular beam epitaxy (MBE). Disadvantages include the inability to completely direct and control lattice displacements initiated in the process, which can result in an undesirable degree of disorder in ion mixed samples, rendering them unsuitable for applications in which precise lattice orderings are paramount. Ion beams cannot be perfectly directed, nor the collision cascade controlled, once IM effects propagate, which can result in leaking, electron diffraction, radiation enhanced diffusion (RED), chemical migration and mismatch. Additionally, all ion mixed samples must be annealed. 2.2.6 Laser Treatment Laser coating, also referred as “laser cladding” or “laser spraying” (note: in this paper the process is called laser coating), is an advanced coating technology for improving surface properties of various components and equipment. These coatings have extremely dense, crack- free and non-porous microstructures. Laser coatings show also excellent metallurgical bonding to the base material, have uniform composition and coating thickness. Laser coating produces also very low dilution and low heat input to the component . Laser coating of new components gives them surfaces with high resistance against wear, corrosion and high temperatures. Besides new manufacturing, the process has shown its importance also in maintenance and repair of worn components, often resulting in component performances superior to those of uncoated ones.
56. 56 Research and development of laser coating processes, properties of coated structures, and industrial applications has been very active during the last years f.ex. in Finland, primarily due to the rapid development of high power laser technology and recent launching of industrial laser coating activity. Industrial use of laser coatings is expected to increase markedly during the following next years. pretreatment, such as graphitizing of the metal surface, is frequently needed in laser transformation hardening of steel surfaces by a CO2 laser. Laser coating process Among all laser materials processing methods, laser surface engineering is still significantly less used than for example laser marking, cutting or welding. Surface engineering by lasers involves primarily transformation hardening of steels, and laser coating. Several modifications of laser surface coating and treatment exist. These can be classified as follows: 1. Laser transformation hardening of steels and cast irons 2. Surface modification: remelting (e.g. cast iron), surface alloying, impregnation (e.g. with carbides) 3. Laser coating (laser cladding or laser spraying): - 2-step process: remelting of pre-placed or predeposited layer; ”pre-placed” layer of powder, with/without organic binder - 1-step process: laser coating with powder or wire; laser coating with coaxial/off-axis powder nozzles 4. Laser assisted hybrid processes - Laser surface cleaning with thermal spraying - laser assisted thermal spraying; hybrid spraying.
57. 57 Laser transformation hardening is a relatively straightforward process and involves rapid heating of the steel surface to the austenite region, which is then followed by self-quenching to form a martensitic case of high hardness. Laser hardening allows hardening of local well-defined areas, high-intensity local heating and very high self-cooling rates with good hardenability of various ferrous alloys Laser coating is an overlay deposition process, where the coating material, a powder or wire, is applied on the surface of the base material through a melting process. Figure 1 a) shows the principle of laser coating. The process has many similarities with thermal spray processes, i.e. the feedstock material (powder) is heated by using a special heat source. In laser coating the energy is received from the laser light, whereas in thermal spray processes the energy source can be a combustion flame (flame spray, HVOF), electric arc (arc spray), or plasma discharge (plasma spray, PTA). In laser coating, a powder, e.g. 50-150 mm in size, is injected with a carrier gas to the laser beam traversing on the surface of the material or component to be coated. The powder absorbs energy from the laser beam, starts heating and melting in flight, and deposits on the surface of the base material). Part of the energy is also absorbed by the surface causing controlled melting of a thin layer of the base material. This ensures formation of a real metallurgical bonding between the coating and the base material. In laser coating a melt pool of the coating material is formed, which in turn results in coatings without porosity. The mixing
58. 58 between the two materials (coating and base material), i.e. dilution, must be as small as possible to utilise the properties of the coating material most effectively. Industrial applications of laser coatings Laser coating applications include new production, spare part manufacture and as well as maintenance and repair of worn components and equipment. Laser coatings are used to produce surfaces resistant against abrasive, erosive and adhesive wear, wet corrosion, high temperature oxidation and corrosion, etc. Typical applications of laser coatings are:  shafts, rods and seals  valve parts, sliding valves and discs  exhaust valves in engines  cylinders and rolls - pump components  turbine components - wear plates  sealing joints and joint surfaces  tools, blades  moulds Industrial laser coating operation is usually based on high power CO2 laser, which are regarded as reliable equipment. Also newer laser types, such as Nd:YAG lasers and HPDL systems, have been taken to industrial use recently. An example of an industrial laser coating workstation is shown in. This system is based on a 6 kW CO2 laser. The powder head is based on a coaxial powder feeding principle.
59. 59 Chapter-3
60. 60 3. Applications of Surface Engineering The applications of surface coatings have been extensively explored. They include sports technology, aeronautic and transport industries, chemical and petroleum industries, food, mining and the electronics industries. Recently, surface coatings have been utilised increasingly in some specialised areas. Such applications include thermal sprayed coatings in the sports industry (horses hooves, clothing, golfing, swimming), biomedical/orthopaedics (e.g. hydroxylapatite), dentistry, cancer therapy, art industry (e.g. glass colouring and enamelling) and bronze applications. Surface coatings provide a wide range of functions to modify the properties of the components. Typical coatings include pure metals and alloys, Nitrides, Carbides, Diamond Like Carbon (DLC), decorative coatings and thermal barrier coatings. Modern cutting applications can not be accomplished without protecting the tools with a thin wear-resistant coating. These applications include high speed cutting, hard Wear Abrasive Adhesive Corrosive Erosive Figure 3. Types of wear. Demonstration of wear: (a) Abrasive wear; (b) Adhesive wear. 4 machining of high hardness (Rockwell>60C) materials, dry cutting and cutting of materials such as Titanium, AlSi alloy or other non-ferrous abrasive materials that are difficult to cut. The coatings deposited on the tool surface normally have a thickness of several microns. They enhance wear resistance at the cutting edge and reduce diffusion and friction. Surface engineering contributes very significantly in the transport industry. Approximately 6% of the costs of manufacturing engines and transmissions are involved in coating technologies. Surface coatings generally have three major categories of applications in the transport industry, which are power units, vehicle components and fixed permanent structures. Engineering coatings have a number of applications in power generation units, such as diesel engines and power transmission systems. Surface coatings have a function of preventing the power units from erosion and wear. Some vehicle components such as suspension and brakes are coated with thermally sprayed coatings to improve wear resistance, and therefore extend the service life. Epoxy-based polymer coatings are applied to exposed areas such as wheel arches and bumpers. They are also used as a body coat on some vehicles to increase the abrasion and corrosion resistance. Polymer coatings also help to reduce noise levels. Another application of surface coatings is for fixed structures such as bridges and oil rigs to combat saltwater corrosion and sand abrasion problems. In the aerospace industry, the applications of surface coatings on engine parts have been practised for over 50
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