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TOOLING ALLOYS 
DATA SHEET Z-M4 PMTM 

 CHEMICAL COMPOSITION 

Carbon 1.42 %

Chromium 4.00 %

Vanadium 4.00 %

Molybdenum 5.25 %

Tungsten 5.50 %

Manganese 0.30 %

Silicon 0.55 %
  

=
DESCRIPTION 
wJjQ=mjqj=áë=~=íìåÖëíÉåJãçäóÄÇÉåìãJî~å~Çáìã=ÜáÖÜ=

ëéÉÉÇ=ëíÉÉä=éêçÇìÅÉÇ=Äó=éçïÇÉê=ãÉí~ääìêÖó=ãÉíÜçÇëK=fí=

çÑÑÉêë=~å=ÉñÅÉääÉåí=ÅçãÄáå~íáçå=çÑ=ïÉ~ê=êÉëáëí~åÅÉI=êÉÇ=

Ü~êÇåÉëëI=~åÇ=íçìÖÜåÉëë=éêçéÉêíáÉë=ïÜáÅÜ=Å~å=éêçîáÇÉ=

ëìéÉêáçê=íççä=éÉêÑçêã~åÅÉ=áå=~=Äêç~Ç=ê~åÖÉ=çÑ=ÅìííáåÖ=

íççä=~åÇ=ÅçäÇ=ïçêâ=íççäáåÖ=~ééäáÅ~íáçåëK=fí=áë=~å=ÉñÅÉääÉåí=

ìéÖê~ÇÉ=çîÉê=ëí~åÇ~êÇ=jO=ÜáÖÜ=ëéÉÉÇ=~åÇ=aO=íççä=ëíÉÉäK=

qÜÉ=é~êíáÅäÉ=ãÉí~ääìêÖó=éêçÅÉëëáåÖ=~äëç=éêçîáÇÉë=

áãéêçîÉÇ=ã~ÅÜáå~ÄáäáíóI=ÖêáåÇ~ÄáäáíóI=ÜÉ~í=íêÉ~í=

êÉëéçåëÉI=~åÇ=ÇáãÉåëáçå~ä=ëí~Äáäáíó=ïÜÉå=Åçãé~êÉÇ=íç=

ëáãáä~ê=Öê~ÇÉë=éêçÇìÅÉÇ=Äó=ÅçåîÉåíáçå~ä=ãÉíÜçÇëK=

==
TYPICAL APPLICATIONS 
|=ÅìííáåÖ=íççäë==

|=éìåÅÜÉë=~åÇ=ÇáÉë=

|=ÑáåÉ=Ää~åâáåÖ=íççäë=

|=ëÜÉ~êëI=êçí~êó=ëÜÉ~êë=

|=mj=Åçãé~Åíáçå=íççäáåÖ=

|=ÅçäÇ=Éñíêìëáçå=ÇáÉë=

|=Äêç~ÅÜÉë=

|=êÉ~ãÉêë==

|=ãáääáåÖ=íççäë=

=
PHYSICAL PROPERTIES 

Modulus of elasticity E [psi x 106] 31

Density [lb/in³] 0.288

Thermal conductivity at 72 °F 
[BTU/hr-ft-°F] 

10.98

Coefficient of thermal expansion 
over temperature range of 
100 - 1000 °F [in/in/ °F] 

6.72 x 10 -6

  

=

= POWDER METALLURGICAL AND CONVENTIONAL MICROSTRUCTURE  

  

  

The uniform distribution of carbides in 
the powder-metallurgical structure 
compared to conventional tool steels 
with big carbides and carbide clusters. 

 

 
RELATIVE TOUGHNESS 

   

 

 
RELATIVE WEAR RESISTANCE 
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THERMAL PROCESSING 
==

ANNEALING 
eÉ~í=ìåáÑçêãäó=áå=~=éêçíÉÅíáîÉ=~íãçëéÜÉêÉ=Eçê=î~ÅììãF=

íç=NSMM°c=EUTM°`F=~åÇ=ëç~â=Ñçê=O=ÜçìêëK=päçï=Åççä=PM°c=

ENR°`F=éÉê=Üçìê=ìåíáä=NMMM°c=ERQM°`FK=m~êíë=Å~å=íÜÉå=ÄÉ=

ÅççäÉÇ=áå=~áê=çê=Ñìêå~ÅÉ=~ë=ÇÉëáêÉÇK=e~êÇåÉëë=ÉñéÉÅíÉÇ=áë=

_ek=OORJORRK=

=

STRESS RELIEVING (SOFT) 
eÉ~í=ìåáÑçêãäó=íç=NNMMJNPMM°c=ERVRJTMM°`FI=ëç~â=Ñçê==

O=ÜçìêëI=~åÇ=Åççä=áå=~áê=çê=Ñìêå~ÅÉK=

=

HARDENING 
s~ÅììãI=ë~äíI=çê=éêçíÉÅíáîÉ=~íãçëéÜÉêÉ=ãÉíÜçÇë=~êÉ=

ÖÉåÉê~ääó=ìëÉÇK=`~êÉ=ãìëí=ÄÉ=í~âÉå=íç=éêÉîÉåí=

ÇÉÅ~êÄìêáò~íáçåK===

=

PREHEAT:=eÉ~í=íç=NRRMJNSMM°c=EUQRJUTM°`F=ìåíáä=

íÉãéÉê~íìêÉ=áë=Éèì~äáòÉÇK=^ÇÇáíáçå~ä=éêÉÜÉ~í=ëíÉéë=

áåÅäìÇáåÖ=NORMJNPMM°c=ESUMJTMM°`F=~åÇ=NURMJNVMM°c=

ENMNMJNMQM°`F=~êÉ=ëìÖÖÉëíÉÇ=ïÜÉå=ìëáåÖ=éêçÖê~ããÉÇ=

Åçåíêçä=ÇìêáåÖ=î~Åììã=éêçÅÉëëáåÖK==

=

AUSTENITIZING:=qÉãéÉê~íìêÉë=áå=íÜÉ=ê~åÖÉ=çÑ=NVMM°c=

ENMQM°`F=íç=ONTR°c=ENNVM°`F=~êÉ=Åçããçåäó=ìëÉÇ=ïáíÜ=íÜÉ=

ëéÉÅáÑáÅ=íÉãéÉê~íìêÉ=~åÇ=ëç~â=íáãÉ=ÇÉíÉêãáåÉÇ=Äó=íÜÉ=

Ü~êÇåÉëë=êÉèìáêÉÇK=eáÖÜÉê=Ü~êÇÉåáåÖ=íÉãéÉê~íìêÉë=ïáää=

éêçîáÇÉ=ã~ñáãìã=ïÉ~ê=êÉëáëí~åÅÉ=~åÇ=Ü~êÇåÉëë=ïÜáäÉ=

íÉãéÉê~íìêÉë=äçïÉê=áå=íÜÉ=ê~åÖÉ=ïáää=éêçîáÇÉ=áåÅêÉ~ëÉÇ=

íçìÖÜåÉëëK=oÉÑÉê=íç=ÅÜ~êí=Ñçê=ÑìêíÜÉê=áåÑçêã~íáçåK=

=

QUENCHINGW=jÉíÜçÇë=áåÅäìÇÉ=ìëÉ=çÑ=ÜáÖÜ=éêÉëëìêÉ=Ö~ë=

Eãáåáãìã=R=Ä~ê=éêÉÑÉêêÉÇFI=ë~äí=Ä~íÜI=çê=çáäK=nìÉåÅÜ=ê~íÉ=

íÜêçìÖÜ=íÜÉ=íÉãéÉê~íìêÉ=ê~åÖÉ=çÑ=NVMM°c=ENMQM°`F=íç=

NPMM°c=ETMM°`F=áë=ÅêáíáÅ~ä=íç=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=çéíáãìã=

ëíêìÅíìêÉ=~åÇ=éêçéÉêíáÉëK=m~êí=íÉãéÉê~íìêÉ=Å~å=íÜÉå=ÄÉ=

Éèì~äáòÉÇ=~í=NMMMJNNMM°c=ERQMJRVR°`F=~ÑíÉê=ïÜáÅÜ=

ÅççäáåÖ=Å~å=ÅçåíáåìÉ=íç=ÄÉäçï=NRM°c=ESS°`F=çê=“Ü~åÇ=

ï~êãÒK=píÉé=èìÉåÅÜáåÖ=áå=íÜáë=ã~ååÉê=ïáää=ÜÉäé=íç=

ãáåáãáòÉ=Çáëíçêíáçå=áå=ä~êÖÉê=ëÉÅíáçå=ëáòÉëK==

=

TEMPERING 
qÉãéÉêáåÖ=ëÜçìäÇ=ÄÉ=éÉêÑçêãÉÇ=áããÉÇá~íÉäó=~ÑíÉê=

èìÉåÅÜáåÖK=qÉãéÉê~íìêÉë=áå=íÜÉ=ê~åÖÉ=çÑ=NMMM°c=ERQM°`F=

íç=NNMM°c=ERVR°`F=~êÉ=ÖÉåÉê~ääó=ìëÉÇ=ÇÉéÉåÇáåÖ=çå=íÜÉ=

Ü~êÇåÉëë=êÉèìáêÉÇK=eÉ~í=ìåáÑçêãäó=íç=íÜÉ=ëÉäÉÅíÉÇ=

íÉãéÉê~íìêÉ=~åÇ=ëç~â=Ñçê=O=ÜçìêëK=açìÄäÉ=íÉãéÉêáåÖ=áë=

~ÄëçäìíÉäó=åÉÅÉëë~êó=ïÜáäÉ=íêáéäÉ=íÉãéÉêáåÖ=áë=ÜáÖÜäó=

êÉÅçããÉåÇÉÇ=ïÜÉå=Ü~êÇÉåáåÖ=~í=ONMM°c=ENNRM°cF=~åÇ=

çîÉêK=qÉãéÉêáåÖ=íÉãéÉê~íìêÉë=çÑ=äÉëë=íÜ~å=NMMM°c=

ERQM°`F=ëÜçìäÇ=åçí=ÄÉ=ìëÉÇI=~åÇ=Å~êÉ=ãìëí=ÄÉ=í~âÉå=íç=

Åççä=é~êíë=Ñìääó=íç=êççã=íÉãéÉê~íìêÉ=ÄÉíïÉÉå=É~ÅÜ=

íÉãéÉêK=

=

STRESS RELIEVING (HARD) 
eÉ~í=íç=OR°c=ENR°`F=äÉëë=íÜ~å=íÜÉ=íÉãéÉê~íìêÉ=çÑ=íÜÉ=ä~ëí=

íÉãéÉê=~åÇ=ëç~â=Ñçê=N=ÜçìêK=

=

=

CRITICAL TEMPERATURE 
NRQR°c=EUQM°`FK=

=

SIZE CHANGE DURING HARDENING 
HKMMNR=áåLáå=E~í=eoÅ=SQF=

=
TEMPERING DIAGRAM 

 

=
HEAT TREATMENT INSTRUCTIONS 

1st preheating  1250–1300 °F  

2nd preheating 1550–1600 °F  

Hardening as specified in table  

Tempering 2+2+2  hours at 1025°F  

  

Preferred quench method is high pressure 
inert gas (minimum 5 bar) or molten salt at 
1025°F. 

=
Required hardness 
HRc  

Austenit-
izing soak 
temp[°F] 

Austenit-
izing soak 
time [min]* 

Tempering 
tempera-
ture[°F]**  

 

58-60 2000 25 1025  

60-62 2050 20 1025  

62-64 2100 15 1025  

63-65 2150 10 1025  

64-66 2175  5 1025  

     

*    Process variation and part section size can 
     affect results. Soak times should be based 
     on actual part temperatures. Use of load  
     thermocouples is highly recommended  
     during batch processing.  
**An increase in tempering temperature by  
     25°F can be used to reduce hardness 1 to 
     2 points HRc. Tempering temperatures  
     less than 1000°F should not be used. 

=

STRAIGHTENING 
pÜçìäÇ=ÄÉ=ÇçåÉ=ï~êã=Eçê=ÇìêáåÖ=èìÉåÅÜF=ìëáåÖ=

íÉãéÉê~íìêÉë=áå=íÜÉ=ê~åÖÉ=çÑ=QMM°c=EOMM°`F=íç=UMM°c=

EQPM°`FK=
 

  SURFACE TREATMENT 
qÜáë=Öê~ÇÉ=áë=~å=ÉñÅÉääÉåí=ëìÄëíê~íÉ=ã~íÉêá~ä=Ñçê=ìëÉ=ïáíÜ=

íÜÉ=î~êáçìë=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=msa=Åç~íáåÖ=

éêçÅÉëëÉëK=`çåîÉåíáçå~ä=åáíêáÇáåÖ=EKMMNÒ=ã~ñáãìã=

ÇÉéíÜF=~åÇ=ëíÉ~ã=íÉãéÉêáåÖ=Å~å=~äëç=ÄÉ=ìëÉÇK=`ç~íáåÖ=

îÉåÇçêë=ëÜçìäÇ=ÄÉ=ÅçåëìäíÉÇ=íç=ëÉäÉÅí=íÜÉ=çéíáãìã=

éêçÅÉëë=Ñçê=~=ÖáîÉå=~ééäáÅ~íáçåK=

=
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1000 1025 1050 1100 1150 1200

Hardness HRc

2050 °F

2150°F

2000 °F

Tempering  temperature °F

`~êÉ=ãìëí=ÄÉ=ÉñÉêÅáëÉÇ=ÇìêáåÖ=`sa=~åÇ=çíÜÉê=ëìêÑ~ÅÉ=

íêÉ~íãÉåí=éêçÅÉëëÉë=íÜ~í=Å~å=~äíÉê=íÜÉ=çêáÖáå~ä=ÜÉ~í=

íêÉ~íãÉåí=çÑ=íÜÉ=íççäK==
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MACHINING DATA 
=
TURNING 

Cutting parameter Turning with cemented carbide 
medium turning finish turning 

HSS 

Cutting speed (VC) 
m/min. 

70-90 90-130 12-15 

Feed (f) mm/U 0.2–0.4 0.05–0.2 0.05–0.3 

Cutting depth (ap) mm 2–4 0.05–2 0.5–3 

Tools according 
ISO 

P 10–P 20* P 10* – 

    

* Use wear resistant coated cemented 
carbide, e. g. Coromant 4015 or  

    Seco TP 100. 

=
MILLING 
FACE- AND EDGEMILLING 

Cutting parameter Milling with cemented carbide 
medium turning    finish turning 

HSS 

Cutting speed (VC) 
m/min. 

70-90 90-130 15 

Feed (f) mm/U 0.2–0.3 0.1–0.2 0.1 

Cutting depth (ap) mm 2–4 1–2 1–2 

Tools according 
ISO 

K 15* K 15* – 

    

* Use wear resistant coated cemented 
carbide, e. g. Coromant 4015 or  

    Seco TP 100. 

=
END MILLING 

Cutting parameter Solid carbide      Milling cutter  
                            w. indexable tips 

Coated HSS 

Cutting speed (VC) 
m/min. 

20–35 50-80 12* 

Feed (f) mm/U 0.01–0.20** 0.06–0.20** 0.01–0.30** 

Tools according 
ISO 

K 20 P 25*** – 

    

* for TiCN-coated end mills made of  
      HSS VC ∼ 25-30 m/min. 
** depends on radial depth of cut and on 

milling cutter - diameter 
*** Use wear resistant coated cemented  
      carbide, e. g. Coromant 3015 or  
      SECO T15M. 
 

=

=

= =
 

DRILLING 
SPIRAL DRILL MADE OF HSS 

Driller-∅ mm Cutting speed 
(VC) m/min. 

Feed 
(f) mm/U 

 

 0 – 5 5 - 8*  0.05–0.15  

 5 –10 5 - 8* 0.15–0.25  

10 –15 5 - 8* 0.25–0.35  

15 –20 8 – 8* 0.35–0.40  

    

* for TiCN-coated end mills made of  
      HSS VC ∼ 25-30 m/min. 

=

=
CARBIDE METAL DRILLER 

Cutting parameter Drill type 
insert drill          Solid carbide tip  
 

Coolant bore 
driller with 
carbide tip* 

 

Cutting speed (VC) 
m/min. 

80–110 40 35  

Feed (f) mm/U 0.08–0.14** 0.10–0.15** 0.10–0.20**  

     

* driller with coolant bores and a soldered on 
carbide tip 

** depends on driller-diameter 

=
GRINDING 

Grinding method soft annealed hardened 
 

Surface grinding, 
straight grinding wheels 

A 13 HV B 107 R75 B3* 
3SG 46 GVS** 
A 46 GV 

 

Surface grinding 
 

A 24 GV 3SG 36 HVS**  

Cylindrical grinding A 60JV B126 R75 B3* 
3SG 60 KVS** 
A 60 IV 

 

Internal grinding A 46 JV B126 R75 B3* 
3SG 80 KVS** 
A 60 HV 

 

Profile grinding A 100 LV B126 R100 B6* 
5SG 80 KVS** 
A 120 JV 

 

    

* for these applications we recommend 
CBN-wheels 

** grinding wheel from the company  
    Norton Co. 
 

 
 
 
 
 
 
 
 
 
ZAPP MATERIALS ENGINEERING 
Zapp Tooling Alloys, Inc.  
475 International Circle  
Summerville, South Carolina 29483 
USA 
Phone +1 843 871-2157 
Fax +1 843 873-6649 
Toll-free +1 888-9 BUY-ZAPP 
ztasales@zapp.com 
 

=  
 
 
 
 
 
 
 
 
Further information regarding our products and locations are available in 
our image brochure and under www.zapp.com 
 
The illustrations, drawings, dimensional and weight data and other in-
formation included in these data sheets are intended only for the pur-
poses of describing our products and represent non-binding average 
values. They do not constitute quality data, nor can they be used as the 
basis for any guarantee of quality or durability. The applications presen-
ted serve only as illustrations and can be construed neither as quality 
data nor as a guarantee in relation to the suitability of the material.  
This cannot substitute for comprehensive consultation on the selection 
of our products and on their use in a specific application. The brochure 
is not subject to change control.  

   Last revision: July 2010 

=
=

mailto:ztasales@zapp.com
http://www.zapp.com/
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