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TECHNICAL INFORMATION 

PHASE ANALYSIS OF HEAT RESISTING 

CONSTRUCTIONAL STEELS 

M. F. Alekseenko, No F. Lashko, N. M. Popova 
and O. N. Orekhov 

We have studied the phase composition and mechanical properties of steels 
30Kh2N2VA, 30Kh3VA (with different V content) and E1 415. The results of the 

mechanical tests are in the Table. Carbide analyses were made on cylinders 
12 mm (.48 in) diam. and 60 rnm (2.4 in) long, electrolyzed as anodes in a soln. 

of IN KCl + 0. 570 citric acid for 5 hours, at 0. Z amp/sq, em (I. Z7 amps/sq, in), 
the solution being afterwards cooled to 0"C. 
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F e ,  C r ,  Mn,  W, V and  Mo w e r e  d e t e r m i n e d  in the c a r b i d e  r e s i d u e s  o b t a i n e d .  
F o r  a s e p a r a t e  d e t e r m i n a t i o n  of  the e l e m e n t s  in  c h r o m i u m  c a r b i d e s  and c e m e n -  
r i t e ,  the c a r b i d e s  w e r e  i s o l a t e d ,  by p a s s i v a t i o n  of the c h r o m i u m  c a r b i d e  in 
h y d r o g e n  p e r o x i d e ,  in w h o s e  p r e s e n c e  t h e y  do not  d i s s o l v e  in h y d r o c h l o r i c  ac id ,  
but  c e m e n t i t e  d o e s .  The c a r b i d e  r e s i d u e s  w e r e  bo i l ed  fo r  one  h o u r  in a m i x t u r e  
of Z5 rnl of  p e r o x i d e  ( conch .  u n s t a t e d )  and 100 ml  of 1:1 HC1, adding  5 ml  of  
p e r o x i d e  e v e r y  10-15 m i n u t e s .  I r o n  and c h r o m i u m  w e r e  d e t e r m i n e d  in the r e s i -  
due and f i l t r a t e .  The  r e s u l t s  f r o m  the  r e s i d u e  g ive  the F e  and Cr  c o n t e n t s  of  the 
c h r o m i u m  c a r b i d e ,  and t h o s e  on the  f i l t r a t e ,  the c o n t e n t s  in the c e m e n t i t e .  
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Fig. I. E f f e c t  of t e m p e r i n g  t i m e  
a t  500~ (930~ of s t e e l  30KhZNZVA 
(1 and Z) and 30Kh3VA (3 and 4) 
on the  c o n t e n t s  of  e l e m e n t s ,  t i e d  

up as c a r b i d e s .  

F i g .  1 shows  the p e r c e n t a g e s  of  e l e m e n t s  t i e d  up in c a r b i d e s  and i s o l a t e d  f r o m  
s t e e l s  30Kh2NZVA and 30Kh3VA. T e m p e r i n g  of t h e s e  s t e e l s  p r o c e e d e d  q u a l i t a -  
t i v e l y  in the  s a m e  m a n n e r .  A c c o r d i n g  to X - r a y  p o w d e r  a n a l y s i s  f i g u r e s  ( C o -  
Ka  r a d i a t i o n )  the  anode  r e s i d u e  f r o m  a s t e e l ,  t e m p e r e d  a t  500"C (930"F) i s  c e m e n -  

r i t e ,  w h o s e  i r o n  c o n t e n t  i s  p r a c t i c a l l y  i n d e p e n d e n t  of  the  t e m p e r i n g  t i m e  (5 m i n -  
u t e s  to 300 h o u r s ) .  In the  i n i t i a l  s t a g e s  of t e m p e r i n g  a t  600"C ( l l l 0 ~  ( F i g s .  2 
and  3) c e m e n t i t e  p r e c i p i t a t e s ,  and a f t e r  abou t  one h o u r ' s  t e m p e r i n g  the Me7C 3 
p h a s e  a p p e a r s ,  w h e n  the c h r o m i u m  c o n t e n t  in the c e m e n t i t e  is  10-12%. I n c r e a s e  
in the a m o u n t  of  th i s  type  of  c a r b i d e  d e c r e a s e s  the a m o u n t  of c e m e n t i t e .  Both 
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F i g .  Z. E f f e c t  of  t e m p e r i n g  t i m e  a t  
600"C ( l l l 0 " F )  of s t e e l  30KhZNZVA 
on the  c o n t e n t s  of C r  and  F e ,  in  
c e m e n t i t e  and  t r i g o n a l  Cr  c a r b i d e .  
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F i g .  3. E f f e c t  of  t e m p e r i n g  t i m e  a t  
600"C of s t e e l  30Kh3VA on the c o n t e n t s  
of  C r  and F e  in c e m e n t i t e  and t r i g o n a l  

Cr  c a r b i d e .  

1 = F e ,  and  3 = C r ,  in  ( C r , F e ) 3 C ;  
Z = F e ,  and 4 = C r ,  in ( C r , F e ) 7 C  3. 
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processes reacha maximum after 50 hrs (Fig. 3); the rate of decrease of 
cementite is greater than the rate of increase of Me7C 3. After about i0 hours 
tempering at 600"C, practically all carbon has been converted to carbide, show- 

ing that Me7C 3 can be formed by dissolution of Me3C; its formation directly in 
Me3C by lattice rearrangement is less probable. 
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Fig. 4. Effect of vanadium 
on the mechanical properties 
of steel 301~hZNZVA, quenched 
from 1020~ (1870~ in oil 
and tempered for one hour at 
600~ ( l l l O O F ) .  
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Fig. 5. Effect of vanadium 
on the I00 hour rupture 

strength of steel 30KhZNZVA 

at 550"C (10Z0"F). Quenched 
from 10Z0"C, tempered at 
500"C. 

Figs. 4 and 5 show the mechanical properties of steel 30KhZNZVA after 
various heat treatments, plotted against vanadium content. In tempering at 
500"C (930~ carbide separates from supersaturated solid solution of the 
steels containing up to 0.4% V, this carbide being metastable cementite, in which 

the chromium, manganese, and tungsten contents continuously increase while the 
iron content decreases. The degree of metastability increases with the vanad- 
ium content. 

Even after a short period at 500"C,practicaUy all the carbon has been con- 
verted to carbide so that VC is formed by solution of the cementite, 

An analysis of the phase composition of steels 30KhZNZVA with different 

vanadium contents (EI659, El415, etc. ) explains their behavior in rupture testing 
at 550"C (1020"F). The magnitude of the rupture strength is determined by the 
strengthening of the solid solution, its therma/ stability and its interaction with 
precipitated phases. The hardening action of the latter depends on their par- 
ticle size and tendency to diffuse into the solid solution; the lower the rates of 
formation and growth of nuclei, the more pronounced the strengthening action. 
In steel E1415 after tempering at 650"C (IZ00"F), the carbide has only partly 
combined with Cr, W, Mo and V. The alloying elements remain in solid solution, 
retard diffusion and harden the solid solution. After one hour's tempering at 
650"C, Z.Z% Cr, 6.6% V, 0. Z% Mo and 0.4% W remain in solid solution; further 

tempering for 10 & 300 hrs. at 500~ hardly affects the distribution of elements 
between solid solution and carbides. This alloying of solid solution distinguishes 
steel E1415 from other steels of similar composition. 
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