



METAL FINISHING


Metal finishing is a surface process carried out in order to modify the surface properties of a metal by deposition of a layer of another metal or an alloy or a polymer film.

Egs: electroplating of metals, electroless plating, chemical conversion coating etc. 

Technological importance of metal finishing: 

Metal finishing imparts desirable surface characteristics such as

1. Imparting higher corrosion resistance.

2. Imparting improved wear resistance.

3. Imparting thermal resistance, hardness, improved solderablity etc.

4. Providing optical or thermal conducting surface.

5. Manufacturing electrical and electronic components such as PCB, capacitors etc.

6. Electroforming of articles.

7. In electro polishing and electrochemical etching.

Electroplating: It is a process of depositing a metal or an alloy or a composite on to a surface by means of electrolysis.

The aim of electroplating is to alter the properties and characters of a surface so as to provide improved appearance, ability to withstand corrosion, enhanced wear and abrasion resistance, good electrical contact etc.

During electroplating the object to be plated is made as cathode in an electrolytic bath containing metal ion to be plated. The reaction occurring at the cathode is 

                                  Mn+ +  ne-               M                                        (1)

The possible anodic reaction is the dissolution of the same metal

                         M                     Mn+ +  ne-                                                  (2)                                                 
The electrolysis conditions are controlled in such a way that current efficiency of reaction 1 and 2 are the same hence the concentration of  Mn+ in the bath solution remains constant during electroplating. In some cases inert anodes such as PbO2 , stainless steel, pt, carbon etc. are used. In such cases metal salts are added frequently to maintain the Mn+ concentration. At cathode and anode other reaction other than metal deposition and dissociation are, H2 evolution at cathode and O2 evolution at anode. For successful electroplating process, correct pretreatment of the surface, proper plating bath composition, current density, temperature, selection of anodes and other plating conditions are necessary.

Polarization: ‘’It is a process where in, there is a variation of electrode potential, owing to the inadequate diffusion of species from the bulk of the electrolytic solution to the vicinity of the electrode’’.

The electrode potential is given by the Nernsts equation 

                  E = E0 + O.O592/n  log [ Mn+]     

E0 = standard electrode potential and [ Mn+]  is the metal ion concentration surrounding the electrode surface at equilibrium. When electric current is passed, the value of [ Mn+]      in the vicinity of the electrode surface decreases, due to continuous reduction of the metal ions to metal atoms. Thus        

Mn+ +  ne-                     M                                        

So there is a change in the value of the electrode potential. However, the equilibrium is re-established as the metal ions from the bulk of the solution diffuse towards the electrode, due to the existence of a concentration gradient between the bulk of the solution and around the electrode surface. But the rate of diffusion is usually slow, and hence there is a variation in electrode potential. Under such conditions, the electrodes said to be polarized. 

Polarization depends on the following factors

1.Size of electrode 2. Nature of electrode surface 3. Concentration of electrolyte 4. Temperature 5. Conductivity of electrolytic solution 6. Stirring of electrolytic solution. 7. Nature of the ions deposited on electrodes 8. Use of depolarizer.

Always large electrode surface, low concentration of electrolyte and highly conducting solutions decreases the polarization effect. 

Decomposition potential or decomposition voltage:

When electrolysis carried out, the products of electrolysis accumulate around the electrodes. This causes, change in concentration around the electrodes and an opposing emf called back emf is produced for egs, when a voltage is applied between two platinum electrodes dipping in dil.H2SO4 solution at once the electrolysis of water starts evolving hydrogen and oxygen. But electrolysis stops very soon, because the back emf produced by the adsorption of evolved gases on the two electrodes is greater than the applied voltage. Now if we increase the applied voltage slowly, the electrolysis will proceed smoothly, when the applied voltage just exceeds the back emf. 

‘’ The minimum potential which must be applied between the two electrodes immersed n the given electrolytic solution in order to bring about continuous electrolytic decomposition is called the decomposition potential of the electrolyte.’’

Thus decomposition potential is equal to back emf.

                     Ed = Eb = Ecathode - Eanode
For the determination of the decompositional voltage the following arrangement has to be made. It is as shown in the fig. The two electrodes A and B are connected to a voltmeter V through ammeter M to measure the strength of the current. E is the external source of the emf. The voltage applied to the cell can be regulated with the help of a variable resistance C and this voltage in turn can be measured with the help of a voltmeter V.

To get decomposition potential the current flowing in the cell is plotted against the applied voltage. The curve AB represents the current below the decomposition potential and the points Band E there is a sudden increase in the current and hence the current takes a sharp turn upwards. The point of intersection of BD and ED is the decomposition potential. 
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Factors influencing the nature of deposit:

There are several factors, which affects the nature of an electrodeposit. They are 

1. Current density: current density is the applied current per unit area of the cathode surface. It is usually expressed in milliamperes/cm2  or amp/dm2.

The quality of the electrodeposit depends on the current density used in electroplating. As the applied potential increases current density increases and attains a limiting value. At low current density, deposit obtained will be large grain and loosely held at the cathode surface because surface diffusion process is faster than the electron transfer. Electroplating at the moderate current density results fine grain and uniform deposits. At high current density below limiting value deposits are non-compact, rough and powdery because mass transport in solution by diffusion of ions to the electrode surface predominates. At very high current density above the limiting value electrodeposit obtained will be irregular, spongy, discontinuous, loosely held and said to be burnt practical demand. This is because the evolution of hydrogen on the surface of the electrode predominates, there by causing faster depletion of H+ions in the vicinity of the cathode. Therefore moderate current density well below the limiting value should be applied for plating to obtain desired quality of electrodeposit.

2. Plating bath solution: Plating bath is complex in nature and it consists of mixture of salts of metal being plated. It also contains complexing agents and other various organic additives. The metal to be plated is present in solution as a simple hydrated ion or as a complex. Metal ions always are added in high concentration to avoid rapid depletion in the vicinity of the cathode during electroplating. More soluble metal salts are used.   

3. Metal ion concentration and electrolyte concentration: 

Metal ions always are added in high concentration to avoid rapid depletion in the vicinity of the cathode during electroplating.

Electrolytes are also added in high concentration to increase the conductivity of the plating bath solution and cathode efficiency. And also the added electrolyte sometimes acts as a buffer solution.

4. Complexing agents: Complexing agents are added to convert metal ions into complex ions so as to get a fine- grained and more adherent deposit.

Complexing agents are employed 

1. When the cathode metal and plating metal ions as such are known to react.

2. To make the potential of the plating metal ions more negative in order to carry out plating at a lower potential.

3. To prevent the passivation of anode and consequent loss of current efficiency.

4. To improve the throwing power of the plating bath.

5. To enhance the solubility of the slightly soluble metal salts.

The most common complexing agents used in electroplating are cyanide, hydroxide and sulphamate ions.

6.Organic additives:  wide ranges of organic compounds are added in relatively low concentration to modify the structure, morphology and properties of the deposits.

Addition agents are classified into several groups based on their type of action

Brighteners: For a deposit to be bright the microscopic roughness of the deposit should be low compared to the wavelength of incident light so that it is reflected rather than scattered. Brighteners are used in relatively high concentration compared to other addition agents. Usually used brighteners are aromatic sulphones or sulphonates and thiourea, coumarin etc.

They usually cause the formation of even fine-grained deposits by modification of nucleation process.

Levellers: These compounds produce a leveled deposit on a more macroscopic scale and act by adsorption at points where there would be rapid deposition of metal. Thus adsorption is preferentially at dislocations at peaks. The adsorbed additives reduce the rate of deposition and rate of e- by acting as a barrier.  

Egs: Sodium alkyl sulphonate. Sometimes brighteners also acts as levelers.

Stress reliever [Structure modifiers]: Certain additives change the structure of the deposit and may be even the preferred orientation or the type of lattice. Stress may be due to lattice misfit. These types of additives are called as stress relievers.

Saccharin is used as stress reliever in nickel plating.

Wetting agents: During electroplating in some cases there is simultaneous deposition of hydrogen and metal at the cathode. If bubbles of hydrogen adhere to the cathode surface strongly, plating is prevented around the bubble and a pit is created in the coating. The hydrogen occluded in the deposit results in hydrogen embrittlement. Some surface- active agents are added to detach adsorbed hydrogen and eliminate pitting.   

Egs: Sodium lauryl sulphate is used as wetting agent in plating bath of Ni and Zn.

6. PH: For a good electrodeposit, the PH of the bath must be properly maintained. At low PH, evolution of hydrogen at cathode occurs, resulting in a burnt deposit. 
At high PH precipitation of hydroxides of the metal on the electrode surface occurs. Hence optimum PH range for most plating baths should be from 4 to 8.  
7. Temperature: A good fine grain and smooth deposit is obtained at slightly higher temperature because at high temperature solubility and dissociation of metal salt increases, which in turn leads to a higher conductivity of the solution. A high temperature increases the mobility of the metal ions and decreases the viscosity of the solution. But the disadvantages of maintaining the higher temperature are, corrosion of  process equipment, hydrogen evolution at the cathode and decomposition of organic addition agents.

Throwing power of the plating bath: The ability of a plating bath solution to produce an even deposit is measured by its throwing power. It is difficult to get electric deposit with uniform thickness on the entire surface specially when the object is complex in nature. Throwing power of plating bath can be determined by using the haring-blum cell.

The cell contains plating bath solution whose throwing power is to be determined. The two cathodes are placed at markedly different distances C1 and C2 where C1 > C2 from a single central anode and electroplating is carried out.

The weight of the metal plated on the two cathodes W1 and W2 are determined. W1 is for C1 and W2 is for C2. W1< c because of its lower potential.

                                                                      (x-y) * 100

    % throwing power of the bath solution = 

                                                                       (x + y – 2) 

where x = C1/ C2 ,     y = W2/ W1
1. When W1= W2 i.e. amount deposited is same irrespective of the placement of the electrode, then throwing power is considered very good (100%).

2. When the calculated throwing power is – 100% then it is considered as very poor.

Cleaning of the articles to be plated [Pretreatment of the surface]: To obtain sound deposit it is essential for the surface to be properly prepared., since the surface contains grease, dirt, wax, oil and oxide films. These can be removed by cleaning with organic solvents and or aqueous alkali followed by acid cleaning. 

Different cleaning methods are adopted for different metals and materials.

Cleaning could be divided into 5 types 

1. Solvent cleaning 2. Alkali cleaning 3. Mechanical cleaning 4. Pickling 5. Electroplating. 

Solvent cleaning: Solvent cleaning involves the cleaning of the metal surface by using organic solvents such as CCl4, Toluene, xylene, trichloro ethylene, trichloro trifluoro ethane etc. These solvents remove the organic impurities such as oil, grease, waxes, paraffin etc.

A more effective way of solvent cleaning is by vapor degreasing. In this method the solvent like trichloro ethylene is vaporized by heating and the vapors are made to condense on the metal surface to be cleaned. The condensed liquid dissolves and washes away the oil, grease and other organic matter from the surface. 

Alkali cleaning: No single alkali makes a good all-round cleaner. A combination of alkalis with a proper surfactant, chelating agents such as EDTA, sodium citrate etc makes the metal cleaning effective. NaOH is the most widely used alkali for metal cleaning. These alkalis attack oils, grease and waxes by saponification and removes effectively. Chelating agents act by chelation.

 Alkali cleaning is made more effective by passing current through a hot alkaline solution, with the article to be cleaned constituting the cathode or anode.

After alkali cleaning the article should be washed with dil. acid and water to remove traces of alkali.

Acid cleaning [pickling]: It is one of the best methods to remove scales and oxides. Inorganic acids and acid salts are used to remove scales and oxides on the metal surface.

H2SO4 is used for pickling steel, Cu and brass. HNO3 along with HF is used to remove heat scales from Al, stainless steel, Ni and Fe based alloys etc.

Mechanical cleaning: Mechanical cleaning involves removal of the oxide layer or rust and other inorganic deposits on the metal surface. The simple methods involve the hand cleaning with bristle brush, polishing tools, sand papers etc. Sometimes polishing machines are also used.

Sand blasting is often used when large surface needs to be cleaned. The process involves introducing the sand into an air stream under a pressure of 25 –100 atmp. And the blast is impacted on the metal surface to be cleaned.

Electro polishing: In order to have a polished metal surface for electroplating, electro- polishing method is used. In this method, the metal to be cleaned is made as anodes in a suitable solution. During the process, a surface layer of the metal gets dissolved along with the impurities. The method also removes minor surface irregularities. The most commonly used baths for electro polishing contain H2SO4, H3PO4, HNO3, chromic acid etc. After the surface cleaning process, the metal is thoroughly rinsed with water, dried and used for electroplating. 

Electroplating of Cu: 

Copper is, generally electroplated from either acid sulphate bath or cyanide baths.

	
	Sulphate bath
	cyanide bath 



	Bath composition:           200-250g of CuSO4                                     40-50g of CuCN                                                                                                                                                                                                                                                                                              


	50-75g CuSO4 + H2SO4/lit                                            
	20-30g Of  KCN                                                                               10g of K2CO3/lit

	Operating temperature 
	20- 40 0C
	40- 70 0C

	Current density
	20 – 50 mA/cm2
	10 – 40 mA/cm2

	Additional agents
	Gelatin, dextrin, sulphur containing brightners, sulphonic acid
	Sodium thiosulphate

	Current efficiency
	95-99%
	60-90%

	Anode
	Phosphorous containing rolled copper
	O2 free high conductivity Cu

	Cathode
	Object to be coated
	Object to be coated

	Reactions
	At anode Cu         Cu2+ + 2e

At cathode Cu2+ + 2e-       Cu
	Cu          Cu2+ + 2e

Cu2+ + 2e-      Cu



	Applications
	In printed circuit boards, low throwing power platings
	As an undercoat for Cr plating, in printed circuit boards, good throwing power


Applications of copper plating: 

1. As an undercoat for further plating.

2. In printed circuits and other areas of electronics industry.

3. In electroforming of objects.

4. As a coating over steel cables to increase their electrical conductivity.

5. For building up a portion of the component to be reclaimed.

6. In the production of electro type.    

Electroplating of nickel: Electroplating of nickel is carried from a sulphate bath or sulphamate bath.


                                       Sulphate bath                                          Sulphamate bath 


Plating bath solu   250g of NiSO4, 45g NiCl2,           600g of Nisulphamate, 5g of

 tion                      30g boric acid.                              NiCl2, 40g boric acid/L. 


PH:                                        4.5                                                             4       


Temperature:                    40-70oc                                                50-60oc


Current density:                 20-50mA/cm2                                   50-400mA/cm2  


Additives:                    coumarin, saccharin,              Naphthalene, 1,3,6-trisulphonic acid


Benzene sulphonamide
saccharin, sodium naphthalene-    
                                                           


sulphonate. 

Current 

Efficiency               95%                                                      98%


Anode:                           Ni pellets or pieces                  Ni pellets or pieces.                  

Cathode:                         object to be plated                object to be plated


Reactions:              At anode, Ni          Ni2+ + 2e-       At anode,Ni           Ni2+ + 2e-                                        


At cathode, Ni2+ + 2e-      Ni        At cathode, Ni2+ + 2e-        Ni


Applications:          As an undercoat for Cr plating        Decorative, mirror finish at                         


400mA/cm2
Applications of Ni plating:

1. Corrosion resistant and decorative applications.

2. Under coat for chromium plating of articles made of steel, brass, zinc etc.

3. Used as an undercoat for brass, gold and platinum coating.

4. Black Ni plating is used for making nameplates, typewriter parts, camera components, optical and electrical instruments, military hardware etc. 

5. As a high temperature oxidation resistant heavy plating on machinery parts.

Electroplating of chromium:

Plating bath solution: Chromic acid bath; chromic acid (CrO3) and H2SO4 in 100:1                                   proportion.

Temperature:   45-60oc

Current density:      100-200mA/cm2
Current efficiency:                  8-12%

Anode:                     Insoluble anodes Pb-Sn or Pb-Sn coated with PbO2 or stainless steel.

Cathode:            Object to be plated

Application: decorative and corrosion resistant finish

In chromium plating sulphate ion provided by the sulphuric acid is believed to act as a catalyst. Cr is present in the hexavalent state Cr(VI) as CrO3 in the bath solution. This is converted into trivalent Cr (III) by a complex anodic reaction in the presence of sulphate ions and then coated, as Cr on the cathode surface the amount of Cr (III) ions should be restricted in order to get proper deposit. Insoluble anodes are used to maintain the Cr (III) concentration as they oxidize Cr (III) to Cr(VI).  Chromium anodes are not used in Cr plating because Cr metal passivates strongly in acid sulphate medium and Cr anode gives Cr (III) ions on dissolution. In the presence of large concentration of Cr(III) ions, a black Cr deposit is obtained.  

Electro less plating: Electro less plating is a method of depositing a metal or alloy over a substrate (conductor or non-conductor) by controlled chemical reduction of the metal ions by a suitable reducing agent without using electrical energy.  

The reduction of metal ions by the reducing agent is catalyzed by the metal atoms being plated. Therefore, electro less plating is also termed as autocatalytic plating.

The electro less plating process can be represented as 

                                                catalytic    

 Metal ions + reducing agent                     metal + oxidized product                                 


surface

The surface to be plated should be catalytically active.

Metals such as Ni, Co, steel, Fe, Rh, Pd, Al etc. do not require any surface preparation but non-catalytic metal such as Cu, Brass, Ag etc need activation. This can be done by rendering them cathodic for a short period by passing direct current or by dipping in palladium chloride-hydrochloric acid solution. Non- conductors like glass, plastics, ceramics etc are first activated in a solution of SnCl2 and HCl. After rinsing it is immersed in a solution of PdCl2 and HCl.

Comparision of electro less and electroplating: 


Property                               electroplating                              electro less plating


Driving force                        Power supply                             Aurocatalytic redox reaction 


Cathodic reaction               Mn+ +ne-            M                          Mn+ +ne-           M   

Anodic reaction                  M        Mn+ +ne-                             R               O + ne-   

                                                  or

                                       n/2 H2O           n/4 O2 +nH+ +ne-
                                         

Site of cathodic         article to be plated                                article to be plated   

reaction
(catalytic surface)


Site of anodic react:    separate anode                                   article to be plated               


Anode reactant                         M or H2O                                  reducing agent.


Nature of deposit               pure metal or definite alloy        metal with reducing agent  

                                                                                               And oxidized products as

                                                                                                      Impurities.


Composition of electro less plating baths:

An electro less plating bath will contain the following components.

1. Metal salts to provide metal ions for deposition.

2. Reducing agent for reduction of metal ions to metal atoms.

3. Complexing agents to complex metal ions to prevent bulk deposition.

4. Stabilizer to give more stability to the solution.

5. Accelerator to increase the rate of plating.

6. Buffer solution to control PH.

7. Brighteners. 

Advantages of electro less plating:

1. Does not require electrical power source.

2. It is applicable to conductors, semiconductors and non-conductors like plastics.

3. Electro less plating are less porous than electroplates and posses unique characteristic chemical, mechanical and magnetic properties.

4. Electro less plating baths have better throwing power and deposit a more uniform metal coating over an article irrespective of its shape or size.

Electro less plating of nickel: The surface to be plated is first degreased by using organic solvents or alkali, followed by acid treatment.1. Al, Cu, Fe and brass need no activation.2. stainless steel surface is activated by dipping in hot solution of 50% dilute H2SO4.3. Mg surface is activated by giving zinc or Cu coating 4. Non-metallic articles are activated by dipping in SnCl2 + HCl solution, followed by dipping in PdCl2 solution. Then it is dried.

Composition of the bath: 

Coating solution:  NiCl2 solution (20g/L) 

Reducing agent: sodium hypophosphite (20g/L)

Buffer: Sodium acetate (10g/L)

Complexing agent: Sodium succinate (15g/)

PH: 4.5

Temperature:            93oc

Reactions:    At cathode: Ni2+ + 2e-              Ni 


At anode: H2PO2- + H2O                 H2PO3- + 2H+ + 2e-
Net redox reaction: : Ni2+ + H2PO2- + H2O              Ni + H2PO3- + 2H+    

Both oxidation and reduction takes place on the same substrate surface. In the reaction there is a liberation of H+ ions, which alter the PH this may affect the quality of plating. Hence buffer solution is essential.

Plating process will starts at a temperature of 70oc and it is maximum at 93oc. Further rise in temperature may lead to the decomposition of organic additives, hence temperature range should be 70-93oc. 

Applications: 

1. Electro less Ni plating is extensively used in electronic appliances (egs knobs of hi-fi equipments).

2. Finds application in domestic as well automotive fields (egs: consume jewellery, car trims, tops of perfume bottles etc.).

3. Electro less Ni coated polymers (like ABS plastics) find preferred decorative as well as functional applications.

4. Also used in instrumentation and computers in view of its magnetic properties.

5. Heat-treated electro less nickel-plated appliances finds applications in hydraulic compressors, pressure vessels, pumps and fuel injection assemblies.

Electroless plating of copper:

Pretreatment and activation of the surface: The surface to be coated is first degreased by organic solvents or alkali followed by acid treatment.

1. Metals like Fe, CO, Ni etc do not need pretreatment.

2. Non-metallic materials (e.g. glass, plastics, printed circuit boards, PCB) are activated by first dipping in SnCl2 and HCl solution, followed by dipping in PdCl2 solution and dried.

Composition of bath: 

Coating solution: CuSO4 solution (12g/L)

 Reducing agent: Formaldehyde (8g/L)

Buffer: NaOH (15g/L) + Rochelle salt (14g/L) 

Complexing agent: EDTA (20g/L)

PH: 11.0

Temperature: 25oc

Reactions:

           Cathode: Cu2+ + 2e-               Cu 

Anode: 2HCHO + 4OH-                2HCOO- +2H20 + H2 +2e-

Net redox reaction: Cu2+ + 2HCHO + 4OH-                      Cu +2HCOO- +2H20 + H2
Applications:

1. Mainly used in printed circuit boards (PCB).

2. For plating on non-conductors.

3. Applied on wave-guides and for decorative plating on plastics.

Preparation of printed circuit boards (PCB): A PCB is made of glass-reinforced rubber like GR-P or epoxy or phenolic polymer. A thin layer of copper is electroplated over the PCB. Then, selected areas are protected by employing electroplated image and the remaining part of the plated copper is removed by etching so as to get required type of circuit pattern (or track). Connection between the two sides of PCB is made by drilling holes, followed by electroless Cu plating through holes.   
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