
TOOL STEELS 

S T E E L S  F O R  HOT W O R K I N G  D I E S  

V . M .  Z u e v  a n d  Y u . A .  G e l l e r  UDC 669.14.018.258 

Hot working dies (for press ing,  drawing, heading, forging) are  made f rom steels 5KhNM, 5KhNV, 
5KhGM, more  heat res is tant  steels with 5% Cr (4Kh5V2FS in the USSR; 4Kh5MFS and 4Kh5MS, called H- 
11 and H-13, in the USA [1]), and recent ly  steels with 3% Cr additionally alloyed with different amounts 
of tungsten, molybdenum, and silicon [1-3]. However, data on the mechanical  and technological p rope r -  
ties of these steels that are  needed to choose the p roper  mater ia ls  for dies for different purposes  are  still 
insufficient. Here we presen t  the resul ts  of comparat ive tests of the proper t ies  of die steels  5KhNM, 4Kh3, 
4Kh3V, 4Kh3M, 4Kh3VMS, 4Kh5MFS (H-11), and 4Kh5V2FS. 

The steels were melted in an induction furnace and poured in ingots weighing 12 kg. The ingots were 
forged at 1150-900~ with coming in air .  The forgings were then annealed. The s t ructure  of the s tems as 
annealed was sorbi t ic  pear l i te  with sections of fe r r i te  in steel 5KhNM and with carbide inclusions in the 
other s teels .  The hardness after annealing was HB 139-184. 

The optimal quenching tempera ture  was the tempera ture  at which the steel retained a grain size of 
grade 10 (see Table 1); it provided a combination of good heat res is tance ,  ductility, and res is tance  to e ro -  
sion [4]. 
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Fig. 1. Hardness and impact 
toughness of die steels in re la -  
tion to tempering temperature .  
1) Steel 5KhNM; 2) 4Kh3; 3) 4Kh- 
3V; 4) 4Kh3M; 5) 4Kh3VMS; 6) 
4Kh5MFS; 7) 4Kh5V2FS. 

An increase of the chromium concentration in die steels r e -  
quires an increase  of quenching tempera ture  -- to 840-860~ for 
5KhNM (5KhNV) and 1040-1060~ for 4Kh5V2FS --  which increases  
decarburizing,  par t icu lar ly  of large dies that require  prolonged hold- 
ing. Reducing the chromium content f rom 5 to 3% permi t s  the quench- 
ing tempera ture  to be lowered by 20-40~ 

Figure  1 shows the variat ion of the hardness of the steels with 
tempering temperature .  The hardness of all the steels decreases  
with increasing tempering tempera tures  up to 300~ while a fur ther  
increase to 500-550~ leads to fur ther  reduction of the hardness for 
steels 5KhNM (5KhNV), 4Kh3, 4Kh3M, and 4Kh3V but no change in 
the hardness of the more  alloyed steels or a Might increase due to 
precipi tat ion hardening. This effect is mos t  notable in the steels with 
5% Cr.  Temper ing above 550~ leads to a sharp reduction of the 
hardness of all the s teels .  The heat res is tance  depends on the com-  
position of the steel.  Alloying 3% Cr steels with tungsten, molyb-  
denum, and par t icu lar ly  silicon increases  the heat res i s tance  con- 
s iderably.  Thus, the heat res is tance  of 4Kh3VMS substantially ex- 
ceeds that of 4Kh3,4Kh3M, and 4Kh3V and is only slightly below that of 
steels with 5% Cr.  

TABLE 1 

Steel 

5KhNM (hKhNV) 
4Kh~ 
4Kh3V, 4Kh3M 
4Kh3VlvIS 
4Kh 5"M FS 
4Kh5V2FS 

Quench, ~ nRc 

840--860 55--59 
940--060 50--52 
960--980 53--54 

1010--1030 53--54 
1010--1030 53--54 
1040--1060 55--56 

Moscow Machine-Tool Institute. Transla ted f rom Metallovedenie i Termicheskaya  Obrabotka Metal- 
lov, No . I ,  pp.43-45,  January,  1969. 
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Fig.  2. Mechanical  p r o p e r t i e s  of die s tee l s  at e levated tes t ing t e m p e r a t u r e s .  
1) Steel 5KhNM; 2) 4Kh3; 3) 4Kh3M; 5) 4Kh3VMS; 6) 4Kh5V2FS; 7) 4Kh5MFSo 

Fig.  3. Impac t  toughness and p las t ic i ty  in re la t ion  to the sect ion of die s t ee l s .  
- •  Steel 5KhNV (5KhNM); ~ o - ) 4Kh5V2FS. 1) Samples  f r o m  center ;  
2) halfway to center ;  3) su r face .  

The impac t  toughness c h a r a c t e r i z e s  the mos t  impor tan t  p r o p e r t y  of die s t ee l s  --  the e ros ion  r e s i s t -  
mace [4]. The re  is a genera l  re la t ionship  between the e ros ion  r e s i s t a n c e  and impact  toughness for  all the 
s tee ls  with 3 and 5% Cr  (Fig. 1). On t emper ing  at 300-400~ the impac t  toughness d e c r e a s e s  as the r e su l t  
of f i r s t - o r d e r  t e m p e r  b r i t t l enes s ,  and the re fo re  t emper ing  in this range does not provide  the n e c e s s a r y  
e ros ion  r e s i s t ance .  After  t emper ing  at 500-550~ the impac t  toughness d e c r e a s e s  again due to p r ec ip i t a -  
tion hardening, the inc rease  in hardness  being inverse ly  propor t iona l  to the d e c r e a s e  of impact  toughness.  
At st i l l  higher t emper ing  t e m p e r a t u r e s  the impact  toughness i n c r e a s e s .  

The mechanica l  p r o p e r t i e s  at  e levated t e m p e r a t u r e s  a re  shown in Fig. 2. With increas ing  test ing 
t e m p e r a t u r e s  the yield s t rength  d e c r e a s e s ,  while the p las t i c i ty  and ductility inc rease .  However,  these 
changes a re  not identical  for  the di f ferent  s tee ls ;  the g r e a t e s t  change (decrease)  of p r o p e r t i e s  occurs  in 
s t ee l s  5KhNM and 4Kh3. 

With p r o p e r  alloying, the heat r e s i s t a n c e  of the new s tee ls  with 3 and 5% Cr is high. The heat r e s i s t -  
ance of s tee l  4Kh3VMS is sl ightly infer ior  to that of s tee ls  with 5% Cr only at t e m p e r a t u r e s  above 550~ 

The data p re sen ted  were  obtained with roi led or forged samples  of smal l  sect ion (diam. 15-40 ram). 
However ,  many  dies a r e  of l a rge  s ize  and the sca le  fac tor  mus t  be taken into account, s ince the mechanica l  
p r o p e r t i e s  d e c r e a s e  when the sect ion is increased ,  pa r t i cu l a r ly  in hypereutectoid s tee ls  with 3-5% Cr.  
T h e r e f o r e  the p r o p e r t i e s  of the s tee l s  with different  sect ions f r o m  c o m m e r c i a l  heats were  de termined:  
s tee l  5KhNM (5KhNV) f r o m  a forged bar  280 m m  in d i ame te r  and s teel  4Kh5V2FS f r o m  a forged bar  16 ram 
in d iamete r ,  ro i led  bar  100 m m  in d iamete r ,  and ro l led  bar  200 m m  square .  

Samples  we re  taken 5 m m  f r o m  the sur face ,  halfway to the center ,  and 2 m m  f r o m  the center  of the 
b a r s .  Impact  tes t  s amples  were  taken also in the t r a n s v e r s e  d i rec t ion (along the d iamete r ) .  

The s t rength  and p las t ic i ty  of s tee l  5KhNV (5KhNM) change re la t ive ly  li t t le with increas ing  sect ion of 
the forging.  The impac t  toughness also changes only slightly with the s ize  of the sect ion (Fig. 3) and the 
d i rec t ion  --  4 . 7 k g - m / c m 2  for  the longitudinal sample  and 4 . 5 k g - m / c m 2 f o r  the t r a n s v e r s e  sample .  

In the hypereutectoid  s tee l  4Kh5V2FS the p las t i c i ty  and impact  toughness dec rea se  substant ia l ly  with 
increas ing  sect ion (Fig. 3). 

The impact  toughness of t r a n s v e r s e  s amples  of s teel  4Kh5V2FS is only 30-4(Fc that of longitudinal 
s amp le s  (2 k g - m / c m  2 for  the b a r  100 m m  in diam.  and 1.2 k g - m / c m  2 fo r the  ba r  200 m m  square) .  
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The dif ference between the mechanical  p roper t ies  of the steel  in the samples and la rge  dies is even 
grea te r ,  since the core  of the die cools more  slowly than the surface  during quenching, which may be ac-  
companied by precipi ta t ion of carbide par t ic les  in the grain boundaries and additional lowering of the impact 
toughness.  

The resu l t s  obtained indicate the expediency of using s teels  with 3-5% Cr for  many dies,  especia l ly  
for  dies working under low dynamic loads but elevated t empera tu res  {pressing, extrusion,  heading, etc.).  

C O N C L U S I O N S  

1. New die s teels  with 3-5% Cr surpass  s teel  5KhNM (5KhNV) in heat res i s tance  and rigidity and 
have the same impact toughness in small  sect ions .  Steel 5KhNM (5KhNV) has be t te r  impact toughness and 
eros ion res i s tance  only in large  sections (above 100 mm). 

2. Steels with 3% Cr have a lmost  the same heat res i s tance  as s teels  with 5% Cr and a lower quench- 
ing t empera tu re .  Of the 3% Cr s teels ,  the s teel  alloyed with si l icon has be t t e r  p roper t i e s  (4Kh3VMS). 

3. Steel 4Kh5MFS has somewhat be t te r  heat res i s tance  than 4Kh5V2FS but is more  sensi t ive to de- 
carbur iz  ing. 

4. For  commerc ia l  use (dies for  p r e s se s ,  plungers and dies for  extrusion,  etc.) we recommend 
s teel  4Kh5V2FS for  sect ions no l a rger  than 120 mm and s teel  4Kh3VMS for  the same purposes  in sections 
up to 200 mm. 

The heat t rea tments  recommended  are :  1) 4Kh5V2FS, quenching f rom 1040-1060~ in oil, tempering 
at 590-610~ (to a hardness  of HRC 45-50); 2) 4Kh3VMS, quenching f rom 1010-1030~ in oil, temper ing at 
580-600~ (to HRC 45-50). 
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