
The bes t  combination of mechanical  proper t ies  and wear  res i s tance  is obtained af ter  i so thermal  ha rd -  
ening: heating to 830-850 ° for  30 min, cooling and holding in a sal t  bath at 450-470 ° for  20 min (50% NaNO3+ 
50% KNO3), and cooling in a ir .  

The wear  res i s tance  is highest with a mar tens i t ic  s t ruc ture  of the metallic base.  The optimal quench- 
ing t empera tu re  is 830-850°; the t empera tu re  l imits  of rapid electroheating during surface  hardening depend 
to a considerable  extent on the heating rate, the original  s t ructure ,  and the quantity of graphite inclusions. 

The study showed that with an original s t ruc ture  of lamel la r  or  divorced pearl i te,  100-150 graphite 
inclusions per  mm 2, and 0.5-0.8% f ree  carbon the graphit ized steel acquires  the optimal s t ruc ture  of fine 
ac icular  and c ryp toac icu la r  mar tens i te  af ter  induction hardening f rom 930-960 = with a cooling rate of 200-300 
deg/h.  

Under the conditions recommended for furnace or  induction heating, the hardness  of the steel af ter  
quenching and low- tempera tu re  tempering at 180-200 ° reaches  HRC 59-62; the s t ruc ture  retains 0.3-0.6% C 
in the form of graphite ,  ensuring a low coefficient of f r ic t ion (-<0.35) and high wear  res is tance  (the wear  was 
45-54 mg under these conditions). 

Thus, the use of heat t rea tment  makes it possible to change the mechanical  proper t ies  and wear  r e s i s -  
tance of graphi t ized steel  within wide l imits,  depending on the operating conditions of par t icu lar  machine 
par ts .  Labora tory ,  bench, and field tests  of machine par ts  such as gears ,  sprockets ,  clutches,  universal  
joints, blades of cutting bars  in f a rm machinery,  and other  parts  obtained by investment casting and proper  
heat t rea tment  have demonst ra ted  their  high operational reliability. 
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In the production of cold-rol led  plates from low-carbon steel the steel is hot rolled at 1100-900°C and 
cold rolled. The sur face  of hot-rol led and cold-rol led  s tr ips  and plates often has defects,  some of them (lam- 
inations, tears ,  ragged edges) due to nonmetall ic inclusions. Thus, it is of interest  to investigate the p rope r -  
ties of inclusions and the metall ic matrix,  especial ly the microhardness  at rolling tempera ture .  

In the l i terature  there  a re  data concerning the microhardness  of inclusions in bearing steel at room 
[1, 2] and high tempera tures  [3]. 

We present  resul ts  on the microhardness  of nonmetallic inclusions and the metallic matr ix  in steels  
08Yu and 08 containing 0.14% Ti at t empera tu res  of 25-1100 °. The microhardness  of the steels and the in- 
clusions was measured  in the h igh- tempera ture  IMASh-9-66 apparatus.  The tests were  made with a sapphire 
indentor; the t empera tu re  of the testpiece and the indentor was identical. The t empera tu re  of the piece and the 
indentor was measured  with p la t inum-p la t inum-rhod ium thermocouples with an e r r o r  of 0.5%. Depending on 
the steel and the testing tempera ture ,  the load on the indentor was varied f rom 1 to 20 g. The holding t ime of 
the indentor under load was 10 sec.  The microhardness  of the inclusions was determined f rom 20 measu re -  
ments.  

The nonmetall ic inclusions were identified by metal lographic and microprobe analysis with the Cameca 
MS-46 analyzer .  We measured  the microhardness  of inclusions of corundum, manganese spinel, manganese 
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T e m p e r a t u r e  dependence of the mic roha rdnes s  
of nonmetal l ic  inclusions and the meta l l ic  ma t r ix  of s tee ls  
08Yu (a) and 08 containing t i tanium (b). 1) Matrix;  2) A12Os; 
3) MnO-A12Os; 4) MnO-SiO2; 5) FeS-MnS;  6) TiN; 7) Ti  
(CN); 8) FeO-TiO2;  9) TiO 2. 

s i l ica te ,  and i r o n - m a n g a n e s e  sulfide in s tee l  08Yu, and t i tanium nitride,  t i tanium carboni t r ide ,  t i tanium 
dioxide, and i lmenite  in s tee l  08 containing t i tanium. Separa te  inclusions with a s ize  of at  l eas t  15 # were  
measured .  

The t e s t  r e su l t s  a r e  shown in Fig. 1. The mic roha rdnes s  of the inclusions at 25 ° was H 220-2050, de-  
pending on the i r  nature ,  and differed g rea t ly  f rom the mic roha rdness  of the meta l l ic  matr ix .  The m i c r o h a r d -  
ness  was lowest  fo r  sulfide inclusions and ve ry  h i g h f o r  corundum and t i tanium nitr ide.  The mic roha rd n es s  
of sulf ides dec rea sed  sharp ly  at e levated t e m p e r a t u r e s  (Fig. la) and at t e m p e r a t u r e s  ->600 ° became  approxi-  
mate ly  equal to the m i c r o h a r d n e s s  of the mat r ix .  The inclusions of manganese  s i l ica te  re ta in  the i r  h igh 
mic roha rdnes s  up to 900°; above this t e m p e r a t u r e  the mic roha rdnes s  sl ightly exceeds that of the metal l ic  
mat r ix .  The m i c r o h a r d n e s s  of a luminum oxide and manganese  spinel  in s teel  08Yu was m o r e  than two o r d e r s  
higher  than that of the ma t r ix  at all  t e m p e r a t u r e s  (Fig. la ) .  F o r  inclusions with t i tanium the mic roha rd n es s  
substant ia l ly  exceeded that of the m a t r i x  at  all t e m p e r a t u r e s  (Fig. lb).  The m i c r o h a r d n e s s  was highest  for  
t i tanium nitr ide,  which with increas ing  t e m p e r a t u r e s  f rom 700 to 1100 ° d e c r e a s e s  f rom H 1310 to H 930. The 
mic roha rdnes s  was lowest  for  t i tanium dioxide. 

The r e su l t s  obtained on the m i c roha rdues s  of inclusions and the meta l l ic  ma t r ix  p e r m i t  a more  comple te  
explanation of the behavior  of inclusions during hot and cold deformat ion  and the i r  effect  on the nature  of s u r -  
face  defects  in low-carbon  steel .  Manganese s i l ica te  and sulfide inclusions,  with a lmos t  the s a m e  m i c r o h a r d -  
ness  as the ma t r ix  at 900-1100 °, a re  elongated during rolling. Corundum and spinels  in s tee l  08Yu and ni-  
t r ides ,  ca rbon i t r ides ,  and complex  t i tanium oxides in s teel  08 containing t i tanium a r e  not de formed  during 
hot roll ing, while t i tanium dioxide is de formed  somewhat  in some  cases .  During cold roll ing al l  the inclusions 
r e m a i n  a lmos t  undeformed and often undergo br i t t le  f r ac tu re ,  and the f r agmen t s  of the inclusions a r e  a r r anged  
in a line in the rol l ing direct ion;  only sulf ides a r e  ductile at 250 °. 
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