
 
Metallurgist, Vol. 66, Nos. 7-8, November, 2022 (Russian Original Nos. 7-8, July–August, 2022) 

INVESTIGATION OF INFLUENCE OF VARIOUS PLASTICIZERS AND ALLOYING 
ADDITIVES ON TECHNOLOGICAL PROPERTIES OF POWDER MIXTURE  
OF STEEL SP35G2N4D2M 

Jh. V. Еremeeva,1  Y. S. Ter-Vaganyants,2  G. H. Sharipzyanova,3   
O. V. Korznikov,4  and  N. M. Nitkin5 UDC 621.762 

The paper considers the effect of manganese and carbon, as well as various plasticizers (zinc stearate, 
nickel stearate, copper stearate, dextrin and bronze) on the technological properties of the studied pow-
der mixture.  It has been established that the introduction of lubricants/binders (zinc stearate, nickel stea-
rate, copper stearate, dextrin) and bronze particles improves the values of bulk density and flowability  
of the powder mixture, and also significantly increases its compactability by reducing inter-particle fric-
tion during compaction.  The best compactability was demonstrated by a powder mixture of the follow-
ing composition: PL8 + 2% Mn + 0.35% C + 1% Ni stearate, while the relative density of such mixture 
at a compaction pressure of 700 MPa was 7.1 g/cm3 . 
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Introduction 

Powder metallurgy makes it possible to create parts and high-quality materials that often possess unique 
properties.  Stepping up the requirements for strength and performance properties of the structural products, 
manufactured by powder metallurgy methods, will require a reduction in their porosity.  One of the ways to 
solve this problem is to produce high-density preforms during the compaction stage.  The emerging challenges 
are associated with the objective technological limitations related to the pressure values that can be used for 
compacting powders.  It is this factor that prevents ensuring the compaction parameters of the preforms while 
using conventional forming methods [1–6]. 

Current advances in the field of production actively stimulate new developments aimed at improving the 
powder-forming technologies [8–10].  A high level of technological and physico-mechanical properties can be 
achieved by introducing various alloying additives and plasticizers [5–7]. 

The presence of alloying elements in alloyed iron powders causes structural and compositional changes,  
as well as changes in the properties of individual particles and materials created using such particles.  Manga-
nese contributes to an increased corrosion and wear resistance of powder steels.  By introducing manganese  
in the form of fine ferromanganese powder, it becomes possible to distribute it evenly within the structure of the  
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Table 1 
Properties of Diffusion-Alloyed Powder PL-8 

Properties of powder mixture (PL-8) Values 

Bulk density, g/cm3 3.2 

Flowability, sec 35.7 

Compactability, g/cm3  at 700 MPa ≥ 6.89 

Preform strength, MPa ≥ 91.87 

Table.  2 
Chemical Composition of Ferromanganese FMN70 

Grade  
(GOST) 

Mn,  
at least 

Weight percentage, % 

C Si P S 

not exceeding 

FMN70 65.0 7.0 6.0 0.3 0.02 

powder preform, while the subsequent consolidation process enables a uniform diffusion of manganese through-
out the entire volume.  The use of alloyed powders significantly expands the possibilities of powder metallurgy, 
which offers sintered products for various practical applications [9].   

The introduction of lubricants and plasticizers helps reduce inter-particle friction, increase density of the 
preforms, and improve strength by optimizing the lubricant content.  A reduction in external friction decreases 
the losses of compaction force required to overcome such friction and, hence, helps equalize density, while im-
proving the integral density of a preform [10]. 

This paper analyzes the effect of various plasticizers and alloying additives on the technological properties 
of powder steel SP35G2N4D2M. 

Preparation of Powder Mixtures 

The PL-8 grade diffusion-alloyed powder manufactured by “Severstal” PJSC was utilized in this study.   
The chemical composition of the powder was as follows (wt. %): Ni – 3.7–4.4; Mo – 0.4–0.6; Cu – 1.3–1.7;  
Cr ≤ 0.1; Si ≤ 0.05; P ≤ 0.02;  Ototal ≤ 0.25.  The properties of the PL-8 grade powder are shown in Table 1. 

The composition of the initial powder mixture was supplemented with manganese in the form of a ferroal-
loy (FMN70) according to GOST 4755-91 [11].  Ferromanganese was crushed in a cone crusher and then 
ground in a ball mill (ShVM), followed by screening to a particle size of not more than 80 µm.  The composition 
of ferromanganese is shown in Table 2.  The mixture was also supplemented with carbon black (GK-2) accord-
ing to GOST 17022-81 [12], the chemical composition of which is provided in Table 3. 

In order to obtain a powder mixture of steel SP35G2N4D2M, the diffusion-alloyed grade PL-8 powder  
was mixed with  0.35 wt.%  of pencil lead (GK-2) and  2 wt.%  of ferromanganese (FMN70).  In addition, various  
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Fig. 1.  Alloying element distribution maps for powder mixture PL-8 with manganese. 

Table 3 
Chemical Composition of Carbon GK-2 

Parameters Value 

Residue on mesh No. 0063, % not exceeding 0.5 

Ash content, % not exceeding 3.0 

Weight percentage of iron (F2O3 basis), % not exceeding 1.0 

lubricants/plasticizers were added, including zinc stearate (TU 2432-011-10269039-2013 [13]), copper stearate 
(TU 6-16-1417-85 [14]), nickel stearate, dextrin (GOST 6034-74 [15]), and bronze powder (Br.OF8-0.5).   
By introducing 0.5 wt.% of bronze to the powder mixture, it becomes possible to improve the flowability of the 
powder and partially reduce its friction against the walls of the matrix.  In addition, when sintered at a tempera-
ture above 1,000°C, the bronze powder melts, and the sintering proceeds in the presence of the transient liquid 
phase, which enables higher density of the resulting mixture. 

The powders were mixed for 60 minutes in a Turbula mixer. 
The alloying element distribution maps for the PL8 + Mn + C powder mixture, obtained by scanning elec-

tron microscope (S-3400N), are shown in Fig. 1. 
As can be seen from the provided maps, there is a very uniform distribution of the copper and molyb-

denum alloying elements, connected with iron particles during homogenizing annealing.  The nickel particles,  
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(a) 

 
(b) 

Fig. 2.  Compactability of pure PL8 powder (a) and PL8 powder with manganese and graphite without a plasticizer (b). 

which were present in the PL-8 mixture as individual particles, retained their state.  On the distribution maps, 
they can be seen as projected onto the iron particles or as free particles. 

Studying Technological Properties of the Mixture 

The bulk density was measured according to GOST 19440-94 [16] by using the Scott volumeter, a funnel 
with a hole diameter of 2.5 mm, a 17.6 cm3 beaker, and laboratory scales AND GR-202 (Japan).  The flowabil-
ity was measured according to GOST 20899-98 [17].  The bulk density and flowability values are shown in Ta-
ble 4. 

The powder mixtures were compacted in steel dies (diameter – 11.3 and 14 mm) using a laboratory hydrau-
lic press.  The compaction pressure varied from 200 to 900 MPa.  The compactability was determined in accord-
ance with GOST 25280-90 [18]. 

The relationships between density and compaction pressure for PL8 mixture and PL8 mixture with manga-
nese and graphite are shown in Fig. 2.   

By comparing these two relationships, it is possible to conclude that the introduction of ferromanganese and 
graphite has practically no effect on the compactability of the mixture.  It is likely that the inhibitory action of 
ferromanganese solid particles is compensated by the lubricating effect of graphite particles. 
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Fig. 3.  Density of powder mixture PL8 + 2% Mn + 0.35% C with various plasticizers as a function of compaction pressure. 

Table 4 
Bulk Density and Flowability Values for Steel SP35G2N4D2M with Various Plasticizers 

Mixture composition Flowability, sec Bulk density, g/cm3  

PL8 + 0.35% C + 2% Mn 35.5 3.2 

PL8 + 0.35% C + 2% Mn + 1% Zn stearate 37.9 3.4 

PL8 + 0.35% C + 2% Mn + 1% dextrin 46.3 3.5 

PL8 + 0.35% C + 2% Mn + 0.1% Cu stearate 45.9 3.4 

PL8 + 0.35% C + 2% Mn + 0.1% Ni stearate 35.4 3.7 

PL8 + 2% Mn + 0.35% C + 0.5% Bronze 43.7 3.6 

The relationships between relative density of the preforms and compaction pressure for steel SP35G2N4D2M 
with various plasticizers are shown in Fig. 3. 

By analyzing the curves illustrating the dependence of the powder mixture density on compaction pressure, 
it is possible to conclude that the introduction of lubricants/binders and bronze particles significantly increases 
the compactability by reducing the inter-particle friction during compaction.  However, in the first instance,  
the inter-particle friction is reduced due to the formation of an organic material layer between the iron particles, 
while in the second instance, the friction is reduced due to a relatively smooth surface of the particles, the shape 
of which is close to spherical. 

CONCLUSIONS 

1.  The effect of various plasticizers and alloying additives on the technological properties of the powder 
mixture for steel SP35G2N4D2M has been studied.  The introduction of zinc stearate, nickel stearate, copper 
stearate, dextrin, and bronze improves the values of bulk density and flowability of the studied powder mixture. 

2.  The addition of lubricants/binders and bronze particles significantly increases the compactability of the 
mixture.  The best compactability was demonstrated by the powder mixture having the following composition: 
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PL8 + 2% Mn + 0.35% C + 1% Ni stearate, while the relative density of this mixture at a compaction pressure  
of 700 MPa was 7.1 g/cm3. 
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