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Abstract.    This paper reviews the spark plasma sintering process. The spark plasma 
sintering (SPS) technique is a sintering technique in which the plasma is produced 
when the sintering is conducted. This plasma is used for the sintering of the powders. 
This paper deals with the various variables with effect the plasma sintering process. 
First the effect of pressure on SPS Process and its advantages. The review also 
highlights the research conducted by researchers on various materials and various 
sintering pressures. The effect of heat, the electro plastic effect was considered during 
the SPS Process review. The conventional sintering process is also considered in this 
review paper.       
Key words: Sintering, Plasma, Joule heating   
 
 
 

1. Introduction  
Sintering is a process in which materials such as metals and ceramics are compacted forming 
powder materials into solid state objects by the application of heat and pressure at 
temperatures bellow their melting point. The bonding of sintered particles together is by atomic 
transport mechanics which results in the growth of particles which decreases the porosity of the 
solid state object [1-3]. The sintering process is the reduction of system enthalpy due to the 
reduction of specific enthalpy. The factors which affects the sintering process can be categorized 
into two categorizes [4]. The first is the “Process Variables” which contains all parameters that 
will be affected by a change of sintering process (sintering temperature, furnace atmosphere 
etc.). The second category is known as “Material Variables” (geometrical structure of particles, 
their size and size distribution) [5-6]. The structure of particles and the size distribution of the 
particles affect the sintering process. Experimentally it is found that the particle size affects the 
sintering kinetics. i.e., the neck forming areas between the grains [7-8].Mathematical models of 
sintering process is based on the joining of two spherical particles [9-10].Metal particles can be 
used for production of round or spherical particles. Mono sized mass production of micro 
particles are produced by pulsated orifice ejection. 
2. Objective of the review paper  
The objective of this paper is to review the spark plasma sintering process and to understand 
the various process parameters which affect the spark plasma sintering process. This paper also 
helps us to find out the research gap in the spark plasma sintering of nanomaterials.  
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3. Methods of powder compaction 
The sintering methods followed gives the process variables. The sintering methods are divided 
into two groups. In the first group technique, the samples are produced without applied 
pressure. In the second group technique, the powder is compacted by applying pressure in the 
order of MPa. Each of these techniques are further divided according to sintering temperature 
[12-14]. 

 
Figure: 1 Standard classification of sintered process 

 
3.1. Pressure less Sintering 
The figure 1 shows the standard classification of sintered process. The pressure less sintering is 
a compacting process in which pressure is not applied (except gravity). In this PLS fine grained 
starting powder (<3 μm) and additives are used for high compacting density [15]. 
  
3.2 Slip-casting 
Slip casting is commonly used for mass producing complex shapes and identical ceramic parts 
[16]. 
 
3.3 Pressure less/high temperature sintering 
High temperature furnace is used for high temperature sintering. The metal or ceramic is 
mechanically vibrated in a mould. The mould is heated using microwave heating source [17] 
[18]. The mathematical model predicts faster rate of grain-growth during pressure less sintering 
than during HIP [19]. 
 
3.4 Pressure-Assisted Sintering 
 Nano-micro powder of dense ceramic or metal parts are pressed and heated by pressure 
assisted methods. The powder is placed between punches at high sintering temperature and 
long sintering time and it results in grain growth [20]. HP process of WC grains grew from 50 
nm to 500 nm [21]. 
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3.5 Cold Pressing 
The mechanical and hydrostatic pressure applied to the mould filled with powder is formed into 
the required shape. Application of pressure on the mould bonds the powder particles together 
(green body) so that it can be handled during successive high temperature sintering process. 
The density of green body material is 95%.High temperatures are obtained for nonconductive 
materials. Heating is slow in indirect resistance heating. Higher heating rate is achieved 
because only the powder is heated (not punches and dies). Simple shapes can be produced by 
this process. 
 
3.6 Hot Pressing (HP) 
 In hot pressing, the pressure is used to densify the material,  temperature is required in this 
type of process [22]. The grain growth is slow in HP. It is used for producing simple shapes and 
the tolerance is achieved by diamond grinding [23]. Hot pressing technologies are divided into 
hot isostatic pressing, induction heating, indirect resistance heating and FAST ISPS direct hot 
pressing [24]. 
 
3.7 Hot Die Pressing 
Pressure and heat are applied together at the same time on the sample in hot die pressing [25-
27]. Simple shapes can be formed from very hard and brittle materials such as diamond metal 
composites, cutting tools and technical ceramics [28]. The mould material used in this process 
allows heating up to 2500º C. 
 
3.8 Indirect Resistance Heating 
The mould is kept inside in a heating chamber and it is heated by graphite heating elements and 
it generates heat with the help of joule heating [29]. This is transferred to the die by heat 
connection. High temperatures are obtained for nonconductive materials. Heating is slow in 
indirect resistance heating [30-33]. 
 
3.9 Inductive heating 
High frequency electric field by an induction coil and HF power source is used to produce heat 
in inductive heating. The pressure and induced current are totally independent of each other 
and the heating is very fast. The electric field can generate between 0.5 mm to 3 mm. The 
transfer takes place by thermal conductivity [34-35]. 
 
4. Spark Plasma Sintering Technique (SPS) 
Classical sintering technique results in slow heating rate 5-10º C and substantial particle growth 
[36]. Due to the above disadvantage in classical sintering technique a new spark plasma 
sintering technique was developed [37]. It is also known as Field Assisted Sintering Technology 
(FAST), Plasma Activated Sintering (PAS) and Electric Current Activated/ Assisted Sintering 
(ECAS) [38]. Sumitomo Heavy Industries Ltd in 1990 produced the first commercial SPS 
machine [39].Heating rate of 1000º C/min is achieved depending on the geometry of die, 
punches and power supply. The advantages of SPS are low sintering temperature short holding 
time, no pre-compaction and shorter sintering time. Nanometric powder can be sintered to lean 
theoretical density. SPS process can produce only simple shapes [40].   
 
4.1 Basic SPS Configuration 
The SPS system consists of vertical single pressurization axis. The pressure is transferred to the 
ram of the cylinder, which is also used as electrodes. The sintered powder is stacked in a 
graphite die, which placed between graphite spacer. The upper space is attached to the water 
cooled upper electrode which is mobile. The lower water cooled lower electrode is fixed. The 
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whole setup is placed in a vacuum chamber. DC power source is given to the unit. The electric 
current is non pulsed DC or pulse DC (PDC). Plasma generation and pulse current effect [41]  
The ON-OFF DC pulsing creates joule heating point and formation of spark discharges is 
formed in the gaps between particle surfaces. The temperature of 1000º C is created by spark 
discharges. The vaporization and melting surface of both particles of spark area. The necks are 
formed in the area of contact between particles. The frequency is responsible for homogeneous 
temperature distribution through sintering powder the heat is generated during a pulse on the 
surface of the particle is conducted to the volume of the sintered powder during the “Pulse off 
time” [42]. 
 
4.2 Electro Plastic Effect 
The electro plastic effect can happen only on metals, because the valence electrons of metal 
atoms have ionization energy. Valence electrons in metals are in solid state and are free to leave 
the atom. Electric field moves these valence electrons. Metal powders exhibit lower yield 
strength under an electric field [43]. The research gap is microscopic mechanism of electro 
plastic have to be analyzed. The electro plastic effect in metals is the defining of dislocations 
from the paramagnetic obstacles by the magnetic field induced by the electric current [44]. The 
model shows that an electrostatic field applied during plastic deformation of metals reduced. 
Flow stress retarded cavitation [45] and grain growth. The third model explains that the drift 
electrons can generate a force on dislocations and affect the plastic flow of metals.  
 
4.3 Joule Heating 
Joule heating is a form of resistive heating; it is the process by which the passage of an electric 
current through a conductor releases heat. The amount of heat Q is given by equation1:  
Joule-lens law, 
                                      Q=I²rms.R.t  
The resistance between two particles depends on their geometry. From the literature it is found 
that resistance is indirectly proportional to the size of contact area of two particles and to-the 
cross section of the particles [46]. When the contact size of two particles is smaller than the 
cross-section, more heat is generated on the border of the particles. This is one of the reason for 
mechanism of neck growing in an early sintering step. 
 
4.4 The main benefits of SPS are: 

� Effect of the current flow 
� Effect of DC pulsing 
� Effect of rapid heating 
� The effect of pressure 

 
4.4.1 Effect of the current 
SPS has high heating rate, due to joule heating from the current floating through punches, 
sintered powder and through the die [47]. In addition to joule heating which produces joule 
heat [48]. Heat generation is also obtained by generation of plasma between sintered particles 
[49]. The plasma generation is due to a source localized heating between two particles. The 
researcher  published the influence of plasma effect [50]. The researcher measured the current 
passing through sintered Al2O3 powder and found that at a temperature 1000º C [51]. 
The current was around 100 mA, and they concluded that no current flowed through alumina 
powder, and no discharge generation took place between two non-contacting samples [52]. The 
researcher  in his experimental work found that sintering of pure Al with pulsed frequency 40 
KHz was used and found that no discharge presence during a sintering cycle [50]. The 
researcher conducted experiment on copper spherical powder (550 μm) placed in a non-
conducting die and pressed by copper punches [53-56]. They found observable discharges alone 
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from the current density exceeded 100 A.mm-² at the pressure of 6.9 MPa [57]. The researcher 
discussed the absence of plasma in spark plasma sintering and also found that there was no 
plasma or spark present during the sintering process [58]. The various powders in the 
experiment conducted by the researcher is given in the below table 1[59]. 
Table: 1 Powders used in sintering Process 
Powder Temperature Atmosphere 
None 650 Vacuum 
Al 500 Vacuum 
Al2O3 650 Vacuum 
NaCl 650 Vacuum 
Mg 450 Vacuum 
Zn 225 Vacuum 
Zn 225 Ar 
 
4.4.2 Role of DC pushing 
Researchers have published the effect of pulse length and frequency on material properties of 
sintered samples. The effect of pulse current during spark plasma sintering is clearly seen on 
the reactive alumina-hernatite powders. An reactive spark plasma sintering process produce 
material with surface layer composition and microstructure different to that one of the cone. An 
pulse current influence on a change to surface microstructure, surface position to a cone 
sample. Average composite layer thickness was about 38 μm for pulse ratio 12:2 and 48 μm for 
pulses 2.2 and 2.6. The bottom thickness was 32 μm for all samples. It is observed from the 
samples where upper and bottom sites have different thickness of the same composition, and it 
is described as cationic migration  on densification, mechanical and tribological properties of 
ZrB2   by SPS[58]. Effect of pulse current investigated ZrB2 ceramic powder was sintered and the 
influence of current pulse on its densification, mechanical and tribological properties [59]. It is 
concluded that the maximum relative density (98.65% measured by the Archimedes method) is 
achieved by 50 ms pulse on and 50ms pulse off. The minimal density was 97.41% and the 
Vickers hardness was 15.32±1.29 Gpa. The relative density of a carbon fiber-reinforced 
aluminum matrix (Al-CF) composite fabricated by SPS in various pulse conditions have been 
analyzed it is found 500 μm-long CF is the highest relative density obtained. 

4.4.3. The heating rate effect  
Investigated the influence of SPS heating rate on the synthesis reaction of Tantalum diboride 
investigated and found that the heating rate on grain growth and densification of tantalum 
diboride, the SPS technique was used to realize reactive sintering process powders, the final 
product is TaB2. The table 2 shows the influence of different heating rate on the reaction of 
Ta+2B mixture obtained at 2200º C during 5 min. 
Table: 2 Influence of different heating rate on the reaction of Ta+2B mixture  
Heating 
Rate 
º C/min 

Apparent 
Density 
g/cm³ 

Relative 
Density % 

Young’s 
Modulus 
GPa 

Hardness 
Gpa 

Grain Size 
(μm) 

50 11.74±0.03 93% 577±10 17.4±0.4 3.8±0.3 
100 11.70 ±0.06 93% 599±10 20.5±0.9 4.2±0.5 
200 11.96±0.03 95% 571±13 20.7±0.8 3.8±0.1 
300 11.49±0.03 91% 532±9 20.6±0.7 4.0±0.2 
400 11.77±0.03 93% 571±10 19.1±0.2 4.0±0.2 
 
The XRD patterns for all the samples of MgB2 were the same in his work on influence of heating 
rate on superconducting characteristics of MgB2, the XRD of the MgB2 as the main phase and 
two secondary phases MgO and MgB4, it is found that higher heating rate at 355 and 475º 
C/min promoted formation of a lower amount of secondary phases. The SEM analysis samples 
at 2ºC/min should straight grain boundaries and samples sintered at 355 and 475º C/min grain 
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boundaries should round shaped edges. The effect of heating rate on densification and grain 
growth during field assisted sintering as α-Al2O3 and MoSl2   powders. The research was carried 
out on two types of sintered samples by different heating rates from 50º C/min and 700º 
C/min. MoSl2   powder was α-Al2O3 was insulating he found that there was no effect on the final 
density of samples. 
 
4.4.4. Effect of Pressure 
Sintered powders are heated by floating current and higher densification by uniaxial pressure 
applied simultaneously to the heating. The advantage of pressure is heating direct mechanical 
effect on particle rearrangement and destruction of agglomerates. The pressure is also a driving 
force for sintering it decreased temperature and it also had a limitation of grain growth. Effect 
of pressure and nano-boron carbide addition on microstructure and mechanical properties on 
TaC and TaC- 1 wt% BoC were consolidated by SPS at 1850°C and varying pressure on the 
densification and grain size. The density increased with the pressure and 100% density was 
achieved for 255MPa and 363MPa for TaC [60]. The sintering pressure 100MPa had little 
impact on particle size growth which with the particle growth was significant under high 
pressure was concluded in his work on observation and control of done formation in SPS 
synthesized Alumina. 
 
5. Conclusion 
Research gap in this review is to identify the process parameters involved in the manufacturing 
of sintered samples. It is found from this research, process parameters affect the sintered 
process. The research gap is microscopic mechanism of electro plastic have to be analyzed.  The 
electro plastic effect in metals is the defining of dislocations from the paramagnetic obstacles by 
the magnetic field induced by the electric current. When dislocations are more the electroplastic 
effect is less. Finding optimal parameters for the plasma arc sintering process is the key to the 
strong sintered products. Joule heating is a form of resistive heating. The resistance between 
two particles depends on their geometry. The necking between two particles have to be reduced 
minimize heat in the border of the particles. Effect of the current apart from joule heating the 
effect of plasma heating should also be considered. The research gap in the effect of current is 
the amount of current to be passed to the nano-powders has to be optimized.  

The effect of pulse length and frequency on material properties of sintered samples; the 
surface roughness of the material has to be maintained. The heating rate effect has the heating 
rate on grain growth and densification of metals. The effect of pressure is the heating direct 
mechanical effect on particle rearrangement and destruction of agglomerates. The research gap 
is the particle rearrangement and how it affects the strength of the material; and how to 
increase the strength of the materials. 
 
Acknowledgment  
I wish to acknowledge the Head of the Department of Mechanical Engineering and Principal of 
Aarupadai Veedu Institute of Technology for allowing me conduct the literature review on 
Spark Plasma Sintering Process. 
 
References 

[1] D. Tiwari, B. Basu and K. Biswas 2009 Ceram. Inter. 35 699 
[2] S. Grasso, Y. Sakka and G. Maizza  2009 Sci. Technol.Adv. Mater. 10 053001 
[3] E. a. Olevsky, 1998 Mater. Sci. Eng. R Reports, vol. 23, no. 2, pp. 41–100.  
[4] C. Hu, Y. Sakka, H. Tanaka, T. Nishimura, S. Guo 2010  J. Euro. Ceram. Soc. 30  2625.. 
[5] T. Kraft and H. Riedel, 2004 J. Eur. Ceram. Soc., vol. 24, no. 2, pp. 345–361. 
[6] M. Tokita, Journal of the Society of Powder Technology, Japan, vol. 30, no. 11. pp. 790–804, 1993.  
[7] H. M. Lee, C. Y. Huang, and C. J. Wang, 2009 J. Mater. Process. Technol., vol. 209, no. 2, pp.  

714–722.  
[8] Q. Chang et al., 2014 J. Eur. Ceram. Soc., vol. 34, no. 15, pp. 3819–3825. 



ICMECE 2020
IOP Conf. Series: Materials Science and Engineering 993 (2020) 012004

IOP Publishing
doi:10.1088/1757-899X/993/1/012004

7

[9] F. Parhami, R. M. McMeeking, a. C. F. Cocks, and Z. Suo, Mech. Mater., 2011 vol. 31, no. 1, pp.        
43– 61. 

[10] K. Takagi, S. Masuda, H. Suzuki, and A. Kawasaki, 2006 Mater. Trans., vol. 47, no. 5, pp. 1380–         
1385.  

[11] H. Wang, L. Feng, S.-H. Lee, J. Chen, B. Fan, D. Chen, H. Lu, H. Xu and R. Zhang // Ceram. Inter. 39 (2013) 897  
[12] M. Mashhadi, E. Taheri-Nassaj, and V. M. Sglavo, 2010 Ceram. Int., vol. 36, no. 1, pp. 151–159. 
[13] T. K. Roy, C. Subramanian, and a. K. Suri 2006 Ceram. Int., vol. 32, no. 3, pp. 227–233.  
[14] B. S. Mitchell, For Chemical And Materials Engineers. 2005. 105 
[15] M. Tokita and J. X. Zhang et al., Mater. Lett. 58, 1988–2062 (2004).  
[16] Dinesh Agrawal (The Pennsylvania State University), Trans. Indian Ceram. Soc., vol. 65,         pp. 

129–144, 2006. [19] T. Street, vol. 43, no. 4, pp. 1395–1406, 1995. 
[17] K. A. Khalil, “Advanced Sintering of Nano-Ceramic Materials,” no. 1. 
[18] Z. Z. Fang, X. Wang, T. Ryu, K. S. Hwang, and H. Y. Sohn, A review,” Int. J. Refract. Met.        Hard 

Mater, vol. 27, no. 2, pp. 288–299, Mar. 2009.  
[19] N. U. Yoshihiko Doi, Nobuhito Kuroishi, Shigeki Ochi, “Cold pressing, then sintering, US 4710345 

A, 1987.  
[20] L. Martin, “Development of Hot Pressing as a Low Cost Processing Technique for Fuel Cell       

Fabrication,” pp. 1–41, 2003. 
[21] P. Antona and C. Mapelli, Metall. Sci. Tecnol., pp. 3–7, 2013.  
[22] Spotlight, nippon steel & summito metal, no. 92, pp. 39–41, 2005. 
[23] C. D., Metall. Sci. Technol., pp. 3–5, 2000.  
[24] S. Grasso, Y. Sakka, and G. Maizza, Sci. Technol. Adv. Mater. 10, 053001 (2009). 
[25] K. Upadhya, J.-M. Yang and W. P. Hoffmann // Am. Ceram. Soc. Bull. 76 (1997) 5 [29] Pascal Schreyer and F. 

M. Sonder, “Direct Hot-pressing Makes Sintering of Nearnet-shape Parts Quick and Easy,” 2009, pp. 
39–40, 2009. 

[26] R. Tremblay and R. Angers, Metallurgical Transactions, vol. 3. pp. 2711–2712, 1972.  
[27] E. O. Hall, Proceedings of the Physical Society. Section B, vol. 64, no. 9. pp. 747–753,         2002. 
[28] J. Langer, M. J. Hoffmann, and O. Guillon, Acta Mater., vol. 57, no. 18, pp. 5454–5465, Oct. 

2009. [34] R. Orrù, R. Licheri, A. M. Locci, A. Cincotti, and G. Cao, Mater. Sci. Eng. R    106 
Reports, vol. 63, no. 4–6, pp. 127–287, Feb. 2009.  

[29] M. Nygren and Z. Shen, Solid State Sci., vol. 5, no. 1, pp. 125– 131, Jan. 2003.  
[30] N. Saheb et al., J. Nanomater., vol. 2012, pp. 1–13, 2012.  
[31] Z. Munir, D. Quach, and M. Ohyanagi, J. Am. Ceram. Soc. 94, 1–19 (2011). 
[32] Z. H. Zhang, Z. F. Liu, J. F. Lu, X. B. Shen, F. C. Wang, and Y. D. Wang, Scr. Mater., vol. 81,  pp. 

56–59, 2014. 
[33] M. Suárez et al., Sintering Applications, 2013, pp. 319–342.  
[34] D. Li, E. Yu, and Z. Liu, Mater. Sci. Eng. A, vol. 580, pp. 410– 413, 2013. 
[35] M. Molotskii and V. Fleurov, Phys. Rev. B, vol. 52, no. 22, pp. 15829–15834, 1995.  
[36] H. Conrad, Mater. Sci. Eng. A, vol. 287, pp. 276–287, 2000.  
[37] U. Anselmi-Tamburini, S. Gennari, J. E. Garay, and Z. a. Munir, Mater. Sci. Eng. A, vol. 394, no. 

1–2, pp. 139–148, Mar. 2005. 
[38] C. Mroz // Am. Ceram. Soc. Bull. 73 (1994) 141 
[39] N. Tamari, T. Tanaka, K. Tanaka, I. Kondoh, M. Kawahara, and M. Tokita, J. Ceram. Soc. Japan, 

vol. 742, no. 1995, pp. 740–742, 2000.  
[40] D. Hulbert et al., J. Appl. Phys. 104, 033305 (2008). 
[41] O. Yanagisawa, T. Hatayama, and K. Matsugi ,Mater. Japan, vol. 33, no. 12, pp. 1489–1496, 

1994. 
[42] Y. MAKINO, New Ceramics 10, p. 39, 1997.  
[43] H. Tomino, H. Watanabe, and Y. Kondo, Funtai Oyobi Fummatsu Yakin/Journal Japan Soc. 

Powder Powder Metall., vol. 44, no. 10, pp. 974–979, 1997.  
[44] G. Xie et al., Materials Transactions, vol. 42, no. 9. pp. 1846–1849, 2001.  
[45] C. Romaric et al., J. Alloys Compd., vol. 692, pp. 478–484, Jan. 2017. 
[46] C. Collard, Z. Trzaska, L. Durand, J. M. Chaix, and J. P. Monchoux, Powder Technol., vol. 321, 

pp. 458–470, Nov. 2017.  
[47] K. Vanmeensel, A. Laptev, S. G. Huang, J. Vleugels, and O. Van der Biest, Ceramics and 

Composites Processing Methods, Hoboken, NJ, USA: John Wiley & Sons, Inc., 2012, pp.        43–73.  
[48] O. Yanagisawa, H. Kuramoto, K. Matsugi, and M. Komatsu, Mater. Sci. Eng. A, vol. 350, no. 1–2, 

pp. 184–189, 2003.  
[49] D. M. Hulbert, A. Anders, J. Andersson, E. J. Lavernia, and A. K. Mukherjee, 2011 Scr. Mater., 

vol. 60, no. 10, pp. 835–838.  
[50] J. G. Santanach et al., 2011 J. Eur. Ceram. Soc., vol. 31, no. 13, pp. 2247–2254.  



ICMECE 2020
IOP Conf. Series: Materials Science and Engineering 993 (2020) 012004

IOP Publishing
doi:10.1088/1757-899X/993/1/012004

8

[51] U. Anselmi-Tamburini, J. E. Garay, and Z. A. Munir,2005 Mater. Sci. Eng. A, vol. 407, no. 1–2, 
pp. 24–30, Oct.  

[52] S. Chakraborty, A. R. Mallick, D. Debnath, and P. K. Das, 2015 Int. J. Refract. Met. Hard Mater., 
vol. 48, pp. 150–156.  

[53] N. Orlovskaya and M. Lugovy, Eds., 2011 Boron Rich Solids. Dordrecht: Springer Netherlands,  
[54] G. Lalet, H. Kurita, T. Miyazaki, A. Kawasaki, and J. F. Silvain, 2014 Mater. Lett., vol. 130, pp. 

32– 35. 
[55] J. Laszkiewicz-Łukasik, L. Jaworska, P. Putyra, P. Klimczyk, and G. Garzeł, Bol.2016 la Soc. Esp. 

Ceram. y Vidr., vol. 55, no. 4, pp. 159–168,. 
[56] G. Aldica, M. Burdusel, S. Popa, M. Enculescu, I. Pasuk, and P. Badica, 2015 Phys. C Supercond. 

its Appl., vol. 519, pp. 184– 189. 
[57] L. A. Stanciu, V. Y. Kodash, and J. R. Groza, 2002 Metall. Mater. Trans. A, vol. 32, no. 10, pp. 

2633–2638, Oct. 2001. 108 [64] Z. Shen, M. Johnsson, Z. Zhao, and M. Nygren, J. Am. Ceram. 
Soc., vol. 85, no. 8, pp. 1921–1927.  

[58] S. R. Bakshi et al 2011 Mater. Sci. Eng. A, vol. 528, no. 3, pp. 1287–1295. 
[59] M.Kawahara 2010 J. Japan Soc. Powder Powder Metall., vol. 62, no. 5, pp. 228–233.  

 


	MSEM9931004



