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The s tandard die s tee ls  do not ensure  the neces sa ry  s e rv i ce  Life of dies for hot p re s s ing  of h a r d - t o - w o r k  
ma te r i a l s .  Steels 3Kh2V8F, 4Kh5V2FS, 4Kh5MFS, and others  re ta in  high y ie ld  s t rength (100-110 k g f / m m  2) 
only up to 600-620"C. At 700-720* (during press ing)  the y ie ld  s t rength drops to 20-40 k g f / m m  2. 

The  development of s teel  2Kh6V8M2K8, which re ta ins  a y ie ld  s t rength of 100-110 k g f / m m  2 up to 700- 
730* due to logical al loying,  substant ial ly i nc rea sed  the s e rv i ce  life of dies,  but only in the ca se  of p r e s s ing  
without substant ia l  dynamic loads [1]. The toughness of this s tee l  does not exceed 1.6 and 4 k g f - m / c m  2 at 
20 and 600*, respec t ive ly  (compared with 3-5 and 6-9 k g f - m / c m  2 for  s tee ls  with 5% Cr).  

Operat ion under dynamic loads and with intensive cyclic  cooling requ i res  a s teel  combining high heat  
r e s i s t ance  with high notch toughness and r e s i s t ance  to craz ing.  

We invest igated s tee ls  with sys temat i ca l ly  va r i ed  concentra t ions  of tungsten, ch romium,  and cobalt  as 
the pr inc ipa l  e lements  determining these p rope r t i e s  (Table 1). 

The  tungsten concentra t ion was va r i ed  f rom ~9 to ~4.8%; the poss ib le  reduction of the heat r e s i s t ance  
in this ca se  may be compensa ted  by an i nc r ea se  of the toughness and the rma l  conductivity.  The  ch romium 
content was reduced  f rom 7-8 to ~4%; this is possibLe with use of iner t  lubr icants ,  which reduces  the r e q u i r e -  
mea t s  for  sca le  res i s tance .  Cobalt  in s tee ls  with a low carbon  content that a r e  a l loyed with f e r r i t e - f o r m i n g  
e lements  ensures  the absence  of excess  f e r r i t e .  In some  h e a t s , p a r r o t  the cobaLt was rep laced  with nickel,  
which broadens  the 3' region,  but tess  effectively than cobalt .  

The  molybdenum content was held constant  (~2%); at  this concentra t ion the mechanical  p rope r t i e s  i m -  
p rove  due to its refining effect on the gra in  boundar ies  during precip i ta t ion  hardening,  with no d e c a r b u r i z a -  
tion [2]. To  improve  the toughness and r a i s e  the t e m p e r a t u r e s  of the c r i t i ca l  points the carbon content was 
reduced  to 0.2-0.25%. 

The  s tee ls  we re  mel ted  in an open induction furnace  and poured  in ingots weighing 40 kg, which w e r e  
forged  to ba r s  140 mm in d iamete r  and ba r s  12 × 12 and 16 × 16 m m  in section.  

The  initial forging t e m p e r a t u r e  was 1150-1180 °, and final forging t e m p e r a t u r e  950 °. The forgeabil i ty of 
al l  s t ee l s  was good and somewhat  higher  than that of steeL 2Kh6V8M2K8, s ince the carbon content did not ex-  
ceed  0.23% and the tungsten and cobalt  concentra t ions  w e r e  lower. 

Because  of the high phase  t r ans fo rmat ion  t e m p e r a t u r e s  the s tee ls  w e r e  annealed at  870-880 ° for  2 h, 
followed by cooling to 720 ° at  the r a t e  of 30 d e g / h  and holding at  this t e m p e r a t u r e  for  3-4 h. The  hardness  
of the s tee ls  a f t e r  annealing was HB 196-228 (HB 255 for  s tee l  2Kh6V8M2K8), which ensures  good mach in-  
abili ty.  

The s t ruc tu re  of the steeLs a f t e r  annealing cons is ted  of sorbi t ic  pea r l i t e  (except s teel  2Kh5V8M2) and 
evenly dis t r ibuted ca rb ides ,  the s ize  of which did not exceed 2-3 p ,  in compar i son  with 4-9 p in s tee ls  with 
0.4% C and 5% Cr.  

Steels containing over  5.5% W contained only M~C carb ides .  With 4--4.5% C r the ca rbi de latt ice constant 
was l a rges t  0-1.05 /~); with 6 and 8% C r  it was 11.03 and 11.01 ~, respec t ive ly .  When the tungsten content was 
reduced to 4.5-5.5%, M23C 6 carb ide  was a l so  formed.  
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Fig.  1. Effect of tungsten (a), nickel  (b), and chromium (c) on the 
ha rdness  of s t ee l s  a f t e r  temper ing .  

TABLE 1 

Z 

:Z 

Steel 
Composition, % 

I C Cr W , Mo Co 

I I I :~=~,w~ 0,26 7,3 9.00 2,12 8,05 
2 ~)e,sv ~,,,~ ~:s 0.21 5,3 7.58 2,31 4,(;8 
5' ~,~v.~rz~:~, 0122 5.3 6,39 2,& "~' I 4,68 
• 1 ~ ) , ~ v : ~ s  0,21 5,3 5,62 2,36 [ 4,50 
5 :~<~v,..e~:.-, 0,22 5,4 4,80 2,3~ I 4 63 
6 ~t~v,s~*~, 0,21 4,1 6,2! 2,32 I 4142 
7 tx~V~KS 10,23 3,2 16,10, 2,28 I 4.20 
s =,~v:~,:,,,: 0,22 <0 1 4 ~ /  2.s9 2,ss 
9 ' ~=~ '~  0,22 5,3 ] [7 ,97 2,36 l -- 

Note. Steel 2KnSVSM2K3N1 contained 1.35°7o 
Ni. 

TABLE 2 

Steel 

gK'tsv .~K5 

;K~=W~C2K4 

2Kt~W)4~ 1 

art " kgf-m/ I1/pa 
c r n  ~ Irn/s~[~,~2- .~  o 

! 

In to"  r ~ g  ,, HRC . R e  r . . . .  / ~  ' 
1 40.-sl , 44-46 1 4 4 - 4 6 / ~ =  
I ,. / /~F~ 

0 ,9 -1 ,11  1 ,2 - - I ,5  ],S4B 735-740 
i 

I1 5 1 7 2 0--2 3 1,945 700- 710 
1 7-  2,01 2.1--2.51 1,90~ c:8a--69o 

12.0-2,31 214--2,g] 2,~'5 67o- 68"1 
2,6--3,C)1 3 ,0--3 ,5  2,097 640--650 
1,8--2,2 2,0--2,5 -- 650-653 
2,0--2,3 2.3--2 6 640-6,15 
5,5--5,7 213-2,6  035-641 

-- 2,8--3,0 635-040 

The s tee l s  without cobal t  and nickel  contained 25-35% 5 f e r r i t e  a f t e r  annealing and a f t e r  quenching. 

The in i t ia l  a - -  3: t r ans fo rma t ion  t e m p e r a t u r e  va r i e s  with the al loying - 880-890 ° for  s t ee l s  with 9% W 
and 7-8°L Co; 835-850 ° for  s t ee l s  with ~5,~ W, ~5% Co, and -c7 '" -o,,c Cr; and 810-820 ° when cobal t  is r ep l aced  
with nickel .  

The  g ra in  s i ze  of s t ee l s  with 5-6"}b Cr  and no nickel  is grade  9-11 at  1180-1230 °. This  is due to the high 
concent ra t ion  of ch romium,  tungsten,  and cobal t  in the so l id  solut ion,  which inhibits  diffusion p r o c e s s e s .  
Steels  with nickel  r e t a in  fine gra ins  at lower t e m p e r a t u r e s  - 1140-1160 °. Steels  with 3-4~ Cr  have g ra ins  
differing in s i ze  - a long with fine g r a m s  there  a r e  g ra ins  of g r a d e  6-7,  which is due to the change in the com-  
posi t ion of the ca rb ide  phase.  

Steels  without nickel  w e r e  quenched f rom 1180-1230°; the s t ee l  with 1.35% Ni, f rom 1140-1160 °. 

Af te r  quenching,  the s t ee l s  cons i s t ed  of m a r t e n s i t e  and excess  ca rb ide .  The ha rdness  of the s tee l s  a f te r  
quenching was HRC 48-50 (HItC 46 for  the s t ee l s  without cobalt) .  

The compos i t ion  of the so l id  solut ion is de t e rmined  by the condit ions of the solution of MaC carb ide .  The 
heat ing t e m p e r a t u r e  for  the solution of a l a rge  pa r t  of MaC c a r b i de  rich in chromium (steels  with 5-6~; Cr) is 
I200-1220 °, which p e r m i t s  re tent ion  of fine g ra ins .  The solubi l i ty  of MaC c a r b i d e  in s t ee l s  with a lower c h r o -  
mium content (3-4~;) is  s m a l l e r  a t  these  s ame  t e m p e r a t u r e s ,  which leads to lower a l loying of the so l id  so lu -  
tion. The e l e c t r i c a l  r e s i s t i v i t y  of the s t ee l s  with 5-650 Cr  and 3-4°,~ C r  a f t e r  quenching to a g ra in  s i ze  of g rade  
9-10 was 0.67 and 0.62 $2. m m 2 / m ,  r e spec t ive ly .  

P r ec ip i t a t i on  hardening during t emper ing  occurs  in a l l  s t ee l s  (see Fig.  1). The ra te  of the p r o c e s s  va r i e s  
l i t t l e  with the composi t ion  of the s tee l ;  the i n c r e a s e  in ha rdness  as c o m p a r e d  with the quenched condit ion is 
3-5 units HttC. 

The t e m p e r a t u r e  at  which the maximum secondary  ha rdness  is obtained depends g rea t ly  on the al loying of 
the s tee l  - it is  h igher  (625 °) for  s t ee l s  with a high tungsten content (7-7.5%) and cobal t  content (5-8%), lower 
(575 °) for  s t ee l s  with 4-5c/r W and 4.5-5.5% Co, and does not exceed 500 ° for  s t ee l s  in which p a r t  of the cobal t  
is r e p l a c e d  with nickel.  The secondary  ha rdness  is HRC 51-53. Lowering the chromium concent ra t ion  to 5:1:) 
has l i t t le  effect on these  t e m p e r a t u r e s .  This  is in good ag reemen t  with the assumpt ion  that the maximum h a r d -  
ening t e m p e r a t u r e  is  de t e rmined  by the ~ ~ 3: t r ans fo rma t ion  t e m p e r a t u r e  [3]. 

The heat  r e s i s t a n c e ,  de te rmined  f rom the heating t e m p e r a t u r e  (holding 4 h) a f t e r  which the s t ee l  r e -  
ta ins  a ha rdness  of HRC 45, depends p r i m a r i l y  on the tungsten content and to a l e s s e r  extent on the cobal t  
content (Table 2). It was h ighes t  (735 °) for  s t ee l s  with 9% W and ~8% Co. The heat r e s i s t a n c e  was lowest  
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(640-650 °) for the steel containing nickel. It is higher when the hardening phase consists of M6C carbide alone 
(M2C in the process of precipitation). V¢ith formation of additional M23C6, which has a greater tendency to 
coalesce, i.e., in steels containing <5.5% W, the alloying of the solid solution decreases and also the heat 
resistance. 

The thermal conductivity, characterized by the electrical conductivity, increases 35-40% - almost pro- 
portionally with reduction of the tungsten content from 9 to 4-5~[ (l'able 2), which to some extent compensates 
the reduction of the heat resistance that occurs in this case. 

The notch toughness (Table 2) at the two hardnesses established for dies (HRC 44-46 and 49-51) also 
depends more on the tungsten content - it increases 75-80c/~ when the tungsten content is reduced from 8 to 
5-6% and doubles when the tungsten content is reduced to 4-4.5%. 

Because of its high heat rcsistance, steel 2Kh6V8M2K8 was tested at high temperatures and pressures 
without substantial dynamic loads and intensive cooling. In pressing austenitic alloys (at the All-Union Scien- 
tific-Research and Design institute of Metallurgical Machine Construction) the service life of dies was 8-11 
times higher than that of steel 3Kh2V8F. 

In tests of steel 2Kh5V5M2K5 under high d}mamic loads and intensive cooling in seamless dies for manu- 
facturing high-speed steel blanks, the service life increased 7-10 times as compared with steels with 5% Cr 
(4Kh5V2FS, 4Kh5 MFS). 

CONCLUSIONS 

1. Steels for pressing high-strength alloys must contain M6C carbide in order to retain a high yield 
strength (80-120 kgf/mm 2) at temperatures up to 650-720 ° . 

2. The heat resistance is highest (730-740 °) and the notch toughness lowest (a n = 0.8-1.5 kgf-m/cm 2) 
for the steel with ~8-9% W. 

3. Steels of the first group (2Kh6V8M2K8 type) are intended for pressing without substantial dynamic 
loads and intensive cooling. They should be quenchcd from 1190-1210 ° and tempered at 700-710 ° (HRC 50-51) or 
745-750 ° (HRC 45-46). Steels of the sccond group (2Kh5V5M2K5 type) are used for pressing with dynamic loads 
and intensive cooling. They are quenched from 1190-1230 ° and tempered at 620-625 ° (IIRC 50-51) or at 680- 
685 ° (HRC 45-46). 
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