
 Powder Metallurgy Progress, Vol.9 (2009), No 2 79 
 

DEVELOPMENT OF DIFFUSION-ALLOYED POWDERS USING 
Cu-Ni DIFFUSION-ALLOYED PARTICLES ON Fe AND Fe-Mo 
BASE MATERIALS 

F. Cortes, A. Viejo, J. Sicre-Artalejo, M. Campos, J. M. Torralba, D. R. Amador 

Abstract 
Diffusion-alloyed powders have the advantages of the blended powders 
(high compressibility) but with a low level of segregation, keeping some of 
the advantages of the fully alloyed powders. The main problem of 
conventional Cu-Ni-Mo diffusion-alloyed powders is the use of Ni as raw 
material (typically nickel carbonyl grade is used to alloy these powders) 
and its problems as harmful material due to its low particle size. With the 
aim of drastically reducing the risks of the addition of fine nickel powders, 
the production of the diffusion-alloyed powders is made with a fully pre-
alloyed Cu-Ni alloy of a bigger size; at the same time, the behaviour of the 
diffusion paths in the sintering step is modified. In this work, a fully 
prealloyed 69% Ni-31% Cu (from Höganäs AB) was mixed with plain iron 
and Fe-0.85% Mo (ASC 100.29 and Astaloy85 grades respectively, 
Höganäs AB) to obtain diffusion alloyed powders with the following final 
composition: Fe-2.5% (wt.) NiCu and Fe-0.85%Mo-2.5% (wt.) NiCu. All 
materials were mixed with 0.6% of graphite, pressed at 700 MPa floating 
die system and sintered at 1120ºC during 30 minutes in N2-10%H2-CH4 
atmosphere. After sintering, steels were quenched in oil from 950ºC. 
Tempering was made at 250ºC during 40 minutes. All the obtained 
materials were mechanically tested through tensile test and hardness 
measurements, as well as proceeding with the metallographic study. 
Keywords: diffusion alloyed, heat treatments, sintered steels 

INTRODUCTION 
Over the last decades, steel’s PM industry has faced several technological 

challenges brought about by both market and environmental reasons. On the other hand, the 
automotive industry demands components with a better performance/price balance, which 
has helped PM develop methods and new alloying systems which can compete with the 
high responsibility structural parts. In the first period of improvements in PM low alloyed 
steels, typical alloying elements (C, Cu and Ni) were added by mixing before pressing. 
During the 70’s, new powder grades were developed with the aim of reducing segregation 
that can be produced during the mixing and handling processes and maintaining the 
compressibility of the powders blends. These powders were prepared by diffusion alloying 
[1,2,3] and commercialized by Höganäs in Sweden under the name of ‘Distaloys’ [4] in the 
early 80’s. These first diffusion alloyed grades used plain iron as base powder. In the early 
90’s new grades were developed, but using a fully prealloyed powder (with Mo) as base 
material [5,6], producing high performance materials (in dimensional and strength 
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features). Despite the previous studies [7,8] about introducing Cr and Mn into low alloyed 
steels, it was not until the end of 90’s that Cr was introduced in sintered steels [9,10], and 
most recently Mn. There were different reasons to introduce these later elements, linked to 
price reductions and improvements in performance, such as heat treatments. However, 
another crucial reason was to REACH UE regulation [13] that promoted a dramatic 
reduction in the use of some metals as fine powders, such as Ni. Nowadays, the 
replacement of Ni by Cr or Mn is one of the driving forces in the PM industry in order to 
maintain the same level of properties.  

In this work another way to maintain the performance level is proposed. Instead of 
changing the alloying elements or alloying system, the alloying method was modified 
partially. First additives with a bigger size than conventional carbonyl Ni powders are used. 
Second, the additions are made by using fully prealloyed Ni-Cu powders, avoiding the 
presence of free particulate Ni. Both circumstances contribute to reducing the harmfulness 
of the powder according the UE regulations. 

EXPERIMENTAL PROCEDURE 
All the Fe-based initial powders were water atomised. The Ni-Cu powders were 

water atomized with a composition in wt.% of 69% Ni and 31% Cu (supplied by Höganäs 
AB) and after diffusion alloyed on the base powders. These Ni-Cu powders were diffusion-
alloyed into ASC 100.29 and Astaloy 85Mo (both Höganäs AB grades) in different 
percentages (2.5 and 5.6% respectively) in order to get the final composition shown in 
Table 1. Two new prototype grades were studied P1 and P2, and Distaloy AB and Distaloy 
AE (Höganäs AB grades) were considered as reference steels. Since new alloying systems 
were taken into account an exhaustive characterization of the powders was performed. First 
the compressibility was determined by measuring the green density of the samples after 
pressing at 600 MPa. Also, the compressibility curves were obtained in the pressure range 
of 300-800 MPa. In every case, the green density was obtained by measuring the 
dimensions and weight of every sample. 

Tab.1. Chemical composition of considered systems, 0.6 wt.% was added in every case. 

 Cu Ni Mo Fe 
ASC 100.29 + NiCu = P1 0.8 1.7 - Bal. 
Astaloy 85Mo + NiCu = P2 1.7 3.9 0.85 Bal. 
Distaloy AB 1.5 1.7 0.5 Bal. 
Distaloy AE 1.5 4 0.5 Bal. 

 
Besides this, powders were characterised by the study of the morphology of the 

particles, apparent and tap density, as well as flow rate and bulk density. Thermal analyses 
were performed on the new alloy systems. Dilatometric runs consisted of heating at 10 
K/min until 1120ºC held for 30 minutes in NB2B-10HB2B, and in the STA runs the samples were 
heated at 5 K/min until 1550ºC in NB2B-10HB2 Batmosphere as well. 

Subsequently, powders were pressed at 700 MPa using a single action compacting 
system. These green compacts were then sintered at 1140ºC for 30 minutes under NB2B-5HB2 B 
atmosphere.  

Post-sintering heat treatments were performed. First, samples were austenitised at 
950ºC in Ar for 1 hour and then quenched in oil. Treated samples were subsequently 
tempered at 250ºC in Ar for 40 minutes.  

As-sintered and as-treated specimens were mechanically characterized by tensile 
tests (according to MPIF 10 standard) and hardness measurements (HV30), as well as 
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microstructural observation by scanning electron microscopy (SEM) and light optical 
microscopy (LOM) In order to study the decarburation that occurred during the sintering 
and heat treatment processes, chemical analyses of C content were performed with LECO 
equipment. 

RESULTS AND DISCUSSION 

Powder Characterization 
Table 2 gathers the results of the main characteristics of the starting powders. It 

can be observed that the values of apparent density obtained for prototypes P1 and P2 are 
slightly higher than those reported for systems Distaloy AB and Distaloy AE. These values 
allow for a smaller cavity of the pressing die which results in a faster compaction step with 
enhanced densification and higher control of the process. Another factor which exerts an 
important effect on the pressing process is the flow rate. It is known that the smaller the 
flow rate, the less time it takes to fill the die cavity. The flow rate values observed for 
systems P1 and P2 are smaller than those of the Distaloy systems. This result, along with 
the improvement observed in the apparent density, induces an enhancement of the pressing 
process of the new systems considered. 

Tab.2. Properties of starting powders. *data obtained from Höganäs AB. 

Material Apparent 
density 
[g/cmP

3
P] 

Tap density 
 

[g/cmP

3
P] 

Flow rate 
[s/50g] 

Green density 
(600 MPa) 

[g/cmP

3
P] 

ASC 100.29 + NiCu (P1) 3.24  4.01  22.6 6.97  
Astaloy 85Mo + NiCu (P2) 3.26  4.08  22.41 6.89  

Distaloy AB* 3.05  - 26 7.19 
Distaloy AE* 3.02  - 25 7.17 

 
 

Fig.1. Compressibility of systems P1 and P2. 

The green density (GD) was measured after pressing the powders at 600 MPa in 
order to compare these results to those found in the literature for systems Distaloy AB and 
Distaloy AE. This parameter is quite important since it determines the densification that 
will later occur during the sintering process. Similar values are obtained for every system 
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considered, which corroborates that the new systems should have similar or better 
densification than Distaloy systems.  

Compressibility curves obtained are slightly lower than those obtained for the 
Distaloy AB and Distaloy AE grades [4]. 

In order to determine the diffusion grade of the NiCu particles into the Fe-base 
powders, systems P1 and P2 were studied with SEM.  

Figure 2 shows the morphology of the powder of the as-received systems. 
Generally, the diffusion in every case is determined by the composition of Ni-Cu particles, 
the higher the amount of Ni the lower the diffusion rate into the iron lattice. Therefore the 
extension of the contacts decreases. 

 

  
P1 P2 

Fig.2. SEM (BSE detector) micrographs of as-received P1 and P2 powders. 

Thermal Analyses 
According to the phase diagrams of Fe-C and Ni-Cu the results obtained by STA 

and DIL analyses can be explained. The addition of NiCu particles is detected as a peak 
corresponding to its solidification (peak 3) at approximately 1380ºC. Looking at the STA in 
Fig.3 the transformation occurred in the range 1335 – 1375ºC, depending on the quantity of 
alloying elements that could diffuse into the Fe matrix. Analyzing the cooling step of the 
STA cycle, only phase transitions are detected, therefore Fe solidification (peak 1), the 
austenite transition (peak 2) and ferrite transition (peak 4) are registered. 

Considering now the results from dilatometry shown in Fig.4, it can be seen that 
the densification during the isothermal step is barely influenced by the Fe-base system. 
Nonetheless, it is slightly higher in the case of system P1, probably due to a better reduction 
of the oxides during the sintering process. By the dilatometry graphs, the α-stabilising 
effect of Mo can be easily pointed out. The stabilisation of the ferrite resulted in a 
displacement of the transition temperature AB1B. The effect of the addition of NiCu particles 
is perceived by the low critical temperatures obtained during the cooling step of the 
dilatometry process.  
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Fig.4. Dilatometric analyses of studied materials. 

Sintering and Heat-Treatments 
Figure 5 groups together the micrographs obtained by optical microscopy of 

sintered, quenched and tempered specimens. For sintered system P1 the predominant 
microstructure is ferrite-pearlite with small regions of residual austenite associated with 
rich areas of Ni-Cu. In the case of the system P2 as-sintered, the predominant 
microstructure is bainite due to the Mo content, with small islands of stabilised austenite 
corresponding to the original Ni-Cu particles. Examining now the microstructures attained 
after quenching it can be seen that the system P1 could not be completely quenched since 
there were pearlitic areas after the treatment, although large martensitic/bainite areas could 
be easily spotted as well as small regions of retained austenite. On the other hand, for 
system P2 after quenching the whole microstructure consisted of fine martensite with small 
spots of stabilised austenite. Finally, looking at the micrographs obtained after tempering 
the quenched specimens, a coarser pearlite is seen in the case of P1 along with finer 
martensite and small islands of austenite. As expected, in system Astaloy P2 a coarser 
martensite is obtained after tempering.  

 
Fig.3. STA-TG analyses of systems P1 (ASC 100.29 + NiCu) and P2 (Astaloy 85Mo + 

NiCu). 
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Fig.5. LOM micrographs of as-sintered, quenched and tempered of systems ASC 100.29 
+ NiCu (P1), Astaloy 85Mo+NiCu (P2), Distaloy AB and Distaloy AE. (Etching Nital.) 

After studying the microstructures of the developed prototype systems, the 
characteristic heterogeneity of the conventional Distaloy grades is maintained. 

The static mechanical properties of every system were studied. Looking at the 
yield strength and UTS results (Table 3) of every system after the sintering process and the 
heat treatments, it can be affirmed that for system P1 the increase of the yield strength 
occurring after the heat treatments is the result of the enhancement of the hardenability 
induced by the presence of Ni-Cu particles, as could be seen on the microstructure study 
previously done. Even though the values of the Distaloy systems are higher, the 
proportional increase occurring in both systems, P1 and P2, is higher than in the reference 
sintered steels, since the microstructural changes after the heat treatments have been more 
accused. Moreover, in order to compare the mechanical properties, the specimen density 
must be also considered. Since Distaloys systems were pressed at Höganäs AB with a 
double action compacting system, the specimen density is higher and therefore this 
contributes to having better mechanical properties. In spite of these differences in the 
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processing of the prototype alloys and the Distaloys systems, P2 has comparable properties 
to Distaloy AE. 

Another important fact that helps to understand the results obtained is that the 
amount of Ni is accompanied by austenite and therefore the strength of the specimens 
decreases slightly. Nevertheless, the presence of austenite in a martensite/bainite 
microstructure is beneficial for fatigue performance. As expected, the maximum strain 
values after the heat treatments are smaller than in the as-sintered state. After the heat 
treatments, the microstructure changed to a predominant martensitic/bainitic specimen in 
the case of P2 and to a partial martensitic structure in P1. This change results in an increase 
of the strength and brittleness of the specimen. After the tempering process, slightly higher 
values turned out due to the elimination of residual stresses improving the elongation of the 
systems.  

Tab.3. Mechanical properties of every system studied as-sintered (S), quenched (Q) and 
tempered (T).  

 HV30 YS  
[MPa] 

UTS  
[MPa] 

Max. stress 
[%] 

S 117 ± 2 148 ± 1.5 298 ± 4 7 ± 1 
Q 395 ± 24 444 ± 1 663 ± 12 1 ± 0.2 P1 

(GD: 6.97 g/cmP

3
P) T 309 ± 6.4 429 ± 30 650 ± 48 1.4 ± 0.03 

S 210 ± 3 298 ± 18 499 ± 15 2 ± 0.4 
Q 481 723 790 0.2 P2 

(GD: 6.89 g/cmP

3
P) T 408 ± 15 683 ± 47 759 ± 50 0.3 ± 0.06 

S 189 ± 5 331 ± 30 504 ± 24 4 ± 1 
Q - - - - Distaloy AB 

(GD: 7.19 g/cmP

3
P) T 350 970* 1020* 1.5* 

S 219 ± 4 373 ± 13 614 ± 4.5 3 ± 0.3 
Q 385 660* 722* 0.5* Distaloy AE 

(GD: 7.17 g/cmP

3
P) T 330 870* 930* 0.7* 

(*)data obtained from technical reports of Höganäs AB [4]. 
 

Hardness results can be correlated to the microstructures previously studied. As 
was expected, hardness increased after the heat treatments. Once again, the enhancement of 
the hardness which happened after the heat treatments is bigger in systems P1 and P2 than 
in the reference sintered steels. These results indicate that the prealloyed NiCu powders 
produce an improvement for mechanical properties of the system they are diffused into. 
Comparing these results to those found in literature for system Astaloy CrL [14] it is 
observed that the prototype systems developed, P1 and P2, are competitive after the heat 
treatments. 

CONCLUSIONS 
After analysing and discussing the results, it can be concluded that: 

1. The diffusion bonding of prealloyed NiCu powder into ASC 100.29 and Astaloy 85Mo 
results in powder systems with higher apparent densities, flow rates than the reference 
Distaloy systems, enhancing the pressing process with similar values of 
compressibility. 
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2. The viability of heat treating ASC100.29 + NiCu and Astaloy 85Mo + NiCu has been 

proven by the attainment of competitive microstructures and mechanical properties in 
comparison to reference sintered steel systems. 

3. An alternative way of adding Ni into the alloying system has been successfully 
performed, avoiding the health problems associated with the processing of that element 
in a particulate state. 
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