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This work concerns  the effect of manganese,  nickel, and chromium, the basic alloying elements  that 
form substitution solid solutions with iron, on the mechanieaI  proper t ies  of austenitie steels at 20 to -253~ 

The investigation was made on three groups of steels with var ied concentrat ions of one of these e le-  
merits - s t e e l s  with 12% Cr  and 15-30% Mn, steels with 17% Cr  and 10-30% Ni, and steels with 25% Ni and 
5-25% Cr (see Table 1). The initial mar tens i te  t ransformat ion  temperature  was below -253~ for  all steels 
except Khl7N10. Steels Khl2G15, Kh12G20, N25Kh5, KhlTN10, and Khl7N15 underwent the martensi t ie  
t ransformat ion  in tension at the testing tempera tures  of -196 and -253~ In the f rac tures  we observed 
ebld-worked anstenite and deformation mar tens i te .  In steel Khl7N10 we observed a cer ta in  amount of cool-  
ing martensi te  (about 1.5%) in addition to deformation martensi te  and aus~enite (the Ms point is at -196~ 

The mechanical  proper t ies  of the steels  were determined in static tensile s trength tests of smooth 
(gauge diameter  d0=5 ram, gage length /a=25 ram) and notched samples (notch root  radius p = 0 . 2 5 m m ,  
notch depth t= 1.7 ram). The s t r ess  concentrat ion coefficient in the notch root ealeula[ed by NeiberTs in- 
terpolation function was K= 3.2 [1]. 

Rods of the heats investigated were water-quenched f rom 1050~ The austenite grain size was grade 
4-5 (GOST 5639-65). 

Effect of Manganese. With increas ing manganese concentrat ions the yield strength increases  consid-  
erably with decreas ing testing tempera tures  (Fig. 1.), The lower the temperature  the g rea te r  the rate of 
increase  of the yield strength, The overal l  increase  of the yield strength f rom +20 to -253~  kg/  
mm 2 . 

The character of the temperature dependence of the ultimate strength depends essentially on the 
structure of the steels. At room temperature the ultimate strength of steels KhI2GI5 and KhI2G20 is higher 
than that of steels KhI2G25 and KhI2G30 because the former are hardened by deformation martensite. At 

TABLE I 
Composition, % 

Sleet 
C Mrt Cr Ni Si 

0,04 0,5 17,0 10,2 0,5 
Khl7N 0,04 0,4 17,0 14,5 0,5 

0,04 0,5 17,2 20,l 0,5 
(~0--30) 0,04 0,3 16,8 23,6 0,5 

0,03 0,4 17,0 29,1 0,4 

0,035] 0,4 5,2 95,2 0,3 
0,03 0,4 9,7 25,2 -- 

N25Kh 0,03 I 0,4 16,8 25,2 0,6 
(5--25) 0,03 0,4 20,2 25,6 0,6 

0,03 0,4 25,6 25,/6 0,6 

0,10 [ 15,4 12,2 
Khl2G 0,10 19,6 12,4 
(15--30) 0,10 24,5 12,2 

0,10 30,0 12,0 

0,3 
0,3 
0,3 
0,3 

-196~ the ultimate s trength is approximately the same for all the 
steels investigated, while at -253~ the s trength of the steels with 
15 and 20% Mn is below that of s teels  with 25-30% Mn. 

The variat ion of the ultimate s trength with tempera ture  for 
notched samples (~b n) is also complex (Table 2). For  steels 
Khl2G15 and Khl2G20 o-bn depends little on the testing temperature ,  
while for Kh12G25-30 it increases  sharply with decreas ing tempera-  
ture.  The relat ionship between the levels of ~r general ly  matches 
the relationship between the levels of %. 

All the steels investigated are charac te r ized  by considerable 
plasticity (6, r cn) at room tempera ture .  With decreasing testing 
tempera tures  the plastici ty dec reases  sharply, par t icular ly  for 
steels with unstable anstenite. The reduction in section for steel 
Kh12G15 at -2530C is 10% (6% for notched samples).  The reduction 
in the plast ici ty of steels Khl2G15 and Kh12G20, which is due to 
the presence  of deformation mar tens i te  in the c h r o m i u m - m a n g a n e s e  
s t ructure ,  is the reason for the reduction in s trength at low tern- 
pera tures  and also the low ratio of ~/Crb, which is 0.92 and 1.01 
respect ive ly  for the two steels a t -196~ (see Table 2, Fig. 2). 

TsNIIChERMET. Translated from Metaliovedenie i Termieheskaya  Obrabotka Metallov, No. 3, 
pp. 2-6, March, 1969. 
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Effect of manganese (a), nickel (b), and chromium (c) on the 
ultimate s trength and yield s trength at 20 to -253~ 

At higher manganese concentrat ions (for the same testing temperature)  the plast ici ty inc reases .  

Steels Kh12G25 and Khl2G30, which have a high s t rength and adequate plast ici ty at -253~ are  r e -  
lat ively insensit ive to s t r e s s  concentrat ions.  

Effect of Nickel. Nickel (10-30%) slightly increases  the yield strength of s teels  with 17% Cr at room tem-  
pera ture .  At testing t empera tu res  of -196 and -253~ the yield s trength of nickel inc reases  approximately 
1 kg /mm 2 for each 1% nickel (see Fig. lb).  

With decreas ing testing t empera tu res  the yield s trength of all the composit ions investigated inc reases  
considerably; the lower the testing t empera tu re  the g rea t e r  the increase .  As the resu l t  of hardening, the 
yield s trength increases  f rom 20-22 kg /mm 2 at room tempera tu re  to 50 kg /mm 2 for s teel  Kh17N10 and to 67 
kg /mm 2 for s teel  Khl7N30 at -253~ 

Steels Khl7N10 and Kh17N15 undergo part ial  mar tens i t i c  t ransformat ion  in tension at -196 and -253~ 
The phase t ransformat ion affects the tempera ture  dependence of the s t rength cha rac te r i s t i c s  ~b and ~r 

In s teels  with unstable austenite the ultimate s trength ~b inc reases  considerably at low tempera tu res  
2 2 o (from 55-60 kg /mm at room tempera tu re  to 140-170 kg /mm at -253 C), while the plast ici ty (5, r remains  

fa i r ly  high. It is cha rac te r i s t i c  of steel  Khl7N10 that the ultimate s trength dec rea se s  sharply (from 226 to 
184 kg /mm 2) in notched samples  as the t empera tu re  is lowered f rom -196 to -253~ The reduction in c r o s s -  
sect ional  a rea  of the notched samples dec reases  at the same t ime (to 12.9%). These resu l t s  conform with 
the tes t  resul ts  for unstable c h r o m i u m - m a n g a n e s e  s teels  Kh12G15 and Khl2G20. 

For  steel  Kh17N15 the values of cr b and ~r increase  continuously with decreas ing  testing t empera tu res .  
With increasing nickel concentrat ions (up to 20-30%) the s t rength cha rac te r i s t i c s  (r b and a~) increase  at 
the same testing t empera tu re  t test  =const  (see Table 2, Fig. lb).  The plast ici ty (5, r cn )dec reases  slightly 
with the testing t empera tu re  but depends very  l i t t le on the nickel concentrat ion (see Table 2, Fig. 2). 
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T A B L E  2 

Steel 

Khl2G15 
Khl2G20 
tr 
K'hl2G30 

N25I~5 
N25KhI0 
N25Kh15 
N25Kh20 
N25I~25 

KhlTNI0 
KhlTNI5 
KhI7N20 
KhI7N25 
KhI7N30 

I ,  
/ 

127 11,38 33 0,52 
112 11,27 43 0,61 
86 1,33 53 0,75 
86 --  51 --  

i 

66 ,47 62 0,82 
59 ,45 62 0,82 
77 ,45 61 0,83 
78 ,47 63 0,89 
87 ,60 60 0,81 

82 1,29 62 0,77 
78 1 1,49 56 0,71 
78 1 0,77 ,50 60 
79 ,39 58 0,74 
80 ,46 52 0,74 

57 108 
78 133 
80 143 
- -  154 

75 
72 
74 
56 
55 

--196~C 

@ 
19 120 
40 136 
39 166 
- -  183 

- -  253' C 

i 

1,25 6 0,58 
1,18 0,48 
1,29 13 0:4~ 
1,36 26 

0.40 
17 0.5~ 
26 --  

�9 1 I 113 1,36j 57 0,70 
105 1,25] 54 0,71[ 
115 1,2Ol 43 0,62 / 
125 1,331 41 0,60 
140 1,411 38 0,54 

85 130 
8i) 119 
~ 131 

144 
85 15t 

10 
17 
28 
53 

,21 42 0,6 79 
,15 49 0,74 71 
,16 41 0,64166 
26 42 0,68 70 

131 36 0,68 67 

76 
78 
59 
5~ 
51 

226 1,45 29 0,67 
160 1,30 46 0,67} 
130 1,281 41 0,62[ 
120 1,18 41 0,63 
124 1,31 41 0,58 

38 185 
64 181 
86 164 
80 160 
75 156 

I 
1,08 13 0,231 36 
1,29 36 0,58 51 
1,38 37 0,57165 
1,36 38 0,60 69 
1,38 37 0,58 63 

r  

2 0  

Kh17N(10-30) N25Kh (5-25) 

-250 -200 -158 -to0 -5o o ~ 

Testing'temperature ,, 

F i g .  2. V a r i a t i o n  of r e d u e -  
t ion in s e c t i o n  wi th  t e s t i n g  
t e m p e r a t u r e  f r o m  20 to 
-253~ 

Ef fec t  of C h r o m i u m .  F o r  the  s t e e l s  with25% Ni and 5-25% Cr,  a s  fo r  
the  s t a b l e  s t e e l s  Khl7N20,  Kh17N25, a n d K h l 7 N 3 0 ,  the  s t r e n g t h  c h a r a c t e r i s t i c s  
(~T '  C~b' ( ~ r  c l e a r l y  t e m p e r a t u r e - d e p e n d e n t .  Thus,  the y i e l d  s t r e n g t h  
v a r i e s  f r o m  18-28 k g / m m  2 a t  r o o m  t e m p e r a t u r e  (depend ing  on the C r  con -  
tent) to 64-68  k g / m m  2 a t  ~253~ and the u l t i m a t e  s t r e n g t h  f r o m  46-58 to 

105-120 k g / m m  2. Wi th  i n c r e a s i n g  c h r o m i u m  c o n c e n t r a t i o n s  (a t  t t e s t  = 
const )  CrT, cr b, and o-r i n c r e a s e  a p p r o x i m a t e l y  1 k g / m m  2 for  e a c h  p e r  cen t  
c h r o m i u m  ( see  T a b l e  2, F ig .  l c ) .  F o r  a l l  c o m p o s i t i o n s  a t  a l l  t e m p e r a t u r e s  
t e s t e d  ~r  b was  g r e a t e r  than one.  

The p l a s t i c i t y  of a l l  c o m p o s i t i o n s  was  high at  a l l  t e m p e r a t u r e s  f r o m  
20 to -253~ and d i f f e r e d  t i t t l e  f r o m  one c o m p o s i t i o n  to a n o t h e r  a t  a g iven  
t e m p e r a t u r e .  Only s t e e l  N25Kh5 had a l o w e r  p l a s t i c i t y  ( see  Tab le  2). 

I t  should  be noted  tha t  the y i e l d  s t r e n g t h  i s  g r e a t l y  d e p e n d e n t  on t e m -  
p e r a t u r e  fo r  a l l  the  s t e e l s .  The  i n c r e a s e  of the y i e l d  s t r e n g t h  wi th  d e -  
c r e a s i n g  t e m p e r a t u r e  i s  of the s a m e  o r d e r  as  tha t  fo r  co ld  s h o r t  low-  and 
m e d i u m - c a r b o n  s t e e l s  [2]. Thus ,  i t  canno t  be  conc luded  [31 tha t  the t en -  

d e n c y  of a m a t e r i a l  to b r i t t l e  f r a c t u r e  i s  p r o p o r t i o n a l  to the  r a t e  of change  in the  s h e a r  s t r e n g t h  wi th  t e m -  
p e r a t u r e .  Such a c o n c l u s i o n  i s  v a l i d  only fo r  a m a t e r i a l  wi th  a r e l a t i v e l y  low r e s i s t a n c e  to b r i t t l e  f r a c t u r e .  

C O N C L U S I O N S  

1. In s t e e l s  wi th  s t a b l e  a u s t e n i t e  the y i e l d  s t r e n g t h  and u l t i m a t e  s t r e n g t h  i n c r e a s e  c o n s i d e r a b l y  wi th  
d e c r e a s i n g  t e s t i n g  t e m p e r a t u r e s .  The r a t e  of i n c r e a s e  in s t r e n g t h  i n c r e a s e s  wi th  d e c r e a s i n g  t e m p e r a t u r e s .  

2. The  f o r m a t i o n  of n i c k e l  m a r t e n s i t e  d u r i n g  p l a s t i c  d e f o r m a t i o n  a d d i t i o n a l l y  i n c r e a s e s  the u l t i m a t e  
s t r e n g t h ,  whi l e  the p l a s t i c i t y  of no tched  s a m p l e s  r e m a i n s  s a t i s f a c t o r y  down to -253~ The f o r m a t i o n  of 
m a r t e n s i t e  a l t oyed  wi th  m a n g a n e s e  g r e a t l y  r e d u c e s  the p l a s t i c i t y  a t  -253~ which  in t u rn  c a u s e s  a d e c r e a s e  

n 
of (r b and ~b by  c o m p a r i s o n  wi th  t h e i r  v a l u e s  a t  -196~ 

3. M a n g a n e s e ,  n i cke l ,  and c h r o m i u m  have  a n e g l i g i b l e  e f f ec t  on the s t r e n g t h e n i n g  of a u s t e n i t e  a t  
20 to -253~ 

4. The  p l a s t i c i t y  of s t a b l e  c h r o m i u m - n i c k e l a u s t e n i t i c  s t e e l  a t  low t e m p e r a t u r e s ,  d e t e r m i n e d  on 
s m o o t h  and n o t c h e d  s a m p l e s ,  d e p e n d s  l i t t l e  on the c o m p o s i t i o n  o r  t e m p e r a t u r e  at  20 to -253~ the p l a s t i c -  
i ty  of s t a b l e  c h r o m i u m - m a n g a n e s e  a u s t e n i t e  i n c r e a s e s  s o m e w h a t  wi th  i n c r e a s i n g  c o n c e n t r a t i o n s  of m a n -  
g a n e s e  but  r e m a i n s  l o w e r  than in c h r o m i u m - n i c k e l  s t e e l  wi th  a p p r o x i m a t e l y  the s a m e  c o n c e n t r a t i o n  of a l -  
loy ing  e l e m e n t s  a t  -196 and -253~ 
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