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1  Introduction

Tungsten first found its unique place in technical applications

in the mid-19th century, mainly in steel production, and until

the first quarter of the 20th century, its importance in this

field steadily increased, with the steel industry then the

largest tungsten consumer. Tungsten was among the very

first alloying elements systematically studied and used to

improve steel properties, for example hardness, cutting 

efficiency and cutting speeds of tool steels. Different tungsten

containing steels were developed in Austria, Germany,

France and England followed by high speed steels in the

USA. Pioneers in the field of tungsten applications in 

steelmaking were Franz Köller, Franz Mayr, Robert Mushet,

Sir Robert Hadfield, as well as Frederick Winslow Taylor

and Mansel White. 

The development of high speed steels (HSS) is illustrated

by Table 1, indicating that tungsten played the leading part

from the very beginning.

Today, tungsten is used as an alloying element in steels for

the following steel grades [2,5,6]:

•    High speed steels (HSS) – in general terminology they

are often simply called tungsten steels – this steel 

consumes most of the tungsten used in steelmaking

•    Hot work tool steels 

•    Cold work tool steels 

•    Plastic mould tool steels

•    Heat and creep resistant steels 

•    Corrosion resistant stainless steels and valve steels

From 1927, when cemented carbides (hardmetals) were 

developed, the proportion of total tungsten consumption

used in steelmaking declined constantly to a figure of about

14% (including superalloys), but nevertheless this means

that steel is today still the second biggest consumer after

hardmetals. 

Table 1: Early history of high speed steels [1-4].

Year C Cr W Mo V Si/Mn Co remarks

1868 1.5 – 2.4 0.5 5.0 – 8.0 – – ~1.0/2.0 – Mushet; first “self-
hardening” steel

1886 2.0 12.0 × × Brustlein; J.Iron
Steel Inst. 1886

1898 1.8 3.8 8.0 – – – Taylor-Wight
(“overheated”) 

1905 0.25 – 2.0 1.0 – 7.0 4.0 – 30.0 2.0 – 15.0
alt. to W

0.1 – 1.0 Mathews
US 779,171

1906 0.68 5.95 17.81 – 0.32 Taylor-Wight

1910 0.8 4.0 18.0 – 1.0 – McKenna

1912 0.8 4.0 18.0 – 1.0 5.0
addition of Co

1923 0.8 4.0 18.0 – 1.0 12.0

1939 1.4 4.0 18.0 – 2.0 – 5.0 – high C, high V

1940
× × – 9.0 × × W replaced fully

or partially by Mo× × 6.0 5.0 2.0 –

×  not further specified
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Figure 1: Effect of tungsten on hardness after tempering (schematic)
[1]. Hardening is achieved by austenitization and subsequent
quenching and multiple tempering at ~550°C to obtain a fine,
mainly martensitic steel matrix with precipitated very fine alloy 
carbides (secondary hardening)

2  What is the effect of tungsten
in steel?

When added to steel, tungsten forms tungsten carbides or

complex carbides with other carbide forming elements, such

as chromium, molybdenum and vanadium but also iron. It

increases the amount of undissolved and excess carbide 

in the hardened steel, and the eutectoid point is shifted 

towards lower carbon concentrations. The consequence is

the precipitation of fine or very fine grained carbides evenly

distributed in the steel matrix. The chemistry of these 

carbides depends on the concentration of carbon and the

alloying elements present as well as on the heat treatment

applied. Complex carbides (M6C, M23C6, MC) are respon-

sible for retaining a fine-grained steel matrix by retarding 

the grain growth during heat treatment. The addition of 

tungsten will produce a larger carbide volume than other 

alloying elements – at the same carbon level [1]. 

Good wear resistance is the most important property of tool

steels, and tungsten, next to vanadium, is the most effective

carbide forming element for increasing wear resistance. 

Furthermore, tungsten significantly improves the hot hard-

ness and hot strength of steel and leads to increased yield

strength and tensile strength without adversely affecting

ductility and fracture toughness.

The effects of tungsten on steel properties in terms of 

carbide volume, shape and distribution, and fine-grained

structure are [1]:

•    more carbides and harder carbides increase hardness

and wear resistance

•    fine carbides and a fine-grained structure result in

higher toughness for a given hardness level.

The high hot and red hardness (which is the retention of hot

hardness over long-term exposure to high temperatures)

and the high hot strength are the result of a microstructure

containing numerous high-alloy carbides of a composition

that enables precipitation hardening by age-resistant 

carbides and solid solution strengthening.

In some low carbon steels, for example, in the case of creep

resistant martensitic Cr Steels, precipitation strengthening

by intermetallic phases occurs during creep exposure, such

as Laves phases: Fe2(Mo,W). 

3  Hardening and tempering

Tungsten-containing steel requires a certain carbon level

and furthermore a careful heat-treatment practice. Hardening

is achieved by high-temperature austenitisation, in the case

of HSS close to the onset of melting, to dissolve the alloying

elements, followed by transformation during quenching and

tempering to martensite with precipitated fine carbides 

(so-called secondary hardening). This produces a material

which will retain most of its hardness up to about 550°C,

and regain it again on cooling to room temperature. Higher

hardening temperatures result in increased hardness after

tempering. The temperature must be chosen in such a way

that sufficient carbides dissolve, but overheating and grain

coarsening must not occur. The grain size needs to be 

controlled to optimise toughness and to reduce distortion

during subsequent tempering. The finer and the more 

uniformly distributed the solution resistant carbides remain

the better is the resistance to grain coarsening. At higher

temperatures, the fine carbides coalesce and the effect 

is lost. 

The effect of tungsten alloying on hardness during tempe -

ring is schematically shown in Figure 1. During tempering

at relatively high temperatures, nm-size carbides are 

precipitated that generate “secondary hardening” (see

below). 
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In very hard tool steels, for example cold work steels 

tempered at low temperature, the wear resistance is caused

mainly by primary carbides which are not affected by 

hardening. These carbides are small and evenly distributed

and very hard (heavy-duty cold work tools). Fine grained

martensite adds to this effect.

4  Factors in the choice of 
tungsten as alloying element

There are a series of factors which determine the choice of

a specific element for steel production. Besides the necessity

to fulfil the technical demands for a certain steel application

to the maximum degree (red hardness, wear resistance,

toughness), other factors co-determine the economics of

steel manufacture, such as raw material costs and availability

as well as manufacturing costs (for melting, casting, refining,

forging, rolling, heat treatment, etc). Longer tool lives com-

pensate for increased costs [2,6].

In the past, availability of tungsten as a strategic material

has had a strong impact on tungsten steels and their 

substitution, in particular during World War II, when high

speed steels and tungsten carbide based hardmetals were

needed for the armaments industry, and the lack in supply

caused severe problems in manufacturing. Within short

times, tungsten was substituted by molybdenum at least 

in part, with the advantage that only half the mass% is

needed for secondary hardening compared to tungsten.

Early problems with the easier decarburisation of such 

“new steels”* during heat treatment were soon solved by

more sophisticated heat treatment facilities, such as the 

use of salt baths. Today, all tungsten tool steels have their

equivalent molybdenum types [2], in some areas (like hot

work die steels) W-alloyed steels have even lost their 

importance to molybdenum containing grades. Furthermore,

tungsten as an alloying additive has completely vanished

from the large area of structural steels.

To a certain extent, tungsten is “back in the ring” in the 

case of cold work and HSS steels produced by powder 

metallurgy, which proved an appropriate route for producing

high quality tools with even higher alloy element contents. 

Besides tool steels the increasing use of duplex steels for

corrosion resistant applications in offshore oil- and gas 

production as well as that of creep-resistant 9 –12% Cr steels

for power generation is still an interesting and increasing

market for tungsten, where the element has a strongly 

positive effect on the microstructure stability. 

5  Tungsten addition to the 
steel melt

Early tungsten alloyed steels were manufactured by the 

addition of more or less pure tungsten powder to the steel

melt or, alternatively, by addition of an iron-rich W prealloy,

which was obtained from purified tungsten ore. This rather

expensive procedure limited the application of tungsten

steels because of the high price. In 1893 a new tungsten-rich

prealloy (master alloy) was introduced by the Biermann’sche

Metallindustrie in Germany, containing up to 80% tungsten,

called ferrotungsten, production of which was possible 

directly from tungsten ore concentrates in an electric arc 

furnace, and which consequently was much cheaper. 

Other advantages of ferrotungsten are the lower melting

temperatures, faster dissolution in the steel melt and a higher

tungsten yield – all leading to a lower steel price. 

Today, tungsten also can be added to the steel melt as 

selected tungsten scrap (Figure 2) or scheelite ore concen-

trates. The tungsten concentrations of theses sources are:

           Tungsten metal scrap              90 – 98 % 

           Ferrotungsten                          75 – 80 % 

           Scheelite ore concentrates      35 – 70 %

6  Technology of the tungsten 
steel manufacture

Conventional Steels and Cast Steels

Tungsten containing special steels are commonly produced

via the EAF (electric arc furnace) - AOD (argon oxygen 

decarburization)-ladle furnace-ingot casting-refining-hot

forming-heat treatment-machining route (Figure 3). De-

pending on the steelmaker, different aggregates are used

with the aim to produce a homogeneous steel matrix of 

desired composition and purity, with a uniform distribution

of carbides. 
*  note that already in 1905 the “rules” of tungsten substitution by

molybdenum were well known [4].
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Figure 2: Tungsten is added to the steel melt either as tungsten scrap filled in steel drums (left), or, alternatively, as ferrotungsten (right). 
Courtesy of Cronimet, Germany.

Figure 3: Material flow in the production of special steel. Courtesy of Böhler-Edelstahl, Austria.

EAF     electric arc furnace
AOD     argon oxigen decarburization
VD       vacuum degassing
VOD     vacuum oxigen decarburization
CC       continuous casting
VIM      vacuum induction melting
ESR     electro slag refining
PESR   pressure electro slag refining
VAR     vacuum arc remelting
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Tungsten is added as scrap or ferrotungsten directly to 

the arc furnace (Figure 4) to produce a base melt which is

further refined in an AOD or VOD (vacuum oxygen de -

carburization) converter or a ladle furnace, which is done to

adjust the desired melt composition prior to ingot casting

(Secondary Metallurgy). Addition of tungsten for final 

adjustments in this stage is made by ferrotungsten. Larger

amounts of steel can also be fabricated by continuous 

casting.

The next stages of refining consist of either electroslag re-

fining (ESR; Figure 5) of the ingot or vacuum arc remelting

(VAR) to improve cleanliness (in particular in terms of oxide

inclusions and reduction in sulfur content), to induce a 

uniform as-cast microstructure and to minimize carbide 

segregation. 

Figure 4: Steel mill with two electric arc furnaces; each furnace consists of a refractory lined hearth, in which the feedstock is molten down
using one or more graphite electrodes which enter the furnace through the refractory-lined roof. EAFs are the heart of a special steel 
production. To follow charge formation and meltdown is very spectacular but dangerous; melt capacity is commonly between 50 to 80 t,
but can go up to 300 t. Tungsten is added to the furnace charge either as tungsten scrap or in the form of ferrotungsten.
http://en.wikipedia.org/wiki/Electric_arc_furnace

Figure 5: Electroslag refining of a cast ingot uses a highly reactive
slag to reduce the amount of sulfur and oxide inclusions. This 
treatment improves both cleanliness and homogeneity of the steel,
and thus significantly improves the steel properties. ESR or 
pressure-assisted PESR is common practice in Europe, and an 
alternative to vacuum arc remelting (VAR) which is prevalent in 
the US. Courtesy of Böhler-Edelstahl, Austria.
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Figure 6: Carbide distribution and size of a conventionally cast HSS (a) in comparison to a PM grade (b). In case of cast materials oriented 
carbide bands form on hot working whereas in PM steel the carbides are evenly dispersed in a segregation-free steel matrix; PM HSS 
exhibits virtually isotropic properties and combines high hardness and wear resistance (high carbide volume) with excellent toughness.
Courtesy of Ch. Sohar.

Figure 7: Flow chart for Powder Metallurgy (PM) production of high performance steels. Courtesy of Böhler-Edelstahl, Austria.

Nevertheless, the refined ingot still exhibits a coarse inter-

granular eutectic network of carbides formed on solidification

that renders the as-cast ingot untolerably brittle and which

has to be broken up during adequate hot working to improve

microstructural uniformity. However, even after a high 

degree of deformation during metal working, carbide bands

remain (Figure 6a), resulting in microstructural texture and

anisotropic properties. 

Lower-alloyed tungsten steels can be also produced via the

blast furnace-oxygen converter-ladle furnace route. This is

a standard route for producing large chromium steel castings

used e.g. in steam power plants.

Conventionally cast material (a) Powder-metallurgy material (b)

PM steels

Today, about 10% of high speed steels are produced 

by powder metallurgy (PM). This proportion is steadily 

increasing in particular in the field of cutting tools. The first

PM tool steels appeared on the market in the 1970-s [2] and

PM since then has led to a series of attractive alternatives

to conventionally ingot-cast tool steels.

The production of PM steels (Figure 7) starts with a melt 

of the desired composition, produced in an arc or induction

furnace, which is then atomised by an inert gas, usually 

nitrogen, to form spherical particles. Such powder particles

(diameter less than 1 mm, in part even < 100 µm) are then

Induction

Melting
Atomizing Welding HIP

Filling

capsules

Bar steel Forged pieces Hiped finish products

Rolling Forging
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transferred into a steel container, which is evacuated, sealed

and subsequently hot isostatically pressed (HIP) in argon 

at about 1150°C/1000 bar. The resulting fully dense billet 

is then hot worked to bar steel or forged pieces, or can be

directly used as finished product.

PM steels exhibit a very uniform, isotropic and fine-grained

steel matrix due to the uniform distribution of alloy carbides

(Figure 6b). They reflect the very fine microstructure formed

during melt atomization which is practically free of segre -

gations. PM also renders possible the production of higher

alloyed steel grades than are accessible by ingot metallurgy

or of non-conventional, e.g. V-rich, variants. Furthermore 

it has been shown that PM HSS offer significantly higher 

fatigue endurance strength in the high cycle regime [7]. 

7  Tungsten alloyed steels
Tool steels

Tool steels are used for hot and cold forming and for cutting

of materials, particularly other metals, wood or polymers.

This presumes that their strength and hardness must 

exceed that of the materials being cut or shaped [2,6]. Tool

steels are usually classified into four groups:

•    High Speed Steels with W content of 1.5 to 20% 

•    Hot Work Steels with 1.5 – 18% W

•    Cold Work Steels with 0.5 – 3 wt% W

•    Plastic Mould Steels, with W content of ~1%.

High speed steels
Where tool steels contain a combination of more than 7%

tungsten, molybdenum and vanadium and more than 0.6 %

carbon, they are referred to as high speed steels (HSS).

This term describes the ability to cut metals at high speed. 

Tungsten is still the most prominent alloying element in 

HSS on a worldwide basis, although its originally large 

contribution has decreased in Western countries. About

95% of HSS are used for machining tools (drills, taps, 

milling cutters, gear cutters, saw blades, knifes, etc.), the

rest for chipless forming (punching tools, dies, rolls). Typical

applications are shown in Figures 8 to 11. Compositions of

selected high speed steels are presented in Table 2.

All groups behave similarly but they differ slightly with regard

to decarburisation sensitivity, carbide formation, and heat

treatment. They are austenised at about 80°C below the

onset of melting prior to air cooling or gas – in some cases

also oil – quenching for hardening. All show appreciable 

secondary hardening after tempering (550 –600°C) and can

be hardened up to HRC 63-68. This is their most important

Table 2: Composition of selected High Speed Steels (%)

Grade (AISI) C Cr Mo W V Co Grade (DIN)

T1 0.75 4.1 – 18.0 1.1 – HS 18-0-1

M2 0.95 4.2 5.0 6.0 2.0 – HS 6-5-2

M1 0.83 3.8 8.7 1.8 1.2 – HS 2-9-1

M7 1.02 3.8 8.7 1.8 2.0 – HS 2-9-2

M4 1.3 4.0 4.5 5.5 4.0 – –

M42 1.1 3.9 9.2 1.4 1.2 7.8 HS 2-10-1-8

Figure 8: HSS is used for hobs, taps, chasing tools, milling cutters,
twist drills but also for cold forming tools (shaping punches, 
coining and deep drawing dies). Courtesy of Böhler-Edelstahl, 
Austria.
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feature, responsible for the retention of hardness at the high

cutting edge temperatures occurring during machining.

The molybdenum-free grade T1 (Table 2), which contains

18% W, has not changed in composition since 1910, and

was the main type used up to 1940, when substitution by

molybdenum took place. Today only about 5% of this type

is used in Europe and only 2% in the USA. In Russia and

the Peoples Republic of China, both countries rich in 

tungsten resources, only limited substitution of tungsten by

molybdenum and vanadium has taken place. 

Grades M2, M7, and M42 constitute the most popular

groups of HSS used today in the Western countries and

Japan. The combination of tungsten and molybdenum 

(about 10% in total) maximises hardness and toughness

and maintains these properties at working temperatures.

Their composition varies in different parts of the world. 

On the Japanese and US market one finds mainly low 

tungsten-high molybdenum grades (M1, M7 types), whereas

the European market prefers the M2 and M42 types. 

Improvements in performance of HSS have been achieved

not only by the methodical approach in alloying technique

but even more significant progress has been made in 

developing an optimum heat treatment practice [8]. For 

example, maximum hardness after tempering can only be

obtained if the hardening temperature is sufficiently high 

and the holding time sufficiently long to ensure uniform 

heating of the whole part. However, the heat treatment must

be chosen in such a way that a sufficient amount of carbides

dissolve but no overheating and grain coarsening may occur,

i.e. temperature and time control, especially at the peak 

temperature, are crucial. Frequently slight overtempering is

aimed at, to slightly lower hardness than maximum for 

the benefit of toughness. Multiple tempering (usually 3x) is

generally done to eliminate any retained austenite that

would lower the hardness. 

Figure 9: HSS knifes are used in large numbers for slitting or
transverse cutting of steel tapes, such as tin plate or galvanized
heet. Courtesy of M. Gstettner, Böhler Miller Messer und Sägen
GmbH, Austria.

Figure 10: Heavy-duty machining tools are not only used for the
machining of steel but also of non-ferrous metals such as nickel-
base and titanium alloys; the teeth of the saw blades are made of
HSS (M42 bimetal blade). Ccourtesy of K. Rothkehl, Wikus,
Germany.

Figure 11: Injector needle of a fuel injection system made of HSS.
Courtesy of Böhler-Edelstahl, Austria.
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more prone to distort on hardening. However, for applica-

tions where very high temperatures and severe wear exist,

tungsten hot work steels are still potential candidates [2]. 

Table 3: Composition of Selected PM High Speed Steels (%)

Grade C Cr Mo V W Co others

S290 MICROCLEAN 2.0 3.8 2.5 5.1 14.3 11.0 –

S390 MICROCLEAN 1.64 4.8 2.0 4.8 10.4 8.0

S790 MICROCLEAN 1.29 4.2 5.0 3.0 6.3 – –

CPM®VIM CRU® 20® 1.35 3.75 10.5 2.0 6.25 – S opt.

CPM®Rex® 76® (HS) 1.5 3.75 5.25 3.1 9.75 8.5 S opt.

CPM® Rex M4 HC (HS) 1.42 4.0 5.25 4.0 5.5 – S, Mn

Figure 12: Heavy-duty machining tools produced from powder
metallurgy HSS. Segregation-free and homogeneous metal 
powders of highest purity are processed to homogeneous and 
segregation-free high speed steels of virtually isotropic properties.
Courtesy of Böhler-Edelstahl, Austria.

Hot hardness and wear resistance are improved by higher

V additions (e.g. in M4 type HSS) and such alloys are used

for the machining of hard alloys and high strength steels,

stainless steels and aluminium. Cobalt additions improve

the high temperature properties by favourably influencing

the carbide matrix on secondary hardening and restrict the

growth rate of the carbides at high temperatures; further-

more, solution strengthening by Co is the most thermally

stable strengthening mechanism, e.g. at very high cutting

speeds [2]. Manganese and silicon contents are generally

low, typically < 0.4%. Some of the HSS may contain minor

additions of sulfur (< 0.25%) as they improve machinability. 

Global HSS production for 2007 is estimated to have been

about 260,000 t (molten tonnage) [9]. The percentage of PM

steel (Figure 12) is steadily increasing, in particular in the

field of complex-shaped cutting tools (gear cutter, endmills,

taps and broaches). More carbide forming elements can be

added compared to conventional HSS, and a finer particle

size and more uniform, isotropic distribution of the carbides

is achieved. PM steels show better workability and grind-

ability, less distortion on heat treatment, excellent surface

finishing and higher productivity. Typical compositions and

grade designations are presented in Table 3. 

Hot work tool steels
This steel type is mainly used for producing casting and

pressing tools in light and heavy machinery. Historically, it

was important in the development of metal extruding and

die casting. Tungsten hot work die steels contain W, Cr and

V as their main alloying elements, Table 4. 

Tungsten containing hot work steels lost their importance in

past years due to their pronounced chill crack sensitivity. They

are less tough than molybdenum hot work steels and are
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Cold work tool steels 
Historically these were the first tungsten-alloyed steels. Cold

work tool steels are tool steels which are limited in use 

up to surface temperatures of not more than 200°C. They

combine high hardness (up to HRC 63), compressive

strength and wear resistance with good toughness, accept-

able impact strength and high dimensional stability. 

Cold work tool steels are either oil or air hardening steels,

or high chromium, high C steels (Table 5). The function of

tungsten is to increase the carbide hardness and proportion,

to result in a fine structure and improved toughness. Here,

too, a carefully controlled heat treatment is necessary. 

Moreover, tungsten accounts for the secondary hardening

effect on tempering. Tungsten decreases toughness but 

increases wear resistance and strength.

Table 4: Some of the more important Tungsten Hot Work Steels (%)

Grade (AISI)/(DIN) C Cr Mo V W others

H 21 0.35 3.5 – 0.35 9.0 Si, Mn

H 24 0.45 3.0 – 0.5 15.0 Si, Mn

H 12 0.35 5.0 1.5 0.4 1.5 Si, Mn

X30 WCrV53 0.32 2.4 – 0.6 4.3 Si, Mn

Table 5: Some of the more important Tungsten Cold Work Tool Steels (%)

Grade (AISI)/(DIN) C Cr Mo V W Mn others

O1/100 MnCrW4 0.95 0.5 – 0.12 0.55 1.10 ~ 0.3 Si

105 WCr6 1.05 1.0 – 0.5 1.10 0.95 ~ 0.3 Si

X 165 CrMoV12 1.60 11.5 0.6 0.2 0.5 0.30 0.35 Si

D6 / X 210 CrW12 2.10 11.5 – – 0.7 0.35 0.35 Si

Oil and air hardenable cold work tool steels are used for

taps, reamers, broaches, gauges, hobs, punches, slitting

saws, drills, coining and blanking dies, and drawing dies 

[2,6]. Medium carbon, high chromium steels have a high

compressive strength and wear resistance and are used for

cutting tools, blanking and punching tools, woodworking

tools, thread rolling dies, drawing, etc. 

PM cold work tool steels with higher alloy additions (higher

carbide volume) were developed for the blanking and

punching industry as well as for cold forming applications

(Figure 13). They exhibit a uniform, isotropic carbide 

distribution and small carbide size and feature extremely

high wear resistance and high compressive strength at good

toughness due to improved homogeneity and the absence

of segregations. The lower distortion during heat treatment

is particularly beneficial for production of complex-shaped

precision tools, e.g. for powder pressing.

Figure 13: Tungsten-containing cold work tool steels
are used for the blanking and punching industry, for
cold forming applications, knifes and tools for the
plastics industry. Courtesy of Böhler-Edelstahl, 
Austria.
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Plastic mould steel
Such steels have to withstand operating temperatures 

and pressures as well as corrosive effects of polymers 

and abrasive effects of fillers as occurring in the plastics 

processing industry. Long tool life and therefore low cost per

plastic part is decisive. Good corrosion resistance and good

surface finishing are critical. In particular in the latter regard,

tungsten-containing PM steels have entered this market

successfully (Figure 14). Plastic mould steels contain up 

to 1.2 % W.

Figure 14: Tool steel for the plastics industry; screw tip and feed
screw for injection molding; the demands on the parts have risen
due to the increased use of glass fillers; tools are increasingly
made by powder metallurgy technology; CPM®. 
Courtesy of Crucible Materials Corp.

Figure 16: Highly-demanding HSS tools are often
PVD or CVD coated to improve productivity in 
manufacturing. Courtesy of W. Kalss, Oerlikon,
Liechtenstein.

Figure 15: Gang saw for producing wood boards out of a tree trunk; the saws are
made of tool steel which is “stellited” (i.e.: the teeth exhibit an overlay of corrosion
resistant tungsten-containing steelite). © wikimedia commons/Steindy

Surface modifications of tool steels

Tool steels, in particular HSS, can be surface treated by 

nitriding, laser or plasma overlays of hard coatings (e.g. 

stellites (Figure 15) as well as by chemical or physical

vapour deposition of hard carbides and nitrides (Figure 16). 

Coatings such as TiN, TiAlN or CrAlN significantly increase

tool lives but increase tool costs. Nevertheless, most tools

in highly demanding applications are coated today since the

higher costs are well balanced by the higher productivity

during machining. 

Heat resisting steels and cast steel

In certain cases, tungsten is added when steels are used in

higher temperature ranges. Heat resisting steels are either

chromium nickel steels with up to 6% tungsten, or heat 

treatable 9 – 12% Cr-steels, where tungsten is added in 

the range of 1 – 2% to improve the creep resistance and

long-term stability of the steels.

The main use for austenitic Cr/Ni steels is as valve steels

for combustion engines, which contain around 2% W. Similar

steels are used for components of steam and gas turbines,
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such as blades, discs, bolts and pins. Heat treatable creep

resistant chromium steels can be used up to about 620°C

for continuous operation in power plants (Figure 17). They

are currently considered to possess the maximum creep

strength of all heat-resistant steels for boiler components

and piping systems (Figure 18) [10]. Such steels are also

used in a slightly modified form for large cast chromium steel

components in steam power plants, such as inner and outer

casings or valve housings in the high pressure and medium

pressure part of the turbine (Figure 19).

Figure 17: Compressor rotor disk of a gas turbine ready for installation; made of creep resistant steel T505 (left); and turbine rotor (right);
© Siemens AG/Martin Adam

Figure 18: Thick walled seamless pipes of T/P92 materials 
(X10CrWMoVNb9-2 [max.2% of W]) are produced in a piercing
mill according to the Mannesmann process. This material can be
used in new modern power plants (T: up to 625°C, pressure:
285 bar) for pressure piping’s, headers and other pressure parts;
Courtesy of B. Stroh, V & M Deutschland GmbH, Germany

Figure 19: Intermediate pressure inner casing (half), as part of 
a steam turbine. Weight of the casing is 60 tons. It is made of a
martensitic CrMoV-alloyed steel grade containing approx. 1% 
tungsten (G-X12CrMoWVNbN10-1-1). Courtesy of R. Hanus,
Voestalpine Giesserei Linz GmbH.

Stainless steels and valve steels

Tungsten is added to ferritic-austenitic stainless steels (so-

called “stainless super duplex steels”). Such steels exhibit

excellent corrosion resistance and strength properties. Due

to their pronounced resistance against stress corrosion

cracking, fatigue, pitting, crevice and erosion corrosion they

are ideal materials for components in offshore, waste water,

sea water desalination and chemical plants with aggressive

chloride-containing media. 
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Disclaimer:
The International Tungsten Association (ITIA) has made every effort
to ensure that the information presented is technically correct. 
However, ITIA does not represent or warrant the accuracy of the 
information contained in the Tungsten Newsletter or its suitability for
any general or specific use. The reader is advised that the material
contained herein is for information purposes only; it should not be
used or relied upon for any specific or general application without
first obtaining competent advice. ITIA, its members, employees and
consultants disclaim any and all liability or responsibility of any kind
of loss, damage, or injury resulting from the use of the information
contained in this publication.
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8  Tungsten in steel –
a “fine” but niche market

Most of the tungsten used in steelmaking today is used for

tool steels, in particular high speed steels, where tungsten

has remained the major alloying element in most grades.

However, this segment of steel only refers to less than

0.03% of the global steel market (2007: about 1.3 billion

tons), and thus tungsten-containing steels constitute a 

very narrow niche in the World of Steel. Based on data for

tungsten consumption in 2007 (64,600 t), and considering

the respective share of tungsten for steelmaking worldwide

(~20%), it is estimated that roughly 13,000 metric tons of

tungsten are used for steels, globally. 

Since the early days of tool steel, tungsten addition has 

remained a synonym for improving the high temperature

properties of steel, in particular hot hardness, resistance to

plastic deformation and wear at high temperatures, and

tools made of tungsten steel can be found in all areas of

the modern manufacturing industries (whether metals,

wood, plastics, or composites). New PM tungsten steels

(with higher W contents as compared to conventional

steels) have contributed to find new markets and to 

compete against tool alternatives, such as hardmetals. In

addition, tungsten-containing high temperature steels are

used increasingly in the new generation of power plants,

and thus help to reduce CO2 emissions, and large amounts

of low-tungsten alloyed stainless steels can be found in the

oil-, gas- and waste-water industry.


