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Inženjerstvo površina obuhvaća niz različitih postupaka kojima se svojstva površina izradaka prilagođavaju specifičnim zahtjevima korištenja proizvoda. 
· povećanje otpornosti na umor (opterećeni ležaji i vratila) 

· remont površine proizvoda 

· povećanje površinske hrapavosti (izgled, točnost dimenzija, trenje) 

· daje dekorativna svojstva, boju i teksturu 

	
	
	
	


Slika S-01.1  Proizvodi 
Prilagođene su površine skoro svih proizvodi, od video vrpce, preko karoserije automobila do namještaja. Ciljevi se prilagodbe mogu grupirati u: 
· povećati otpornost na koroziju osnovnog materijala kako bi s produljio vijek trajanja proizvoda 

· povećati otpornost na trošenje kako bi s produljio vijek trajanja proizvoda 

· smanjiti trenje kako bi se smanjili gubici energije 

· poboljšati izgled proizvoda bojanjem ili teksturom kako bi ga učinio vizualno atraktivnijim 

· osigurati specijalna svojstva kao što je povećanje kliskosti ili otpornost na lijepljenje 
· omogućiti primjenu lijepila za osiguranje navojnih spojeva dijelova u uvjetima ugrožene sigurnosti 

· povećati električnu vodljivost ili otpornost 
· pripremiti motalnu površinu za slijedeće postupke obrade 

· poboljšati lemljivost 

· metalizirati površine proizvoda izrađenih od plastičnih masa 

· osigurati zaštitu od elektromagnetnih valova 

· reparirati površinu koja je istrošena tijekom eksploatacije 

Metalni su izradci skoro uvijek prevučeni – ličenjem, platiranjem ili drugim postupcima. Izuzeci su izradci od nehrđajućeg čelika i bronce. Nemetalni materijali se također prevlače: 
· izradci od plastike se prevlače kako bi dobili metalni izgled 

· staklene leće se prevlače antirefleksijskim prevalakama 

· procesi prevlačenja i depozicije se koriste u izradi poluvodiča, čipova i štampanih kola 
Postupci inženjerstva površina daju značajan doprinos zaštiti okoliša te zadovoljavanju potreba korisnika za boljim i jeftinijim proizvodima: 

· Produženjem vijeka trajanja proizvoda, inženjerstvo površina smanjuje brzinu trošenja prirodnih resursa. 

· Kod motornih vozila o inženjerstvu površina u kritičnoj mjeri ovisi produljenje garantnih rokova i kontrola emisije ispušnih plinova. Otvrdnuti ventil motora s unutarnjim izgaranje traje minimalno pet godina bez zamjene. 

Postupci površinskog inženjerstva se široko koriste u industrijskoj proizvodnji: automobila, zrakoplova, raketa, energetske opreme, elektronike, biomedicinske opreme, tekstila, goriva, petrokemikalija, kemikalija, čelika, cementa, strojnih alata i građevina. Postupcima površinskog inženjerstva mijenjaju se svojstva: fizička, kemijska, električna elektronička, magnetna, mehanička, otpornost na trošenje, otpornost na koroziju. Skoro se na svim materijalima - metalima, keramikama, polimerima i kompozitima može formirati prevlaka od sličnog ili različitog materijal. 

U 1995. godini je tržište površinskog inženjerstva u Velikoj Britaniji procijenjeno na 10 milijardi &. Pola od tog iznosa je otpadalo na prevlake povećane otpornosti na trošenje i koroziju. 

6.1 Osnove inženjerstva površina 
Važnost površine je u: 
· različitosti njenih karakteristika od karakteristika osnovnog materijala,

· na površini dolazi do trenja, trošenja i podmazivanja 

· od obrade površine ovisi ponašanje dijela u eksploataciji 

· površine se oblikuju proizvodnim postupcima te od potrebe za dobivanje površine određenih svojstava ovisi koje se proizvodne operacije mogu koristiti 

Svojstva površine ovise od: 

	1. svojstava radnog komada: 

· geometrija 

· oblik 
· dimenzije 
· materijal 
· vrsta 
· postupka proizvodnje materijala 
· mehanička svojstva 
· elastična svojstva 
· plastična svojstva 
· fizičkih svojstava 
· talište 

· difuzivnost, vodljivost, kapacitaivnosti 
· toplinsko širenje 
· fazne transformacije 
· kemijskih svojstava 
· kemijskog sastava 
· kemijskog afiniteta prema materijalu alata i okoline 
· metalurška svojstava 
· struktura 
· veličina zrna 
· tvrdoća 
2. Svojstava okoline 
· vrsta medija (plin, tekućina, magla) 
· maziva svojstva 
· sposobnost hlađenja 
· brzina tečenja 
· temperatura 
· kemijski sastav
3. Svojstava strojnih alata 

· pogrešna gibanja 
	· svojstva alata 

· tijelo alata 

· vrsta alata 
· veličina 

· oblik 
· broj reznih oštrica

· rezna oštrica
· oblik (kutovi) 
· geomerija/topografija vrhova 
· mikrogeomerija 
· trošenje 
· materijal 
· vrsta 
· prevlaka 
· vrsta 
· debljina 

· broj i vrsta slojeva 
· mehanička svojstva 
· elastična svojstva 
· plastična svojstva 
· fizička svojstva 
· difuzivnost, vodljivost, kapacitativnost
· toplinsko širenje 
· kemijska svojstva 
· kemijski sastav 
· kemijski afinitet prema materijalu komada 
· metalurška svojstva 
· struktura 
· veličina zrna 
4. Procesne varijable 
· brzina 
· posmak 
· dubina rezanja 


Kod proizvoda se razlikuje površinska faza koja razdvaja osnovnu fazu od okoline. Uslijed djelovanja okoline tijekom vremena dolazi do degradacije površinske faze djelovanjem: trošenja, korozije, umora i puzanja.Postupcima inženjerstva površina mijenjaju se svojstva površinske faze kako bi se umanjila njena degradacija tijekom vremena. Površinska faza se pri tome čini otpornijom na uvjete u kojoj će se koristiti. 

6.1.1 Geometrija površina 

Geometrija površina odstupa od površina određenih nacrtima. Janljaju se: 

· pukotine i greške: nasumično raspoređene nepravilnosti kao što su ogrebotine, prskotine, rupe, udubine, brazde, rascjepi, uključci 

· raspored ili usmjerenost je pravac prevladavajućih površinskih uzoraka i obično je vidljiv golim okom 

· valovitost je oblik periodičnog odstupanja od ravne površine, slična valovima na površini vode, i opisuje se: 

· razmakom između susjednih vrhova (valna širina) i 

· razmakom između vrhova i udolina valova (valna visina) 

· hrapavost: lokalna odstupanja izražena visinama i širinama – preovladavajuća je karakteristika geometrije površine 

[image: image1] 

Procesi odvajanja strugotine uzrokuju površinske pukotine, valovitost i hrapavost od kojih ovise svojstva izradaka 

Usporedba površinske hrapavosti kod različitih tradicionalnih proizvodnih postupaka 

[image: image2]
6.1.2 Fizička i kemijska svojstva površina 

Poprečni presjek površine metala 

[image: image3]
Beilbyjev sloj – formira se pri plastičnom tečenju tijekom poliranju komada ili kada nakon taljenja slijedi brzo hlađenje 
Shematski prikaz poprečnog presjeka površine metala. Debljine pojedinih slojeva ovise o proizvodnim uvjetima i okolini 
6.1.3 Postupci inženjerstva površina 

· platiranje i srodni postupci 

· konverzijske prevlake 

· fizička depozicija para 

· kemijska depozicija para 

· organske prevlake 

· emajliranje s porculanom ili drugim keramičkim materijalima 

· toplinski i mehanički postupci oblaganja 
· eksplozivno otvrdnjavanje (en. explosive hardening) – detonacijom eksploziva iznad izratka povećava se njegova tvrdoća 

· oblaganje (en. cladding) – tanki sloj materijala otpornog na koroziju povezuje se pomoću valjaka ili drugih sredstava za postizanje visokog tlaka s jeftinijim materijalom osjetljivim na koroziju 

· mehaničko platiranje (en. mechanical plating) – fine čestice metala se kompaktiraju na površini izratka njihovim zbijanjem sa staklenim ili keramičkim kuglicama koje se kotrlja uslijed djelovanja sredstva za rotaciju 

· otvrdnjavanje u komori (en. case hardening) – povećanje tvrdoće u ugljičnom plinu i gašenje 
· tekstura površine (en. surface texturing) – impulsno kemijsko, električno ili lasersko dubljenje kako bi se formirala fina konusna površinska tekstura 

· keramičke prevlake (en. ceramic coating) – u mlazu nanesene keramičke prevlake namijenjene električnoj izolaciji i povećanju otpornosti prema visokim temperaturama 

· depozicija pare (en. vapor deposition) – osnovni materijal kemijski reagira s plinovitom fazom koja sadrži spojeve materijala koji treba nanijeti 

· raspršivanje (en. sputtering) – u električnom polju ionizira inertni plin (argon). Pozitivni ioni bombardiraju materijal prevlake(katoda) te izazivaju raspršivanje (izbacivanje) atoma koji se potom izdvajaju na izratku 

Kod platiranja se na površinu osnovnog materijala nanosi tanki metalni sloj. Osnovni je materijal najčešće metala, ali se platiraju i izradci od polimera i keramika. Postupci su: 

· elektroplatiranje – najčešće korišteni postupak 

· elektrooblikovanje 

· platiranje bez električne struje 

· toplo platiranje 

6.1.4 Čišćenje površina 

Postupci obrade površina 
· sačmiranje, mlaz vode, laser 

· sačmiranjem se izaziva zaostala tlačna napetost, ali i čisti 

[image: image4.png]


     [image: image5.png]



Izbor postupka čišćenje ovisi o nečistoćama koje moraju biti odstranjene: hrđa, prašina, sloj pljesni, strugotina ili druge metalne ili nemetalne krhotine, fluidi za obradu metala, kruta maziva, pigmenti, sredstva za poliranje ili lepanje te drugi materijali. Postupci su: 

· mehanički: 
· struganje s četkama 

· prskanje s suhim ili vlažnim abrazivnim česticama 

· preturanjem u bubnju 
· mlaz pare 

· ultrazvuk 

· kemijski 
· otapalo – nečistoće se otapaju u sredstvu za čišćenje 

· saponifikacija – ula se kemijskim reakcijama predove u sašune koji se otapaju u vodi 

· ultrazvuk – izradak se potapa u kupku ispunjenu otapalom koje titra frekvencijama ultrazvuka 

6.2 Fizički postupci inženjerstva površina 
6.2.1 Mehanički postupci inženjerstva površina 

Glačanje valjanjem (en. roller burnishing): 

[image: image6]
Burnishing tools and roller burnishing of (a) the fillet of a stepped shaft to induce compressive-surface residual stresses for improved fatigue life; (b) a conical surface; and (c) a flat surface.

6.2.2 Toplinski postupci inženjerstva površina 

Hot Dipping

Metal substrate (part) is immersed in a molten bath of a second metal; upon removal, the second metal is coated onto the first 

· Common substrate metals: steel and iron

· Coating metals: zinc, aluminum, tin, and lead 

· Primary purpose is corrosion protection
Hot Dipping Processes

· Galvanizing - zinc (Zn) coated onto steel or iron 

· By far the most important hot dipping process

· Aluminizing - coating of aluminum (Al) onto a substrate 

· Excellent corrosion protection, in some cases five times more effective than galvanizing

· Tinning - coating of tin (Sn) onto steel for food containers, dairy equipment, and soldering applications

· Terneplate - plating of lead‑tin alloy onto steel 

Hot-Dipped Galvanized Steel

[image: image7]
Flow line for the continuous hot-dipped galvanizing of sheet steel.  The welder (upper left) is used to weld the ends of coils to maintain continuous material flow. 

Postupci s termičkim mlazom (en. thermal-spray operations): 

[image: image8]
Schematic illustrations of thermal-spray operations: (a) thermal wire spray; (b) thermal metal-powder spray, and (c) plasma spray. 

Thermal Spraying

Spraying of molten coating materials onto a substrate, where they solidify and adhere to the surface 

· Coating materials: pure metals and metal alloys; ceramics (oxides, carbides, and certain glasses); other metallic compounds (sulfides, silicides); cermet composites; and certain plastics (epoxy, nylon, teflon, and others).

· Substrates: metals, ceramics, glass, some plastics, wood, and paper 

· Heating technologies: oxyfuel flame, electric arc, and plasma arc

Applications of Thermal Spraying

· First applications were to rebuild worn areas on used machinery components and to salvage workparts that had been machined undersize

· Also used in manufacturing as a coating process for corrosion resistance, high temperature protection, wear resistance, electrical conductivity, electrical resistance, electromagnetic interference shielding 
Hard Facing

Surfacing technique in which alloys are applied as welded deposits to substrate metals

· Distinguishing feature is that fusion occurs between coating and substrate, whereas the bond in thermal spraying is typically mechanical interlocking which does not stand up as well to abrasive wear

· Especially suited to applications requiring good wear resistance 

· Applications: coating of new parts and repair of heavily worn, eroded, or corroded part surfaces
Lasersko inženjerstvo površina (en. ) 


[image: image9]
An outline of laser surface-engineering processes. 
6.2.3 Fizička depozicija pare 

Physical Vapor Deposition (PVD)

A family of coating processes in which a material is converted to its vapor phase in a vacuum chamber and condensed onto a substrate surface as a very thin film 

· Can be used for a wide variety of coating materials: metals, alloys, ceramics and other inorganic compounds, and even certain polymers 

· Possible substrates: metals, glass, and plastics 

· PVD is a very versatile coating technology, applicable to an almost unlimited combination of coating substances and substrate materials 

Fizičko deponiranje pare – PVD (en. physical-vapor-deposition process) 

[image: image10]
(a)  Schematic illustration of the physical-vapor-deposition process.  Note that there are three evaporators, and the parts to be coated are placed on a tray inside the chamber. 

Applications of PVD 

· Decorative coatings on plastic and metal parts such as trophies, toys, pens and pencils, watchcases, and interior trim in automobiles

· Antireflection coatings of magnesium fluoride (MgF2) onto optical lenses

· Depositing metal to form electrical connections in integrated circuits 

· Coating titanium nitride (TiN) onto cutting tools and plastic injection molds for wear resistance

Processing Steps in PVD

· All physical vapor deposition processes consist of the following steps: 

1. Synthesis of coating vapor

2. Vapor transport to substrate

3. Condensation of vapors onto substrate surface

· These steps are generally carried out in a vacuum chamber, so evacuation of the chamber must precede PVD process

Postupak raspršivanja (en. sputtering process)


[image: image11]
Schematic illustration of the sputtering process.

Implantacija iona (en. ion-plating)


[image: image12]
Schematic illustration of an ion-plating apparatus. 

Embedding atoms of one (or more) foreign element(s) into a substrate surface using a high‑energy beam of ionized particles 

· Result is an alteration of the chemistry and physical properties of the layers near the substrate surface 

· Produces a much thinner altered layer and different concentration profile than diffusion 

· Alternative to diffusion when the latter is not feasible due to high temperatures required 

[image: image13]
Profile of surface chemistry as treated by ion implantation

Shown here is a typical plot for boron implanted in silicon

Note the difference in profile shape and depth of altered layer compared to diffusion coating
Advantages of Ion Implantation

· Low temperature processing 

· Good control and reproducibility of impurity penetration depth

· Solubility limits can be exceeded without precipitation of excess atoms 

· No problems with waste disposal as in electroplating and many coating processes 

· No discontinuity between coating and substrate as in coating processes 

Principal Applications of Ion Implantation 

· Modifying metal surfaces to improve properties 

· Fabrication of semiconductor devices 
6.2.4 Organske prevlake 

Organic Coatings

Polymers and resins (natural or synthetic) usually formulated to be applied as liquids that dry or harden as thin surface films on substrate materials 

· Advantages: 

· Wide variety of colors and textures possible 

· Capacity to protect the substrate surface 

· Low cost 

· Ease with which they can be applied 

Ingredients in Organic Coatings

1. Binders - give the coating its properties

2. Dyes or pigments - provide color to the coating

3. Solvents - dissolve the polymers and resins and add proper fluidity to the liquid

4. Additives

Binders 

Polymers and resins that determine the solid state properties of the coating, such as strength, physical properties, and adhesion to the substrate surface 

· The binder holds the ingredients in the coating during and after application to the surface 

· Common binders in organic coatings: 

· Natural oils (used to produce oil‑based paints) 

· Resins of polyesters, polyurethanes, epoxies, acrylics, and cellulosics 
Dyes and Pigments 

Provide color to the coating – two types:

1. Dyes - soluble chemicals that color coating liquid but do not conceal the surface beneath when applied 

· Coatings are generally transparent or translucent

2. Pigments - solid particles of uniform, microscopic size dispersed in coating liquid but insoluble in it

· They not only color the coating; they also hide the surface below

· Since pigments are particulate, they also tend to strengthen the coating

Solvents

Liquid substances used to dissolve the binder and certain other ingredients in the liquid coating composition 

· Common solvents used in organic coatings:

· Aliphatic and aromatic hydrocarbons

· Alcohols

· Esters

· Ketones

· Chlorinated solvents 
Additives

· Surfactants (to facilitate spreading on the surface)

· Biocides and fungicides
· Thickeners
· Heat and light stabilizers
· Coalescing agents
· Plasticizers
· Defoamers
· Catalysts to promote cross‑linking

Application Methods for 
Liquid Organic Coatings 

· Brushing and rolling

· Spraying

· Dip coating (immersion)

· Flow coating (showering)
Drying and Curing

Drying - process in which organic coating converts from liquid to solid

· Many organic coatings dry by evaporation of their solvents 

Curing - in order to form a durable film on the substrate surface, a further conversion is necessary

· This involves a chemical change in the organic resin in which polymerization or cross‑linking occurs to harden the coating 

Application Example: 
Automobile Body

Typical sequence applied to the sheetmetal car body in a mass production automobile: 

1. Phosphate coat applied by dipping car body

2. Primer coat applied by dipping car body

3. Color paint coat applied by spray coating 

4. Clear coat (for high gloss and added protection) applied by spraying

Porcelain Enameling

· Porcelain coatings are valued for:

· Their beauty and color

· Smoothness and ease of cleaning

· Chemical inertness and general durability 

· Porcelain enameling is the name given to the technology of these ceramic coating materials and the processes by which they are applied 
Porcelain Enameling 
Materials and Products

· Porcelain = a ceramic made from kaolin, feldspar, and quartz

· Substrates: steel, cast iron, and aluminum as a vitreous porcelain enamel 

· Products: sinks, bathtubs, lavatories, ranges, water heaters, washing machines, dishwashers, jet engine components, automotive mufflers, and electronic circuit boards 
Keramički slojevi (en. Ceramic Coatings) for High-Temperature Applications


[image: image14]
Ličenje (en. Paint Application Methods)

[image: image15]
Methods of paint application:  (a) dip coating, (b) flow coating, and (c) electrostatic spraying (used particularly for automotive bodies).
6.3 Kemijski postupci inženjerstva površina 

6.3.1 Konverzijski postupci inženjerstva površina 

Conversion Coatings

A family of coating processes in which a thin film of oxide, phosphate, or chromate is formed on a metallic surface by chemical or electrochemical reaction

· Immersion and spraying are the two common methods of exposing the metal surface to the reacting chemicals 

· Common metals treated: steel (including galvanized steel), zinc, and aluminum 

Reasons for Using Conversion Coatings 

· Corrosion protection

· Preparation for painting

· Wear reduction

· Permits surface to better hold lubricants for metal forming processes

· Increase electrical resistance of surface

· Decorative finish
Two Categories of Conversion Coating Processes 

1. Chemical conversion coatings - chemical reaction only 

· Phosphate and chromate conversion coatings are the common treatments

2. Anodizing - oxide coating produced by electrochemical reaction 

· Anodize is a contraction of anodic oxidize

· Most commonly used on aluminum and its alloys 

Chemical Conversion Coatings

Base metal is exposed to chemicals that form thin nonmetallic surface films 

1. Phosphate coating - transforms base metal surface (e.g., steel, zinc) into phosphate film by exposure to phosphate salts and dilute phosphoric acid 

· Useful preparation for painting of automobiles 

2. Chromate coating - transforms base metal (e.g., aluminum, copper, magnesium, zinc) into various forms of chromate films (sometimes colorful) using solutions of chromic acid, chromate salts, etc. 

Anodizing

Electrolytic treatment that produces a stable oxide layer on a metallic surface

· Applications: aluminum and magnesium most common; also zinc, titanium, and other metals 

· Dyes can be incorporated into the anodizing process to create a wide variety of colors

· Especially common in aluminum anodizing 

· Functions: primarily decorative; also corrosion protection 
6.3.2 Elektrokemijski postupci inženjerstva površina 

Elektroplatiranje 

Electrolytic process in which metal ions in an electrolyte solution are deposited onto a cathode workpart 

· Also called electrochemical plating
· The anode is generally made of the plating metal and thus serves as the source of the plate metal 

· Direct current from an external power supply is passed between anode and cathode 

· The electrolyte is an aqueous solution of acids, bases, or salts 


[image: image16]
Setup for electroplating

[image: image17]  
[image: image18]
(a)  Schematic illustration of the electroplating process.  (b)  Examples of electroplated parts.

Principal Electroplating Methods

· Barrel plating - performed in rotating barrels oriented either horizontally or at an oblique angle (35() - suited to plating many small parts in a batch

· Rack plating –racks made of heavy‑gauge copper wire and formed into suitable shapes for holding the parts and conducting current to them - used for parts that are too large, heavy, or complex for barrel plating

· Strip plating – a continuous strip is pulled through the plating solution by means of a take‑up reel – suited to high production
Common Coating Metals 

· Zinc - plated on steel products such as fasteners, wire goods, electric switch boxes, and sheetmetal parts as a sacrificial barrier to corrosion

· Nickel - for corrosion resistance and decorative purposes on steel, brass, zinc die castings, and other metals; also used as a base coat for chrome plate 

· Tin - widely used for corrosion protection in "tin cans" and other food containers 
· Copper - decorative coating on steel and zinc, either alone or alloyed as brass; also, applications in printed circuit boards 

· Chromium - decorative coating widely used in automotive, office furniture, and kitchen appliance applications; also one of the hardest electroplated coatings for wear resistance applications

· Precious metals (gold, silver, platinum) - plated on jewelry; gold is also used for electrical contacts
Electroforming
Electrolytic deposition of metal onto a pattern until the required thickness is achieved, after which the pattern is removed to leave the formed part 

· The process is virtually the same as electroplating but its purpose is different 

· Whereas typical plating thickness is only about 0.05 mm (0.002 in) or less, electroformed parts are often substantially thicker, so the production cycle is proportionally longer 
Electroformed Products

· Metals used for electroforming: copper, nickel, and nickel cobalt alloys most common

· Typical applications: fine molds and dies (e.g., for lenses) and plates for embossing and printing 

· Notable application: molds for compact disks (CDs) and video disks (DVDs) 

· Surface details imprinted onto a CD are measured in (m or (-in   (1 (m = 39.4 (-in). 

· These details are readily obtained in the mold by electroforming 


[image: image19]   
[image: image20]
(a)  Typical sequence in electroforming.  (1)  A mandrel is selected with the correct nominal size.  (2)  The desired geometry is machined into the mandrel (in this case a bellows).  (3)  The desired metal is electroplated onto the mandrel.  (4)  The plated material is trimmed if necessary.  (5)  The mandrel is desolved through chemical machining.  (b)  A collection of electroformed parts.  Source:  Courtesy of Servometer, LLC.
Electroless Plating

Plating driven entirely by chemical reactions ‑ no external source of electric current is required

· Deposition of metal onto a part surface occurs in an aqueous solution containing ions of the desired plating metal - the workpart surface acts as a catalyst for the reaction in the presence of a reducing agent

· Metals that can be electroless plated are limited: nickel and certain of its alloys, copper, and gold

· Notable application: copper for plating through‑holes of printed circuit boards
6.3.3 Kemijska depozicija para 

Chemical Vapor Deposition (CVD)

Involves the interaction between a mixture of gases and the surface of a heated substrate, causing chemical decomposition of some of the gas constituents and formation of a solid film on the substrate 

· Reactions take place in enclosed reaction chamber

· Reaction product (metal or compound) nucleates and grows on substrate surface to form the coating 

· Most CVD reactions require heat

· Wide range of pressures and temperatures in CVD

· Variety of coating and substrate materials possible
Applications of CVD

· Industrial metallurgical processes

· Example: Mond process for reducing nickel from its ore

· Coated carbide tools

· Solar cells

· Refractory metals on jet engine turbine blades

· Integrated circuit fabrication 

· Other applications for resistance to wear, corrosion, erosion, and thermal shock

[image: image21]
Photomicrograph of cross‑section of a coated carbide cutting tool using both CVD and PVD
Kemijsko deponiranje pare – CVD (en. chemical-vapor-deposition process) 

[image: image22]
Schematic illustration of the chemical-vapor-deposition process.  Note that parts and tools to be coated are placed on trays inside the chamber.

Ultrasonic Cleaning

Mechanical agitation of cleaning fluid by high‑frequency vibrations (between 20 and 45 kHz) to cause cavitation - formation of low pressure vapor bubbles that scrub the surface 

· Combines chemical cleaning and mechanical agitation of the cleaning fluid

· Cleaning fluid is generally an aqueous solution containing alkaline detergents 

· Highly effective for removing surface contaminants

6.4 Procesi inženjerstva površina 
6.4.1 Difuzija 
Diffusion 

Alteration of surface layers of a material by diffusing atoms of a different material (usually an element) into the surface, usually at high temperatures

· The surface still contains a high proportion of substrate material 

· The diffused element has maximum percentage at the surface and rapidly declines with distance below surface 

· Applications in metallurgy and semiconductor manufacture 


[image: image23]
Characteristic profile of diffused element as a function of distance below surface in diffusion. 

The plot given here is for carbon diffused into iron  
Metallurgical Applications of Diffusion

· Surface hardening treatments to increase hardness and wear resistance

· Carburizing, nitriding, carbonitriding, chromizing, and boronizing 

· Surface treatments to increase corrosion resistance and/or high‑temperature oxidation resistance

· Aluminizing - diffusion of aluminum into carbon steel, alloy steels, and alloys of nickel and cobalt 

· Siliconizing – diffusion of silicon into steel part surface 

6.4.2 Elektrokemijski postupci 

Design for Uniform Coatings in Electroplating


[image: image24]
(a)  Schematic illustration of nonuniform coatings (exaggerated) in electroplated parts.  (b)  Design guidelines for electroplating.  Note that sharp external and internal corners should be avoided for uniform plating thickness.

Theoretical Electroplating Equation

Faraday’s laws can be summarized: 




V = C i t 


Where: V = volume of metal plated, mm3 (in3); 



 C = plating constant which depends on electro-


chemical equivalent and density, mm3/amp‑s; 




i t (current x time) = electrical charge, amps-s

· The value of C indicates the amount of plating material deposited onto the cathodic workpart per electrical charge
6.4.3 Usporedba postupaka 

6.4.4 Greške inženjerstva površina 

Konverzijske prevlake 

Fizikalno prevlačenje iz parne faze (PVD) 

Ionska implantacija 

Kemijsko prevlačenje iz parne faze (CVD 

Obrada površine laserom 

Kemijsko prevlačenje iz parne faze (PVD)

Literatura 

1. Kolumbić Z., Tomac N.: Materijali – podloge za diskusiju; Sveučilište u Rijeci; Filozofski fakultet, Odsjek za politehniku, Rijeka 2005; http://www.ffri.hr/~zvonimir/. 
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Property

Type of ceramic

Application

‘Wear resistance

Thermal insulation

Electrical insulation
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oxide, aluminum titania

Zirconium oxide (yttria stabilized)
zirconium oxide (calcia stabilized)
magnesium zirconate

Magnesium aluminate,
aluminum oxide

Pumps, turbine shafts,
seals, compressor rods for
the petroleum industry;
plastics extruder barrels;
extrusion dies

Fan blades, compressor
blades, and seals for gas
turbines; valves, pistons
and combustion heads for
automotive engines

Induction coils, brazing
fixtures, general electrical
applications
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