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One method of improving the machinability of high-strength stee ls  is microal loying with selenium, 
tellurium, and lead. 

We investigated the mechanical  properties  and machinability of experimental mel ts  which were 
forged into bars 32 mm square and rounds 90 and 150 mm in diameter.  

T A B L E  1 

Corn 

Steel  c Mn Si P S Cr Ni 
! 

35Kh2GSM . . . . . . . . . .  0,3611.1010.87[0 01810,0221 1 4  - -  
35Kh2GSM+Se . . . . . . .  0.36 1.050.88[0.018]0,023 1,4 - -  
45G2 . . . . . . . . . . . . . .  0,44 1.21 0.27 0.023 0,023 0.1 - -  
45G2 + Se . . . . . . . . . . .  0.45[1.33[0.23]0.021[0.021] 0 1  - -  
4562 + T e  . . . . . . . . . . .  0,45[1.33]0,27[0.023[0,0241 0.1 - -  
45G2 + 8e + Pb . . . . . . . .  0.45 1 32 0. 2710,023',0,022 0.121 - -  
Kh18N9T . . . . . . . . . . .  0.10 1.210,650,030'0,008 17 0 10 0 
KhtSN9T + Se . . . . . . . .  0,09 1.2510 6310.031 0.008117.5 10.0 
K h l 8 N 9 T + S e + P b  . . . . . .  0 ,091 .30o ,640 .0290 .00818 .0  10.6 
t5Kh2G2SV . . . . . . . . . .  0 ,152 ,090 .870 .02  0.005 2.1 0.1~ 
15Kh2G2SV+Se . . . . . . .  0.1512,0910.870.02 10.005 2 1 0 11 
15Kh2G2SV+Te . . . . . . .  0 1512.09t0,870.02 10.0051 2.1 0,11 
15Kh2G2SV+Se+Pb . . . .  0.1512090.8710.02 10.0051 2.1 0.1~ 
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T A B L E  2 

IV Normal iza t ion  Improvement  

s0,~-~-~n~min, E a s e d  V60,m/min, ]increased 
Steel for 1 h of cutting ra te  for 1 h of cutting rate 

]cutter life factor ,cutter life factor 

35Kh2GSM . . . . . . . . . . . . . . . . .  I - -  22 1 

[ 

35Kh2GSM+ 0.15% Se . . . . . . . . .  ~1 - -  - -  41 1.86 

4562 . . . . . . . . . . . . . . . . . . . .  . 88 1 47 1 
4562 + 0.08% Se . . . . . . . . . . . . .  ! 142 1 6 2  80 1.70 
~i562 + 0.12% Te  . . . . . . . . . . . . .  137 1.56 82 1.71 
45G2+0.0.35 Se+0 .07% Pb . . . . .  170 193  118 251  

Khl8N9T* . . . . . . . . . . . . . . . . . .  I 137  1 - -  - -  
Kh18N9T + 0.194% Se* . . . . . .  : 29 2 3  - -  - -  
Khl8N9T + 0.05% Se+ 0.08% Pb 26 2.06 - -  - -  

15Kh2G2SV* . . . . . . . . . . . . . . . .  I 14,1 1 20 
15Kh2G2SV + 0.2% Se* 20 1.42 51.5 
15Kh262SV+0.1% Te* : : :  : : : :  : : l  17 1.20 21.8 
15Kh262SV+0.1% Se+0 .1% Pb . . . .  25 1.77 53,5 

* Tested with high-speed steel cutters {others with hard-a l loy  cutters). 
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Fig. 1. Nonmetallic inclu- 
sions in steel 35Kh2GSM 
+ 0.15% Se. x 400. 

Fig. 2. Nonmetallic inclu- 
sions in steel  15Kh2G2SVA 
+0.1% Te. x 300. 

Fig. 3. Exudation of lead during heating of microsec t ion  (x 300). a) 
Steel 15Kh2G2SN+0.1% Se+0.1% Pb; b)1KhlSN9T+0.05% Se 
+0.008% Pb. 

Fig. 4. Prec ip i ta tes  of lead in 
mic rosec t ion  of steel  12Kh- 
N3A+0.07% Se and 0.07% Pb 
after  etching in Oberhoffer ' s  
reagent  and heat tinting at 
350~ • 70. 

The chemical  composit ion of the mel ts  is given in Table 1 and 
the resul ts  of machinabil i ty tests in Table 2.* 

The machinabil i ty of the steel not containing the additional 
elements  was taken as unity. As the cr i te r ion  of machinabil i ty we 
used the rate  (V~0, m / m i n )  which under the given conditions c o r -  
responded to one hour (60 rain) o f  life of the cut ter  blades. 

The improvement  of the machinabil i ty of the steel with added 
selenium, tellurium, and lead depends on the presence  of lead and 
nonmetall ic inclusions of the type of selenides, sulfoselenides,  and 
tellurides in the s t ruc ture .  These inclusions reduce the coefficient 
of fr ict ion between the cut ters  and the metal  being machined and 
facil i tate the breakdown of the s t ruc ture .  

In forged bars  the selenides (or sulfoselenides) appear as 
elongated l igh t -gray  inclusions (Fig. 1). The tellurides are  less 
lamel la r  than the selenides.  They a re  of i r r egu la r  form and 
frequently in contact with the nitr ides (Fig. 2). They are  dark to 
light g ray  in color.  The presence  of lead was not observed in un- 
etched mierosec t ions .  Attempts were made to reveal  the lead by 
special  polishing with paraffined paper.  On the mic rosec t ions  of the 
steel  containing lead dark tongues of lead accumulations were  formed 
around the other nonmetall ic inclusions. 

Reliable and very clear results are given by heat tinting of the microsections of steel containing 
lead. The microseetions were heated in a lead bath or in a vertical tubular furnace. The etching 
temperature must be higher than the melting point of lead (327 ~ C) but below 400 ~ C (for structural steel) 

* The maehinability tests were made at the Kurgansk Machine Construction Institute under the direction 

of Yu.A. Rozenberg. 
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because of the oxidation of the lead par t ic les  which exude and the formation of a thick layer  of oxides 
which dis tor ts  the picture.  After heating, microblobs of lead are  visible on the surface;  the longer the 
heating time, the bigger and more  spread over the surface they become. The lead occurr ing around 
precipi ta tes  has an i r idescent  tarnish which is usually of a lighter shade than on the r e s t  of the surface 
of the mic rosec t ion  (Fig. 3a).  To obtain such precipi tates  on microsec t ions  of stainless steel containing 
lead the heating tempera ture  must  be increased to 650-700 ~ C. However, in this case the part icles  of 
lead on the surface of the microsec t ion  are  considerably finer than in ordinary s t ructura l  steels and the 
blobs do not spread over  the surface (Fig. 3b). 

To determine the distribution of lead par t ic les  in microvolumes ,  microsec t ions  of case steel 
12KhN3A containing 0.11% Se and 0.08% l~b were etched in Oberhoffer ' s  reagent  (to reveal  the dendrites) 
and heat tinted at 350 ~ C. As can be seen in Fig. 4, the lead part icles  occur in interdendrit ic areas .  

When steel parts  are  machined the heat evolved in cutting heats the surface layer  of the part  to a 
t empera tu re  which substantial ly exceeds the melt ing point of lead. The lead in the steel is part ial ly 
exuded, forming a liquid lubricant between the cut ter  and the piece which reduced the frict ion and p re -  
vents the cutting tool f rom gripping the piece being machined. 

Selenium and tellurium reduce the wear  of cutting tools in a different way. As a consequence of the  
high tempera tures  occurr ing during machining, the setenides (tellurides) break down, forming a film 
which reduces  the frict ion and adhesion between the cutting tool and the surface  being machined. Never-  
theless,  the existence of selenides (tellurides) in the form of metal l ic  inclusions promotes  fine chips 
and facili tates their detachment from the piece being machined. 

The process  of decomposit ion of selenides (tellurides) and formation of a protect ive- lubr icat ing 
film occurs  at higher t empera tures  than the exudation of lead. Consequently, alloying with lead provides 
the g rea tes t  improvement  in machining steels with high-speed cut ters .  For  machining the same steel 
with hard-a l loy  cut ters  at high rates,  when the surface reaches  very  high tempera tures ,  alloying with 
selenium or tellurium is more  effective. 

696 


