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Abstract 

ATOMET 31 is a compressible iron powder that is produced via iron granulation, grinding and 
decarburization. This product was specifically developed for the Indian market and is suitable for 
applications requiring good compressibility and high green strength such as bearing parts, pulleys, oil 
pump parts and valve guides.  

The objective of this paper is to present a thorough description of this product from its production step 
to the final properties obtained in Fe-C and Fe-Cu-C mixes according to MPIF Standards F-0005, F-
0008, and FC-0208. In addition, the effects of different types of graphite on the sintered properties 
were evaluated. Finally, FC-0208 formulation with 0.45% Fe3P was included in the study in order to 
assess its specific effect on the mechanical properties.  Microstructures and apparent hardness are 
provided for various conditions and the results are compared to those achieved with a reference steel 
powder. 

The information provided constitutes a mapping of the properties that can be obtained with this 
versatile and competitive iron powder. 

Introduction  

Compressible Fe powder is produced almost exclusively by high pressure water atomization of low 
carbon steel. To provide a cost effective solution to the Indian PM market, Rio Tinto has developed a 
specific grade called ATOMET 31. The objective is to anneal it in India at medium term. The originality 
of this grade is that its production starts from a high carbon liquid iron. This process is specific to Rio 
Tinto. This paper describes its production process and its properties that are mainly comparable to 
common water atomized powder but with a higher green strength. As a consequence, ATOMET31 is 
suitable for a wide range of applications. For the most severe applications, a wide range of Rio Tinto 
Metal Powders remains available. 

Production Route 

The production of metal powders at Rio Tinto Metal Powders (RTMP) starts with the smelting of low 
residual ilmenite (FeTiO3). The resulting co-products of this treatment are titanium dioxide slag 
(different grades) and high-purity, high carbon liquid iron. Liquid iron is then transferred to the powder 
plant at the start of the granulation process leading to the production of high quality iron powders for 
powder metallurgy applications. A flow diagram of the metal powder production route is shown at Fig. 
1.

Liquid iron is granulated by pouring into a tundish under which horizontal pressurized water jets 
disintegrate the flowing stream of liquid iron. During the granulation process, high-carbon iron particles 
are solidified and partially oxidized. The slurry collected after granulation is dewatered by vacuum and 
magnetic filtration and further dried in a gas-fired rotary kiln dryer. Granulated powder is then ball-
milled to a controlled particle size distribution, suitable for the PM automotive industry. The milled 
powder is fed to decarburization furnaces operating in the range of 950-1050°C under a reducing 
hydrogen atmosphere. During annealing, carbon and oxygen from the powder react to form carbon 
monoxide and dioxide. Hydrogen further helps to deoxidize the metal powder. The annealed product 
consists in a loosely sintered cake of iron powder. The mechanical action of crusher and disc-mills 
breaks the powder cake and brings it back to the powder form. Iron powder is then blended as virgin 
powder or mixed with different additives such as copper, graphite and lubricant to produce consistent 
premixes for powder metallurgy applications.  
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Table 2 Chemical and physical properties of the three powder grades used in this study 

Powder C, % O, % S, % Mn, % +150 µm, 
% 

-150/+45 
µm, % 

-45 µm, % Apparent 
density, g/cm³ 

Flow, 
s/50 g 

ATOMET 31 0.008 0.15 0.0073 0.01 14 67 19 3.02 25 

ATOMET 1001 0.002 0.08 0.005 0.21 12 67 21 2.93 25 

Comp. G. 0.006 0.19 0.0250 0.18 5 69 22 3.00 25 

Table 3 presents the composition of the MPIF grades prepared with the three iron powders. A total of 
nine mixes were produced. TRS specimens (3.17 x 1.27 x 0.64 cm) were pressed to 6.80 g/cm3 from 
each mix. The specimens were then sintered in a mesh belt furnace at 1121°C for 25 minutes in 
90%N2–10%H2 atmosphere. The dimensional change from die size (DCDS) as well as the transverse 
rupture strength (TRS) and apparent hardness were evaluated for each mix composition.  

Table 3 Composition of mixes prepared with each iron powder 

MPIF Grade Base Fe powder Copper Graphite Lubricant 

F-0005 99.4% - 0.6% PG25* 0.5% Acrawax 

F-0008 99.1% - 0.9% PG25 0.5% Acrawax 

FC-0208 97.1% 2% 0.9% PG25 0.5% Acrawax 

*Timcal Timrex® PG25 natural graphite, D50=10 µm, D90=22 µm, C%=95.5%. 

In the second part of the study, ATOMET 31 was compared only to ATOMET 1001 in FC-0208 
formulation. In this part, the effect of phosphorus (added as Fe3P) and another type of graphite 
(Asbury 1645) on the properties of the resulting mixes were investigated. The composition of three 
mixes prepared in the second part is presented in Table 4. From each mix TRS bars and dog-bone 
specimens were pressed at two densities, 6.80 and 7.10 g/cm3. Compressibility and green strength 
were evaluated with TRS bars. TRS bars and dog-bone specimens were sintered at 1121°C for 25 
minutes in 90%N2–10%H2 atmosphere in a mesh belt furnace. DCDS, TRS and apparent hardness 
were measured on the TRS bars. Tensile properties including 0.2% offset yield strength, tensile 
strength, and elongation were measured on dog-bone specimens. Finally, the microstructural analysis 
was performed on cross section of TRS bars as polished at 100X and after Nital etching at 500X by 
optical microscopy. 

Table 4 Composition of FC-0208 mixes prepared with ATOMET 31 and ATOMET 1001 

Mix ID Base Fe powder Copper Graphite Fe3P Lubricant 

1 ATOMET 31 2% 0.9% 1645* - 0.5% Acrawax 

2 ATOMET 31 2% 0.9% 1645 0.45% 0.5% Acrawax 

3 ATOMET 1001 2% 0.9% 1645 - 0.5% Acrawax 

*Asbury 1645 natural graphite, D50=15 µm, D90=37 µm, C%=96.7%. 

Results and discussion  

The compressibility curve and green strength as a function of green density for ATOMET 31 compared 
to ATOMET 1001 and the competitive grade are shown in Fig. 6. As shown, ATOMET 31 is less 
compressible than the ATOMET 1001. This can be explained by the fact that the former is granulated 
powder whereas the latter is atomized and therefore more compressible. However, ATOMET 31 
showed higher compressibility than the competitive grade at lower compaction pressures. At higher 
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Conclusion 

ATOMET 31 shows compressibility comparable to the competitive grade used in this study and higher 
green strength than both benchmarks including ATOMET 1001. For MPIF FC-0208 formulation, the 
combined effect of type of graphite and density can be used as a solution to increase the dimensional 
change of ATOMET 31 mixes to the level of ATOMET 1001. The yield strength of ATOMET 31 mix 
based on FC-0208 grade at 7.10 g/cm3 was similar to that of ATOMET 1001. Given the fact that 
ATOMET 31 is granulated and does not contain manganese, it can be considered as a good low cost 
alternative to ATOMET 1001 in certain applications. Also, the addition of phosphorus to ATOMET 31 
mixes can be used as a means to improve yield strength. 
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