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ABSTRACT 

 

Surface hardening of the powder metallurgy (PM) products using nitriding methods can be realized with 

special precautions, taking the porous nature of the material under consideration. Typical response during 

gas nitriding of PM material when its density is below 7.5 g/cm3 is through-hardening of entire product 

with catastrophic embrittlement. This is a result of the ability of ammonia species to penetrate throughout 

the interconnected porosities, causing internal nitriding. Also, salt bath nitriding has unwanted effect of 

trapping the salt residue into the porosities. On the contrary, plasma nitriding methods can be controlled 

more easily to avoid unwanted side effects related to excessively deep penetration of the material since 

majority of the active spices are N2
+ ions with a short mean path. However, there are also some ammonia 

species generated in plasma and they can go deeply into the structure of the material, similar to what is 

seen in the gas nitriding method. Therefore, proper control of plasma nitriding method should be utilized 

here for achieving a desired layer thickness and its proper structure. Plasma nitriding in a mixture of 

nitrogen and argon eliminates completely the formation of ammonia-type species and the layer that is 

formed has a thickness based only on plasma density, temperature, and time of the process.  

 

INTRODUCTION 

 

PM is a proven technology for manufacturing metal components.  It is a near-net-shape technology with 

very little waste and few operations.  These characteristics allows PM to be a low-cost solution for a 

variety of engineering applications [1-6]. Compared to wrought steels, heat treating of PM steels is more 

complex and significantly more parameters have to be considered when defining furnaces parameters and 

atmospheres [1-3]. There are considerable disagreements in the literature about the effect of the porosity 

on heat treatment [2-3]. Like wrought products, PM components benefit from secondary processing such 

as thermochemical treatment.  Specifically, gas- and plasma-nitriding operations can be performed as a 

final operation to improve material characteristics of PM parts [7-21]. Some complications can be 

observed when thermo-chemical treatment is applied to sintered steels since the open-interconnected 

porosities cause problems when carburizing/nitriding and gas quenching agents penetrate deeply into the 



 

core of the product. In regards to thermochemical methods, plasma nitriding, as well a classical gas- and 

salt bath nitriding, with proper modification can be successfully used [8-11].  

 

Nitriding offers low distortion, and nitrided parts are routinely shipped to final assembly after nitriding 

operations.  This fact allows nitriding to further contribute to the inherently simple value chain associated 

with PM technology. Nitrided PM components have significantly increased surface properties such as 

wear resistance, bending fatigue and corrosion resistance [7, 12-16]. 

 

NITRIDING PROCESSES 

 

Gas nitriding of PM material with 6.4 and 7.1 g/cm3 densities and open porosities carried out by J. 

Wendland [7] resulted in through-hardening of 10 mm-thick samples. In the same type of test, a similar 

sample with 7.5 g/cm3 density was nitrided as a regular, full-density material. Nitriding increased 

tribological properties of the high- as well as low-density PM. However, fracture toughness and bending 

fatigue properties of the low-density (<7.5 g/cm3) nitrided materials have to be considered as substandard. 

Problems with gas nitriding of the low-density PM were addressed by H. Ferguson who proposed steam 

sealing of the surface before hardening to limit penetration depth by ammonia [8]. 

 

Salt bath nitriding (also called liquid bath nitriding) is a method for surface hardening of similar materials 

as gas methods, but also with the same limitation; low-density materials will form a hard layer deeply 

below the surface, which will very likely have a negative effect on the fracture toughness and bending 

fatigue properties of the component. However, another problem with liquid bath nitriding of PM materials 

is potential for salt residue to be trapped in the inherent porosities. This contaminant, when left in the 

material, may be relieved during the regular work of a machine and can caused unwanted side effects 

such a corrosion and other issues. Modern versions of salt bath nitriding process often use a non-polluting 

bath with alkali metal cyanates and is carried out at 540-575° C [9].   

 

Plasma/ion nitriding has been a very effective way of surface hardening of many machinery components 

made of PM in the automotive, agricultural, and other industries [11, 17-21]. Very broad possibilities to 

control the process allows avoiding the negative effects of the other nitriding methods [22, 28].  This will 

be shown in experimental data.   

 

EXPERIMENTAL 

 

FC-0205 powdered steel (per MPIF Standard 35) has been formed by admixing of elemental copper 

powder to elemental iron powder, and then was used to mold and sinter PM specimen with density 

6.7g/cc for further experimental evaluation of various Nitriding processes. The samples with thickness of 

8 mm were used in all processes. All experiments were carried out at temperature of 570° C (1058° F).  

Ferritic Nitrocarburizing (FNC) was performed with gas and salt bath processes.  There were two gas-

based processes; one regular FNC process and the other one steam sealing/pre-oxidizing with regular 

FNC. Plasma processing involved nitriding in atmospheres of nitrogen with hydrogen and addition of 

methane at two different pressures and atmosphere of nitrogen with argon. 

 

Processes of ferritic nitrocarburizing involves diffusional addition of both nitrogen and carbon to ferrous 

surface at temperatures within the ferritic phase. The compound zone formed during these processes was 

predominately Ɛ-Fe2-3NC epsilon carbonitride+ ɣ’ (Fe4N) nitride with the exception of plasma process 

carried out in the mixture of nitrogen and argon where ɣ’ (Fe4N) nitride was present. 

 

The samples were tested metallographically to detect and compare nitrided layers in the near surface 

areas. The microphotographs of all the samples are shown in Fig.1-6. 

 



 

 

 
 

Fig. 1. Photomicrograph of the PM sample nitrided in the regular gas FNC process. Etched with 3% nital. 

 

 
 

Fig. 2. Photomicrograph of the PM sample steam sealing treated prior the regular gas FNC process. 

Etched with 3% nital. 



 

 

 
 

Fig. 3. Photomicrograph of the PM sample after salt bath FNC. Etched with 3% nital. 

 

 
 

Fig. 4. Plasma/Ion nitrided PM sample at 565 C in a mixture of nitrogen/hydrogen 1:3 and pressure 3.5 

mbar. Etched with 3% nital. 

 



 

 
 

Fig. 5. Plasma/Ion nitrided PM sample at 570 C in a mixture of nitrogen/hydrogen 1:3 and pressure 0.75 

mbar. Etched with 3% nital. 

 

 
 

Fig. 6. Plasma/Ion nitrided PM sample at 565 C in a mixture of 90% nitrogen+10% argon and pressure 

3.5 mbar. Etched with 3% nital. 

 

 



 

CONCLUSIONS AND DISCUSSION 

 

It should be noted that both regular gas and salt bath FNC processes produced a layer with a very deep 

penetration into surface of the samples, Fig. 1 and 3. Even the sample treated initially by the steam 

sealing process had a “root-type” layer penetrating deeply into the surface grain boundaries although 

thickness of the outer layer was very moderate, Fig. 2. Evidently ammonia penetration into the surface 

was very deep. It should be also noted that the oxides formed during the steam sealing were still present 

in the structure and their role of reducing chemisorption of ammonia at the surface and 

stopping/minimizing nitriding below the surface was effective. 

 

Salt bath treated sample appeared to be very aggressively nitrided and the “roots” of the layer were 

similar to the prior sample from the gas process, Fig. 3. This process known for its aggressiveness 

produced very likely a high nitrogen containing nitrides and carbonitrides [9]. 

 

Ion/plasma nitrided samples had a very well defined compound zone at the surface and deeper penetrating 

“roots” only when the processing gas pressure was high, Fig. 4. No deeper penetration of nitrides into the 

surface was observed when processing was at low pressure or without hydrogen. It should be noted here 

that major nitriding species in plasma process are N2
+, N+ and NHx

+ ions as well as the NH3 molecules 

and radicals formed near the cathode glow discharge [23-27]. When processing pressure is low, the 

number of the active ammonia-type species is reduced and there is no deep penetration of the 

interconnected porosities by the ions since their mean free path and life time is much shorter than 

ammonia [28], Fig. 5. Absence of hydrogen in the plasma eliminates ammonia-type species and there is 

no deep penetration of the layer into the open/interconnected porosities, Fig. 6. 

 

Observations made during these experiments allow us to form following practical conclusion: 

1. Ion/plasma nitriding and nitrocarburizing allows for a very precise control of the nitrided layer 

structure regardless of the presence of open/interconnected porosities in PM, low-density 

materials. Process can be carried out safely to produce a layer which would increase tribological 

as well as bending fatigue properties of the component without endangering fracture toughness of 

it. Corrosion resistance will also be increased after such treatment. 

2. Gas and salt bath nitriding of PM components will increase significantly their tribological and 

corrosion resistance. However, bending fatigue properties and fracture toughness of the 

components will be very likely significantly reduced because of the extreme penetration. 

Exception might be only when the gas FNC/nitriding process is combined with the first step-

steam sealing pre-oxidizing.  
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