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Mostly special surface treatments are needed for metal surfaces, especially steels’ surfaces, in order to have the desired optimum properties. There are various techniques for surface treatment but the most common ones are surface coating methods. Steels require further surface coatings for enhanced corrosion resistance, wear resistance, and
surface hardness. The surface coating methods differ for different applications. Therefore, the classification of coating techniques can be very complicated. However, the most common surface coating methods can be classified as below: GalvanizingElectrochemical CoatingsVapor DepositionConversion CoatingsThermal Spraying These surface
coating methods can be applied for different requirements of applications. Thus these different processes have various advantages and disadvantages. Galvanizing is the most common surface coating method which is used almost everywhere in industrial applications. The main mechanism behind galvanizing is the galvanic protection of the base steel.
In nature, elements are settled due to their affinity for reduction or oxidation. A determinative array called EMF series is constructed where potential differences between hydrogen and different metals are calculated individually. Therefore, more noble metals are located at the top of the EMF whereas more active metals are located at the bottom.
These more active metals tend to corrode more than the noble metals because of their huge potential difference. When two different metals are coupled, the corrosion rate of the more noble one decreases readily where the corrosion rate of the more active one increases. Thus the active metal protects the noble metal from corrosion by lowering its
corrosion speed. In the galvanization process, the noble metal is the base steel and the active metal is the coated zinc layer. When the zinc layer gets mechanically injured or scratched, the zinc layer acts as the anode material and the base steel acts as the cathode material so the zinc layer lowers the corrosion rate of the base steel and protects it
from corrosion. In the galvanizing process, a multilayer coating occurs. These multilayered form usually consists of intermetallic compounds. The galvanizing process can be mainly separated into two parts which are surface cleaning and zinc coating. At the start of this coating method, surface cleaning is compulsory. Steel coils are transported
between long distances and these long distances can be dangerous for steel. Thus coils are greased with different types of oils to protect the surface of the steel during these long transportation intervals. The oil-covered surface of the steel coils must be cleaned with different types of alkali solutions to maintain the perfect removal of the dirt and
different type of oils. Proper cleaning ensures good adhesion between the molten zinc and the steel surface. The cleaning part is divided into three sections: Caustic cleaning, pickling, and fluxing. In the caustic cleaning part, the surface of the steel is treated with a hot alkali solution which removes common dirt and oils. In the pickling section, the
surface rust and scales are removed by using a hydrochloric acid solution. Finally, in the fluxing part, the surface oxides are removed and protected from further oxidation risks. The cleansed steel sheet is immersed in a zinc bath for coating. The bath composition must contain at least 98% pure molten zinc. The optimum bath chemistry is determined
by the ASTM A123 standards. The immersed sheet is removed from the bath when the steel sheet’s temperature approaches a near value to the bath temperature. During the removal of the sheet, the excess zinc is detracted from the sheet by channels that flow pressurized air through the surface of the sheet steel. The desired coating thickness is
generally determined by the chemical composition of steel, surface properties of the steel, and cooling rate. The electrochemical coating method uses the electrostatic properties of different metals which can be either in solution as ions or can be as sheet metals. The electrochemical coatings are divided into two parts; electrodeposition methods and
electroless coatings. The electrodeposition surface coating method is a very common technique not for only coating of metal surfaces but for also the extraction of metals. Electrodeposition is also known as electroplating. The technique basically comes from the famous Faraday’s Law. Faraday states that the mass of any substance which is either
deposited or liberated from a surface is proportional to its atomic mass and the amount of current passed from the system. Electroplating systems consist of anodes cathodes and electrolytes. A direct current is passed from the system for the liberation or deposition of the ions. The deposition process can be done by using electrorefining processes,
electrowinning processes, or molten salt processes. Different metal ions can be coated through the base metal which is used as the cathode in the system. In refining processes, an impure metal is used as an anode and the base metal is used as a cathode. The impure metal anodically polarized by an internal direct current force which causes a
liberation of the desired metal ions. Thereafter, the liberated metal ions in the solution are deposited on the base steel which acts as the cathode. The electrowinning process is very similar to the refining process but the only difference is the inert anode material used in the system. The desired ions already located in the solution and there is no need
to separate them from a source metal. Ions are again deposited onto the base metals surface which acts as a cathode material. The molten salt technique is unique because some metals can’t be coated by using general refining or winning techniques. The metals located below manganese in EMF series, cannot be coated or produced via using these
general techniques. The only electrometallurgical route is the use of a molten salt bath. In molten salt processes, the technique is similar to refining and winning but the bath consists of molten salt composition of the desired coating ion. Figure X. Schematic of the electroplating method. Retrieved from: Electrophoretic Deposition (EPD). (2020).28
January 2020, Electroless Coating Method The main difference between electroless coating from electroplating is the absence of external electrical power. In this method, the desired surface is first cleaned and immersed in a solution. The surface is etched by the ions in the solution and ions located on the surface. Moreover, the desired coating ion is
replaced with the located etchant ions by the difference of potential. Usually, nickel atoms are coated by using this surface coating method. The vapor deposition methods utilize vaporization and condensation processes for making thin-film layers. The desired metal first evaporated and condensed onto the target surface. Vapor deposition methods
divide into two groups; chemical vapor deposition (CVD) and physical vapor deposition (PVD). PVD method can create ultra-thin films from 0-20 micrometers. The ionization or atomization process can be done by physical evaporation of the substance or plasma sputtering. In the physical evaporation method, the metal substance is first evaporated at
high temperatures from 1000 to 2000 °C and condensated under a highly pressurized vacuum environment. In the plasma sputtering method, the coating material is emitted from the surface by accelerating different ions to the surface of the substance. Accelerated ions impact the surface of the substance and desired coating atoms are ejected from
the surface and deposited onto the desired surface. This process is held under an electrostatic system where the desired substance is used as a cathode. An argon atmosphere is utilized as the medium where argon gas is ionized and ions are accelerated through the desired metal substance and eject them from the surface. The use of the plasma
sputtering method enables a high adhesion between the base surface and the coating substance because of the high kinetic energy of the substance ions. Figure X. A basic representation of PVD technique. Retrieved from: Forschungszentrum Jilich - Employees at IEK-1 - PVD/CVD. (2020). 28 January 2020, The CVD technique also uses the gaseous
phase of the desired metal substance, condensed onto the target base metal surface. In the CVD technique, the substrate is heated at high temperatures over 850 °C. This high-temperature process restricts material selection because only materials with high melting temperatures can be used in this process. First, the precursor substances are
introduced into the hot reaction chamber where the target surface is located. The precursors vaporize and are absorbed onto the target surface. Adsorbed substances chemically react with each other and leave behind the desired coating metal on the surface of the target. The desired metal coats an impervious thin layer on the surface of the base
metal. This surface coating method is commonly used in the coating of hard materials such as nitrides, carbides, or borides. Conversion Coatings usually consist of spraying or dipping the desired material through the additional substance. Conversion coatings develop the corrosion resistance of the surface by additional substances such as chromium
or phosphate. Moreover, conversion coatings also develop the adhesion properties of the surface for further painting applications. Conversion surface coating methods can be classified as chromating, phosphating, and anodizing. In the chromating process, the base metal is dipped into a solution with chromium ions. Chromate coatings have self-
healing properties. The hexavalent chromium leaches slowly when it’s in contact with a liquid or moisture. The dissolved hexavalent chromium ions are adsorbed by the defects and, finally, form a passive film that consists of insoluble trivalent chromium. In the phosphating method, metal surfaces are dipped into the phosphoric acid solution, or
solutions are sprayed onto the metal surfaces. A phosphate layer is formed on the surface of the base metal which eases a good adhesion of further painting applications. The anodizing method is different from the chromating and phosphating methods because the protective film is formed by the base metal in the anodizing method. Some metals (e.g.
Ti, Al) can form a protective oxide film on their surfaces. When the target metal surface is anodically polarized by an external electrical source, the metal surface starts to corrode and forms a protective oxide film. This impervious layer protects the base metal from further corrosion risks. In this surface coating method, the substances are heated and
are sprayed onto the desired metal surface. The coating thickness can be higher than the other common methods. The heating of the substances is usually done by an external electrical source which can generate an arc or plasma. Mostly special surface treatments are needed for metal surfaces, especially steels’ surfaces, in order to have the desired
optimum properties. There are various techniques for surface treatment but the most common ones are surface coating methods. Steels require further surface coatings for enhanced corrosion resistance, wear resistance, and surface hardness. The surface coating methods differ for different applications. Therefore, the classification of coating
techniques can be very complicated. However, the most common surface coating methods can be classified as below: GalvanizingElectrochemical CoatingsVapor DepositionConversion CoatingsThermal Spraying These surface coating methods can be applied for different requirements of applications. Thus these different processes have various
advantages and disadvantages. Galvanizing is the most common surface coating method which is used almost everywhere in industrial applications. The main mechanism behind galvanizing is the galvanic protection of the base steel. In nature, elements are settled due to their affinity for reduction or oxidation. A determinative array called EMF series
is constructed where potential differences between hydrogen and different metals are calculated individually. Therefore, more noble metals are located at the top of the EMF whereas more active metals are located at the bottom. These more active metals tend to corrode more than the noble metals because of their huge potential difference. When
two different metals are coupled, the corrosion rate of the more noble one decreases readily where the corrosion rate of the more active one increases. Thus the active metal protects the noble metal from corrosion by lowering its corrosion speed. In the galvanization process, the noble metal is the base steel and the active metal is the coated zinc
layer. When the zinc layer gets mechanically injured or scratched, the zinc layer acts as the anode material and the base steel acts as the cathode material so the zinc layer lowers the corrosion rate of the base steel and protects it from corrosion. In the galvanizing process, a multilayer coating occurs. These multilayered form usually consists of
intermetallic compounds. The galvanizing process can be mainly separated into two parts which are surface cleaning and zinc coating. At the start of this coating method, surface cleaning is compulsory. Steel coils are transported between long distances and these long distances can be dangerous for steel. Thus coils are greased with different types of
oils to protect the surface of the steel during these long transportation intervals. The oil-covered surface of the steel coils must be cleaned with different types of alkali solutions to maintain the perfect removal of the dirt and different type of oils. Proper cleaning ensures good adhesion between the molten zinc and the steel surface. The cleaning part
is divided into three sections: Caustic cleaning, pickling, and fluxing. In the caustic cleaning part, the surface of the steel is treated with a hot alkali solution which removes common dirt and oils. In the pickling section, the surface rust and scales are removed by using a hydrochloric acid solution. Finally, in the fluxing part, the surface oxides are
removed and protected from further oxidation risks. The cleansed steel sheet is immersed in a zinc bath for coating. The bath composition must contain at least 98% pure molten zinc. The optimum bath chemistry is determined by the ASTM A123 standards. The immersed sheet is removed from the bath when the steel sheet’s temperature approaches
a near value to the bath temperature. During the removal of the sheet, the excess zinc is detracted from the sheet by channels that flow pressurized air through the surface of the sheet steel. The desired coating thickness is generally determined by the chemical composition of steel, surface properties of the steel, and cooling rate. The electrochemical
coating method uses the electrostatic properties of different metals which can be either in solution as ions or can be as sheet metals. The electrochemical coatings are divided into two parts; electrodeposition methods and electroless coatings. The electrodeposition surface coating method is a very common technique not for only coating of metal
surfaces but for also the extraction of metals. Electrodeposition is also known as electroplating. The technique basically comes from the famous Faraday’s Law. Faraday states that the mass of any substance which is either deposited or liberated from a surface is proportional to its atomic mass and the amount of current passed from the system.
Electroplating systems consist of anodes cathodes and electrolytes. A direct current is passed from the system for the liberation or deposition of the ions. The deposition process can be done by using electrorefining processes, electrowinning processes, or molten salt processes. Different metal ions can be coated through the base metal which is used
as the cathode in the system. In refining processes, an impure metal is used as an anode and the base metal is used as a cathode. The impure metal anodically polarized by an internal direct current force which causes a liberation of the desired metal ions. Thereafter, the liberated metal ions in the solution are deposited on the base steel which acts as
the cathode. The electrowinning process is very similar to the refining process but the only difference is the inert anode material used in the system. The desired ions already located in the solution and there is no need to separate them from a source metal. Ions are again deposited onto the base metals surface which acts as a cathode material. The
molten salt technique is unique because some metals can’t be coated by using general refining or winning techniques. The metals located below manganese in EMF series, cannot be coated or produced via using these general techniques. The only electrometallurgical route is the use of a molten salt bath. In molten salt processes, the technique is
similar to refining and winning but the bath consists of molten salt composition of the desired coating ion. Figure X. Schematic of the electroplating method. Retrieved from: Electrophoretic Deposition (EPD). (2020).28 January 2020, Electroless Coating Method The main difference between electroless coating from electroplating is the absence of
external electrical power. In this method, the desired surface is first cleaned and immersed in a solution. The surface is etched by the ions in the solution and ions located on the surface. Moreover, the desired coating ion is replaced with the located etchant ions by the difference of potential. Usually, nickel atoms are coated by using this surface
coating method. The vapor deposition methods utilize vaporization and condensation processes for making thin-film layers. The desired metal first evaporated and condensed onto the target surface. Vapor deposition methods divide into two groups; chemical vapor deposition (CVD) and physical vapor deposition (PVD). PVD method can create ultra-
thin films from 0-20 micrometers. The ionization or atomization process can be done by physical evaporation of the substance or plasma sputtering. In the physical evaporation method, the metal substance is first evaporated at high temperatures from 1000 to 2000 °C and condensated under a highly pressurized vacuum environment. In the plasma
sputtering method, the coating material is emitted from the surface by accelerating different ions to the surface of the substance. Accelerated ions impact the surface of the substance and desired coating atoms are ejected from the surface and deposited onto the desired surface. This process is held under an electrostatic system where the desired
substance is used as a cathode. An argon atmosphere is utilized as the medium where argon gas is ionized and ions are accelerated through the desired metal substance and eject them from the surface. The use of the plasma sputtering method enables a high adhesion between the base surface and the coating substance because of the high kinetic
energy of the substance ions. Figure X. A basic representation of PVD technique. Retrieved from: Forschungszentrum Jilich - Employees at IEK-1 - PVD/CVD. (2020). 28 January 2020, The CVD technique also uses the gaseous phase of the desired metal substance, condensed onto the target base metal surface. In the CVD technique, the substrate is
heated at high temperatures over 850 °C. This high-temperature process restricts material selection because only materials with high melting temperatures can be used in this process. First, the precursor substances are introduced into the hot reaction chamber where the target surface is located. The precursors vaporize and are absorbed onto the
target surface. Adsorbed substances chemically react with each other and leave behind the desired coating metal on the surface of the target. The desired metal coats an impervious thin layer on the surface of the base metal. This surface coating method is commonly used in the coating of hard materials such as nitrides, carbides, or borides.
Conversion Coatings usually consist of spraying or dipping the desired material through the additional substance. Conversion coatings develop the corrosion resistance of the surface by additional substances such as chromium or phosphate. Moreover, conversion coatings also develop the adhesion properties of the surface for further painting
applications. Conversion surface coating methods can be classified as chromating, phosphating, and anodizing. In the chromating process, the base metal is dipped into a solution with chromium ions. Chromate coatings have self-healing properties. The hexavalent chromium leaches slowly when it’s in contact with a liquid or moisture. The dissolved
hexavalent chromium ions are adsorbed by the defects and, finally, form a passive film that consists of insoluble trivalent chromium. In the phosphating method, metal surfaces are dipped into the phosphoric acid solution, or solutions are sprayed onto the metal surfaces. A phosphate layer is formed on the surface of the base metal which eases a good
adhesion of further painting applications. The anodizing method is different from the chromating and phosphating methods because the protective film is formed by the base metal in the anodizing method. Some metals (e.g. Ti, Al) can form a protective oxide film on their surfaces. When the target metal surface is anodically polarized by an external
electrical source, the metal surface starts to corrode and forms a protective oxide film. This impervious layer protects the base metal from further corrosion risks. In this surface coating method, the substances are heated and are sprayed onto the desired metal surface. The coating thickness can be higher than the other common methods. The heating
of the substances is usually done by an external electrical source which can generate an arc or plasma. Mostly special surface treatments are needed for metal surfaces, especially steels’ surfaces, in order to have the desired optimum properties. There are various techniques for surface treatment but the most common ones are surface coating
methods. Steels require further surface coatings for enhanced corrosion resistance, wear resistance, and surface hardness. The surface coating methods differ for different applications. Therefore, the classification of coating techniques can be very complicated. However, the most common surface coating methods can be classified as below:
GalvanizingElectrochemical CoatingsVapor DepositionConversion CoatingsThermal Spraying These surface coating methods can be applied for different requirements of applications. Thus these different processes have various advantages and disadvantages. Galvanizing is the most common surface coating method which is used almost everywhere in
industrial applications. The main mechanism behind galvanizing is the galvanic protection of the base steel. In nature, elements are settled due to their affinity for reduction or oxidation. A determinative array called EMF series is constructed where potential differences between hydrogen and different metals are calculated individually. Therefore,
more noble metals are located at the top of the EMF whereas more active metals are located at the bottom. These more active metals tend to corrode more than the noble metals because of their huge potential difference. When two different metals are coupled, the corrosion rate of the more noble one decreases readily where the corrosion rate of the
more active one increases. Thus the active metal protects the noble metal from corrosion by lowering its corrosion speed. In the galvanization process, the noble metal is the base steel and the active metal is the coated zinc layer. When the zinc layer gets mechanically injured or scratched, the zinc layer acts as the anode material and the base steel
acts as the cathode material so the zinc layer lowers the corrosion rate of the base steel and protects it from corrosion. In the galvanizing process, a multilayer coating occurs. These multilayered form usually consists of intermetallic compounds. The galvanizing process can be mainly separated into two parts which are surface cleaning and zinc
coating. At the start of this coating method, surface cleaning is compulsory. Steel coils are transported between long distances and these long distances can be dangerous for steel. Thus coils are greased with different types of oils to protect the surface of the steel during these long transportation intervals. The oil-covered surface of the steel coils
must be cleaned with different types of alkali solutions to maintain the perfect removal of the dirt and different type of oils. Proper cleaning ensures good adhesion between the molten zinc and the steel surface. The cleaning part is divided into three sections: Caustic cleaning, pickling, and fluxing. In the caustic cleaning part, the surface of the steel
is treated with a hot alkali solution which removes common dirt and oils. In the pickling section, the surface rust and scales are removed by using a hydrochloric acid solution. Finally, in the fluxing part, the surface oxides are removed and protected from further oxidation risks. The cleansed steel sheet is immersed in a zinc bath for coating. The bath
composition must contain at least 98% pure molten zinc. The optimum bath chemistry is determined by the ASTM A123 standards. The immersed sheet is removed from the bath when the steel sheet’s temperature approaches a near value to the bath temperature. During the removal of the sheet, the excess zinc is detracted from the sheet by
channels that flow pressurized air through the surface of the sheet steel. The desired coating thickness is generally determined by the chemical composition of steel, surface properties of the steel, and cooling rate. The electrochemical coating method uses the electrostatic properties of different metals which can be either in solution as ions or can be
as sheet metals. The electrochemical coatings are divided into two parts; electrodeposition methods and electroless coatings. The electrodeposition surface coating method is a very common technique not for only coating of metal surfaces but for also the extraction of metals. Electrodeposition is also known as electroplating. The technique basically
comes from the famous Faraday’s Law. Faraday states that the mass of any substance which is either deposited or liberated from a surface is proportional to its atomic mass and the amount of current passed from the system. Electroplating systems consist of anodes cathodes and electrolytes. A direct current is passed from the system for the
liberation or deposition of the ions. The deposition process can be done by using electrorefining processes, electrowinning processes, or molten salt processes. Different metal ions can be coated through the base metal which is used as the cathode in the system. In refining processes, an impure metal is used as an anode and the base metal is used as
a cathode. The impure metal anodically polarized by an internal direct current force which causes a liberation of the desired metal ions. Thereafter, the liberated metal ions in the solution are deposited on the base steel which acts as the cathode. The electrowinning process is very similar to the refining process but the only difference is the inert
anode material used in the system. The desired ions already located in the solution and there is no need to separate them from a source metal. Ions are again deposited onto the base metals surface which acts as a cathode material. The molten salt technique is unique because some metals can’t be coated by using general refining or winning
techniques. The metals located below manganese in EMF series, cannot be coated or produced via using these general techniques. The only electrometallurgical route is the use of a molten salt bath. In molten salt processes, the technique is similar to refining and winning but the bath consists of molten salt composition of the desired coating ion.
Figure X. Schematic of the electroplating method. Retrieved from: Electrophoretic Deposition (EPD). (2020).28 January 2020, Electroless Coating Method The main difference between electroless coating from electroplating is the absence of external electrical power. In this method, the desired surface is first cleaned and immersed in a solution. The
surface is etched by the ions in the solution and ions located on the surface. Moreover, the desired coating ion is replaced with the located etchant ions by the difference of potential. Usually, nickel atoms are coated by using this surface coating method. The vapor deposition methods utilize vaporization and condensation processes for making thin-
film layers. The desired metal first evaporated and condensed onto the target surface. Vapor deposition methods divide into two groups; chemical vapor deposition (CVD) and physical vapor deposition (PVD). PVD method can create ultra-thin films from 0-20 micrometers. The ionization or atomization process can be done by physical evaporation of the
substance or plasma sputtering. In the physical evaporation method, the metal substance is first evaporated at high temperatures from 1000 to 2000 °C and condensated under a highly pressurized vacuum environment. In the plasma sputtering method, the coating material is emitted from the surface by accelerating different ions to the surface of the
substance. Accelerated ions impact the surface of the substance and desired coating atoms are ejected from the surface and deposited onto the desired surface. This process is held under an electrostatic system where the desired substance is used as a cathode. An argon atmosphere is utilized as the medium where argon gas is ionized and ions are
accelerated through the desired metal substance and eject them from the surface. The use of the plasma sputtering method enables a high adhesion between the base surface and the coating substance because of the high kinetic energy of the substance ions. Figure X. A basic representation of PVD technique. Retrieved from: Forschungszentrum
Jilich - Employees at IEK-1 - PVD/CVD. (2020). 28 January 2020, The CVD technique also uses the gaseous phase of the desired metal substance, condensed onto the target base metal surface. In the CVD technique, the substrate is heated at high temperatures over 850 °C. This high-temperature process restricts material selection because only
materials with high melting temperatures can be used in this process. First, the precursor substances are introduced into the hot reaction chamber where the target surface is located. The precursors vaporize and are absorbed onto the target surface. Adsorbed substances chemically react with each other and leave behind the desired coating metal
on the surface of the target. The desired metal coats an impervious thin layer on the surface of the base metal. This surface coating method is commonly used in the coating of hard materials such as nitrides, carbides, or borides. Conversion Coatings usually consist of spraying or dipping the desired material through the additional substance.
Conversion coatings develop the corrosion resistance of the surface by additional substances such as chromium or phosphate. Moreover, conversion coatings also develop the adhesion properties of the surface for further painting applications. Conversion surface coating methods can be classified as chromating, phosphating, and anodizing. In the
chromating process, the base metal is dipped into a solution with chromium ions. Chromate coatings have self-healing properties. The hexavalent chromium leaches slowly when it’s in contact with a liquid or moisture. The dissolved hexavalent chromium ions are adsorbed by the defects and, finally, form a passive film that consists of insoluble
trivalent chromium. In the phosphating method, metal surfaces are dipped into the phosphoric acid solution, or solutions are sprayed onto the metal surfaces. A phosphate layer is formed on the surface of the base metal which eases a good adhesion of further painting applications. The anodizing method is different from the chromating and
phosphating methods because the protective film is formed by the base metal in the anodizing method. Some metals (e.g. Ti, Al) can form a protective oxide film on their surfaces. When the target metal surface is anodically polarized by an external electrical source, the metal surface starts to corrode and forms a protective oxide film. This impervious
layer protects the base metal from further corrosion risks. In this surface coating method, the substances are heated and are sprayed onto the desired metal surface. The coating thickness can be higher than the other common methods. The heating of the substances is usually done by an external electrical source which can generate an arc or plasma.
Mostly special surface treatments are needed for metal surfaces, especially steels’ surfaces, in order to have the desired optimum properties. There are various techniques for surface treatment but the most common ones are surface coating methods. Steels require further surface coatings for enhanced corrosion resistance, wear resistance, and
surface hardness. The surface coating methods differ for different applications. Therefore, the classification of coating techniques can be very complicated. However, the most common surface coating methods can be classified as below: GalvanizingElectrochemical CoatingsVapor DepositionConversion CoatingsThermal Spraying These surface
coating methods can be applied for different requirements of applications. Thus these different processes have various advantages and disadvantages. Galvanizing is the most common surface coating method which is used almost everywhere in industrial applications. The main mechanism behind galvanizing is the galvanic protection of the base steel.
In nature, elements are settled due to their affinity for reduction or oxidation. A determinative array called EMF series is constructed where potential differences between hydrogen and different metals are calculated individually. Therefore, more noble metals are located at the top of the EMF whereas more active metals are located at the bottom.
These more active metals tend to corrode more than the noble metals because of their huge potential difference. When two different metals are coupled, the corrosion rate of the more noble one decreases readily where the corrosion rate of the more active one increases. Thus the active metal protects the noble metal from corrosion by lowering its
corrosion speed. In the galvanization process, the noble metal is the base steel and the active metal is the coated zinc layer. When the zinc layer gets mechanically injured or scratched, the zinc layer acts as the anode material and the base steel acts as the cathode material so the zinc layer lowers the corrosion rate of the base steel and protects it
from corrosion. In the galvanizing process, a multilayer coating occurs. These multilayered form usually consists of intermetallic compounds. The galvanizing process can be mainly separated into two parts which are surface cleaning and zinc coating. At the start of this coating method, surface cleaning is compulsory. Steel coils are transported
between long distances and these long distances can be dangerous for steel. Thus coils are greased with different types of oils to protect the surface of the steel during these long transportation intervals. The oil-covered surface of the steel coils must be cleaned with different types of alkali solutions to maintain the perfect removal of the dirt and
different type of oils. Proper cleaning ensures good adhesion between the molten zinc and the steel surface. The cleaning part is divided into three sections: Caustic cleaning, pickling, and fluxing. In the caustic cleaning part, the surface of the steel is treated with a hot alkali solution which removes common dirt and oils. In the pickling section, the
surface rust and scales are removed by using a hydrochloric acid solution. Finally, in the fluxing part, the surface oxides are removed and protected from further oxidation risks. The cleansed steel sheet is immersed in a zinc bath for coating. The bath composition must contain at least 98% pure molten zinc. The optimum bath chemistry is determined
by the ASTM A123 standards. The immersed sheet is removed from the bath when the steel sheet’s temperature approaches a near value to the bath temperature. During the removal of the sheet, the excess zinc is detracted from the sheet by channels that flow pressurized air through the surface of the sheet steel. The desired coating thickness is
generally determined by the chemical composition of steel, surface properties of the steel, and cooling rate. The electrochemical coating method uses the electrostatic properties of different metals which can be either in solution as ions or can be as sheet metals. The electrochemical coatings are divided into two parts; electrodeposition methods and
electroless coatings. The electrodeposition surface coating method is a very common technique not for only coating of metal surfaces but for also the extraction of metals. Electrodeposition is also known as electroplating. The technique basically comes from the famous Faraday’s Law. Faraday states that the mass of any substance which is either
deposited or liberated from a surface is proportional to its atomic mass and the amount of current passed from the system. Electroplating systems consist of anodes cathodes and electrolytes. A direct current is passed from the system for the liberation or deposition of the ions. The deposition process can be done by using electrorefining processes,
electrowinning processes, or molten salt processes. Different metal ions can be coated through the base metal which is used as the cathode in the system. In refining processes, an impure metal is used as an anode and the base metal is used as a cathode. The impure metal anodically polarized by an internal direct current force which causes a
liberation of the desired metal ions. Thereafter, the liberated metal ions in the solution are deposited on the base steel which acts as the cathode. The electrowinning process is very similar to the refining process but the only difference is the inert anode material used in the system. The desired ions already located in the solution and there is no need
to separate them from a source metal. Ions are again deposited onto the base metals surface which acts as a cathode material. The molten salt technique is unique because some metals can’t be coated by using general refining or winning techniques. The metals located below manganese in EMF series, cannot be coated or produced via using these
general techniques. The only electrometallurgical route is the use of a molten salt bath. In molten salt processes, the technique is similar to refining and winning but the bath consists of molten salt composition of the desired coating ion. Figure X. Schematic of the electroplating method. Retrieved from: Electrophoretic Deposition (EPD). (2020).28
January 2020, Electroless Coating Method The main difference between electroless coating from electroplating is the absence of external electrical power. In this method, the desired surface is first cleaned and immersed in a solution. The surface is etched by the ions in the solution and ions located on the surface. Moreover, the desired coating ion is
replaced with the located etchant ions by the difference of potential. Usually, nickel atoms are coated by using this surface coating method. The vapor deposition methods utilize vaporization and condensation processes for making thin-film layers. The desired metal first evaporated and condensed onto the target surface. Vapor deposition methods
divide into two groups; chemical vapor deposition (CVD) and physical vapor deposition (PVD). PVD method can create ultra-thin films from 0-20 micrometers. The ionization or atomization process can be done by physical evaporation of the substance or plasma sputtering. In the physical evaporation method, the metal substance is first evaporated at
high temperatures from 1000 to 2000 °C and condensated under a highly pressurized vacuum environment. In the plasma sputtering method, the coating material is emitted from the surface by accelerating different ions to the surface of the substance. Accelerated ions impact the surface of the substance and desired coating atoms are ejected from
the surface and deposited onto the desired surface. This process is held under an electrostatic system where the desired substance is used as a cathode. An argon atmosphere is utilized as the medium where argon gas is ionized and ions are accelerated through the desired metal substance and eject them from the surface. The use of the plasma
sputtering method enables a high adhesion between the base surface and the coating substance because of the high kinetic energy of the substance ions. Figure X. A basic representation of PVD technique. Retrieved from: Forschungszentrum Jiilich - Employees at IEK-1 - PVD/CVD. (2020). 28 January 2020, The CVD technique also uses the gaseous
phase of the desired metal substance, condensed onto the target base metal surface. In the CVD technique, the substrate is heated at high temperatures over 850 °C. This high-temperature process restricts material selection because only materials with high melting temperatures can be used in this process. First, the precursor substances are
introduced into the hot reaction chamber where the target surface is located. The precursors vaporize and are absorbed onto the target surface. Adsorbed substances chemically react with each other and leave behind the desired coating metal on the surface of the target. The desired metal coats an impervious thin layer on the surface of the base
metal. This surface coating method is commonly used in the coating of hard materials such as nitrides, carbides, or borides. Conversion Coatings usually consist of spraying or dipping the desired material through the additional substance. Conversion coatings develop the corrosion resistance of the surface by additional substances such as chromium
or phosphate. Moreover, conversion coatings also develop the adhesion properties of the surface for further painting applications. Conversion surface coating methods can be classified as chromating, phosphating, and anodizing. In the chromating process, the base metal is dipped into a solution with chromium ions. Chromate coatings have self-
healing properties. The hexavalent chromium leaches slowly when it’s in contact with a liquid or moisture. The dissolved hexavalent chromium ions are adsorbed by the defects and, finally, form a passive film that consists of insoluble trivalent chromium. In the phosphating method, metal surfaces are dipped into the phosphoric acid solution, or
solutions are sprayed onto the metal surfaces. A phosphate layer is formed on the surface of the base metal which eases a good adhesion of further painting applications. The anodizing method is different from the chromating and phosphating methods because the protective film is formed by the base metal in the anodizing method. Some metals (e.g.
Ti, Al) can form a protective oxide film on their surfaces. When the target metal surface is anodically polarized by an external electrical source, the metal surface starts to corrode and forms a protective oxide film. This impervious layer protects the base metal from further corrosion risks. In this surface coating method, the substances are heated and
are sprayed onto the desired metal surface. The coating thickness can be higher than the other common methods. The heating of the substances is usually done by an external electrical source which can generate an arc or plasma. Surface coatings are crucial in improving various materials’ functionality and aesthetics across multiple industries. These
coatings are essential in everyday applications, from protecting surfaces from environmental damage to providing decorative finishes. Whether you’re a homeowner looking to spruce up your living space or a professional contractor seeking the best products for a project, understanding the different types of surface coatings available is vital. Let us
see five common types of surface coatings: Glass Paint, Door & Window Paint, Metal Paint, Floor Paint, and Aerosol Paint. These coatings have unique properties, applications, and advantages that cater to specific needs. Whether you're painting furniture, refreshing your home’s exterior, or coating industrial floors, knowing which type of paint to use
can significantly impact the outcome.Let’s explore each type of surface coating in detail to help you choose the right one for your needs.Glass paint is formulated explicitly on glass surfaces and is available in various colours and finishes. These paints are typically made from acrylics or enamels that adhere well to glass while providing a durable finish.
One of the critical features of glass paint is its transparency; many products allow light to pass through while adding colour or design to the surface.Applications: Glass paint is commonly used for decorative purposes on windows, glassware, and art projects. It can be used to create stained glass effects or to paint designs on vases and other decorative
items. Because of its versatility and ease of use, glass paint is often utilized in craft projects.Durability: When properly cured, glass paint can be durable and resistant to chipping and fading. Many formulations are also weather-resistant, making them suitable for outdoor applications.Door and window paint is designed for wooden or metal doors and
frames. It comes in oil-based and water-based formulations.Composition: Oil-based paints provide a smoother finish and better durability against the elements but may have higher VOC levels. Water-based paints are effortless to clean up and have lower VOC emissions but may require more frequent reapplication.Durability Features: High-quality
door and window paints resist weathering, UV light, and moisture. They are formulated to withstand the rigours of daily use while maintaining their appearance over time.Applications: These paints are ideal for both interior and exterior use. They can be used on front doors, patio doors, window frames, and shutters.Metal paint protects metal
surfaces from rust and corrosion and provides an attractive finish. Several types of metal paint are available, including epoxy, polyurethane, and enamel options.Epoxy Paints: Known for their exceptional adhesion and chemical resistance, epoxy paints are ideal for industrial applications.Polyurethane Paints: These provide a tough finish that resists
scratches and UV light.Enamel Paints: Often used for decorative purposes due to their glossy finish.Corrosion Resistance: Metal paints often contain rust-inhibiting properties that help safeguard against corrosion caused by moisture and chemicals. This makes them suitable in harsh environments such as marine settings or industrial
facilities.Applications: Metal paints are commonly used on fences, machinery, vehicles, and metal structures.Floor paint is designed specifically for coating floors in residential or commercial settings. Depending on the intended use, it comes in various formulations.Composition and Characteristics: Epoxy floor coatings are popular due to their
durability, resistance to chemicals, and abrasion. They create a hard surface that can withstand heavy foot traffic.Applications: Floor paint is used in garages, warehouses, retail spaces, and residential living areas. It can also be used outdoors on patios or walkways.Slip Resistance: Many floor paints have added slip-resistant properties to ensure
safety in high-traffic areas or environments prone to spills.Aerosol paint offers convenience and versatility for various DIY projects. Packaged in spray cans, aerosol paint allows easy application without brushes or rollers.Convenience and Versatility: Aerosol cans’ portability makes them ideal for quick touch-ups or small projects. They are also
available in various colours and finishes (matte, gloss) and are suitable for crafts or automotive applications.Types Available: Aerosol paints can be formulated for specific surfaces such as wood, metal, plastic, or fabric. This versatility makes them popular among hobbyists and professionals alike.Want to Know More? Check the Differences in Our Blog
on Surface Coatings!When comparing different types of surface coatings like Glass Paint, Door & Window Paint, Metal Paint, Floor Paint, and Aerosol Paint, several criteria should be considered:Durability is one of the most critical factors when selecting a surface coating:Glass Paint: It is durable.Door & Window Paint: Offers excellent weather
resistance; high-quality options last several years without peeling.Metal Paint: Highly durable with strong corrosion resistance; ideal for outdoor metal surfaces.Floor Paint: Extremely durable with good abrasion resistance; epoxy options last longer under heavy traffic.Aerosol Paint: Aerosol paint offers excellent resistance to UV rays, moisture, and
abrasion, significantly enhancing the durability of the coated surface.The method of application can influence the ease of use:Glass Paint: Typically applied with brushes or sponges; requires careful handling.Door & Window Paint: This can be applied with brushes or rollers; oil-based versions may require more skill. Metal Paint: Often sprayed on for
even coverage; some may also be brushed.Floor Paint: Usually rolled out; some products may require two coats.Aerosol Paint: Sprayed directly from the can; very user-friendly but requires proper ventilation during application.Cost considerations vary based on the type of coating:Glass Paint: Generally affordable but may require multiple coats
depending on opacity.Door & Window Paint: Mid-range pricing; quality matters significantly regarding longevity.Metal Paint: Costs vary widely based on formulation; epoxy options tend to be pricier but offer long-term savings through durability.Floor Paint: This may have higher initial costs but saves money over time due to reduced maintenance
needs.Aerosol Paint: Aerosol Paint is often inexpensive but may not cover as large an area as other types; it is best suited for smaller projects.To further understand how these coatings perform under various conditions:Adhesion tests evaluate how well each coating bonds to its substrate:Glass Paint: Good adhesion when adequately cured.Door &
Window Paint: High adhesion levels are crucial due to exposure; quality products from Creative Resins stick well. Metal Paint: Excellent adhesion properties; epoxy formulations bond exceptionally well.Floor Paint: Strong adhesion is essential.Aerosol Paint: When applied to properly prepared surfaces, it demonstrates strong adhesion
properties.Selecting the suitable surface coating involves considering specific needs:Think about where you will apply the coating:For indoor decorative items (like vases), glass paint works best.For exterior doors exposed to weather elements regularly—opt for high-quality door & window paint.If protecting outdoor metal structures from rusting—
metal paint is essential.For garage floors needing durability—floor paint provides long-lasting protection.Choose aerosol spray paints for various surfaces for quick touch-ups around the house.In summary, understanding the characteristics of different types of surface coatings—Glass Paint, Door & Window Paint, Metal Paint, Floor Paint, and Aerosol
Paint—can significantly influence your project’s success. Each type has unique properties suited for specific applications ranging from decorative finishes on glass items to protective layers on metal surfaces exposed outdoors. When selecting a coating type, consider factors like durability against environmental conditions and ease of use during
application processes—this will ensure long-lasting results tailored perfectly towards individual needs, whether they involve home improvement tasks or industrial applications!.We at Creative Resins offer superior-quality Surface Coatings at the best prices. Call us now! - 01795 411820 Coatings are layers of material applied to a substrate to improve
its surface qualities for wear and corrosion resistance, according to surface engineering. Several pairs of factors affect the choice of coating, including component size and shape, life expectancy, substrate material compatibility, service environment, and cost.There are many coating methods for adding different kinds of material at thicknesses that
run from a few microns to several millimeters. These coatings can be classified in numerous ways. One typical approach is coating material deposition on the substrate surface. This covers bulk coating or cladding, atomic deposition, and particle deposition.In this reading, we’ll explore several types of coating and discuss their uses.Let’s get
started!Read about List of best ceramic coating with this detailed guide!Types of CoatingWhile there are a variety of industrial coatings available, each with its own set of physical and chemical properties (e.g., resistance to corrosion, UV performance, etc.), no one coating can meet a structure’s protective requirements. This is why assets are often
covered in multiple layers of protective coating to create a system that offers complete chemical, physical, and galvanic protection to the substrate.Polyurethane CoatingsA polyurethane coating is a protective layer of polyurethane that is applied to a substrate’s surface. These coatings aid in preserving substrates from a wide range of damage,
including weathering, corrosion, abrasion, and more.The polymer polyurethane itself is linked to a group of chemical compounds called carbamates. Also, this polymer does not melt but rather burns when heated, making it thermosetting. The adaptability of polyurethane coatings is another quality that sets them apart.It is possible to formulate these
coatings to be opaque, transparent, glossy, or muted. Even while polyurethane coatings seem a lot like other coatings (like epoxy), they have a lot of unique qualities that make them perfect for certain uses.Coatings made of polyurethane are more elastic and softer than epoxy ones, but they are still more enduring. Because of this quality, floors
coated with polyurethane are great for areas with moderate to heavy foot activity.Floors made of polyurethane are slightly springy due to their reduced rigidity, which makes them resilient to impacts. They are less likely to have dents and scratches because of how durable they are. Because of their enhanced flexibility, polyurethane flooring can keep
their form and mechanical qualities down to temperatures as low as -30°F (-1°C).Epoxy CoatingsEpoxy coatings are long-lasting paints and coatings for both flooring and metals; they are also strong adhesives. An epoxy coating is created by combining an epoxide resin with a polyamine hardener, which causes a chemical reaction.A “curing” process is
the end effect of combining these two substances. The epoxy coating goes from a liquid to a solid in a matter of minutes to hours. This transformation makes the coating very sturdy and long-lasting.Epoxy and epoxy coating compounds have several uses due to their ability to form a product that is strong, long-lasting, and resistant to chemicals. Many
electrical, automotive, marine, composite, and industrial manufacturing plants use epoxy coatings. Epoxy coating compounds and epoxy materials have several uses as long-lasting adhesives.Ceramic CoatingsCeramic coatings, sometimes referred to as nano coatings, glass coatings, or quartz coatings, are semi-permanent coatings that can be applied
to various surfaces to prevent environmental damage and to make cleaning and maintenance simpler.Many industries, including the automotive, textile, maritime, heavy equipment, and construction industries, use several kinds of these nano coatings. Applying a ceramic coating to the car’s exterior paint (and other surfaces) serves as a sacrificial
layer to shield it from dirt, UV rays, environmental debris, and small scratches and swirls.Polysiloxane CoatingIndustries that deal with abrasion, chemicals, intense ultraviolet light, and high temperatures regularly use polysiloxane coatings for protection and maintenance. Polysiloxane is shorthand for polymers that contain a silicon-oxygen
backbone.Organic polymers’ carbon-carbon backbone is much more easily damaged by UV light than silicon-oxygen backbone. In terms of chalk resistance and gloss preservation, polysiloxanes offer outstanding aesthetic weathering qualities.Due to their low volatile organic compound formulation, they are resistant to abrasion, corrosion, chemicals,
and dirt pickup, and they also have good anti-graffiti qualities.Polysiloxane chemistry has led to the development of three major categories of coatings: inorganic polysiloxanes, epoxy-polysiloxane hybrids, and acrylic-polysiloxane hybrids. Inorganic polysiloxanes can resist temperatures up to 1,400°F, while epoxy-polysiloxane hybrids offer weather and
corrosion resistance.Acrylic-polysiloxane hybrids combine acrylic and siloxane resins for a low VOC, highly weatherable topcoat. Polysiloxane coatings are used in various industries, including structural steel and power plants.AnodizingThe electrochemical process of anodizing is primarily used to coat aluminum and other metals. An electrolytic
solution and electric current generate a protective oxide layer on the metal’s surface.If you want a decorative finish, you can dye this layer in different colors. This coating is only appropriate for aluminum and can be more costly, but it improves the metal’s inherent resistance to corrosion, adds a decorative touch, and protects it from UV rays.Read



about Lists of best car wax with this detailed guide!Acrylic CoatingsOne of the most widely used conformal coatings nowadays is acrylic. The coatings consist of a single component, namely pre-formed acrylic polymers that are applied to surfaces after being dissolved in a solvent.Acrylics have exceptional fungal resistance and are a great barrier
against moisture and humidity, which is why electronic equipment often uses acrylic coatings. They take on the shape of an electronic device, shielding the whole surface from physical, electrical, and gaseous problems as well as UV rays, humidity, condensation, and liquid.Furthermore, the coatings generate little to no heat when curing, which is
great for electronics that are sensitive to heat. Acrylic coatings are mostly employed in architecture, decor, industry, and finishing. They are also applicable to powders, formulations, and radiation-curable materials that contain organic solvents.Zinc-Rich CoatingsA coating with a high concentration of zinc dust, known as a zinc-rich coating, serves as
a protective layer for steel when the two materials come into direct touch. The use of zinc-rich coatings prolongs the life of steel surfaces and prevents corrosion.Similar to cold galvanizing, zinc-rich coatings offer metals cathodic protection. Many industries employ zinc-rich coatings to prevent corrosion on steel substrates. They are used in industrial,
automotive, highway, and infrastructure applications.Zinc-rich coatings are frequently top-coated with paint or epoxy; however, they can be an independent coating. Under a top coat of epoxy or urethane paint, this primer offers an extra or backup way to prevent corrosion on the steel.Zinc coatings come in two types: inorganic, which requires
spraying and offers better steel protection, and organic, which can be applied using a brush, roller, or spray. Organic coatings provide similar protection when top-coated and can be a moisture-cured urethane primer.Powder CoatingA lot of people like powder coating metals since it lasts a long time, does not harm the environment, and comes in a
variety of colors and finishes. This dry finishing method entails coating the metal surface with powdered paint that is heated and dried to provide a protective coating.Durable, eco-friendly coating for architectural metalwork, outdoor furniture, appliances, and automotive parts, available in various colors and finishes, but may be expensive and not
suitable for all metal types.GalvanizingGalvanizing is the process of treating metal with a layer of zinc to prevent corrosion. The two most common methods for doing this are electro-galvanizing, which applies the zinc coating using an electric current, and hot-dip galvanizing, which involves dipping the metal into a bath of molten zinc.This product is
long-lasting, reasonably priced, and provides good corrosion protection. It can be powder-coated or painted for aesthetic purposes, but it is not suitable for other metals.ElectroplatingThe process of electroplating entails applying an electric current to a metal surface in order to deposit a thin layer of metal, such as chrome, nickel, or gold. This can
improve the metal’s wear and corrosion resistance while also adding a cosmetic finish.Read about Fibre Reinforced Plastic with this detailed guide!Nitro CoatThese coatings stand out in the industry thanks to their unique combination of surface-enhancing qualities. They have outstanding surface hardness, are resistant to galling, have anti-friction
properties, and can tolerate extremely high temperatures.Nitro coat is the best option among high-performance choices. Modern technology is used to chemically apply nitrocoat barrier coatings. These coatings generate dense, thin, and incredibly homogeneous layers on the majority of metallic substrates with ease.The Nitro coat system ensures that
components operate exceptionally well in both harsh field circumstances and thorough laboratory testing.Intumescent CoatingsAn intumescent coating is a type of coating that is specifically designed to protect combustible and susceptible substrates. When in their natural form, intumescent coatings appear smooth, exactly like most other paints.It
acts as an insulating layer and delays the time it takes for the structure to fail because it rapidly expands and creates a char when exposed to heat or flames, which lessens the passage of heat from the fire to the underlying substrate.By slowing the development of a structure fire, intumescent coatings give first responders more time to put out the fire
and provide inhabitants more time to flee. Furthermore, in an emergency, intumescent coating aids in preventing damage and safeguarding the building’s structural integrity.Metallic CoatingMetal coating is the process of applying a metallic or other surface finish to metal and nonmetal items to prevent rust and corrosion brought on by exposure to
various environmental factors, including water, chemicals, and air.Many manufacturing organizations utilize this technology to help prevent corrosion or damage to their finished products. Many different manufacturing industries use coatings in their products. Some examples include electronics, appliances, automotive, aviation/aerospace, structural
metal buildings and other structures, and marine.E-CoatingE-coating, also known as electrophoretic coating, is a technique that applies paint to a metal surface by submerging it in a water-based paint solution and then using an electric current to apply the paint.As a result, the finish is consistent and resistant to corrosion. It offers a uniform,
corrosion-resistant finish with low VOC emissions but has limited color options and durability compared to powder coating.PVDF (Polyvinylidene Difluoride) CoatingsOne of the most notable properties of PVDF—a pure fluoropolymer—is its resistance to heat, acids, solvents, and bases, in addition to its great strength and purity. When there is a fire, it
also produces very little smoke.PVDF is perfect for corrosion-resistant coatings and long-lasting architectural treatments for building panels since it dissolves in polar solvents like amines and organic esters at high temperatures. Melting PVDF for use in injection molding or extrusion is simple.Water treatment, nuclear waste processing, the paper and
pulp industry, high-purity semiconductor markets, and chemical processing all make extensive use of it. PVDF also satisfies the exacting standards needed by the pharmaceutical and food processing sectors.Teflon CoatingsTeflon is more of a brand name than an actual product. It refers to the chemical coating polytetrafluoroethylene (PTFE). This
type of plastic is sprayed on a variety of objects and baked to provide a surface that is nonreactive, waterproof, noncorrosive, and nonstick.In this manner, it establishes a protective barrier between the product and potential hazards from the outside world. Although PTFE coating finds application in many other industries, its most well-known uses are
in the automotive, chemical, oil and gas, and bakeware sectors.Slide gates, hinges, blades, AC pistons, springs, bearings, steel, lawn and garden equipment, and guide rails are a few examples of end uses for PTFE coatings.Read about Galvanization with this detailed guide!Fluoropolymer CoatingsFluoropolymer coatings are mixtures of fluoropolymer
lubricants and high-performance resins. A high-quality dry film lubricant is present in these coatings. The result is a glossy, strong, smooth coating with superior chemical and corrosion resistance.Also, fluoropolymer coatings reduce friction, galling, non-stick, non-wetting, electrical resistance, and abrasion. Fluoropolymer coatings are used on a wide
range of OEM components and fasteners to extend their lifespan before needing to be replaced.Excalibur CoatingsExcalibur Coatings will significantly outperform conventional fluoropolymer coatings anywhere there are severe wear resistance requirements. A special coating application provides excellent non-stick and release properties and strong
abrasion resistance.When it comes to nonstick coating systems, Excalibur Coatings are the strongest, longest-lasting, and most durable option. They provide better solutions for a variety of industrial needs.It improves plastic welding speed in the packaging industry, cutting knife lifespan in the food industry, roller cleanability in the printing industry,
and adhesive release in automotive assembly processes.Xylan CoatingsThe purpose of xylan coating, an extreme performance coating, is to increase the functionality and lifespan of a variety of consumer and industrial goods. Xylan coatings provide a plethora of beneficial qualities, which makes them an attractive option.In harsh environments like
saltwater and road chemicals, xylan coatings improve product functionality and durability by preventing corrosion and chemicals. Additionally, Xylan-coated products withstand deterioration from sunlight and harsh weather.Xylan is a versatile coating for a wide range of items since it sticks to several materials, including wood, ceramics, metals, and
plastics. Additionally, xylan coatings have outstanding non-stick and release qualities that make them beneficial for industrial manufacturing as well as cookware applications.PPS And Ryton CoatingsThe resin-bonded polymer systems that make up these coatings are renowned for their remarkable resistance to thermal deterioration and chemical
reactions. Up to 500°F (260°C), they are essentially unaffected by solvents, which makes them a preferred option in the chemical processing sector.PPS coatings work well as a primer under a topcoat or as a stand-alone coating for superior chemical and corrosion protection. PPS coatings provide exceptional abrasion and wear resistance in addition
to their thermal and chemical advantages.ECTFE (Ethylene And Chlorotrifluoroethylene) CoatingThese coatings provide dependable electrical properties and outstanding chemical resistance. If your application requires more heat and chemical resistance than PVDF can provide, then an ECTFE coating is the best option.Molybdenum CoatingsThe
main purpose of these coatings is to improve material performance by raising the friction coefficient, operating temperature, and load-bearing capacity. They frequently surpass 250,000 psi and offer efficient lubrication across a broad variety of loads.Moly coatings provide sacrificial lubrication, which lowers wear and friction by moving fluid between
mating surfaces. Molybdenum coatings blend molybdenum disulfide lubricant with high-performance resins. Thermal curing ensures that the coating forms a firm bond with the coated part’s base metal. Types Of Coating By Application/PurposeCoatings are useful for more than just looking good; they also protect the substrate (the area that gets
coated). Here are the types of coatings by their application or purpose:Protective CoatingsProtective coatings are the initial line of defense for materials in the face of mechanical and environmental wear. Coatings like this protect materials against rust and scratches and keep them in good condition for a longer period.The two most common coating
types in this area are epoxy and polyurethane. Industrial floors and metal structures are ideal subjects for epoxy coatings due to their high adherence and exceptional chemical resistance.Automotive finishes and industrial applications frequently make use of polyurethane coatings due to their long-lasting nature and resilience to ultraviolet radiation.
Protective coatings play an essential role in the infrastructure industry.They protect structures, pipelines, and bridges from deterioration and rust. Coatings like this are also vital to the automotive industry, which uses them to keep vehicles looking good and prevent rust.Protective coating technology is always evolving to make these coatings last
longer and work better, even in the most challenging environments.Functional CoatingsCoatings with improved electrical conductivity, reduced friction, or increased hardness are examples of functional coatings. Glasses and screens with anti-reflective coatings, for instance, make things more comfortable and easy to see by reducing the amount of
reflections and glare.Hydrophobic coatings prevent fouling and are easy to clean since they do not allow water to penetrate. Optical and electrical fields cannot function without effective coatings. They make electronics more reliable and enhance the functionality of lenses and screens.Frequently, they supply the essential features that are required by
technological applications. This field has seen a dramatic shift due to the application of nanotechnology. Coatings with hitherto unseen qualities and performance levels are now within reach.Decorative CoatingsCoatings do more than only protect; they can modify an object’s visual appeal. Paints and lacquers are decorative coatings that add gloss,
texture, and color to products. When it comes to branding and product differentiation, these coatings are crucial.Coatings add visual appeal, brand identification, and tactile sensation to consumer goods like electronics and home decor. The decorative coatings business is experiencing a period of rapid innovation as a result of shifting consumer
preferences towards more sustainable and environmentally friendly solutions, as well as personalized finishes.Specialty CoatingsApplications that call for a unique blend of aesthetic, protective, and practical qualities are the ones that inspire the creation of specialty coatings. Equipment can have insulation coatings put on them to keep heat in and
fire-retardant coatings applied to building materials to stop the spread of fire. Aerospace and marine industries are two industries that make use of these coatings.Read about How to Use a Buffer On A Car with this detailed guide!Types Of Coating By Application MethodThe following are the types of coating based on application method:Roll
CoatingCoatings are applied to big, flat surfaces using paint rollers. In a coating trough, the rollers rotate, collecting a specific quantity of coating material. It creates a roller-surface wet film of a specified thickness. The coating substance is smoothly applied to the substrate’s surface as the roller rotates and makes contact with it, producing
consistent coating finishes.Roll coating works incredibly well for UV and baking coatings, which require coatings with superior adhesion, leveling, and wetting properties. The coating should ideally cure quickly and produce a film in a short amount of time.Roll coating greatly increases efficiency and streamlines continuous production operations. Roll
coating, on the other hand, works best on large, flat surfaces and cannot guarantee a high-quality coating finish on objects with varying shapes.Spray CoatingSpray coating is carried out by propelling a stream of air through the central orifice of the spray gun with compressed air at a pressure of 0.2 to 0.5 MPa. By doing this, a negative pressure zone
is formed at the front end of the nozzle, which draws the coating material from the container.The coating substance is subsequently expelled from the nozzle and quickly enters the compressed airflow. This atomizes the liquid, creating a paint mist that flies toward and sticks to the covered object, creating a continuous covering film.Dip
CoatingDipping is an old-fashioned coating process that works well with streamlined workpieces that have straight lines, flat surfaces, and no recesses or paint pockets because of its adaptable operation and minimal equipment requirements. That said, it will not work well on surfaces that have blind holes, deep grooves, or places where excess paint
is tough to wipe off.The process of dip coating involves submerging the entire component in a tank of liquid paint. The workpiece is taken out of the paint after a brief soaking time, which causes the paint to stick to the surface and create a coating. Excess paint drips back into the paint tank.Brush CoatingBrush coating is a way to put paint on by
rubbing the substrate’s surface directly with a paintbrush. This makes sure that the surface is evenly wet and coated to form a paint film. It is ideal for coating items of any shape and is one of the most straightforward painting techniques.Brush coating has several benefits, such as ease of use, paint savings, low tool requirements, and broad
applicability. It works with a variety of materials and shapes. Brush coating is quite versatile and works well with nearly all paint types, with the exception of those that dry too quickly.The mechanical motion of the brush allows for effective wetting of the substrate’s surface, entering small pores and increasing the adhesion of the paint coat.
Nonetheless, brush coating is significantly less efficient than other coating methods. Mostly special surface treatments are needed for metal surfaces, especially steels’ surfaces, in order to have the desired optimum properties. There are various techniques for surface treatment but the most common ones are surface coating methods. Steels require
further surface coatings for enhanced corrosion resistance, wear resistance, and surface hardness. The surface coating methods differ for different applications. Therefore, the classification of coating techniques can be very complicated. However, the most common surface coating methods can be classified as below: GalvanizingElectrochemical
CoatingsVapor DepositionConversion CoatingsThermal Spraying These surface coating methods can be applied for different requirements of applications. Thus these different processes have various advantages and disadvantages. Galvanizing is the most common surface coating method which is used almost everywhere in industrial applications. The
main mechanism behind galvanizing is the galvanic protection of the base steel. In nature, elements are settled due to their affinity for reduction or oxidation. A determinative array called EMF series is constructed where potential differences between hydrogen and different metals are calculated individually. Therefore, more noble metals are located
at the top of the EMF whereas more active metals are located at the bottom. These more active metals tend to corrode more than the noble metals because of their huge potential difference. When two different metals are coupled, the corrosion rate of the more noble one decreases readily where the corrosion rate of the more active one increases.
Thus the active metal protects the noble metal from corrosion by lowering its corrosion speed. In the galvanization process, the noble metal is the base steel and the active metal is the coated zinc layer. When the zinc layer gets mechanically injured or scratched, the zinc layer acts as the anode material and the base steel acts as the cathode material
so the zinc layer lowers the corrosion rate of the base steel and protects it from corrosion. In the galvanizing process, a multilayer coating occurs. These multilayered form usually consists of intermetallic compounds. The galvanizing process can be mainly separated into two parts which are surface cleaning and zinc coating. At the start of this coating
method, surface cleaning is compulsory. Steel coils are transported between long distances and these long distances can be dangerous for steel. Thus coils are greased with different types of oils to protect the surface of the steel during these long transportation intervals. The oil-covered surface of the steel coils must be cleaned with different types of
alkali solutions to maintain the perfect removal of the dirt and different type of oils. Proper cleaning ensures good adhesion between the molten zinc and the steel surface. The cleaning part is divided into three sections: Caustic cleaning, pickling, and fluxing. In the caustic cleaning part, the surface of the steel is treated with a hot alkali solution
which removes common dirt and oils. In the pickling section, the surface rust and scales are removed by using a hydrochloric acid solution. Finally, in the fluxing part, the surface oxides are removed and protected from further oxidation risks. The cleansed steel sheet is immersed in a zinc bath for coating. The bath composition must contain at least
98% pure molten zinc. The optimum bath chemistry is determined by the ASTM A123 standards. The immersed sheet is removed from the bath when the steel sheet’s temperature approaches a near value to the bath temperature. During the removal of the sheet, the excess zinc is detracted from the sheet by channels that flow pressurized air through
the surface of the sheet steel. The desired coating thickness is generally determined by the chemical composition of steel, surface properties of the steel, and cooling rate. The electrochemical coating method uses the electrostatic properties of different metals which can be either in solution as ions or can be as sheet metals. The electrochemical
coatings are divided into two parts; electrodeposition methods and electroless coatings. The electrodeposition surface coating method is a very common technique not for only coating of metal surfaces but for also the extraction of metals. Electrodeposition is also known as electroplating. The technique basically comes from the famous Faraday’s

Law. Faraday states that the mass of any substance which is either deposited or liberated from a surface is proportional to its atomic mass and the amount of current passed from the system. Electroplating systems consist of anodes cathodes and electrolytes. A direct current is passed from the system for the liberation or deposition of the ions. The
deposition process can be done by using electrorefining processes, electrowinning processes, or molten salt processes. Different metal ions can be coated through the base metal which is used as the cathode in the system. In refining processes, an impure metal is used as an anode and the base metal is used as a cathode. The impure metal anodically
polarized by an internal direct current force which causes a liberation of the desired metal ions. Thereafter, the liberated metal ions in the solution are deposited on the base steel which acts as the cathode. The electrowinning process is very similar to the refining process but the only difference is the inert anode material used in the system. The
desired ions already located in the solution and there is no need to separate them from a source metal. Ions are again deposited onto the base metals surface which acts as a cathode material. The molten salt technique is unique because some metals can’t be coated by using general refining or winning techniques. The metals located below
manganese in EMF series, cannot be coated or produced via using these general techniques. The only electrometallurgical route is the use of a molten salt bath. In molten salt processes, the technique is similar to refining and winning but the bath consists of molten salt composition of the desired coating ion. Figure X. Schematic of the electroplating
method. Retrieved from: Electrophoretic Deposition (EPD). (2020).28 January 2020, Electroless Coating Method The main difference between electroless coating from electroplating is the absence of external electrical power. In this method, the desired surface is first cleaned and immersed in a solution. The surface is etched by the ions in the solution
and ions located on the surface. Moreover, the desired coating ion is replaced with the located etchant ions by the difference of potential. Usually, nickel atoms are coated by using this surface coating method. The vapor deposition methods utilize vaporization and condensation processes for making thin-film layers. The desired metal first evaporated
and condensed onto the target surface. Vapor deposition methods divide into two groups; chemical vapor deposition (CVD) and physical vapor deposition (PVD). PVD method can create ultra-thin films from 0-20 micrometers. The ionization or atomization process can be done by physical evaporation of the substance or plasma sputtering. In the
physical evaporation method, the metal substance is first evaporated at high temperatures from 1000 to 2000 °C and condensated under a highly pressurized vacuum environment. In the plasma sputtering method, the coating material is emitted from the surface by accelerating different ions to the surface of the substance. Accelerated ions impact
the surface of the substance and desired coating atoms are ejected from the surface and deposited onto the desired surface. This process is held under an electrostatic system where the desired substance is used as a cathode. An argon atmosphere is utilized as the medium where argon gas is ionized and ions are accelerated through the desired metal
substance and eject them from the surface. The use of the plasma sputtering method enables a high adhesion between the base surface and the coating substance because of the high kinetic energy of the substance ions. Figure X. A basic representation of PVD technique. Retrieved from: Forschungszentrum Jilich - Employees at IEK-1 - PVD/CVD.
(2020). 28 January 2020, The CVD technique also uses the gaseous phase of the desired metal substance, condensed onto the target base metal surface. In the CVD technique, the substrate is heated at high temperatures over 850 °C. This high-temperature process restricts material selection because only materials with high melting temperatures
can be used in this process. First, the precursor substances are introduced into the hot reaction chamber where the target surface is located. The precursors vaporize and are absorbed onto the target surface. Adsorbed substances chemically react with each other and leave behind the desired coating metal on the surface of the target. The desired
metal coats an impervious thin layer on the surface of the base metal. This surface coating method is commonly used in the coating of hard materials such as nitrides, carbides, or borides. Conversion Coatings usually consist of spraying or dipping the desired material through the additional substance. Conversion coatings develop the corrosion
resistance of the surface by additional substances such as chromium or phosphate. Moreover, conversion coatings also develop the adhesion properties of the surface for further painting applications. Conversion surface coating methods can be classified as chromating, phosphating, and anodizing. In the chromating process, the base metal is dipped
into a solution with chromium ions. Chromate coatings have self-healing properties. The hexavalent chromium leaches slowly when it’s in contact with a liquid or moisture. The dissolved hexavalent chromium ions are adsorbed by the defects and, finally, form a passive film that consists of insoluble trivalent chromium. In the phosphating method,
metal surfaces are dipped into the phosphoric acid solution, or solutions are sprayed onto the metal surfaces. A phosphate layer is formed on the surface of the base metal which eases a good adhesion of further painting applications. The anodizing method is different from the chromating and phosphating methods because the protective film is formed
by the base metal in the anodizing method. Some metals (e.g. Ti, Al) can form a protective oxide film on their surfaces. When the target metal surface is anodically polarized by an external electrical source, the metal surface starts to corrode and forms a protective oxide film. This impervious layer protects the base metal from further corrosion risks.
In this surface coating method, the substances are heated and are sprayed onto the desired metal surface. The coating thickness can be higher than the other common methods. The heating of the substances is usually done by an external electrical source which can generate an arc or plasma. ResourcesMachining Design6 Different Types of
Coatings"Selecting the right industrial coating is as much about understanding surface demands and exposure conditions as it is about material compatibility. The best results come from matching coating properties to real-world use cases, not just specifications on paper."Audrius Zidonis, Principal Engineer at Zidonis Engineering,A photograph of
galvanized steel.Dean McClements is a B.Eng Honors graduate in Mechanical Engineering with over two decades of experience in the manufacturing industry. His professional journey includes significant roles at leading companies such as Caterpillar, Autodesk, Collins Aerospace, and Hyster-Yale, where he developed a deep understanding of
engineering processes and innovations.Read more articles by Dean McClements I've had customers come to me with great designs—strong materials, smart builds—but the surface didn’t hold up.Why?Because no one explained surface treatments to them.As a manufacturer, we handle different surface finishes daily. From anodizing to powder coating,
we’ve seen what works, what fails, and what saves money in the long run.If you’'re unsure what surface treatment your part needs, this article is for you.I’ll walk you through 10 of the most common types, explain how they work, and help you match the right one to your application.By the end, you’ll be able to ask the right questions and avoid costly
mistakes.So let’s get started!Before we get into the details of each surface treatment, here’s a quick side-by-side look of each surface treatment types. This table gives you a fast way to compare what each option offers and where it works best.Surface TreatmentWhat It DoesBest ForBenefitsKey LimitationsAnodizingElectrochemically thickens oxide
layer on aluminum/titaniumAerospace, electronics, architectureCorrosion resistance, hardness, color optionsOnly works on non-ferrous metalsPowder CoatingSprayed dry powder, heat-curedHigh-volume, high-wear partsDurable, uniform, no VOCsRequires heat cure, tight prep neededElectroplatingMetal coating via electric
currentFunctional/decorative metal finishesWear resistance, conductivity, shiny appearancelnvolves chemicals, inconsistent on shapesElectropolishingElectrochemically removes material for smooth finishPrecision or sterile-use partsSmooth, clean, corrosion-resistantLimited to certain alloys, reduces thicknessPassivationAcid bath removes iron on
stainless steelStainless parts in moist/oxidizing environmentsCorrosion resistance, non-dimensionalNeeds clean surface, limited to some gradesBlack OxideForms magnetite layer on steelTools, hardware, non-reflective partsMatte look, light rust protectionNeeds sealant, cosmetic use onlyPainting (Industrial)Liquid coating, air- or oven-driedStructural
parts, large assembliesCustom color, UV & chemical protectionLess durable, VOCs, long dry timesGalvanizingZinc coating by dip or electroplatingOutdoor steel structuresLong-term rust protection, sacrificial layerThick coating, rough finishNitridingDiffuses nitrogen into steel for hard surfaceGears, molds, shaftsVery hard surface, low distortionAlloy
limits, long cycle timeChem. Conversion CoatingConverts aluminum/magnesium surface to protective layerParts needing paint, like enclosures or castingsPaint adhesion, corrosion protectionLimited wear resistance, chemical limitsNow that you’ve seen the big picture, let’s take a closer look at each surface treatment one by one.Anodizing is a surface
treatment that changes the outer layer of a metal, usually aluminum, by creating a hard and protective oxide coating. It doesn’t just sit on top like paint. It grows from the metal itself.This process makes the surface stronger, more resistant to corrosion, and can even add color.You’'ve probably touched an anodized surface without even knowing it.
Think about the colored metal parts on kitchenware, phones, or bike frames. That smooth, matte finish? That’s anodizing at work.Anodizing is done using electricity and acid. It’s an electrochemical process. The metal part goes into an acid bath. Then it’s connected to a power source.Electricity passes through the acid and causes the metal surface to
react. This builds up a layer of aluminum oxide.That new layer becomes part of the metal. It won’t peel or flake off. After that, the part can be dyed if color is needed. Then it’s sealed to close up the pores and protect the finish.Anodizing is pretty awesome. Here’s why:Helps stop rust and corrosion Makes the surface harder and tougher Adds color
without using paint Won'’t chip or flake off Still keeps the part the same size (important for fitting pieces together!) Easy to wipe cleanlt’s a strong and neat finish that works especially well indoors. Anodizing works best on aluminum. You’ll see it used in:Electronics: Phone casings, laptops, and camera bodies Architecture: Window frames, railings,
and curtain walls Consumer goods: Cookware, sports gear, flashlights Transportation: Aircraft parts, bike frames, car trim piecesAnodizing is helpful, but it doesn’t work for everything. Here’s what to keep in mind:Works best on aluminum, not steel or iron. If it’s colored and sits in the sun a lot, the color might fade over time. The surface has to be
smooth first—scratches or dents will still show. It won’t protect well from strong chemicals or really rough wear.So if you have a shiny aluminum part and want to make it tougher or give it color, anodizing could be a smart choice.But if it’s steel or something that’ll go through harsh conditions, you might need a different surface treatment.Need help
deciding? MachMaster doesn’t just anodize—we offer a range of finishing services to match the right treatment to your material and use case. From trial runs to full production, we support you at every step. Contact us now for more information!Ever wonder how some metal things stay looking new for years? Like a bright red bike, a smooth gym
machine, or a metal fence that doesn’t rust?That’s probably powder coating doing its job.Powder coating is kind of like painting—but stronger and cleaner. Instead of using wet paint, it uses dry powder that sticks to the surface using static electricity (like how socks stick in the dryer!). Then it gets baked in a super-hot oven until the powder melts into
a smooth, tough shell. Powder coating starts with a clean metal part. Any dirt, grease, or rust has to be removed first. Then the powder is sprayed on using a special gun. This gun gives the powder an electric charge.That charge makes the powder cling to the surface.Once coated, the part goes into an oven. It’s baked at high heat—usually around
350°F to 400°F. The powder melts, flows, and hardens into a strong shell.After cooling, the finish is fully cured.No drying time. No peeling. It’s ready to use right away.Powder coating is known for:Strong resistance to scratching and chipping Bold color options in gloss, matte, or textured finishes No solvents or wet chemicals Great protection for
outdoor or heavy-use parts Even coverage without runs or dripsl once had a client use it on gym equipment. Years later? It still looked almost new—even with sweaty hands and daily workouts.Powder coating is popular across many industries. You'll find it in:Automotive and motorcycle parts: Frames, wheels, bumpers, and engine covers Appliances:
Washers, dryers, refrigerators, and microwave housings Fitness machines: Gym frames, weight racks, and benches Outdoor furniture: Chairs, tables, and metal fencing Storage and racks: Toolboxes, shelves, and commercial racksEven a good finish has limits.It doesn’t work on most plastics or rubber Large parts need big ovens—not every shop can
handle that Touch-ups are hard. You usually have to redo the whole part Surface prep matters. Dirt or oil can ruin the coatingSo, is powder coating right for you?If your part is metal, can take heat, and needs to look great for a long time—yes, it’s a solid option. But if you’re working with plastic, rubber, or something really big, you might want to try
another method.Still deciding what’s best? At MachMaster, we help you choose the right finish for your part—and deliver it too. With precision production, in-house coating, and ISO 9001 quality, your project’s in safe hands.I’ve had people bring me parts that looked dull and worn—and ask if there was a way to give them new life. That’s when I talk
about electroplating.Electroplating is a surface treatment that adds a thin layer of metal on top of another metal. It’s mostly used to improve how a part looks or to help it resist rust and wear. The final result is smooth, shiny, and often looks more expensive than it really is.The main part is usually made from a lower-cost metal. The coating, though,
might be nickel, chrome, gold, or even silver.It’s a great way to give everyday parts a cleaner look—and better performance.Electroplating uses electricity and a chemical bath to apply a thin metal layer to a part’s surface.First, the part is cleaned to remove grease, rust, or dirt. Then it’s placed into a liquid solution called an electrolyte. A second
metal, such as nickel or chrome, is added to the solution.An electric current is passed through the setup, causing metal ions in the solution to bond to the surface of the part. The result is a thin, smooth, and even coating that looks polished and holds up well in many applications.Electroplating offers several useful advantages:Protects against rust and
corrosion Gives parts a shiny, polished appearance Reduces surface friction Increases surface hardness Makes low-cost metals look high-endl had one customer who used it on plain steel fasteners. After plating them with nickel, they looked like high-end parts—and held up well in humid conditions.You'll find electroplating in many industries:Jewelry
and accessories: Gold, silver, or rhodium finishes Automotive parts: Door handles, trim, badges Electronics: Circuit connectors and pins Tools and hardware: Wrenches, screws, and decorative boltsLike any process, electroplating has its limits.It only works on materials that conduct electricity The metal layer is thin and can wear off with use Good
surface prep is needed or the finish may peel Some plating solutions contain toxic materialsLooking for a shiny, protective layer that upgrades your part’s look? Electroplating could be the right call.But if you need something more durable for heavy wear, electroplating is not for you.Sometimes, parts come off a machine rough, dull, or full of small
surface flaws. Even when the shape is perfect, the finish just isn’t there.That’s where electropolishing comes in.Electropolishing is a surface treatment that smooths and brightens metal parts. It removes a thin layer from the surface using an electric current and a chemical bath. The result is a clean, shiny, and smooth finish.You’ll often see it used on
stainless steel parts that need to look sharp and resist rust—especially in food, medical, or lab settings.Think of electropolishing like gently shaving off the rough top layer of metal.First, the part is cleaned. Then it’s placed in a tank filled with acid. The part is hooked up to electricity, becoming the “positive” side. A second metal acts as the “negative”
side.Once the current flows, metal begins to dissolve from the surface. The high spots disappear faster than the low ones, which helps flatten and polish the entire part.What you’re left with is a smoother, shinier version of the same part—without adding anything to it.Electropolishing offers a range of improvements:Smoother surface with fewer flaws
Better corrosion resistance Easier to clean Improved look—shiny, bright finish Can reduce friction in moving partsl once worked with a client in the medical field who needed ultra-smooth stainless steel tubes. Electropolishing made the surfaces clean and easy to sterilize.Electropolishing is common in industries that need high-purity or easy-to-clean
parts:Medical devices: Surgical tools, implants, tubing Food and beverage: Processing equipment and valves Pharmaceutical: Stainless steel tanks and fittings Aerospace: Hydraulic components and fastenersEvery surface treatment has trade-offs, and electropolishing is no different.Only works on metals that conduct electricity Best results come from
stainless steel and similar alloys Doesn’t fix deep scratches or dents Needs careful setup to avoid over-polishingWant a smooth, bright surface without coatings or paint? Electropolishing might be what your part needs.But if you're dealing with rough or damaged material, this process won’t fill gaps—it only removes.Sometimes, stainless steel doesn’t
stay shiny like you thought it would. Even though it’s supposed to fight off rust, little spots can still show up. This happens a lot after cutting, welding, or just touching it with bare hands.That’s why passivation is helpful.Passivation is like a deep clean for stainless steel. It washes away tiny bits of iron and dirt that can cause rust later. After cleaning, a
thin layer forms on the metal. You can’t see it, but it helps protect the surface from air and water.If you use stainless steel parts and want them to last longer and stay cleaner, it’s a smart process to know about.Passivation doesn’t add anything to the surface. Instead, it removes tiny iron particles that don’t belong. First, the part is cleaned to get rid
of oil or dirt. Then it’s soaked in a nitric or citric acid solution. The acid reacts with the surface and dissolves any free iron left behind after machining.After that, the part is rinsed and dried. This leaves behind a clean, passive layer that resists rust. The surface doesn’t change in color or feel, but it becomes more stable and lasts longer in the right
conditions.You might not see a change—but you’ll notice the results later:Helps stainless steel resist rust No paint, coatings, or layers Keeps parts clean for longer Great for food, medical, and lab gear Extends part life without changing appearanceOne client had stainless fasteners in a food line that kept showing rust. After passivation? No rust—
months later, they still looked brand new.Passivation is often used when stainless steel needs to stay clean, smooth, and rust-free:Medical and surgical instruments: Scalpels, clamps, and implantable devices Food processing machines: Mixers, tanks, and piping systems Pharmaceutical equipment: Stainless steel reactors, cleanroom parts Aircraft
parts and fasteners: Screws, clips, and hydraulic fittings Cleanroom and lab hardware: Trays, trolleys, and test racksPassivation works well for many stainless steel parts, but it’s not the answer for everything.Only works well on stainless steel and related alloys Doesn’t fix surface damage or roughness The finish looks the same before and after
Requires clean handling and thorough rinsing to be effectiveNeed to protect stainless parts without changing how they look or feel? Passivation is a smart, low-impact solution.But if you’'re trying to hide flaws or change the surface finish, you’ll need a different process.If you’'ve ever held a matte black screw or tool that didn’t glare under light, there’s
a good chance it was treated with black oxide.Black oxide is a chemical surface treatment that gives metal parts a dark, smooth finish. It doesn’t add a thick layer or change the part’s size. Instead, it reacts with the surface to form a thin, black layer that helps resist rust and reduce glare.The finish looks sharp, but it’s not just for style. It also adds
light protection and helps oil stick to the surface, which improves lubrication.The process starts by cleaning the part to remove any dirt, oil, or rust. Then the metal is placed in a hot alkaline solution, usually heated to around 285°F. This causes a chemical reaction on the surface of the metal, forming a thin layer of black iron oxide.After the black
layer forms, the part is rinsed and dipped in oil or wax. This final step helps seal the finish and adds light corrosion resistance. The end result is a dark, smooth surface that becomes part of the metal itself. It won’t flake, peel, or change the size of your part.Black oxide offers several simple but useful advantages:Reduces glare on shiny metal parts
Adds light corrosion resistance when paired with oil or wax Keeps part dimensions unchanged Improves appearance and surface uniformity Helps retain lubricants in moving partsI worked with a toolmaker who used black oxide on wrenches. The dark finish helped reduce glare under bright lights and made the tools easier to grip.You'll often find
black oxide on parts that need to look good and hold up to wear:Hand tools: Wrenches, sockets, and screwdrivers Fasteners: Screws, bolts, and washers Firearms and tactical gear: Barrels, sights, and mounts Machinery parts: Shafts, gears, and bushings Cutting tools: Drills and tapsBlack oxide does a good job in the right setting. But it’s not perfect
for every part or environment.Here are a few things to think about:It only works on ferrous metals like steel and iron The rust protection is light, unless you add oil or wax It doesn’t hold up well in wet or outdoor areas The finish can wear off over time, especially with heavy use It won’t protect against deep scratches or rough handlingI’ve used black
oxide on parts that stayed inside and out of harm’s way—it held up just fine.But when I needed something for outdoor tools or parts that took a beating, I had to switch to a tougher finish. You might want to do the same.You might think paint is just for walls or school projects—but it’s used a lot in factories too.I've seen it sprayed on metal frames,
control boxes, and even machine parts. Why? Because it protects things and makes them look better.This isn’t the kind of paint you’d use at home. Industrial paint is made to fight off rust, sun, rain, and scratches. And yes, you can still pick colors or make them shiny if you want.Industrial painting starts with surface prep. The part is cleaned,
sometimes sanded or blasted, to remove any grease, dust, or rust. This step is key to helping the paint stick.Then the paint is applied. It can be sprayed, brushed, or dipped, depending on the job. Some coatings are air-dried. Others need to be baked or cured with heat.Once dry, the painted surface forms a barrier. This layer protects the metal or
plastic underneath from damage caused by water, chemicals, or sun exposure.Painting offers both protection and appearance. Here’s what it can do:Adds color and a finished look Protects against rust and corrosion Helps reduce UV damage and weathering Works on many materials, including metal and plastic Easy to repair or touch up when
scratchedOne of my clients owns a small business that sells outdoor gear. He paints steel frames using a strong enamel paint. It works really well—even when it rains, gets dusty, or sits outside in the hot sun all day.You’ll see industrial painting used in a wide range of products:Construction equipment: Loaders, cranes, and lift arms Appliances:
Washers, dryers, and ovens Electrical enclosures: Boxes, panels, and cabinets Furniture: Desks, shelves, and storage frames Automotive parts: Body panels, bumpers, and undercarriagesPainting is a flexible option, but it’s not always the most durable.Paint can chip or peel over time Needs good prep for strong adhesion Drying and curing can slow
production Not as durable as powder coating in harsh environmentsLooking for an easy way to add color and surface protection? Industrial paint might be the right choice.But if you need extreme durability or heavy-duty wear resistance, you may want to explore other coatings.If your part is going outside—like in the rain or near the ocean, it can
start to rust fast. Plain steel can’t handle that kind of weather for long.That’s why people use something called galvanizing.Galvanizing is when you cover the steel with a layer of zinc. The zinc works like a raincoat. It blocks water and air from reaching steel. And even if the zinc gets scratched, it still protects the steel. The zinc rusts first—on purpose
—so the steel doesn’t have to.This is called sacrificial protection, and it really works.If you want your metal to last a long time outside, galvanizing is one of the best ways to keep it safe.First, the metal gets cleaned—no grease or dirt allowed. Then it goes into a big pot of melted zinc. It’s kind of like giving the part a hot bath.When it comes out, it’s
covered in a gray, bumpy layer of zinc. That layer sticks tight. Even if the surface gets scratched, the zinc keeps protecting the metal underneath from rust.Sometimes, people use electricity instead of heat to add zinc, but the goal stays the same—keep the steel strong and stop rust from winning.Galvanizing offers powerful protection in tough
conditions:Long-lasting corrosion resistance Protects even if the surface gets scratched No need for frequent repainting or maintenance Good coverage, even on corners and edges Works well in outdoor, wet, or industrial settingsl once had a customer who needed fencing for a farm near the coast. Paint peeled within a year. Galvanized posts? Still
solid and rust-free five years later.You'll see galvanized parts almost everywhere outdoors:Fences and gates: Posts, mesh, and hardware Utility poles: Street signs and guardrails Building frames: Roofing supports and brackets HVAC parts: Ducting and outdoor units Automotive frames: Truck beds and underbodiesGalvanizing offers strong protection,
but it doesn’t suit every situation.Only works on steel or iron The surface looks dull or rough—not for cosmetic parts Can’t apply over small internal surfaces or threads easily Adds weight and may affect tight tolerancesDo you need something that keeps metal from rusting for a long time? Galvanizing could be the right pick for you.But if you care
more about how it looks or showing off small details, you might want to go with a different finish.Sometimes, you don’t care if a part looks shiny or cool. You just want it to be strong. Really strong.That’s where something called nitriding helps.Nitriding is a heating process that makes steel harder on the outside. It works by putting nitrogen into the
surface of the metal. This creates a tough outer layer that fights off wear, heat, and cracking.And here’s the cool part—nothing is added on top. The metal itself changes and becomes tougher.If you need a part that moves a lot or carries heavy weight—and you want it to last—nitriding might be just what you need.Nitriding is done in a special furnace.
The part is first cleaned and placed inside. Then the furnace is filled with a nitrogen-rich gas, like ammonia. The temperature is kept lower than other heat treatments—usually around 950°F.As the part sits in the furnace, nitrogen atoms soak into the surface. This reaction creates a hard outer layer while leaving the core of the part strong and
flexible.There are a few types of nitriding, including gas, salt bath, and plasma. Each one has slightly different equipment, but they all use the same basic idea: nitrogen plus heat equals hardness.Nitriding offers serious performance for tough jobs:Increases surface hardness Boosts wear and fatigue resistance Adds protection without adding thickness
Maintains tight tolerances No need for quenching or extra machiningOne time, I worked with a small shop that made gears for food machines. After they used nitriding on the gears, those things kept running every single day—and even after months, they still looked like new. I was really impressed.Here are some places where nitriding really makes a
difference:Automotive: Camshafts, crankshafts, valve parts Manufacturing: Gears, shafts, and precision dies Hydraulics: Piston rods and cylinders Aerospace: Fasteners, actuators, and landing gear Tooling: Injection molds and stamping toolsNitriding is great for surface hardness, but it’s not a universal solution.Only works on certain types of steel
Not suitable for soft metals like aluminum or copper Surface color may change to gray or dull Not ideal if a shiny or decorative finish is requiredNeed your part to last longer, even with lots of pressure and wear? Nitriding might be what you’re looking for—it helps make metal parts tougher and stronger.But if you’re using softer metals or want your
part to look shiny and bright, this might not be the best choice. There are other ways that could work better for you.Not every part needs fancy paint or a shiny finish. Sometimes, you just want basic protection that works.That’s where chemical conversion coating helps.It’s a quick surface treatment that gives metal a thin, protective layer. Instead of
covering the metal, it changes the top layer through a chemical reaction. This makes the surface a little tougher and helps paint stick better if you add it later.If you work with aluminum, you might hear people call it alodine or chromate coating. Same idea—just different names depending on the metal and formula.This method is often used during
prep. But it also works as a light-duty finish when appearance doesn’t matter much.The process starts with cleaning the metal to remove any dirt, grease, or oxides. Then the part is dipped, sprayed, or brushed with a chemical solution. The solution reacts with the surface and creates a new layer of material that bonds to the metal.Unlike paint or
powder coating, nothing is added on top. The coating comes from the reaction itself. Once applied, the part is rinsed and dried.The finish is very thin. It doesn’t change how the part looks much, but it gives it a dull, sometimes yellow or green tint depending on the formula.This process may be simple, but it brings a lot of value:Adds light corrosion
protection Improves paint and primer adhesion Doesn’t affect part dimensions Can be used on aluminum, zinc, and magnesium Works well for electrical parts (it stays conductive)l remember helping a client who made small metal boxes for wireless gadgets. They didn’t want the parts to rust, but they also couldn’t block any signals. This coating gave
them just what they needed—clean protection without getting in the wayChemical conversion coating is often used on lightweight or indoor parts that need basic corrosion resistance or better paint adhesion:Control panels: Aluminum switch plates and faceplates Communication devices: Signal boxes, housings, and brackets Medical carts and frames:
Coated before powder coating or paint Office equipment: Printer housings, copier parts, and mounting plates Light-duty enclosures: Indoor boxes for wiring, power, or HVAC useChemical conversion coating is useful in many cases, but it does have limits.Not strong enough for outdoor or high-wear parts Appearance may vary and look uneven Offers
only basic corrosion protection Some formulas contain toxic chemicalsLooking for a fast, no-fuss way to prep your part or keep rust away indoors? This might be the right fit.But if your part is going outside or needs to take a beating, you’ll want something stronger.Picking a surface treatment doesn’t have to be a guessing game anymore.You just went
through 10 solid options—like anodizing and powder coating. Each one helps solve different problems and works best for certain jobs.Think about parts you’ve used before that didn’t last long. Maybe the finish wore off too fast or didn’t look right. Now you’'ve got the knowledge to do it better.Keep this guide handy. Use it like a checklist. Share it with
your team if they’re stuck too.If you are still unsure what to choose for your project, reach out to us at Machmaster.We’re here to help you pick the one that actually fits your job. TGL is a specialized logistics and freight forwarding company, expertly coordinating the smooth and efficient movement of goods across borders.We act as strategic
intermediaries, connecting shippers with a global network of transportation providers, including shipping lines, airlines, and trucking services.Our strength lies in managing complex logistics operations, handling documentation, and optimizing delivery costs—ensuring cargo reaches its destination on time and within budget. Mostly special surface
treatments are needed for metal surfaces, especially steels’ surfaces, in order to have the desired optimum properties. There are various techniques for surface treatment but the most common ones are surface coating methods. Steels require further surface coatings for enhanced corrosion resistance, wear resistance, and surface hardness. The
surface coating methods differ for different applications. Therefore, the classification of coating techniques can be very complicated. However, the most common surface coating methods can be classified as below: GalvanizingElectrochemical CoatingsVapor DepositionConversion CoatingsThermal Spraying These surface coating methods can be
applied for different requirements of applications. Thus these different processes have various advantages and disadvantages. Galvanizing is the most common surface coating method which is used almost everywhere in industrial applications. The main mechanism behind galvanizing is the galvanic protection of the base steel. In nature, elements are
settled due to their affinity for reduction or oxidation. A determinative array called EMF series is constructed where potential differences between hydrogen and different metals are calculated individually. Therefore, more noble metals are located at the top of the EMF whereas more active metals are located at the bottom. These more active metals
tend to corrode more than the noble metals because of their huge potential difference. When two different metals are coupled, the corrosion rate of the more noble one decreases readily where the corrosion rate of the more active one increases. Thus the active metal protects the noble metal from corrosion by lowering its corrosion speed. In the
galvanization process, the noble metal is the base steel and the active metal is the coated zinc layer. When the zinc layer gets mechanically injured or scratched, the zinc layer acts as the anode material and the base steel acts as the cathode material so the zinc layer lowers the corrosion rate of the base steel and protects it from corrosion. In the
galvanizing process, a multilayer coating occurs. These multilayered form usually consists of intermetallic compounds. The galvanizing process can be mainly separated into two parts which are surface cleaning and zinc coating. At the start of this coating method, surface cleaning is compulsory. Steel coils are transported between long distances and
these long distances can be dangerous for steel. Thus coils are greased with different types of oils to protect the surface of the steel during these long transportation intervals. The oil-covered surface of the steel coils must be cleaned with different types of alkali solutions to maintain the perfect removal of the dirt and different type of oils. Proper
cleaning ensures good adhesion between the molten zinc and the steel surface. The cleaning part is divided into three sections: Caustic cleaning, pickling, and fluxing. In the caustic cleaning part, the surface of the steel is treated with a hot alkali solution which removes common dirt and oils. In the pickling section, the surface rust and scales are
removed by using a hydrochloric acid solution. Finally, in the fluxing part, the surface oxides are removed and protected from further oxidation risks. The cleansed steel sheet is immersed in a zinc bath for coating. The bath composition must contain at least 98% pure molten zinc. The optimum bath chemistry is determined by the ASTM A123
standards. The immersed sheet is removed from the bath when the steel sheet’s temperature approaches a near value to the bath temperature. During the removal of the sheet, the excess zinc is detracted from the sheet by channels that flow pressurized air through the surface of the sheet steel. The desired coating thickness is generally determined
by the chemical composition of steel, surface properties of the steel, and cooling rate. The electrochemical coating method uses the electrostatic properties of different metals which can be either in solution as ions or can be as sheet metals. The electrochemical coatings are divided into two parts; electrodeposition methods and electroless coatings.
The electrodeposition surface coating method is a very common technique not for only coating of metal surfaces but for also the extraction of metals. Electrodeposition is also known as electroplating. The technique basically comes from the famous Faraday’s Law. Faraday states that the mass of any substance which is either deposited or liberated
from a surface is proportional to its atomic mass and the amount of current passed from the system. Electroplating systems consist of anodes cathodes and electrolytes. A direct current is passed from the system for the liberation or deposition of the ions. The deposition process can be done by using electrorefining processes, electrowinning
processes, or molten salt processes. Different metal ions can be coated through the base metal which is used as the cathode in the system. In refining processes, an impure metal is used as an anode and the base metal is used as a cathode. The impure metal anodically polarized by an internal direct current force which causes a liberation of the
desired metal ions. Thereafter, the liberated metal ions in the solution are deposited on the base steel which acts as the cathode. The electrowinning process is very similar to the refining process but the only difference is the inert anode material used in the system. The desired ions already located in the solution and there is no need to separate them
from a source metal. Ions are again deposited onto the base metals surface which acts as a cathode material. The molten salt technique is unique because some metals can’t be coated by using general refining or winning techniques. The metals located below manganese in EMF series, cannot be coated or produced via using these general techniques.
The only electrometallurgical route is the use of a molten salt bath. In molten salt processes, the technique is similar to refining and winning but the bath consists of molten salt composition of the desired coating ion. Figure X. Schematic of the electroplating method. Retrieved from: Electrophoretic Deposition (EPD). (2020).28 January 2020,
Electroless Coating Method The main difference between electroless coating from electroplating is the absence of external electrical power. In this method, the desired surface is first cleaned and immersed in a solution. The surface is etched by the ions in the solution and ions located on the surface. Moreover, the desired coating ion is replaced with
the located etchant ions by the difference of potential. Usually, nickel atoms are coated by using this surface coating method. The vapor deposition methods utilize vaporization and condensation processes for making thin-film layers. The desired metal first evaporated and condensed onto the target surface. Vapor deposition methods divide into two
groups; chemical vapor deposition (CVD) and physical vapor deposition (PVD). PVD method can create ultra-thin films from 0-20 micrometers. The ionization or atomization process can be done by physical evaporation of the substance or plasma sputtering. In the physical evaporation method, the metal substance is first evaporated at high
temperatures from 1000 to 2000 °C and condensated under a highly pressurized vacuum environment. In the plasma sputtering method, the coating material is emitted from the surface by accelerating different ions to the surface of the substance. Accelerated ions impact the surface of the substance and desired coating atoms are ejected from the
surface and deposited onto the desired surface. This process is held under an electrostatic system where the desired substance is used as a cathode. An argon atmosphere is utilized as the medium where argon gas is ionized and ions are accelerated through the desired metal substance and eject them from the surface. The use of the plasma
sputtering method enables a high adhesion between the base surface and the coating substance because of the high kinetic energy of the substance ions. Figure X. A basic representation of PVD technique. Retrieved from: Forschungszentrum Jilich - Employees at IEK-1 - PVD/CVD. (2020). 28 January 2020, The CVD technique also uses the gaseous
phase of the desired metal substance, condensed onto the target base metal surface. In the CVD technique, the substrate is heated at high temperatures over 850 °C. This high-temperature process restricts material selection because only materials with high melting temperatures can be used in this process. First, the precursor substances are
introduced into the hot reaction chamber where the target surface is located. The precursors vaporize and are absorbed onto the target surface. Adsorbed substances chemically react with each other and leave behind the desired coating metal on the surface of the target. The desired metal coats an impervious thin layer on the surface of the base
metal. This surface coating method is commonly used in the coating of hard materials such as nitrides, carbides, or borides. Conversion Coatings usually consist of spraying or dipping the desired material through the additional substance. Conversion coatings develop the corrosion resistance of the surface by additional substances such as chromium
or phosphate. Moreover, conversion coatings also develop the adhesion properties of the surface for further painting applications. Conversion surface coating methods can be classified as chromating, phosphating, and anodizing. In the chromating process, the base metal is dipped into a solution with chromium ions. Chromate coatings have self-
healing properties. The hexavalent chromium leaches slowly when it’s in contact with a liquid or moisture. The dissolved hexavalent chromium ions are adsorbed by the defects and, finally, form a passive film that consists of insoluble trivalent chromium. In the phosphating method, metal surfaces are dipped into the phosphoric acid solution, or
solutions are sprayed onto the metal surfaces. A phosphate layer is formed on the surface of the base metal which eases a good adhesion of further painting applications. The anodizing method is different from the chromating and phosphating methods because the protective film is formed by the base metal in the anodizing method. Some metals (e.g.
Ti, Al) can form a protective oxide film on their surfaces. When the target metal surface is anodically polarized by an external electrical source, the metal surface starts to corrode and forms a protective oxide film. This impervious layer protects the base metal from further corrosion risks. In this surface coating method, the substances are heated and
are sprayed onto the desired metal surface. The coating thickness can be higher than the other common methods. The heating of the substances is usually done by an external electrical source which can generate an arc or plasma.
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