
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COLD WORK TOOL STEEL 

ʍʆʃʆɼʅʆʐʊɸʄʇʆɺɸʗ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅɸʗ ʉʊɸʃʔ 
 

K490 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

OUR COLD WORK STEEL PRODUCED BY POWDER 
METALLURY: THE ALL-ROUNDER 
ʅɸʐɸ ʍʆʃʆɼʅʆʐʊɸʄʇʆɺɸʗ ʇʆʈʆʐʂʆɺɸʗ ʉʊɸʃʔ: 
ʅɸʉʊʆʗʑʀʁ ʋʅʀɺɽʈʉɸʃ 
 

 

Innovation 

B¥HLERôs new cold work tool steel K490 

MICROCLEAN closes the gap in the material demands 

between wear resistance and the desired high 

toughness. 

 

Flexibility 

A further advantage of this powder metallurgical cold 

work tool steel, being produced in a plant of the newest 

generation, lies in the good machinability and the high 

flexibility of its heat treatment, which allows variable heat 

treatment cycles without affecting the mechanical 

properties. 

 

Cost-efficiency 

These excellent properties guarantee tool manufacturing 

that is risk-free, more flexible, faster and more 

economical. 

 

Versatility 

B¥HLERôs K490 MICROCLEAN is a greatly improved 

and more efficient cold work tool steel compared with 

other com- monly used PM steels such as M4 or PM23. 

Toughness is more than doubled with a similar wear 

resistance. 

ʀʥʥʦʚʘʮʠʷ 
ʅʦʚʘʷ ʩʪʘʣʴ B¥HLER ʂ490 MICROCLEAN ʧʦʟʚʦʣʷʝʪ 

ʟʘʧʦʣʥʠʪʴ ʧʨʦʙʝʣ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ 

ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʪʨʝʙʫʝʤʦʡ ʚʷʟʢʦʩʪʴʶ. 

 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʦʡ ʧʦʨʦʰʢʦʚʦʡ 

ʭʦʣʦʜʥʦʰʪʘʤʧʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʥʘ ʟʘʚʦʜʝ, ʦʩʥʘʱʝʥʥʦʤ ʩʘʤʳʤʠ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʘʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʝʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʮʠʢʣʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

ʕʢʦʥʦʤʠʯʥʦʩʪʴ 
ɺʩʝ ʵʪʠ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʘʨʘʥʪʠʨʫʶʪ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʨʠʩʢʦʚ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ 

ʙʳʩʪʨʦ - ʘ ʟʥʘʯʠʪ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. 

 

ʈʘʟʥʦʩʪʦʨʦʥʥʦʩʪʴ 
B¥HLER ʂ490 MICROCLEAN - ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʝʥʥʘʷ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʭʦʣʦʜʥʦʰʪʘʤʧʦʚʘʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʪʘʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 

ʧʦʨʦʰʢʦʚʳʤʠ ʩʪʘʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʄ4 ʠʣʠ ʈʄ23.  ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ, ʵʪʘ ʩʪʘʣʴ ʦʙʣʘʜʘʝʪ ʪʘʢʦʡ ʞʝ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʚʳʩʦʢʦʡ 

ʚʷʟʢʦʩʪʴʶ.  

 
Chemische Zusammensetzung (Anhaltswerte in %) / ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚ %) 

C Cr Mo V W andere / ͎͙͔͒ͪͯ 

1,40 6,40 1,50 3,70 3,50 +Nb 

 
 

2 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In short: Simple, fast, versatile equals 

profitable, efficient, productive. 

ʇʨʦʱʝ ʛʦʚʦʨʷ: ʇʨʦʩʪʦʪʘ, ʉʢʦʨʦʩʪʴ ʠ ʈʘʟʥʦʩʪʦʨʦʥʥʦʩʪʴ 
ʨʘʚʥʷʶʪʩʷ ʇʨʠʙʳʣʠ, ʕʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 Product portfolio / ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʨʦʜʫʢʮʠʠ 
 
 
 
 

K390 

 
 

S390 

 
 

S690 

 
 

K890 

 

PM23 / M4 
 

K490 

 
 
 

 
Toughnes / ɺʷʟʢʦʩʪʴ  
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THE BEST IS THE SUM OF OUTSTANDING PROPERTIES: 
BÖHLER K490 MICROCLEAN 
ʊʆʃʔʂʆ ʉʆʏɽʊɸʅʀɽ ɺʓɼɸʖʑʀʍʉʗ ʂɸʏɽʉʊɺ 
ʇʆɿɺʆʃʗɽʊ ʇʆʃʋʏʀʊʔ ʉɸʄʆɽ ʃʋʏʐɽɽ:  
BÖHLER K490 MICROCLEAN 
 

 

Properties 

Å High hardness (up to 64 HRC) 

Å Very good toughness 

Å High abrasive and adhesive wear resistance 

Å Excellent hard machinability 

Å High compressive strength 

Å Heat treatment together with common cold work tool 

steels (1.2379, D2) at hardening temperatures from 

1030 to 1080 °C possible 

Å Stable mechanical properties 

ʉʚʦʡʩʪʚʘ 

Å ɺʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ (ʜʦ 64 HRc) 

Å ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ 

Å ɺʳʩʦʢʘʷ ʘʙʨʘʟʠʚʥʘʷ ʠ ʘʜʛʝʟʠʦʥʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

Å ʆʪʣʠʯʥʘʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʚ ʟʘʢʘʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

Å ɺʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ 

Å ɺʦʟʤʦʞʥʦʩʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚʤʝʩʪʝ ʩ ʦʙʳʯʥʳʤʠ 

ʭʦʣʦʜʥʦʰʪʘʤʧʦʚʳʤʠ ʩʪʘʣʷʤʠ (1.2379, D2) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʢʘʣʢʠ ʦʪ 1030ÁC ʜʦ 1080°C 

Å ʉʪʘʙʠʣʴʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
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Benefits of BÖHLER K490 MICROCLEAN 
for the tool maker 

Å Shorter and cheaper production processes due to 

flexible heat treatment and excellent hard 

machinability. 
 
 
 
 

 
 
Benefits of BÖHLER K490 MICROCLEAN 
for the tool user 

Å Increased tool life due to the excellent and stable 

mechanical properties ï resulting in a reduction in 

unit costs. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ B¥HLER 
ʂ490 MICROCLEAN ʜʣʷ ʠʟʛʦʪʦʚʠʪʝʣʷ 
ʠʥʩʪʨʫʤʝʥʪʘ 

Å ʄʝʥʴʰʝ ʟʘʪʨʘʪ ʩʨʝʜʩʪʚ ʠ ʚʨʝʤʝʥʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʙʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʦʪʣʠʯʥʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʚ 

ʟʘʢʘʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
 
 
 
 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BÖHLER 
ʂ490 MICROCLEAN ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 
ʠʥʩʪʨʫʤʝʥʪʘ 

Å ɺʳʩʦʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʙʣʘʛʦʜʘʨʷ ʦʪʣʠʯʥʳʤ 

ʩʪʘʙʠʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ - ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ 
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PROGRESS BASED ON SUPERIOR TECHNOLOGY 
ʇʈʆɻʈɽʉʉ, ʆʉʅʆɺɸʅʅʓʁ ʅɸ ʉɸʄʓʍ ʇɽʈɽɼʆɺʓʍ 
ʊɽʍʅʆʃʆɻʀʗʍ 
 

 

The worldôs most modern PM steel 
production plant. 

BÖHLER develops and produces high-performance PM-

high speed steels and tool steels, which increase tool life 

time cycles several times over. We consider this to be a 

technologi- cal leap forward from BÖHLER: 3rd 

generation PM materials. 

 
 

 

BÖHLER K490 MICROCLEAN owes its superior 

properties above all to the powder-metallurgical 

production process and the newly developed alloy which 

has a very fine and regularly distributed carbide 

microstructure with different carbide types. 

This new development made by BÖHLER results in 

an improved toughness, an increased adhesive wear 

resistance and in stable mechanical properties  
 

ʉʘʤʳʡ ʧʝʨʝʜʦʚʦʡ ʚ ʤʠʨʝ ʟʘʚʦʜ ʧʦ 
ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʨʦʰʢʦʚʳʭ ʩʪʘʣʝʡ. 

B¥HLER ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʚʳʩʦʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚʳʭ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ  ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʚʳʩʠʪʴ ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. ʄʳ 

ʩʯʠʪʘʝʤ, ʯʪʦ ʟʜʝʩʴ ʥʘ B¥HLER ʤʳ ʩʦʚʝʨʰʠʣʠ ʧʨʦʨʳʚ ʚ 

ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ: 3
ʝ
 ʧʦʢʦʣʝʥʠʝ ʧʦʨʦʰʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

 
ʅʝʧʨʝʚʟʦʡʜʝʥʥʳʝ ʢʘʯʝʩʪʚʘ BÖHLER K490 

MICROCLEAN ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, 

ʘ ʪʘʢʞʝ ʟʘʥʦʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʩʦʩʪʘʚʫ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ ʤʝʣʢʠʝ ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʘʨʙʠʜʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ B¥HLER 
ʷʚʣʷʶʪʩʷ:ʧʦʚʳʰʝʥʥʘʷ ʚʷʟʢʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ 
ʘʜʛʝʟʠʦʥʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 
 
 

  
Atomisation / 
ɸʪʦʤʠʟʘʮʠʷ 

 

Melting / 
ʇʣʘʚʢʘ 

 
 
 
 
 

Capsule 
filling / 

ʅʘʧʦʣʥʝʥʠʝ 
ʢʘʧʩʫʣ 
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Microstructure comparison of BÖHLER K490 with PM23. ʉʨʘʚʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ BÖHLER K490 

MICROCLEAN c PM23. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 ɛm 1 ɛm 

BÖHLER K490 MICROCLEAN ʉʪʘʣʴ ʪʠʧʘ PM23  

 
a = MC-͙ͭͨ b = M6C-͙ͭͨ c = M7C3-͙ͭͨ d = M23C6-͙ͭͨ 
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TESTED FOR THE HIGHEST REQUIREMENTS 
ʀʉʇʓʊɸʅʀʗ ʅɸ ʉɸʄʓɽ ɺʓʉʆʂʀɽ ʊʈɽɹʆɺɸʅʀʗ 
 

 

The following diagram shows the results of BÖHLER 

K490 MICROCLEANôs machinability in a hardened 

and tempered condition by using tools with changing 

plates made of solid cemented carbide and cubic 

Bornitride CBN. 

 
The advantages of these CBN tools lie in their higher 

tool life and in higher cutting speeds in tool usage. CBN 

cutting materials, however, are more expensive than 

solid cemented carbide. The advantages and 

disadvantages were neverthe- less taken into account 

in the evaluation of costs. 

 
 

 

BÖHLER K490 MICROCLEAN is, all in all, the more cost-

effective solution when compared to other powder 

metallurgical and conventional ledeburitic 12% Cr steels. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʥʠʞʝ ʧʦʢʘʟʘʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ 

B¥HLER ʂ490 MICROCLEAN ʚ ʟʘʢʘʣʝʥʥʦʤ ʠ 

ʦʪʧʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʦ ʩʤʝʥʥʳʤʠ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠ 

ʧʣʘʩʪʠʥʘʤʠ ʠʟ ʢʫʙʠʯʝʩʢʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ (ʂʅɹ). 

 
ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʂʅɹ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ 

ʨʝʟʘʥʠʷ.  ʆʜʥʘʢʦ ʧʣʘʩʪʠʥʳ ʠʟ ʂʅɹ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʜʦʨʦʛʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ. ʇʨʠ ʨʘʩʯʝʪʝ ʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʵʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʙʳʣʠ ʫʯʪʝʥʳ. 

 
BÖHLER K490 MICROCLEAN ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʨʦʰʢʦʚʳʤʠ ʠ ʦʙʳʯʥʳʤʠ 

ʣʝʜʝʙʫʨʠʪʥʳʤʠ ʩʪʘʣʷʤʠ ʩ 12%-ʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʭʨʦʤʘ. 
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Cost comparison final machining / ʉʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʯʠʩʪʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

62 HRc 
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282,
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350,
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312,ï 

K490 PM23 / M4 1.2379 / D2 K490 PM23 / M4 1.2379 / D2 
 

vc = 678 /͙ͣͣͤ. vc = 400 /͙ͣͣͤ. vc = 400 /͙ͣͣͤ. vc = 260 /͙ͣͣͤ. vc = 260 /͙ͣͣͤ. vc = 260 /͙ͣͣͤ. 

CBN/ʂʅɹ Solid cmented carbide / ʎʝʣʴʥʳʝ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʧʣʘʩʪʠʥʳ 

 

Tested under real conditions in the machining laboratory. 

Company: Profactor CBN ï Cutting plate: BN081 CBN 

VHM ï Solid cemented carbide cutting plate: LC610Z VHM 

ʀʩʧʳʪʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʂʦʤʧʘʥʠʷ: Profactor CBN ï ʈʝʞʫʱʘʷ 

ʧʣʘʩʪʠʥʘ: BN081 CBN 

VHM ï ʎʝʣʴʥʘʷ ʪʚʝʨʜʦʩʧʣʘʚʥʘʷ ʨʝʞʫʱʘʷ ʧʣʘʩʪʠʥʘ: LC610Z VHM 
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THE BEST ONES ARE THE VERSATILE ONES 
ʉɸʄʓɽ ʃʋʏʐʀɽ - ʕʊʆ ʉɸʄʓɽ ʋʅʀɺɽʈʉɸʃʔʅʓɽ 
 

 

BÖHLER K490 MICROCLEANôs balanced properties 

can be made use of in a wide range of applications, 

making it a real PM all-rounder for cold work tool steel 

applications. 

 
 
Blanking and punching industry 

Å Cutting tools (dies, punches) for normal and 

precision blanking 

Å Cutting rolls 
 

 
Cold forming applications 

Å Extrusion tooling (cold and warm forming) 

Å Drawing and deep-drawing tools 

Å Stamping tools 

Å Thread rolling tools 

Å Cold rolls for multiple roller stands 

Å Cold pilger rolling mandrels 

Å Compression moulding dies for the ceramics 

and pharmaceutical industries 

Å Compression moulding dies for the processing of sintered 
parts 
 

 
Å Industrial knives 

Å Plastics processing industry 

 

ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ B¥HLER ʂ490 

MICROCLEAN ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʩʪʘʣʠ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʝ ʥʝʟʘʤʝʥʠʤʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʪʘʣʴʶ ʜʣʷ 

ʭʦʣʦʜʥʦʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

 
ʃʠʩʪʦʚʘʷ ʰʪʘʤʧʦʚʢʘ ʠ ʧʨʦʙʠʚʢʘ ʦʪʚʝʨʩʪʠʡ 

Å ʈʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ (ʤʘʪʨʠʮʳ, ʧʫʘʥʩʦʥʳ) ʜʣʷ 

ʦʙʳʯʥʦʡ ʠ ʪʦʯʥʦʡ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ 

Å ʈʝʞʫʱʠʝ ʚʘʣʢʠ 
 

 
ʍʦʣʦʜʥʳʝ ʬʦʨʤʦʚʦʯʥʳʝ ʦʧʝʨʘʮʠʠ 

Å ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʵʢʩʪʨʫʟʠʠ (ʭʦʣʦʜʥʘʷ ʠ ʧʦʣʫʛʦʨʷʯʘʷ 
ʬʦʨʤʦʚʢʘ) 

Å ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʪʷʞʢʠ ʠ ʛʣʫʙʦʢʦʡ ʧʨʦʪʷʞʢʠ 

Å ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʰʪʘʤʧʦʚʢʠ 

Å ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʢʘʪʢʠ ʨʝʟʴʙʳ 

Å ɺʘʣʢʠ ʜʣʷ ʭʦʣʦʜʥʳʭ ʤʥʦʛʦʰʘʨʦʰʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ 

Å ʉʝʨʜʝʯʥʠʢʠ ʜʣʷ ʭʦʣʦʜʥʳʭ ʧʠʣʠʛʨʠʤʦʚʳʭ ʧʨʦʢʘʪʥʳʭ 
ʩʪʘʥʦʚ 

Å ʌʦʨʤʳ ʜʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ 

Å ʌʦʨʤʳ ʜʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

 

 
Å ʇʨʦʤʳʰʣʝʥʥʳʝ ʥʦʞʠ 

Å ʆʙʨʘʙʦʪʢʘ ʧʣʘʩʪʤʘʩʩ 
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Für Anwendungen und Verarbeitungschritte, die in der Pro- ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʵʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ, 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Physical properties1 / ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ1 

Condition: hardened and tempered / ʉʦʩʪʦʷʥʠʝ: ʟʘʢʘʣʢʘ ʠ ʦʪʧʫʩʢ 

Modulus of elasticity at 20 °C / ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 20 ÁC 223 ɻʇʘ 

  

Density at  20 °C / ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20 °C 7,79 ʢʛ/ʜʤ
3
 

  

Electrical resistivity at 20 °C / ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 20 ÁC 0,55 ʆʤ.ʤʤ
2
/ʤ 

  

Specific heat capacity at °C / ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ 20 ÁC 450 ɼʞ/(ʢʛ.ʂ) 

  

Thermal conductivity at 20 °C / ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ 20 ÁC 19,6 ɺʪ/(ʤ.ʂ) 

  
 

1 Source / ɼʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ: Materials Center Leoben Forschung GmbH, ÖGI 

 
Thermal expansion between 100 °C and ... °C / ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 100 ÁC - ... °C 

100 °C 200 °C 300 °C 400 °C 500 °C 600 °C 700 °C  

10,6 11,1 11,6 11,9 12,3 12,6 12,8 10-6 ʤ/(ʤ.ʂ) 

210 °F 390 °F 570 °F 750 °F 930 °F 1110 °F 1290 °F  

5,89 6,17 6,44 6,61 6,83 7,00 7,11 10-6 ʜʶʡʤ/ʜʶʡʤ ÁF 
 

The customer will be required to consult with us on an indi- ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʵʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

vidual basis regarding applications and processing 

steps that are not expressly mentioned in this product 

description/data sheet. 

ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʫʧʦʤʷʥʫʪʳ ʚ ʜʘʥʥʦʡ ʙʨʦʰʶʨʝ, 

ʩʣʝʜʫʝʪ ʫʪʦʯʥʷʪʴ ʩ ɺʘʰʠʤ ʨʝʛʠʦʥʘʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ. 
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THE BEST UNITE EVEN SEEMINGLY OBVIOUS 
CONTRADICTIONS 
ʉɸʄʓɽ ʃʋʏʐʀɽ ʆɹʒɽɼʀʅʗʖʊ ɼɸɾɽ ʆʏɽɺʀɼʅʓɽ 
ʇʈʆʊʀɺʆʇʆʃʆɾʅʆʉʊʀ 
 

 

Compared with commonly used PM alloys in 

cold work tool steel applications, K490 MICROCLEAN 

excels with its consistent wear resistance coupled with a 

more than doubled toughness. In addition, the higher 

deformability provides increased security against 

unforeseeable breakage. 

 

 

All of these properties result in a longer tool life. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʧʦʨʦʰʢʦʚʳʤʠ ʩʧʣʘʚʘʤʠ ʜʣʷ 

ʭʦʣʦʜʥʦʰʪʘʤʧʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ, K490 

MICROCLEAN ʦʪʣʠʯʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʩʪʴʶ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʚ ʙʦʣʝʝ ʯʝʤ ʜʚʫʢʨʘʪʥʦʡ 

ʚʷʟʢʦʩʪʴʶ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʧʦʚʳʰʝʥʥʘʷ 

ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʟʘʱʠʪʫ ʦʪ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʦʪʢʘʟʦʚ.  

 

ɺʩʝ ʵʪʠ ʢʘʯʝʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ 
ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ. 
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Impact energy (unnotched)/ʋʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ (ʦʙʨʘʟʝʮ ʙʝʟ ʥʘʜʨʝʟʘ) Abrasive wear resistance / ɸʙʨʘʟʠʚʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 
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80 
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20 

 
62 HRc 

 

 
good / ʃʫʯʰʝ 

2 
 

 
 
 

1,5 
 

 
 
 

1 
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62 HRc 

 
0 
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PM23 / M4 

 

 
K490 

0 

poor / 

ʍʫʞʝ 

 
 

1.2379/D2 

 
 

PM23 / M4 

 

 
K490 

 
Ermittelt mit dem Rubber-Wheel-Dry-Sand Test nach ASTM G65 / 

Determined by the rubber disc dry sand test according to ASTM G65 

Proben von gewalztem Stabstahl in Querrichtung, Zentrum / Samples 

taken from a rolled steel bar in lateral direction, center 

VM-Abmessungen / Primary material size: rund / round 70 

mm Probengröße / Sample size: 60 x 25 x 8 mm, Ra < 0,8 

ɛm WBH-Parameter für / Heat treatment parameters for: 

BÖHLER K490 MICROCLEAN: 1080 °C, 3 x 2 h, 560 °C  

PM23: 1130 °C, 3 x 2 h, 590 °C 

1.2379/D2: 1070 °C, 3 x 2 h, 510 °C  

Ermittelt mit dem Rubber-Wheel-Dry-Sand Test nach ASTM G65 / 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʨʝʟʠʥʦʚʦʤ ʢʨʫʛʝ ʩ ʩʫʭʠʤ ʧʝʩʢʦʤ ʧʦ ASTM G65 

Proben von gewalztem Stabstahl in Querrichtung, Zentrum / ʆʙʨʘʟʮʳ 

ʚʟʷʪʳ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟ ʩʝʨʜʮʝʚʠʥʳ ʢʘʪʘʥʥʦʛʦ ʧʨʫʪʢʘ 

VM-Abmessungen / ʈʘʟʤʝʨ ʧʨʫʪʢʘ: rund / ʢʨʫʛ 70 ʤʤ 

Probengröße / ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ:  60 ʭ 25 ʭ 8 ʤʤ, Ra < 0.8 

ɛʤ WBH-Parameter für / ʇʘʨʘʤʝʪʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ:: 

BÖHLER K490 MICROCLEAN: 1080°C, 3 ʭ 2 ʯ., 560°C 

PM23: 1130 ÁC, 3 ʭ 2 ʯ., 590 ÁC 

1.2379/D2: 1070 ÁC, 3 ʭ 2 ʯ., 510 ÁC 
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THE RIGHT HEAT TREATMENT MEANS OPTIMUM 
RESULTS 
ʇʈɸɺʀʃʔʅɸʗ ʊɽʈʄʆʆɹʈɸɹʆʊʂɸ ï ʆʇʊʀʄɸʃʔʅʓʁ 
ʈɽɿʋʃʔʊɸʊ 
 

 

Delivery condition 

Å soft annealed max. 280HB 
 
 

Stress relieving 

Å 650 to 700 ÁC  

Å After through-heating, soak for 1 to 2 hours in a 

neutral atmosphere. 

Å Cool slowly in furnace. 
 
 

Hardening 

Å 1030 to 1080 °C /oil, N2 

Å Following temperature equalisation: 

20 ï 30 minutes for a hardening 

temperature of 1030 ï 1080 °C  

Å For additional hardening temperatures please consult us. 
 
 

 
 
 
Tempering 

Å Slowly heat to tempering temperature immediately 

after hardening. 

Å Time in furnace: 1 hour for every 20 mm (0.79 

inch) of workpiece thickness but at least 2 hours. 

Å Cool in air. 

Å We recommend that the steel be tempered at least 3 
times. 

Å Obtainable hardness: 58 ï 64 HRC 

ʉʦʩʪʦʷʥʠʝ ʧʦʩʪʘʚʢʠ 

Å ʦʪʦʞʞʝʥʥʦʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʚʝʨʜʦʩʪʠ 280 ʅɺ  
 
 
ʉʥʷʪʠʝ ʥʘʧʨʷʞʝʥʠʡ 

Å 650 to 700 ÁC 

Å ʧʦʩʣʝ ʩʢʚʦʟʥʦʛʦ ʧʨʦʛʨʝʚʘ, ʚʳʜʝʨʞʠʚʘʪʴ ʟʘʛʦʪʦʚʢʫ 

ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʪʝʯʝʥʠʝ 1-2 ʯʘʩʦʚ. 

Å Mʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʝʯʠ. 
 
 
ɿʘʢʘʣʢʘ 

Å 1030 - 1080 ÁC/ʄʘʩʣʦ, N2 

Å ʇʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ: 

ʚʳʜʝʨʞʠʚʘʪʴ ʟʘʛʦʪʦʚʢʫ ʚ ʪʝʯʝʥʠʝ 20 - 30 

ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʢʘʣʢʠ 1030 - 

1080°C 

Å ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʢʘʣʢʝ ʧʨʠ ʜʨʫʛʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʞʘʣʫʡʩʪʘ, ʦʙʨʘʪʠʪʝʩʴ ʢ ɺʘʰʝʤʫ 
ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʠʪʝʣʶ. 

 
 
ʆʪʧʫʩʢ 

Å ʤʝʜʣʝʥʥʳʡ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʧʫʩʢʘ 

ʥʝʤʝʜʣʝʥʥʦ ʧʦʩʣʝ ʟʘʢʘʣʢʠ 

Å ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʚ ʧʝʯʠ: 1 ʯʘʩ ʥʘ ʢʘʞʜʳʝ 20 ʤʤ 

ʪʦʣʱʠʥʳ ʟʘʛʦʪʦʚʢʠ, ʥʦ ʥʝ ʤʝʥʝʝ 2-ʭ ʯʘʩʦʚ. 

Å ʆʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ. 

Å ɼʣʷ ʵʪʦʡ ʩʪʘʣʠ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʧʨʦʚʦʜʠʪʴ ʪʨʝʭʢʨʘʪʥʳʡ 
ʦʪʧʫʩʢ. 

Å ʇʦʣʫʯʘʝʤʘʷ ʪʚʝʨʜʦʩʪʴ:  58 ï 64 HRC 
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Surface treatment 

Å Suitable for salt bath, gas and plasma nitriding and for 

any conventionally used PVD coatings 

 

 
Repair welding 

There is a general risk of cracking during welding as is 

the case with tool steels. Should there be a need for 

welding we ask you to follow the guidelines of your 

manufacturer of weld consumables. 

 

 

For further information please ask for our ñWelding in Tool 
Makingñ leaflet. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ 

Å ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʟʦʪʠʨʦʚʘʥʠʷ ʚ ʩʦʣʷʥʦʡ ʚʘʥʥʝ, 

ʛʘʟʦʚʦʛʦ ʠ ʧʣʘʟʤʝʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʘʥʝʩʝʥʠʷ ʣʶʙʳʭ ʩʪʘʥʜʘʨʪʥʳʭ PVD ʧʦʢʨʳʪʠʡ. 

 
ʈʝʤʦʥʪ ʥʘʧʣʘʚʢʦʡ 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʪʘʣʠ ʚ ʮʝʣʦʤ ʩʢʣʦʥʥʳ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʧʦʩʣʝ ʩʚʘʨʢʠ.  ɽʩʣʠ ʥʝʣʴʟʷ 

ʠʟʙʝʞʘʪʴ ʩʚʘʨʢʠ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʠ ʩʪʨʦʛʦ 

ʩʣʝʜʦʚʘʪʴ ʠʥʩʪʨʫʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʚʘʨʦʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 

 
ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚ 

ʙʨʦʰʶʨʝ B¥HLER "ʉʚʘʨʢʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ". 
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HEAT TREATMENT RECOMMENDATIONS FOR OPTIMUM 
RESULTS 
ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ʊɽʈʄʆʆɹʈɸɹʆʊʂɽ ɼʃʗ 
ʇʆʃʋʏɽʅʀʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ʈɽɿʋʃʔʊɸʊɸ 
 
 
 
 

Tempering chart / ɼʠʘʛʨʘʤʤʘ ʦʪʧʫʩʢʘ 
 

 
 

66 
 
 

64 
 
 

62 
 
 

60 
 
 

58 
 
 

56 
 
 

54 
 
 

52 

One of the remarkable features of BÖHLER K490 

MICROCLEAN is its flexibility in heat treatment: 

Å We recommend the same hardening temperatures as 

with widely used cold work tool steels (e.g. 1.2379/D2) 

Å Very stable mechanical properties, regardless of the 

hardening temperature (1030 ï 1080 °C) 

 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ BÖHLER K490 

MICROCLEAN ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʝʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: 

Å ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘʢʘʣʢʠ, ʯʪʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʭʦʣʦʜʥʦʰʪʘʤʧʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ (ʥʘʧʨʠʤʝʨ, 1.2379/D2) 

Å ʆʯʝʥʴ ʫʩʪʦʡʯʠʚʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚʩʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʘʣʢʠ (1030 - 1080°C) 

 
50 

    1030°C 
    1050°C 

   48  1080°C               

 

 
Recommended 

tempering range / 
ʨʝʢʦʤʝʥʜʫʝʤʳʡ 

ʠʥʪʝʨʚʘʣ ʦʪʧʫʩʢʘ 
 

46 
460 500 540 560 580 600 

Tempering temperature / ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʧʫʩʢʘ 3 ʭ 2 ʯ.  (°C) 

 
 
 
 

Sample size: round  35 x 15 mm 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ: ʢʨʫʛ 35 ʭ 15 ʤʤ 

 
 

 
Heat treatment sequence / ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

 
1200 

 
 

 
1000 

 
 

 
800 

 
 

 
600 

 
 

 
400 

 
 

 
200 

 
 

 
0 

 

 
 

Hardening / ɿʘʢʘʣʢʘ 

 
2

nd
 preheat stage / 

2
ʦʡ

 ʵʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ 
 

 
1

st
 preheat stage/ 

1
ʳʡ

 ʵʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ 
 

 
 
 
 
 

Cooling in furnace / 

ʆʭʣʘʞʜʝʥʠʝ ʚ ʧʝʯʠ 

Stress 

relieving / 

ʉʥʷʪʠʝ 

ʥʘʧʨʷʞʝʥʠʡ 

 
 
 
 
 
 
 
 
Vacuum / N2 

ɺʘʢʫʫʤ / N2 

 
 

 
Saltbath / 

ʉʦʣʷʥʘʷ ʚʘʥʥʘ 
 

 
 
 
 
 
Oil / 

ʄʘʩʣʦ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Tempering / ʆʪʧʫʩʢ    Tempering / ʆʪʧʫʩʢ   Tempering / ʆʪʧʫʩʢ 

  Time / ɺʨʝʤʷ Cleaning /  Hardness test / Hardness test / Hardness test Hardness test

ʆʯʠʩʪʢʘ ʇʨʦʚʝʨʢʘ 
ʪʚʝʨʜʦʩʪʠ 

ʇʨʦʚʝʨʢʘ 
ʪʚʝʨʜʦʩʪʠ 

ʇʨʦʚʝʨʢʘ 
ʪʚʝʨʜʦʩʪʠ 

ʇʨʦʚʝʨʢʘ 
ʪʚʝʨʜʦʩʪʠ 
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Continuous cooling CCT 
curves / ɼʠʘʛʨʘʤʤʘ 
ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʦʛʦ  
ʧʨʝʚʨʘʱʝʥʠʷ ʘʫʩʪʝʥʠʪʘ  

Austenitizing temperature: 1080 °C   Holding 

time: 30 minutes 

�O��= 0.32 é 180  cooling parameter, i.e. duration of 

cooling from 800 ï 500° C in s x 10-2 

 
ʊʝʤʧʝʨʘʪʫʨʘ ʘʫʩʪʝʥʠʟʘʮʠʠ: 1080 ÁC 

ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ: 30 ʤʠʥʫʪ 

�O= 0.32 é 180  ʧʘʨʘʤʝʪʨ ʦʭʣʘʞʜʝʥʠʷ, ʪ.ʝ. ʚʨʝʤʷ, 
ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʩ 800°C 
ʜʦ 500ÁC ʚ ʩʝʢ. ʭ 10

-2
 

 
1200 

 
 

1100 
 

 
1000 

 
 

900 
 

 
800 
 

 
700 
 

 
600 
 

 
500 

 
 

400 
 

 
Sample / ʆʙʨʘʟʝʮ ᾊ HV10 

a 0,32 834 

b 1,10 831 

c 3,00 837 

d 8,00 814 

e 23,00 714 

f 65,00 547 

g 180,00 256 

 
300 

 
 

200 
 

 
100 

 
 

0 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Minutes / ʄʠʥʫʪʘʭ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hours / ʏʘʩʘʭ Days / ɼʥʷʭ 

 
 

 

Quantitative phase diagram / 
ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʬʘʟʦʚʘʷ 
ʜʠʘʛʨʘʤʤʘ 

Cooling parameter ᾊ/ ʇʘʨʘʤʝʪʨ ʦʭʣʘʞʜʝʥʠʷ ᾊ 

 
K1   carbides which are not dissolved 

during austenitization (10%) / 

ʂʘʨʙʠʜʳ, ʥʝ ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʧʨʠ 

aʫʩʪʝʥʠʟʘʮʠʠ (10%)  

 

K2    start of carbide precipitation during quenching 

from austenitizing temperature / ʥʘʯʘʣʦ 

ʚʳʧʘʜʝʥʠʷ ʢʘʨʙʠʜʦʚ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʫʩʪʝʥʠʟʘʮʠʠ  

 

LK    Ledeburitic carbides / ʣʝʜʝʙʫʨʠʪʥʳʝ ʢʘʨʙʠʜʳ 

RA    Retained austenite / ʦʩʪʘʪʦʯʥʳʡ 
ʘʫʩʪʝʥʠʪ 

A Austenite  / ʘʫʩʪʝʥʠʪ  

M Martensite /  ʤʘʨʪʝʥʩʠʪ      

P Perlite   / ʧʝʨʣʠʪ 

B Bainite / ʙʝʡʥʠʪ 

F Ferrite / ʬʝʨʨʠʪ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1  Edge or face / 

ʂʨʦʤʢʘ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴ 

2 Core / ʉʝʨʜʮʝʚʠʥʘ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water/ɺʦʜʘ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oil/ʄʘʩʣʦ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Air/ɺʦʟʜʫʭ 

Cooling time in sec. from 800 °C to 500 °C. / 
ɺʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʩ 800 ÁC ʜʦ 500 ÁC ʚ ʩʝʢ. 
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Time in seconds / ɺʨʝʤʷ ʚ ʩʝʢʫʥʜʘʭ 
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