NEW THINKING IN SURFACE COATINGS

Nitriding V/S Oxidation

The choice of a suitable surface treatment for pressure die casting dies continues to be ambiguous.  While a hard surface layer, as provided by nitiriding, is definitely beneficial as far as erosive properties are concerned, its lower ductility is a definite drawback as far as resistance to heat checking is concerned.  On the other hand, the oxidized layer while not as hard, has a definite advantage in providing a better ductility thus increasing the resistance to heat checking.  The benefits of the presence of an oxide layer are well documented and several papers talk about the need to oxidize a surface even prior to nitriding as the nitrogen pickup is better leading to a more uniform nitirded layer.

However, most experts recommend that the Nitriding of the die, if at all necessary, be carried out under Plasma Ion Nitriding Conditions where there is a better control on the nitrided case depth unlike in the case of Gas nitriding where there is no real control in case depth especially for small case depths.  Besides, their recommendation is to have a case depth of around 10 to 15 microns by plasma nitriding followed by a PVD coating of TiAIN of about 2 to 3 microns nanolayer, which will be optimum for die casting applications. In the absence of such a facility, they recommend oxidation upto a case depth of around 5 microns to act as a protective layer on the die surface and also as a source for adherence of the release agent during spraying.  These surface coatings can be done for both Orvar Supreme and Dievar.

In the case of Orvar supreme, for small to medium dies, gas nitriding can also be done to a case depth of 25-30 microns provided the case depth is controlled properly.

For large dies in Orvar Supreme, we only recommend the composite coating of plasma nitirding of 10 to 15 microns with TiALN of 2-3 microns or alternatively steam oxidation of 5 microns.

In the case of Dievar, Plasma nitriding is not recommended as a stand-alone procedure.  However, gas nitriding can be carried out in small to medium dies provided case depth is controlled to 25-30 microns.  For large dies, either steam oxidation or composite coating is recommended.

The nitriding process using gas nitriding is favoured for extrusion tooling as the case depths involved are higher, 200 to 300 microns, and control of the same is better.  Gas nitriding can also be used in Zinc Die casting where erosion is a bigger problem and heat checking is an issue and a thicker case depth does not adversely affect die performance. For Aluminium, Magnesium and Copper die casting, we recommend either oxidation or the composite layer for better results.

The oxidation treatment itself is a relatively simple process with the dies being exposed to a moisture rich atmosphere at elevated temperatures in the presence of oxygen. The dies are heated in a muffle furnace upto a temperature of 25 C below the final tempering temperature in a moisture rich atmosphere and then soaked in this atmosphere for a period of minimum 4 hours to allow for sufficient oxidation of the die surface.  The process itself is carried out on a die whose surface has been polished to eliminate the grinding marks and ensuring that no scratches exist on the die surface.  While a mirror finish is not necessary, it is important that there are no scratch marks on the die surface as these marks lead to the initiation of heat check marks. The muffle furnace should have protective sheath to cover the heating coils.

This uniform oxide layer provides a more ductile and porous layer on the surface and also a layer, which is less sensitive to case depth and hence gentler on the die life leading to better overall die performance. During the oxidation process, all cooling channels must be plugged.

The oxidation must be carried out under high concentration of steam in order to get Fe 304.  Oxidizing in open air furnace will lead to the formation of rust, that is not stable and gives no protection.

Irrespective of surface protection, stress tempering and steam oxidation to be carried out during every stress relieving operation in the life cycle of the die. 

Oxidize your dies before even doing the trial runs.  If some corrections are made after the first trials, then oxidation must be done again before engaging the dies for regular production runs, the idea is to protect the bare surface of the steel from direct attack from the molten aluminium hitting the die surface at high pressure.  Please remember that the die life will be reduced by 30% if the dies are employed without oxidation and the bare steel surface is hit by molten aluminium.  Likewise, the heat checks will be much delayed (if not totally avoided) if the die surface is coated with a oxidized layer.

