
T H E R M A L  S T A B I L I T Y  O F  H A R D E N I N G  O F  S T E E L  

K h l 8 N 1 0 T  R E S U L T I N G  F R O M  M E C H A N I C O -  

T H E R M A L  T R E A T M E N T  

M .  M .  S h t e i n b e r g ,  M.  A.  S m i r n o v ,  
A.  M .  T o l s t o y ,  S. M .  K r y l o v ,  
V.  S. M o g i i ' n a y a ,  a n d  A.  P .  B a l a k h o n o v a  

UDC 669.14.018.298:621.785.5 

Mechanieo thermal  t r e a t m e n t  (MTT) pe rmi t s  a substant ial  i nc rease  of the s t rength  c h a r a c t e r i s t i c s  of 
austeni t ic  s t ems  at r oom and e levated t e m p e r a t u r e s  [1]. The the rma l  s tabi l i ty  is one of the fac to r s  de-  
te rmining  the operat ing t e m p e r a t u r e  threshold resul t ing  f rom hardening.  The the rma l  s tabi l i ty  of cold 
hardening af ter  d i f ferent  mechan ico the rma l  t r ea tmen t s  is of definite in te res t .  

We invest igated the the rma l  s tabi l i ty  of hardening in s teel  Khl8N10T resul t ing  f rom h igh - t empera tu r e  
mechan ico the rma l  t r e a t m e n t  (HTMTT). 

The chemica l  composi t ion of the s tee l  was 0.08% C, 1.18% Mn, 0.47% St, 0.026% P, 0.005% S, 10.5% 
Ni, 17.3% Cr, 0.48% Ti, 0.04% A1. The ba r s  were  20 m m  in d i ame te r  and 300 m m  long. 

The h igh - t empera tu re  mechan i co the rma l  t r ea tmen t  consis ted of rol l ing at 900-11000C with reduct ions 
of 12-15 and 25-28%. The b a r s  were  p rev ious ly  heated to 1100~ for 30 rain and cooled in air  to 1050, 
1000, 950, and 900~ The s am p l e s  were  held 5 rain at these t e m p e r a t u r e s  and then rol led in a manual  
l abo ra to ry  mil l  at  the r a t e  of 4.3 m / r a i n  and cooled rapidly  in a water  spray .  

All the h igh - t empe ra tu r e  mechan i co the rma l  t r ea tmen t s  invest igated inc reased  the s t rength c h a r a c t e r -  
i s t ics  by compar i son  with the s tandard  t rea tment ,  consis t ing of quenching f rom 1100~ (Fig. 1). The higher 
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Fig. I. Variation of mechanical pro- 
perties, line broadening (311)~, and 
austenite lattice parameter of steel 
KhlSNIOT with rolling temperature. 
.... ) Standard treatment; ~ )  
HTMTT. 

the degree  of deformat ion  and the lower the deformat ion  t e m p e r a -  
ture  the g r e a t e r  the s trengthening.  The g r e a t e s t  i nc rea se  of the 
yield s t rength  r e su l t s  f rom rol l ing at 900~ with 25-28% reduct ion 
(42 k g / m m  2 as compared  with 21 k g / m m  2 af ter  quenching). HTMTT 
has l ess  effect  on the ul t imate  strength,  which i n c r e a s e s  to 64.5 
k g / m m  2 af ter  rol l ing at 900-1000~ with 25-28% reduct ion as 
compared  with 57 k g ] m m  2 af ter  quenching, i . e . ,  i nc r ea se s  13%. 

It  should be noted that the inc rease  in the s t rength  cha rac -  
t e r i s t i c s  resu l t ing  f rom HTMTT is accompanied  by a sl ight  r e -  
duction of plas t ic i ty .  The specif ic  elongation drops  f rom 72 (after  
quenching) to 62-57% and the reduct ion in sect ion f r o m  80 (after  
quenching) to 75%. 

The inc rease  in the s t rength  c h a r a c t e r i s t i c s  af ter  HTMTT 
is matched  by broadening of the (311)~ line, which indicates  con- 
s iderab le  ref ining of the mosa ic  blocks and an inc rease  of the 
mic rod i s to r t i on  of the c rys t a l  la t t ice .  After  rol l ing at 900 and 
950~ the austenite  la t t ice  p a r a m e t e r  d e c r e a s e s  somewhat ,  which 
is evidence of the precipi ta t ion of carbide  phases  f rom the solid 
solution. The s t rengthening af ter  rol l ing at 900 and 950~ is p ro-  
bably due to ref ining of the fine s t ruc tu re  as well  as precipi ta t ion 
of carbides. 

The change in the hardness of the mechanicothermal[y 
strengthened steel in relation to the annealing temperature is 
shown in Fig. 2. The increase of hardness at 750-780~ must be 
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Fig. 2. Effect  of annealing t empera tu re  and 
time on the hardness  and number of point 
ref lect ions  on the x - r a y  pat terns of s teel  
Khl8N10T after  HTMTT at 900~ (1, 5) 950~ 
(2, 6), 1000~ (3, 8), and 1100~ (4). D 25-28% 
reduction.  II) 12-15% reduct ion.  
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Fig. 3. Mechanical p roper t ies  of Khl8N10T steel  
af ter  HTMTT at 900~ (1), 950~ (2), 1000~ (3), 
and ll00~ (4) with reduction of 25,28% (a) and 
12-15% (b) and repeated quenching. Curve 5 is 
for samples not subjected to HTMTT. 

due to precipitation hardening. Rapid softening begins above 870~ Cold hardening is most easily removed 
after rolling at II00~ with 25-28% reduction. In this case the hardening is completely removed at 900~ 
The samples rolled at I000-900~ soften less readily. The extent of softening is almost independent of the 
rolling temperature and is determined mainly by the reduction during rolling. The thermal stability of cold 
hardening increases when the rolling reduction decreases from 25-28 to 12-15%. In the samples reduced 
25-28% the cold hardening is completely removed inheating at 1000"C; in samples reduced 12-15% the cold 
hardening is only partially removed at this temperature. 

X-ray structural and microscopic studies showed that the difference in the character of softening is 
due to the difference in the rates of recrystallization processes. Recrystallization is most intense in the 
samples rolled at II00~ with 25-28% reduction. The number of recrystallized grains increased notice- 
ably even at 780~ In the samples rolled at I000-900~ with 25-28% reduction noticeable recrystallization oc- 
curred only in annealing at 870~ At 12-15% reduction the initial reerystallization temperature shifts to 900~ 
In the given range the rolling temperature has no effect on reerystallization during subsequen t heating. 

The slower development of recrystallization at lower degrees of deformation is due to the lower level 
of cold working, which reduces the driving force of recrystallization. The low thermal stability of the cold 
working resulting from rolling at II00~ depends on the characteristics of the original structure. Partial 
recrystallization of the austenite occurs during HTMTT at this temperature, while no recrystallization 
occurs in HTMTT at 900-I000~ Evidently the formation of recrystallized areas with high-angle bounda- 
ries in the original structure facilitates the development of recrystallization during subsequent heating. 

It was of interest to study the kinetics of high-temperature softening of steel KhI8NIOT. Figure 2 
shows the variation of hardness with the holding time at 1000~ Softening was greatest for the samples 
rolled at II00~ with 25-28% reduction. In samples rolled at I000-900~ with the same reduction the ther- 
mal stability of cold hardening increased notably. The hardening was completely removed in i0 rain in the 
first case, but only after 30 rain in the second case, At a reduction of 12-15% softening slowed down. The 
rapid development of cold hardening corresponds to the intensive development of reerystallization process- 
es, which is indicated by the variation in the number of reflections on the x-ray patterns with the anneal- 
ing time. 
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In annealing at 950~ or lower the cold hardening is removed considerably more slowly. Evidently it 
is aging processes that determine the character of softening in these cases. Firstly, the precipitation of 
carbides can promote hardening of the steel, thus compensating the partial removal of the cold hardening 
of the austenitic matrix. Secondly, the precipitating particles can slow down recrystallization processes. 
At an annealing temperature of I050~ the removal of cold hardening is sharply accelerated- cold hard- 
ening is completely removed in 5 rain regardless of the previous deformation conditions. 

The variation of the mechanical!properties after HTMTT and after repeated quenching from 950-II00~ 
is shown in Fig. 3. Heating at 950~ has little effect on the yield or ultimate strength of the samples rolled 
at 950-II00~ with 25-28% reduction. However, both the yield and ultimate strengths decrease sharply on 
heating at 1000~ which must be due to intensive development of reerystaliization processes. In this case 
the yield strength is 4-5 kg/mm 2 higher than that of samples quenched from II00~ At a heating tempera- 
ture of I050~ the strength characteristics decrease as the result of complete recrystallization of the 
austenite. Heating at II00~ leads to collecting recrystallization and further drop of the strength. In this 
case the strength of the samples rolled at II00~ drops sharply even on heating to 950~ which is due to 
the low thermal stability of the structure. 

After HTMTT at 900-I000~ with 12-15% reduction the yield and ultimate strength change negligibly 
on heating up to 1000~ (see Fig. 3b), which is due to the slow development of recrystallization processes. 
After quenching from 1000~ the yield strength increases I0 kg/mm2 and depends very little on the rolling 
temperature. The strength drops sharply only on heating to I050~ 

C O N C L U S I O N S  

1. High-temperature mechanicothermal treatment at 900-1100~ with 12-15 and 25-28% reduction 
notably increases the strength character is t ics  of steel Khl8N10T but reduces the plasticity only slightly. 
The strength increases as the rolling temperature decreases and the degree of deformation increases.  

2. The thermal stability of the hardening resulting from HTMTT under conditions completely prevent- 
ing recrystal l izat ion depends very little on the rolling temperature but mainly on the degree of reduction. 

The thermal stability is highest after 12-15% reduction at 900-1000~ 

3. The partial development of recrystal l izat ion during high-temperature deformation sharply r e -  
duces the thermal stability of the cold hardening resulting from HTMTT. 
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