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RINGKASAN: Pemilihan teknik Kajilogam Serbuk bukan sahaja menjimatkan; malahan 
sebab utama teknik ini dipilih adalah kerana pengeluaran barangan bermutu tinggi, 
kemungkinan untuk kawalan dimensi yang tepat, penghasilan keseragaman mikrostruktur 
dan ciri mekanikal, dan juga kesannya yang rendah pada a/am sekitar. Keluli kelajuan 
tinggi (HSS) juga tidak berkecuali, dan sejak beberapa dekad yang lepas, bukan sahaja 
keperluan keluli kelajuan tinggi melalui teknik Kajilogam Serbuk ini telah meningkat, 
penggunaan baru untuk keluli ini juga turut ditemui. 

ABSTRACT: The reason for choosing Powder Metallurgy (PM) processes is not only 
economical; other reasons include its ability to produce high quality parts, possibility of 
accurate dimensional control, obtaining homogeneous microstructural and mechanical 
properties, and also their low effect on the environment. High-speed steels are not 
exceptional, and during the last decades, not only the demand of high-speed steels 
produced by PM has grown but also new applications for these steels have appeared. 
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INTRODUCTION 

High Speed Steels (HSS) take their name from their capacity to retain a high level of 

hardness when cutting metals and other materials (Hoyle, 1988). HSS are used extensively 

for cutting and forming tools, as well as for wear resistance parts, because of their superior 

mechanical properties and abrasion resistance (Roberts and Cary, 1980). HSS are materials 

which have a tough tempered martensitic matrix with a dispersion of high, wear resistant 

alloy carbides. The martensite undergoes secondary hardening during tempering due to 

precipitation of fine alloy carbides. These carbides resist grain coarsening at moderate 

temperatures, and confers on the alloys their ability to maintain hardness at evaluated 

temperature - a property known as 'red hardness' (Bolton, 1996). 

The basic alloying elements of HSS include sufficient carbon (C) to promote the formation 

of primary carbides plus chromium (Cr), tungsten (W), molybdenum (Mo), vanadium (V) and 

cobalt (Co) (Hoyle, 1988; Roberts and Cary, 1980). Tungsten and molybdenum mainly 

contribute to the formation of primary M6C carbide and vanadium help to produce the harder, 

but less soluble, MC type carbide phase. Currently, the most popular compositions of 

conventional HSS are divided into two groups: the AISI T series (tungsten based) and the 

AISI M series (molybdenum based) based on British Standard (BS 4659, 1971 ). Nominal 

compositions of some HSS are shown in Table 1. 

Table 1. Nominal composition (wt%) of several high speed steels 

Specification %C %Cr %Mo %W %V %Co %Fe 

T1 0.7 4.0 - 18.0 1.0 - Balance 

T6 a.a 4.0 - 20.0 1.5 12.0 Balance 

T15 1.5 4.0 - 12.0 5.0 5.0 Balance 

T42 1.3 4.0 3.0 9.0 3.0 9.0 Balance 

M2 0.85 4.0 5.0 6.0 2.0 - Balance 

M3/2 1.2 4.0 5.0 6.0 3.0 - Balance 

M42 1.05 4.0 9.5 1.5 1.0 a.a Balance 

ASP23 1.27 4.2 5.0 6.4 3.1 - Balance 

ASP30 1.27 4.2 5.0 6.4 3.1 8.5 Balance 

ASP60 2.3 4.0 7.0 6.5 6.5 10.5 Balance 

HSS are characterised by high hardness, 800-1000 HV (66-70 HRc) (Hoyle, 1988); high 

fracture strength, 1-5 GPa (Trent, 1991) and moderate fracture toughness (Kie) 10-18 MPa 

m112, combined with good wear resistance (Wronski et al., 1988). These values can be varied 

by heat treatment processes, enabling properties modification for a particular application. 
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POWDER METALLURGY PROCESSING OF HIGH-SPEED STEEL 

Production of conventional high-speed steel involves melting, casting, hot working and heat 

treatment, as for other steels. The complex solidification path of HSS via peritectic and eutectic 

transformation (Fischmeister et al., 1989) results in carbide networks in 'as cast' ingots. 'As

cast' HSS are too brittle for practical purposes and extensive hot working is then needed to 

break down these networks. However this results in the formation of carbide bands, characteristic 

of conventional cast and wrought HSS leading to anisotropic properties (Hoyle, 1988). 

Powder Metallurgy (PM) has been developed which overcome this problem (Figure 1 ). The 

majority of PM HSS is produced by hot isostatic pressing (HI Ping) of spherical gas atomised 

powders (Hellman, 1992). Alternatively, cheaper irregular annealed water atomised powders 

can be processed by cold compaction in rigid dies or cold isostatic pressing (CIPing) followed 

by batch vacuum or atmospheres sintering to nominally 99.5-100% theoretical density (TD) 

(Wright, 1994; Oliveira et al., 1993). Variations to this route comprise either sinter and HIP 

(Wronski et al., 1991) or sinter and hot work in order to remove residual porosity (Hellman, 

1992). PM routes produce uniform microstructures with the carbide sizes being dependent 

on the processing route. Vacuum sintering produces carbides similar in size and more 

uniformly distributed. Carbides in hot isostatic pressing (HIPped) materials are much finer 

with maximum diameter no more than 5 µm across (Wright, 1994; Oliveira et al., 1993). 

Photomicrograph of various T1 types HSS are shown in Figure 2. 

Figure 1. Powder metallurgy of high-speed steel materials 
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(a) 

(c) (d) 

Figure 2. Photomicrograph of different T1 type high speed steel 

a) Cast and wrought b) Gas atomised and HIPed 
c) Vacuum sintered to full density d) Vacuum sintered to 96% TD 

and HIPped to closed porosity 

In terms of sintering, 'direct sintering' methods are applied to near net shape compacts, such 

as indexable cutting tool inserts, made from water atomised grade and are usually performed 

under vacuum at temperatures just above the solidus temperature, typically 1230-1350°C 

(Wright, 1994; Wronski et al., 1991 ). Sintering in gaseous atmospheres based on nitrogen 

and hydrogen plus a carburising agent is also possible (Urrutibeaskoa and Urcola, 1993) 

and has the advantage of reducing the sintering temperature and refining the carbide particle 

size, especially in steels that contain high vanadium content. Sintering of conventional HSS 

in nitrogen-based atmospheres has succeeded in reducing sintering temperature to or below 

1150°C (Figure 3). This will make possible sintering in continuous mesh belt furnaces, which 

are widely used in PM industries with important cost saving . It also offers additional benefit 

in tool life and surface finish compared with other methods. 

Reduction in sintering temperature is associated with the influence of absorbed nitrogen, 

transforming the vanadium rich MC carbides into MX carbonitrides and liberating free carbon, 

with a subsequent decrease in the solidus temperature of steels (Urrutibeaskoa and Urcola, 
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1993). The microstructures in gaseous atmosphere is much finer in MX carbonitrides (<2µm) 

rather than massive MC carbides (>4µm) in vacuum sintering (Figure 4). After appropriate 

heat treatments by quenching and tempering, a good cornbination of hardness and flexural 

strength could be obtained. 
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Figure 3. Sintering curves for standard T42-HSS 
sintered in vacuum and in nitrogen-based atmosphere 

Figure 4. SEM micrographs of (a) sintered PM HSS in vacuum, and 
(b) nitrogen-based atmosphere 
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APPLICATIONS 

Although the importance of HSS as cutting tool materials has been replaced by cemented 
carbides, cermets and ceramics (Bolton, 1996), especially those requiring higher cutting 
speeds (above 100 m min-1), their range of properties, particularly their ability to maintain 
these properties at relatively high temperatures makes them also suitable for other uses. 
Apart from cutting tools, HSS have developed a much wider range of applications, such 
as in the manufacture of forming dies, tool bits, indexable inserts and milling cutter inserts 
(Bolton, 1996; Wright, 1994) (Figures 5 - 6) . The most demanding application of PM HSS 
is probably in aerospace application, such as aero-gas turbine engine main shaft bearings 
(Garner, 1998), which is currently manufactured using wrought M50 and T1 high speed 
steels, and for which wear and rolling contact fatigue resistance are essential (Wronski 
et al., 1991 ). PM HSS for automotive components is currently being developed, such as 
cam rings and camshaft for engine fuel injections pumps (Kulkarni , 1986), governor weight 
used in auto diesel engine control (Vollertsen and Engel, 1992) and valve seat inserts in 
petrol and diesel engine (Onoda and Kuroishi , 1988). 

HSS 
44% 

Ceramics 
8% 

Carbide 
48% 

Figure 5. Breakdown of materials currently used in the global 
cutting tool industry 
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Figure 6. PM HSS products used in automotive and machining industries 
a) valve seat insert in diesel engine b) & d) cam-lobe of the camshaft 
c) cutting tool insert e) drills 
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CONCLUSION 

Full density sintering is a commercially established method of production of high 

performance PM high-speed steel components. Some parts have already been made 

in large quantities and have proven very satisfactory in actual service, especially for 

automotive applications. The high hardness, strength, heat resistance and wear resistance 

properties of these HSS make them an attractive material to be developed for the 

purpose of Malaysian industries. 
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