
The fact that the heated pa r t s  a r e  not moved reduces  distort ion,  which is the advantage of this design. A 
mechan i sm for  ra is ing  and turning the cove r  is mounted on the f r amc ,  along with a fan and an e lect r ic  motor .  
T h e r m a l  insulation in the sidewalls  is provided by a graphi te  cyl inder  wrapped with s eve ra l  layers  of graphi te  
felt and bound with two meta l  hal fcyt inders .  

The  ends a r e  thermal ly  insulated with graphi te  rings and graphi te  felt. The heating e lements  a re  graphi te  
rods suspended f rom two molybdenum bracke ts ,  in the p roce s s  of heating, the openings in the upper and lower 
pa r t s  of the t he rma l  insulation a r e  c losed with blinds. A diffuser p laced  under the lower blind directs  the 
main gas flow into the working space  during quenching. The gas-cool ing  sys tem is p laced at the end of the 
f rame.  The furnace  is powered  by a reducing t r a n s f o r m e r  and thyr i s to r  regulator .  The t e m p e r a t u r e  is con-  
t ro l led  by a p r o g r a m m e d  device. 

Labora to ry  and production tes ts  have conf i rmed  the main advantages of the vacuum-quenching p rocess :  

1) The reduction of distort ion due to reduction of the thickness of the su r face  layer  with changes in 
chemica l  composit ion;  

2) a br ight  su r face ,  due to which pickling or sandblast ing is unnecessa ry ,  and reduction of m(~chanical 
operat ions (for example ,  grinding of bear ings) ;  

3) an inc rease  in the s e rv i ce  life of pa r t s  due to the improvement  in the quality of the su r face ,  higher  
ductility due to dcgassing,  and so forth; 

4) be t t e r  working conditions and the absence  of toxic substances  in the a tmosphere .  

E F F E C T  OF T H E  C O N D I T I O N  OF T H E  S U R F A C E  

L A Y E R  ON C O M P L E X  ( B U L K )  P R O P E R T I J ' : S  OF 

M E T A L L I C  M A T E R I A L S  

G.  N. D u b i n i n  UDC 621.785.5:620.18 

Most of the phys icochemica l  p r o c e s s e s  that occur  during operat ion of machine pa r t s  a r e  concent ra ted  
p r i m a r i l y  in su r face  zones of the metal .  This  is obse rved  not only in those cases  we re  the f ree  su r face  of~hc 
metal  is subject  to the di rect  influence of chemica l  and e lec t rochemica l  co r ros ion ,  eros ion,  fr ict ion against  
a counterbody, and subl imation due to h igh-energy  pa r t i c l e s ,  but a lso  under the influence of mechanical  s t r e s s  
fields. S t resses  a r e  usually dis t r ibuted unevenly through the section of a par t  and induce deformation and 
f r ac tu re  p r i m a r i l y  in su r face  zones. Changes in the chemical  composi t ion,  s t ruc tu re ,  and p rope r t i e s  also 
occur  in the su r face  zones of al loys under the influence of high t empe ra tu r e s  and surrounding media.  

Crystal 1 Crystal 2 

Fig. 1. Change in f ree  energy at the 
boundary between two c ry s t a l s  in the 
p r o c e s s  of diffusional interaction.  
~ )  Before  saturat ion;  - - - )  a f t e r  
saturat ion.  
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Fig. 2. Dislocation pile-ups in 
the surface zone of a diffusion 
layer after aluminizing of steel 
12KhI8NIOT (×3500). 

In the latter case the process controlling the change in the chemical composition, structure, and proper- 
ties of the surface is the diffusion of elements from the surrounding medium, sublimation of elements from the 
surface of the alloy, and, as a consequence of these processes, diffusional redistribution of the elements of the 
alloy to the surface. Consequently, under the influence of many operating factors the surface of an alloy has a 
direct effect on the reliability and service life of the part. Thus, to increase the operational reliability of 
machine parts it is expedient to change the structural-energetic condition of the free surface of the metaL, 
which makes it possible to improve not only the physicochemical properties of the surface but also the bulk 
properties of the part (through the section) [I]. 

The energetic condition of the surface is calculated by the level of the free (surface) energy, which is 
determined by the binding force between atoms. The free surface of the metal constitutes a break in the period- 
ic arrangement of atoms in the crystal lattice, as the result of which the bond between atoms is not compre- 
hensive. Consequently, near the surface and in layers immediately bordering the outside medium there are 
energy changes leading to a substantial reduction in the thermodynamic stability of the surface A high level 
of free energy in the surface zones of the metal predetermines its highest liability to damage (chemical, 
mechanical, and so forth). 

The energetic condition of the surface can be changed by diffusional saturation (alloying) of the surface 
with different elements or combinations of elements: Cr, AI, B, Si, Cr-AI ,  Cr-AL-Si,  and others. 

Figure  1 shows the change in the free energy of the surface of a c rys ta l  with an original energy lZl due 
to diffusion into the mctal of atoms of an element contacting the c rys ta l  with energy F 2. The reduction of the 
free surface  cnergy is explained by the annihilation of vacancies in the surface layer,  due to which the atomic 
bonds a re  more  completely rea l ized [2]. The latter increases  the res is tance  of the metal to plastic deformation 
and especially to br i t t le  fracture.  

A long with the energy factor ,  the s t ruc tura l  factor  is of par t i cu la r  importance to improve the operational 
reliabili ty of machine parts .  The phase t ransformat ions  and changes in the fine s t ruc ture  associa ted with 
changes in the chemical  composit ion of the alloy due to interaction with the surrounding medium in the process  
of operation lead to substantial changes in the s t ruc ture  and proper t ies  of the surface in compar ison with the 
original surface.  

Diffusional saturat ion with eLements makes it possible to change the s t ructura l  condition of the surface 
of an alloy due to changes in chemical  composit ion and thus ensure long- term stability of the s t ruc ture  of the 
sur face  in the p rocess  of operation. 

Depending on the nature of the diffusing element, a s ingle-phase or multiphase diffusion layer forms on 
the surface  of the metal that consists  of a solid solution of the interacting elements or their chemical  com-  
pounds, o r i s  heterophasic in nature. As a rule,  in the f i rs t  two cases  the diffusion Layer has a texture,  the 
grains of which a re  a lmost  monocrysta l l ine ,  as the result  of which the polycrysta i l ine  complex of the surface 
layer  is s tat is t ical ly anisotropic.  

In the p rocess  of diffusion there  are  also changes in the fine s t ruc ture  of the metal associa ted  with fo r -  
marion on the surface  and in surface  zones of the diffusion layer  of dislocations and a polygonal s t ructure.  
Electron microscopic  studies of aluminized steel 12Khl8N10T at a depth of 10 ~ from the surface  showed a 
diffusion zone (FeA 1 at the Lower boundary of the layer) in which dislocations were observed (Fig. 2). 

With a diffusion layer the s t ruc ture  of the surface  approaches the ideal, which makes it possible to use 
the lefthand branch of the curvc  on the Oding-Bochvar  diagram (:Fig. 3) and also serves  as a b a r r i e r  to dislo- 
cations running to the surface.  This leads to dislocation pile-ups below the diffusion layer,  which makes it 
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Fig. 3 Fig. 4 

Fig. 3. Oding-Bochvar diagram. 

Fig. 4. Effect of diffusion layer on ultimate 
strength and kinetics of fracture. - - )  Before 
saturation; - - - )  after saturation. 

poss ib le  to use the righthand branch of the O d i n g - B o c h v a r  d iagram (Fig. 3) [2]. 

The  ave rage  level of the bulk s t rength hardly changes in this case ,  but the probabil i ty of the nucleation 
of m i c r o c r a c k s  on the su r face  of the metal  and the kinetics of thei r  propagat ion into the depth of the meta l  
(LogT) dec rease  (Fig. 4), as the resu l t  of which the s e rv i ce  life of the machine pa r t  i nc reases .  

Thus ,  under the influence of mechanical  s t r e s s e s  the diffusion Layer has a s t rong effect on the kinetics 
of f r a c tu r e  despite its re la t ively  smal l  thickness when c o m p a r e d  with the total section of the pa r t ,  and thus 
i nc rea se s  the s e rv i ce  life of the pa r t  as  a whole. An oxide film fo rmed  on the su r face  during oxidation of the 
meta l  can also have a large effect on the kinetics of f r ac tu re  at high t e m p e r a t u r e s .  The role  of oxidc film 
should evidently be cons ide red  not only in connection with their  p ro tec t ive  influence against  oxidation but a l so  
in connection with the i r  effect on the development of m i c r o c r a c k s  on the su r face  of an alloy. When dense and 
tightly adherent  oxide f i lms a r e  f o rm ed  on the sur face ,  plast ic  deformation of the su r face  zones will bc in-  
hibited and the t ime to fa i lure  will inc rease .  Such oxide f i lms as C r203, Al203, and spinel NiO-Cr203 evidently 
have such p roper t i e s .  

The  high alloying of the solid solution that occurs  with diffusional sa tura t ion  of the su r face  of h e a t - r e -  
s is tant  al loys inhibits impover i shment  of the gra ins  and gra in  boundar ies  genera l ly  obse rved  during oxidation of 
an unprotected alloy and thus inc reases  its heat  res i s tance .  Alloying of the su r face  with e lements  evidently 
p e r m i t s  not only the healing of vacancy s inks ,  which a r e  dis locat ions,  but a l so  reduces  the s ize  of regions 
f rcc  of subboundar ies ,  increas ing  the misor icn ta t ion  of neighboring gra ins .  

Consequently,  within submicroscop ic  regions of the sur face  l aye r ,  conditions a r e  c r ea t ed  for s table  dis-  
ruptions of the chemica l  heterogenei ty  and the regula r  per iodici ty  of the s t ruc tu re  within coheren t  s u b m i c r o -  
scopic regions of the c rys ta l .  This  leads to s tabi l izat ion of dislocation p i le-ups  and subs t ruc tu res  and also to 
inhibition of the p r o c e s s e s  of c l imb and recovery .  One would expect rec rys ta l l i za t ion  p r o c e s s e s  in su r face  
zones of al loys to occur  much m o r e  slowly a f te r  sa tura t ion than before ,  which would a lso  lead to an i nc rea se  
of the heat  res i s tance .  

Consequently,  s t r u c t u r a l - e n e r g e t i c  changes in the su r face  may affect  not only the phys icochemica i  p rop -  
er t ies  of the su r face  (hardness,  w e a r  r e s i s t ance ,  r e s i s t ance  to erosion,  co r ros ion ,  contact ,  and the rmal  and 
e lect romagnet ic  p roper t i e s )  but a lso  the bulk p ropc r t i e s  of the al loy,  which is especial ly  notable in operat ion 
under conditions of c r e e p ,  fatigue (including the rma l  fatigue), and under the influence of magnetic  and electr ic  
fields. 

The energet ic  condition of the su r face  and its re la t ionship with the phys icochemica l  p rope r t i e s  can be 
determined indirect ly f rom the cha r ac t e r i s t i c s  of the act ivat ion energy of se l f -di f fus ion of e lements  in a layer  
(Q), the t e m p e r a t u r e  cha rac t e r i s t i c  (0), the residual  s t r e s s  (ares) ,  the modulus of elast ic i ty  (F:), the electronic 
work  function (¢0), the energy of the c ry s t a l  lat t ice (W), and others .  
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