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We studied the properties of unstabflized chromium-nickel austenitic steels designed for operation 
in steam superheaters. The chemical composition of the laboratory melts investigated is given in 
Table I. The steel was melted in high-frequency basic furnaces and poured in ingots weighing 45kg. 
The ingots were forged into bars 32 and 45 mm square. 

The grain size of the steels after different heat treatments is given in Table 2, The steels with 
0.09-0.11% C are more inclined to grain growth than the steels with 0.04-0.05% C. Nevertheless, melts 
2, 3, and 5 (with higher carbon) had finer grains after quenching from 950~ A banded structure was 
observed in these same melts. In the structure of melts 1 and 4 we observed 5 ferrite in elongated ar- 
rays along the grains. 

During aging at 620 and 650~ for periods up to 6,000h M23C 6 carbides are precipitated, the major 
quantity precipitating in the first thousand hours. After I000 h of aging one observes an increased 
amount of 5 ferrite in melts 1 and 4 and its appearance in melts 2, 3, and 5. 

Metallographic and electron diffraction analyses did not reveal any o" phase in the grain boundaries 
after aging. The results of the carbide analysis of melts 1 and 5 after quenching and after aging at 
620~ are shown in Fig. i. 

Heating up to 950~ does not lead to solution of the carbides in the steels with 0.09-0.11% C. Only 
at II00~ are the carbides fairly completely dissolved except in the case of melt 5, in which the carbides 
are more stable because of the presence of molybdenum in the steel. Solution of the carbides in this 
steel requires heating to I150~ 

Aging induces precipitation of carbides, although no essential difference was observed in carbide 
formation at 620 or 650~ In steels with 0.09-0.11% C the amounts of carbides precipitated are con- 
siderably larger than in the steels with 0.04-0.05% C. 

The mechanical properties of the steels in the original condition are given in Table 3. 

Analys i s  of the data f rom tes t ing  at 20~ shows that  i nc reas ing  the quenching t e m p e r a t u r e  f rom 
950 to 1100~ reduces  the y ie ld  point.  In me l t s  2 and 3, containing ~ 0.1% C, the spec i f ic  elongation and 
reduc t ion  in sec t ion  i n c r e a s e .  In a l l  me l t s  the impac t  s t reng th  is  above 30 k g m / c m  2 a f te r  quenching 
f rom l l00~ 

At concent ra t ions  of 0.04-0.05% C we found no subs tan t ia l  d i f ference  in the duct i l i ty  or  impac t  
s t r eng th  a f t e r  quenching f rom 950 or  1100~ which indica tes  the low sens i t i v i t y  of the p r ope r t i e s  of 
these  s t ee l s  to the quenching t e m p e r a t u r e .  In mel t  5 the duc t i l i ty  i n c r e a s e s  only a f t e r  aus ten i t iz ing  at 
11500C, which is expla ined by the fact  that  the s tee l  with 0.1% C was a l loyed  with molybdenum. Quenching 
o ther  me l t s  f rom this t e m p e r a t u r e  r educes  the spec i f ic  elongat ion by c om pa r i s on  with quenching f rom 
1100~ 

TABLE 1 

Melt No. Composition, % 
C $i Mn Cr I NI /~Io S P 

0,04 
009 
0.II 
0-05 
010 

0,5 
0.3 
0.4 
0.4 
0.4 

32 

1.3 

19.5 10,6 
19.4 12.3 
19.2 10,6 
19.2 10.2 
19,1 12,2 

0.6 0.012 
0.013 
0.003 
0.012 
0.006 

0,023 
0.008 
0 026 
0.026 
0,007 
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F i g .  1. C o n c e n t r a t i o n s  of  c h r o -  
m i u m ,  n i c k e l ,  a n d  i r o n  in  e l e c -  
t r o l y t i c  r e s i d u e s  a f t e r  q u e n c h i n g  
f r o m  l l 0 0 ~  ( s o a k e d  3 0 m i n ) ,  

c o o l i n g  in  w a t e r ,  and  a g i n g  a t  

620~ ) M e l t  t ;  . . . .  ) 
m e l t  5. 

T A B L E  2 

Heat treat- 
ment 

950 ~ C 
30 min 

w a t e r  

11o0 ~ C 
30 min 

water 
1150 ~ C 

1 h water 

size (grade) 

m It melt I melt m t ! 
213 

6 

5--4 

4--5 

8--7 8 6--7 

5--6[ 5--6 5--6 

1--3 'Coarser 2--3 

melt 
5 

8 

6--7 

2---3 

W i t h  an  i n c r e a s e  o f  the  t e s t i n g  t e m p e r a t u r e  to  

620 and 650~ the  s t r e n g t h  and  d u c t i l i t y  d e c r e a s e ;  no 

e s s e n t i a l  d i f f e r e n c e  in  t he  p r o p e r t i e s  w a s  n o t e d  a t  
t h e s e  two  t e m p e r a t u r e s .  

A f t e r  q u e n c h i n g  f r o m  950~ t h e  s t r e n g t h  a t  r o o m  

t e m p e r a t u r e ,  620, and  650~ is  h i g h e r  in s t e e l s  w i t h  

0 .09 -0 .11% C t h a n  in t h e  s t e e l s  w i t h  0 .04 -0 .05% C. 

A f t e r  q u e n c h i n g  f r o m  1100~ the  s t e e l s  w i t h  d i f f e r e n t  

c a r b o n  c o n c e n t r a t i o n s  h a v e  s i m i l a r  y i e l d  p o i n t s  a t  
620 and  650~ 

T h e  s u b s t a n t i a l  a d v a n t a g e  in  s p e c i f i c  e l o n g a t i o n  a t  20~ f o r  t h e  l o w - c a r b o n  s t e e l s  q u e n c h e d  f r o m  

950~ is  r e d u c e d  a t  t e s t i n g  t e m p e r a t u r e s  of  620 and  650~ A f t e r  h e a t  t r e a t m e n t  a t  1100~ t h e  s p e c i f i c  

e l o n g a t i o n  is  n e a r l y  the  s a m e  f o r  a l l  m e l t s  e x c e p t  m e l t  5. T h e  s p e c i f i c  r e d u c t i o n  and  i m p a c t  s t r e n g t h  

T A B L E  3 

Heat ~r Melt ]--a~-kb.g/~ ~ 20 ssl  

Quenched from 1 
95O~ (30 
min),water 2 

Quenched from 
1100~ (30, 
min), water 

Testing temperature, *C 
620 

[ an ,  a b  {Oo.z 8s [ $ 
]kgm/cm] "RB kg/mm 2 % 

. . . . .  6 5 0  

an, ab ]aO.2 6s i 
]kgm/em21 kg/mm 2 % 

78.9 >34.4 39.0 
I 

64.3 33,2 [ 71.1 
! 

66.7 40.2[ 46 4 
/ 

70.5 38.0 50.0 

61.2 30,6 76,0 

68.1 38.1147,5 

53.8 24.5 76,1 78.0 

64.6] 28.8 72.7 74 6 
J 

68.2 28.3 76,2 73,6 

60.8 28 4 72,7 79.7 

69.4 33.1 48.9 61 8 

1 j I /580 Quenched from 1 57,3 19.8 59.1 79.2 

1150~ (1 h) 2 56.0 23.9 57.1 I 70,8 
w a t e r  

3 56,0 244 71.9 

4 57,3 21.3 59.1 I 79.2 

5 59,6 28.0 60.0 / 76,0 

66 0 18.9 

66.0 I 16.5 

82,0 >35,5 

65.1 14,3 

>37.5 78 

30.5 80 

32.4 84 

>37.6 77 

32,1 85 

88 45,2 

90 43.5 

82 41.5 

90 49.5 

37 8 

432 

44.8 

365 

45,6 

15.1 34 3 74.3 

19.7 35.5 63.5 

22.1 35,0 64,1 

16,0 40,4 79.5 

24.5 34,7 57,7 , 

I 
I 

14,2 41.1 66.4 I 

14.8 39.4 560 

15.1 39 4] 55,4 

13,9 41.1 60.6 I 
I 

17.1 38.4 56.4 I 

<34,7 

17.1 

16.7 

33.2 

14.3 

40,7 

42.2 

41 .I 

34..6 

41,0 

34.4 32 5 

26 6 37.9 

26.3 40.3 

34,8 36.5 

24.5 41.2 

1 

15.7 [ 43.9 1 

22.1 36.2 

20.8 34.2 , 

16.3 I 40,0 

22.1 I 37.5 

147 39,4 

15.6 39,6 

15,3 38,3 

14.2 / 40.0 

69.7 

60,5 

56,0 1 

66,4 1 

58,2 

61.8 

54,2 

53.1 

62.0 

58.3 

a n , 

kgm/cm 2 

36.1 

17,8 

15.9 

33,6 

15,9 

32,7 

31.7 

27,3 

33 8 

28.6 
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Fig. 2. Impact  s t rength  of the 
steel af ter  aging at 650~ 
a) Water--quenched f rom 950~ 
(30 min);  b) water-quenched 
from ll00~ (30 rain). Num- 
bers on the curves are  melt  
numbers .  

[<~jfmm 2 

1o z r Melt 1 
;i i i i  !;;:;:~ ;i I ~ll[~r3i i -~ ..... krl [ ' l l~lll 
. ~ , ;  ,r ! ! ! ! i ! !  ! [  i ; , , g , , ~  I : I : : I ; , '7--~ = 
8 J , l l l ~ , l l  =1 I I  . . . . . . . . . . . . . . . .  [ ' ~  

~ ~  el i  4 I0 

> ............. IIiiii!! !!!!iil;=t~-Ulll~ 
F . . . . . . . . . . .  I,IIII I I I I,, ', ', i I~',~ 
I [ I i I ~ I H H  ] I I I [ H I I I  I I I ~ l l / ] H  I I ~ I l i H l [  

Z8 
15 

10 
9 
7 
6 
5 
O 

N 

H i 
g 

I 
70 ~ 

5 L  P I I l l  TI 
1D 2 3 r 58102 

T i m e  

Fig. 3. Long- te rm strength of steels  
at 650~ after  different heat t r ea t -  
ments.  1) Water-quenched f rom 
950~ (30 rain); 2) water-quenched 
from ll00~ (30rain); 3) wate r -  
quenched from 1150~ ( l h ) .  

TABLE 4 

Olong, kg/mm 2, at testing tem- 
Melt No,1 perature, ~ 

/ 620 650 

1 2/6.2 5,4/5.4 
2 6.6/7.5 --/6.0 
3 6,2/7.2 5.4/6,5 
4 --/6.5 5.4/5,4 
5 6,2/7.2 5.4[6,5 

Note: The numerators indicate melts water- 
quenched from 950~ (30 rain), ~the denom- 
inators melts:water-quenched from 1100"C 
(30 min). 

at 20, 620, and 650~ are higher in the low-carbon 
steels  than in melts  2, 3, and 5, par t icular ly  af ter  
quenching from 950~ 

After  aging up to 6000h at 620 and 650~ the 
ultimate s t rength and yield point change little and 
the specific elongation decreases ,  although r e -  
maining above 35% and, for melts  1 and 4, above 
50%. After  quenching from 1100~ the specific 
elongation stabilizes after  aging 1000 h; the reduc-  
tion in section remains  essent ial ly  unchanged. 

The impact s t rength of all the steels de- 
c reases  but remains  at least  22 k g m / c m  2 in the 
low-carbon steels and l l k g m / c m  2 in the steels 
with 0.09-0.11% C (Fig, 2). The impact s trength 
stabil izes af ter  aging 1000 h. 

After  aging 6000h at 620 and 650~ the hard-  
ness of the steels investigated differs no more  than 
4 Ht/B units f rom the hardness  after  quenching, 

In Table 4 are  given the values of the long- 
t e rm strength for 100,000 h obtained by extrapola-  
ting from the average values of the experimental  
points (but d isregarding the resul ts  f rom testing 
less than 100h).  The long- te rm strength is 
shown in Fig, 3. 

These resul ts  are  somewhat lower than the 
corresponding values for steel 1Khl8N12T t rea ted  
under optimum conditions. However, for other 
than optimum conditions the long- te rm strength of 
1Kh18N12T steel  for  100,000 h at 650~ may be 
3-4.4 k g / m m  2 lower (Fig. 3 ). 

Apart  f rom long- te rm strength,  a major  
factor  in evaluating the steels  is the long- te rm 
ductili ty (Table 5). The steels  with 0.04-0.05% C 
(melts 1 and 4) have the highest long- te rm ductility. 
The long- te rm ductility of s teels  with 0.09-0.11% C 
is considerably lower, the lowest values occurr ing  
for quenching from 1150~ 
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TABLE 5 

Heat treatment 

Long-term ductility1", % of melts 
1 2 3 4 5 

I 
Quenched from 127--55 30--51 

950~ (30 min), - -  
water 

Quenched from 
l lO0~ (30 rain), 
water 

Quenched from 
1150~ (30 min), 
water 

* t55. 

27--47 35--49 

17--37 27--51 
1 

17--50 21 49] . . . . .  ~ , - - 1 0  

I 

6--70 I" 

6--16 - V <  

2-5__* 

12--4G 8--20 i14--39134--49121--58 II--% 14--36 

i I I I l i 
I ! I 

8--25 7--19 12--36.20--48 24--53 8--19 14--31' 
T---K ~ T2K ~ 2~T7-47 -6---~0- -7----5i 

I 
4--12 i 3--7" 5--14 17--20 16--261 3--4* 2--10 

- i - -  _ ~ - _ ~ - - 2 - - _  _ 
i I 

I" The numerators indicate testing at 650~ the denominators at 620~ 

Thus, austeni t ic  ch romium-n icke l  s tee l  of the 18/9 and 18/12 types without t i tanium and niobium 
have highly s table  p r o p e r t i e s  under l o n g - t e r m  heating conditions (1000 h). The p rope r t i e s  of the s tee ls  
with 0.04-0.05% C depend li t t le on austeni t izing t e m p e r a t u r e s  of 950-1150~ and the re fo re  the s tee l  is 
m o r e  sui table  for s t e am supe rhea t e r s  than 1Kh18N12T s teel  if the heat t r ea tmen t  deviates  f rom the 
opt imum. 
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