Studies Regarding the Carbiding Processes of Iron Powders

PHD Thesis Summary

The thesis is structured on five chapters according to the proposed research objectives:

· Chapter 1 – The Current Condition of Research Regarding the Elaboration of Parts Made of Sintered Steels

In this chapter there is presented the actual condition of the elaboration of parts made of metal powders, describing the newest realisations in this domain. The data come from recent documentary sources which refer to the newest sintering processes, of obtaining composites based upon metal powders; the accent is put upon presenting the newly conquered domains of utilisation and fiability of metal powders; the theoretical considerations that represent the base of the scientific fundamentation of the research theme are looked into.


There is presented the actual tendency in the domain of metal powders which consists of developing innovative technologies in order to obtain sintered materials with improved mechanic and tribologic characteristics compared with sintered commercial materials and in this regard research efforts are being made to elaborate sintered materials with chemical and structural homogeneity as high as possible, respectively to elaborate steels with a variable amount of carbon in the section in order to ensure wear properties in the exterior layer combined with a tenacity as high as possible in the core.

Due do their properties, there is no domain in which materials and parts obtained through proceedings that are specific to the powder metallurgy are not applicable, a high importance having the rate between obtained properties and fabrication cost.

There are presented applications of the parts of sintered steels and the economic advantages from which results that through powder metallurgy it is reduced the consume of raw materials and energy, the utilisation coefficient of metallic powders being of 98-99%. If it is made a comparison between the different manufacturing processes (casting, hot or cold extrusion, drop forging and manufacturing on machines) in order to obtain segments with flutes for the transmission to transport machines and obtaining the same guide through sintering, it can be observed that at sintering it is rationally used the raw material (mote than 95%) and at the same time the best consume of energy per kilogram of finite part.

Nowadays a high importance has been obtained by the powder metallurgy and in the recycling of metallic waste through their transformation in valuable metallic powders: recovering the slurry from the manufacturing of metallic semnifications of copper oxides coming from  the hot-rolling of waste, tools and parts weared from hard sintered alloys. Obtaining metallic powders from fabrication waste has multiple implications on the superior valorification of the waste and of the finite product.

The purpose pf the PHD thesis consists of adopting an original elaboration proceeding of sintered steels with remarkable tribological characteristics that correspond to the requests of wear parts used in machine construction. The proceeding is based upon the contribution of carbon steels through carbiding of the iron powder in the cyclograme of the sintering operation. 


During research the objectives have been the following:

· the analysis of the diffusion processes of carbon in iron depending on the carbiding time and on the density of the iron samples uniaxially pressed at 400 and 600 MPa. Choosing the compaction pressures has been made having in view the values from speciality literature industrially used to obtain sintered steels;
· modelation using the Maple programme of diffusion processes of carbon in iron comprimates obtained at the two pressures having in view the experimental results;
· studies regarding the influence of the parametres of the carbiding – sintering process on the mechanic characteristics of elaborated carbon steels, the objective being the interdependence between microhardness, resilience and mechanic resistance of samples depending on the parameters of the elaboration proceeding of steels sintered through the new proceeding;
· microscopic analysis of steel samples after sintering at 1050, 1100 and 1150°C for 30 minutes and with different amounts of carbon depending on the carbiding times and sample density;

· studies regarding the influence of technological parameters adopts within the new proceeding on the wear resistance of sintered steels.

· Chapter 2 – Research Regarding the Sintering – Carbiding Processes of Iron Parts presents the elaboration in methane gas medium of sintered carbon steels. There are emphasized the structures and the mechanical characteristics of the parts obtained through this process. It is also applied the Maple Software pattern to study the diffusion of carbon in the mass of the parts obtained throughout the research. The starting point is represented by the basic laws of diffusion and the correlation between the properties and the amount of carbon are confirmed.

           Due to the news character of the proceeding it has been requested letters patent with the title ‘Sintered carbon steels and proceeding to obtain it through carbon diffusion’, having the number CBI A 2007/00337.


2.1. The Elaboration of Sintered carbon Steels: A new proceeding to elaborate carbon steels that refers to the contribution of carbon from methane at the same time with sintering. The contribution of carbon takes place through heating of the parts in a closed enclosure in which it is introduced methane in the thermal interval of 850-900°, for 2, 4, 6 hours, followed by sintering at different temperatures (1050, 1100, 1150°), for 30 minutes in argon medium. The methane gas undergoes a process of incomplete burning ensured by enclosing the box in which the thermo chemical treatment is made.


The steps to obtain parts from metal powders have been the following:

a) Dosage of the powder

            The iron powder with 99,99% purity and the zinc stearate have been enclosed in proportion of 99,5%, respectively 0,5% , using the analytic balance. The zinc stearate plays the role of lubrifiant.

b) Homogenization of the non-homogeneous powder mix

            Through homogenization it was desired to obtain a uniform distribution of the elements that form the mix in all its structure. For homogenization it was used a cylindrical mixer type TURBULA, for an hour. When controlling the homogeneity with a microscope there were seen no modifications of the shape or the dimensions of the powder particles.   

c) Dosage for pressing

For the parallelepiped matrice there were weighted at the analytical balance doses of 155 grams and for the cylindrical matrice of 5,5 grams. 

d) Unilateral matrice pressing using a hydraulic press of 400 and 600 MPa, being obtained raw samples of cylindrical and parallelepiped shape.

The advantages of the use of this proceeding are the following:  

· the realization of complex shape semi fabricates with surfaces of superior quality and high dimensional precision;

· the porosity, respectively the compacting can take place in wide limits, with a variation in the specific pressing force;

· the raw material (the metallic powder) is completely used, not only in the pressing process, but also after it, because the fabricates can be directly used, with no additional adjusting operations through splintering.

Matrice powder pressing consists of introducing the powder mix in the cavity of the matrice, pressing and evacuation of the fabricate [86]. When pressing the powders in the matrice, the work was done with a relatively slow speed in order to evacuate the enclosed air. The pressing force was determined depending on the compacting pressure and the size of the transversal section, the established value for pressing being of 40 kN/cm2. 

e) Carbiding

            Carbiding accompanied by sintering took place in a sintering box of plate OLE 335 with the dimensions of 300x180x400 mm and with the shape from fig 1. 
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Fig. 1 The carbiding – sintering box a- for cylindrical parts; b- for parallelepiped parts .

 The samples were put in the box on two rows (depending o the matrice pressing pressure), with a 30 mm distance between then them.


The amount of carbon was determined for the cylindrical comprimates and for the parallelepiped ones as well. In order to determine the mechanical characteristics (microhardness, wear resistance, resilience) there were used parallelepiped comprimates obtained though unilateral pressing in a matrice with the dimensions of 14x20x80 mm.
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 Fig. 2.   Parallelepiped comprimates used at carbiding.


The carbiding took place at 850°C in methane gas medium, with a 2,5 l/h flow. Enclosing the carbiding box was realized with moulding sand and sodium silicate. The prepared box was introduced in the electric oven for carbiding – sintering. 
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Fig. 3.  The carbiding – sintering box

The carbiding - sintering itinerary was the following:

· in the first phase, which lasted for 240 minutes, the samples were heated until the carbiding temperature (850°C), using argon to realize the inert medium; it must be said that during heating until 850°C there were practiced maintaining bearings of 5 minutes at every 100°C to ensure the thermal homogenization;

· in order to uniform the temperature of the samples from the interior of the carbiding box, these were maintained at the carbiding temperature (850°C), in argon medium, for 120 minutes;
· the proper carbiding took place by interrupting the alimentation with argon and opening the methane gas tap; maintaining at the carbiding temperature in methane gas medium was established at 120, 240, respectively 360 minutes;
· after carbiding the methane gas alimentation was interrupted and the inert argon atmosphere was once again created in order to sinter.
· argon heating at the sintering temperature: 1050, 1100, respectively 1150°C for 30 minutes;
· argon maintaining the sintering temperature: 1050, 1100, respectively 1150°C for 30 minutes;
· cooling the carbiding – sintering box in protective argon medium for 120 minutes; the carbiding took place by opening the cover of the oven. The total carbiding – sintering time was of 660, 780, respectively 900 minutes.
Establishing the carbiding time took place according to the theory that when increasing the time of the thermo chemical treatment due to the step – by – step decreasing of the concentration difference between neighboring portions, the diffusion flow is decreased. This is why, when increasing the time of the process, the intensity of this flow decreases. 
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Fig. 4.  The carbiding – sintering treatment cyclogrames
2.1.2.  Densification Through Carbiding – Sintering


It is studied the influence of sintering over the dimensions and the density of the cylindrical parts and it is observed the fact that, at the same compacting pressure, the dimensions are modified proportionally with the modification of the mass through carbiding – sintering of the samples. 
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Fig. 5.  The variation of density during carbiding – sintering
 a – at 1050°C; b – at 110°C; c – at 115°C.
2.2.  Experimental results

2.2.1 Studies on the Amount of Carbon


From the graphic representation (fig. 7) it can be observed that at lower compacting pressures, the amount of carbon is higher because the porosity is higher, which allows a higher carbon diffusion. 
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Fig. 7 – The variation of the medium amount of carbon in parallelepiped parts.
2.2.2 Studies on Microstructure


Based upon the experimental results it can be concluded that:

· the medium amount of carbon depends on the carbiding time and on the compaction pressure of the iron powders;

· it is observed that a growth in the medium amount of carbon in the sintered steels elaborated at the same time with a growth in the carbiding time, reaching the highest values, of 1,3% C, for iron samples pressed at 400 MPa and carbided for 6 hours and 0,66% for samples pressed at 600 MPa with a 6 – hour carbiding time;

· the medium amount of carbon for the same carbiding maintaining time decreased at the same time with the increase of compaction pressure;

· the analysis of microstructures emphasizes homogeneous structures when there can be identified specific constituents of steels depending on the amount of carbon;

· the optimum density of sintered steels obtained within the adopted proceeding is of 7,28g/cm3 and corresponds to the samples carbided for 6 hours, sintered at 1150°C, compacted at 400 MPa and ρ=7,12 g/cm3 comparative to the same samples, but compacted at 600 MPa. Therefore, unlike the classic technology, density in this case is higher for lower compacting pressures, having in view the 400 – 600 MPa interval;

· the carbiding – sintering installation is simple and consequently cheap.

· Chapter 3 – Mechanical Characteristics of Carbon Steels Obtained Through Carbiding
3.1 Studies on microhardness

3.2 Tension bending try

3.3 Studies on tear resistance. Traction try


The mechanical characteristics of steels elaborated through the carbiding – sintering proceeding have superior values than sintered steels obtained through the classic proceeding starting from a mix of iron and graphite powders. Based upon the experimental results it can be concluded that:

· the microhardness in the surface of the new elaborated steels is maximum and dependent on the amount of carbon, the compaction pressure and the sintering temperature;

· the maximum microhardness, 342 HV0,1, is obtained in the surface at an amount of 1,65 C, 400 MPa compaction pressure, 1150°C and 6 hours carbiding time and decreases to the value of 235 HV0,1 in the middle of the sample where the amount of carbon is of 1% for under the same conditions of compaction, carbiding maintaining time and sintering temperature;

· as it can be observed in tables 3.1 and 3.2, unlike the current situations in which microhardness grows together with the growth in compaction pressure, in this case the highest microhardnesses and their best evolution is recorded in the case of the samples compacted at 400 MPa in comparison with 600 MPa. The particularity can be explained through the fact hat the carbiding process took place before sintering and in the samples compacted at lower pressures, having higher porosities, the carbon diffusion took place easier in the depth;

· the variation of resilience depending on the compaction pressure is decreasing, according to the amount of carbon, which is higher at 400 MPa, the core presenting in this case a higher tenacity;

· the maximum value of resilience of 13,4 J/cm2 is obtained for the compacted samples with 400 MPa pressure, carbided for 6 hours and sintered at 1150°C, comparative with 11,96J/cm2 in the case of the samples compacted at 600 MPa, sintered and carbided under the same conditions;

·  the traction resistance is influenced by the compaction pressure, since it decreases together with the decrease of compaction pressure; at higher pressures the carbon diffusion is made difficult by the reduced porosity, leading to the decrease of traction resistance;

· The traction resistance reaches the maximum value of 586,4 MPa for the samples compacted at 400 MPa, carbided for 6 hours and sintered at 1150 °C and decreases until 504,4 MPa for the samples compacted at 600 MPa, sintered and carbided under the same conditions.

· Chapter 4 – Research regarding the Wear Behavior of Carbon Steels Obtained Through Carbiding and Sintering the Iron Samples treats the problems connected to the wear behavior of materials elaborated through carbiding – sintering in methane gas medium. The results confirm the fact that sintered carbon steels are obtained through this proceeding.

· from the comparative analysis of the friction coefficient it can be observed the fact that this one grows through the growth of the compaction pressure. In correlation with the amount of carbon from the samples that undergo wear analysis, it can be said that at 400 MPa compaction pressure the wear behavior is superior to the samples compacted at 600 MPa;

· from the experiments effectuated, the friction coefficient has the value of μ = 0, 67 for the samples pressed at 400 MPa, carbided for 6 hours, sintered at 1150°C  with an amount of 1,6% C and a value of μ = 0,77 for the samples compacted at 600 MPa, having 1% carbon amount under the same carbiding – sintering conditions;

· the loss in mass in time, in the case of dry friction, under the action of a constant pressing force, grows through the growth of sample maintaining time under the action of the force, being recorded a massic difference, has the maximum value of 8 grams in the case of the samples compacted at 600 MPa, sintered and carbided under the same conditions;

· it is observed a good massic wear behavior in time of powders compacted at 400 MPa, carbided and sintered  comparative with the samples compacted at 600 MPa, carbided and sintered under the same conditions;
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Fig. 8  – The variation of massic wear in time under the action of the 25,5 N

· The last chapter, chapter 5 – Conclusions and Original Contributions presents the final conclusions and the original contributions brought within this paper

In what regards the concrete values, obtained through mechanic tries and wear and microscopical analysis, the following date are emphasized:

· the amount of carbon of sintered steels obtained through the new proceeding depends on the maintaining time at the carbiding temperature of 850 ºC, respectively the compaction pressure of iron powder comprimates this way:

· for 400 MPa compaction pressure the amount of carbon varies between 0.55 – 2% C for the maintaining time at carbiding of 2 – 6 hours

· for 600 MPa compaction pressure, the amount of carbon decreases at 0,35 – 1,65% under the same conditions;

· comparative with sintered steels obtained through the classic technology it has been obtained the homogeneous distribution of carbon and of the constituents within the carbon addition during the carbiding  - sintering operation;

· the mechanical characteristics of sintered steels through the new proceeding are improved comparative with the classic sintered steels:

· the microhardness of the layers are situated in the interval 195 HV0,1, the middle of the part, at 600 MPa compaction pressure, 6 hours carbiding, sintered at 1150 ºC until 342 HV0,1, in the surface layer for 400 MPa compaction pressure under the same carbiding and sintering condition;

· the correlation between densities and microhardnesses from the point of view of the effect of compaction pressure, since both density and microhardnesses are higher in the case of samples compacted at 400 MPa comparative with samples compacted at 600 MPa, carbided and sintered under the same conditions ( 6 hours carbiding and 1150 ºC sintering); this thing can be explained through the fact that at lower compaction pressure the porosity of the iron sample is lower and so carbon has the possibility to be diffused in a higher amount in depth; this thing is improved with the aid of the mathematical patterns;

· the maximum value of the resilience of 13,4 J/cm2 is obtained for samples compacted at 600 MPa pressure, carbided for 6 hours and sintered at 1150 ºC comparative with 11,96 j / cm2 in the case of the sample compacted at 600 MPa, sintered and carbided under the same conditions;

· the traction resistance reaches the maximum value of 586,4 MPa for samples compacted at 400 MPa, carbided for 6 hours and sintered at 1150ºC and decreases until 504, 4 MPa for samples compacted at 600 MPa, carbided and sintered under the same conditions;

· the wear behavior of sintered steels elaborated through the new proceeding depends on the compaction pressure and amount of carbon, having lower values for 400 MPa compaction pressure and amount of carbon of 1,6% C (µ = 0,32 – 0,73, stabilised at the final value of µ=0,67);

· an important conclusion which arises from the experimental data is that density and the mechanical characteristics are superior in the case of iron samples obtained through iron powder, compacted at 400 MPa comparative to those compacted at 600 MPa, carbided and sintered under the same conditions, which can be explained through a better carbon diffusion in the case of the samples with lower compactibility
In conclusion, adopting the new proceeding of elaboration of sintered steels in the industrial practice brings the following advantages:

· the possibility to elaborate sintered steels with a higher concentration of carbon, depending on the compaction pressure, the maintaining time at the carbiding temperature and the sintering temperature;

· the mechanical characteristics of resistance of steels elaborated through the new proceeding are improved due to the chemical and structural homogeneity of these materials;

· there can be elaborated machine parts with a variable amount of carbon in the section and due to the adequate chemical treatments there can be obtained parts with higher tenacity in the core and very high hardness in the surface.

In what regards the original contributions brought by this PhD thesis, the following is relevant:

· realizing a new proceeding to obtain carbon steels sintered through carbiding the iron sample in methane gas medium, which is in the condition of proposal as letters patent;

· projecting an original carbiding – sintering installation made of a carbiding – sintering enclosure connected to methane gas medium used to enrich in carbon and to the source of protective gas (argon);

· applying for the first time the carbiding proceeding at the same time with sintering, made easier by the function characteristics of the installation specially projected for this purpose;

· mathematical modelation of the diffusion process of carbon in the mass of the parts;

· original mass wear testing method using a specially designed device;

· emphasis through mechanic tries and wear resistance of the characteristics of the new sintered steels elaborated within the research that formed part of the purpose of the PHD thesis and represent the limit value in the requested letters patent.   
