
3. The wear  res i s tance  of low-hardenabi l i ty  steel  55PP with a hardened l aye r  > 0.1 mm removed  by 
grinding is  h igher  than that of steel  15Kh, and with a l aye r  > 0.25 mm removed  it  is  h igher  than that of steel  
18KhGT. 

4. In select ing mate r ia l s  for par ts  subject  to wear  in operation, it is n ece s sa ry  to take into account the 
allowance for  machining af ter  heat  t r ea tmen t  and if it is > 0.2 ram it is expedient to use low-hardenabil i ty  
s teel  55PP subjected to induction hardening. 
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When carbon is saturated with molybdenum the diffusion coating genera l ly  consists  of hexagonal molyb-  
denum carbide Mo2C. 

In such coatings the orientat ion of the latt ice of grains in the carbide coating changes with increasing 
thickness,  with an increase  of the component paral le l  to the leas t  densely packed direct ion in the carbide latt ice 
and perpendicular  to the surface  of molybdenum [1, 2]. 

Decarburizing of the surface layer  adjoining the base  metal  was observed in studies of the the rmal  s tab-  
i l i ty of these coatings in a chemical ly  active medium.  Micros t ruc tu ra l  changes were  observed in the r ema in -  
ing layer  of carbide - dark  bands on a light background of carbide.  

This work concerns  the composit ion of these layers  and the relat ionship between thei r  a r rangement  and 
the format ion  of meta l l ic  phase during decarbur izat ion.  

A l aye r  of Mo2C was obtained by earbur iz ing in methane a plate 2-3 mm thick of monocrys ta l l ine  and 
polyerys ta l l ine  molybdenum. The la rges t  surface  of the monocrys ta l t ine  molybdenum was para l le l  to c r y s -  
tal lographic planes {100) ,  {110}, or  {111}. The samples of polycrystal l ine molybdenum were  gra in-or ien ted  
with a grain size of 500 # and < 100 p, with plane {100} paral le l  to the surface  being saturated.  The thickness 
of the carbide layer  on these sur faces  was 30-40 #. The carbide layers  consis ted en t i re ly  of oriented poly-  
crys ta l l ine  carbide Mo2C. 

Depending on the crys ta l lographic  plane para l le l  to the surface  of the t rea ted  plate, the bas ic  or ientat ions 
observed in the carbide layer  were  (203) Mo2CIt(100 ) Mo, (101) Mo2C]I(ll0) Mo, and (114) Mo2CIf(lll) Mo. On 
coa r se -g ra ined  polycrysta l l ine  molybdenum, as in the case  of single c rys ta l s  with a surface  para l le l  to c r y s -  
tal lographic plane (100), plane (203) of the carbide lat t ice is para l le l  to the t rea ted  surface,  while on f ine-  
grained polycrysta l l ine  molybdenum plane (001) was paral le l  to the surface .  

The m i c r o s t r u c t u r e  of the carbide layers  is shown in Fig. 1I. 

The format ion of meta l l ic  phase was investigated af ter  decarbur iz ing  of the surface  layer  of carbide in 
hydrogen plasma glow discharge with a p r e s su re  of 25 m m  Hg, combustion potential 600 V, cu r ren t  density 80 
mA/cm 2. 
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Fig.  1. M i c ro s t ruc t u r e  of  carbide  l aye r s  (Mo2C) before  (I) and a f te r  (!l) heating. 
300 x .  a) Onmonocrys t a l l i ne  molybdenum; b) on po lycrys ta l ! ine  molybdenum with a 
g ra in  s ize  of 500 /z; c) on polyerys ta l l ine  molybdenum with a gra in  s ize  of 100 #. 

The samples  were  placed on the cathode of the glow d ischarge  appara tus .  The decarbur iz ing  t ime  was 
var ied  f rom 20 to 30 rain. 

F igure  2a shows the m i e r o s t r u c t u r e  through the c ro s s  sect ion of the samples  a f te r  deearbur iz ing;  the 
l inear  boundary  between the deca rbu r i zed  zone and the remain ing  l aye r  of carbide  is c l ea r ly  visible;  the bound- 
a r y  be tween the carb ide  and the molybdenum single c ry s t a l  has a notable cu rva tu re .  The m i c r o h a r d n e s s  of the 
deca rbu r i zed  l ayer  of molybdenum is H 270, the lat t ice constant  of this bcc  l ayer  is 3.14 ~= 0.01 )~ (the th ick-  
ness  of the gra ins  being equal to the th ickness  of the layer) ,  and it  has a pe r fec t  t ex ture .  Thus, with d e c a r b u r -  
ization of carbide ,  tex ture  (100) [010] occurs  on plane (100) of the molybdenum single c ry s t a l  in the p o l y c r y s -  
tall ine l aye r  of molybdenum, tex ture  (110) [101] on plane (110), and texture  (111) [112] on plane (111). With 
inc reas ing  th ickness  of the deca rbu r i zed  l ayer  the per fec t ion  of the texture  d e c r e a s e s .  

Thus, with deea rbur i za t ion  of molybdenum carbide  one obse rves  so -ca l l ed  c rys ta l lograph ic  r eve r s ib i l i t y  
[3]: The t r a n s f e r  of a toms during the d i rec t  p roce s s  (carbur iz ing  of the single crysta l )  and the r e v e r s e  p r o -  
cess  (decarbur iz ing  of carbide)  along the s ame  diffusion path. Because  of this,  a pecul ia r  " m e m o r y "  of the 
preceding  or ienta t ion is obs e rved  during phase t r ans fo rma t ion .  

To de te rmine  the cu rva tu re  of the boundary  between carbide and the molybdenum single c rys t a l  we 
p r e p a r e d  m i c r o s e c t i o n s  in the plane para l l e l  to the sur face  of the sample  and in tersec t ing  the i r r e g u l a r  bound-  
a r y  of the carb ide  (Fig. 2b). It  can be seen  that  the carbide  region (l ighter in Fig. 2b) has an oval shape, which 
indicates a globular  shape of the carb ide  p ro t rus ions .  

It should be  noted that  in the p r o c e s s  of decarbur iz ing  the carbide  grows into the m a t r i x  of the single 
c rys t a l .  This  is man i fes t  p r i m a r i l y  in the i r r e g u l a r i t y  of the boundary  with the monocrys ta l l ine  meta l l i c  
phase,  i.e., in the development  of globules at the carbide  phase boundary.  

The development  of globules on the su r face  of the growing phase depends  in genera l  on impur i t i e s  a c -  
cumulat ing at the c a r b i d e - m o l y b d e n u m  boundary  [4]. However,  the p r e sence  of globular  p ro t rus ions  on the 
sur face  of the growing carb ide  m a y  a lso  be due to the d i rec t  influence of d i scharge  in the p roce s s  of d e c a r -  

Fig. 2. Microstructure of a sample after decarburization. 500 x. a) In plane 
perpendicular to the surface of the sample; b) in plane parallel to the surface of 
the sample and intersecting the boundary between carbide and the molybdenum 
single crystal. 
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Fig, 3, Dis t r ibut ion of ca rbon  in the carbide  l ayer  on 
molybdenum af te r  heating, C 1) In molybdenum; C 2) in 
M02C; C3) in s l ip l ines;  C4) in gra in  boundar ies  of 
M02C; C5) at the Mo-M02C boundary,  T h e  l ines of 
the m i c r o p r o b e  a re  shown on the m i c r o s t r u c t u r e ,  

burizing. This effect may be manifest as an uneven density of structural defects in the remaining carbide 
layer. In connection with this, flow of carbon to the boundary with the molybdenum single crystal may not be 
constant, which also leads to protrusions whose shape and thickness reflect the uneven flow of carbon. 

Structural transformations in the carbide layer during heating were investigated on samples with carbide 
layers obtained on plane (I00) of the single crystal and on texturized samples of polycrystalline molybdenum 
with (I00) texture. Samples with carbide layers were heated in vacuum at 1800°C for 3 h at a residual pressure 
of 10 -5 Hg. Dark bands 7-10 p wide are distinctly visible in the mierostructure of such layers after heating 
(Fig. liD. Within the limits of grains or blocks these interlayers are parallel and approximately the same 
distance from each other. 

The x-ray diffraction analysis revealed no new phases in the carbide layers after heating. However, the 
lattice constants of Mo2C decreased somewhat after heating (a = 3.006/~, e = 4.747/~ before heating; a = 2.992 
/~, c = 4.721 A after heating). Microprobe analysis showed that the carbon content of the dark areas is higher 
than in the light areas (Fig. 3). This leads to the assumption that the reduction of the lattice constants of car- 
bide is due to partial decomposition and accumulation of carbon in certain areas of the layer, leading to forma- 
tion of the dark interlayers. The ordered distribution of these layers indicates that they are parallel to the 
crystallographic planes in the carbide lattice. The x-ray diffraction analysis was used to determine the planes 
in the carbide lattice parallel to the dark interlayers in order to verify this assumption. In all cases this 
plane, (001), forms one of the slip systems in the lattice of hexagonal carbide Mo2C, It is not excluded that the 
redistribution of carbon in the layer during heating is associated with stresses and displacements along slip 
planes. 

The possibility of producing surface carbide layers consisting of alternating layers with different carbon 
concentrations is of considerable interest, since they serve as diffusion barriers. This property of carbide 
layers is most effective when interlayers rich in carbon are located parallel to the surface being saturated. 
The basal plane of the lattice of the carbide layer should be parallel to the surface being saturated. The re- 
quirements for the orientation of monocrystalline substrates ensuring the necessary orientation of the lattice 
of the carbide layer were discussed in [I]. There are no data for polycrystalline substrates. For this reason, 
we investigated the relationship between the preferred orientation of the lattice of polycrystalline molybdenum 
and the orientation of the lattice of the carbide formed on it. Primary attention was given to saturation of 
molybdenum with texture  in which plane {100} is para l le l  to the sur face  being sa tura ted ,  This type of t e n u r e  
is m o s t  common in bcc me ta l s  a f te r  rol l ing and drawing, 

The p r e f e r r e d  or ienta t ion of the carbide  lat t ice was de te rmined  a f te r  ca rbur iz ing  of molybdenum with a 
grain  size __. 500 ~ and < 100 #. It  was found that  the basa l  plane of the carbide lat t ice in carbide l aye r s  on 
f ine-gra ined  molybdenum is pa ra l l e l  to the sur face  being sa tura ted ,  Strat i f icat ion para l l e l  to the sur face  of 
sa tura t ion  occurs  in gra ins  of the carbide layer  during heating (Fig, l l Ib) ,  It was imposs ib le  to obtain s t r a t -  
if ication in the requ i red  di rec t ion in carbide  l aye r s  on c o a r s e - g r a i n e d  molybdenum (Fig, l I Ib) ,  
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The dependence of the d i rec t ion  of s t ra t i f ica t ion  on the g ra in  s ize  of the m e t a l  be ing  sa tu ra ted  can be 
explained on the b a s i s  of data  concerning the sa tura t ion  of monocrys ta l l ine  molybdenum [1], where  it was  found 
that with sma l l  th i cknesses  of the carb ide  l aye r  the p r e f e r r e d  a r r a n g e m e n t  of the ba sa l  plane is pa ra l l e l  to the 
su r face  of sa tura t ion .  With inc reas ing  th ickness  of the l aye r  the or ienta t ion  of the carb ide  lat t ice changes .  
With sa tu ra t ion  of monocrys ta l l ine  molybdenum to a depth l a r g e r  than the ave rage  s ize  of the gra ins  the growth 
of carbide  phase  in each g ra in  can be cons idered  approx ima te ly  .-independent, occu r r ing  in the s ame  man n e r  as 
in monocrys ta l l ine  molybdenum.  

Saturat ion of molybdenum with l a rge  gra ins  leads to or ienta t ions  of  the carbide  lat t ice that  a r e  d e t e r -  
mined by  the g ra in  s ize  in the d i rec t ion  of the diffusional  flow of carbon.  In f ine-gra ined  molybdenum the 
development  of such or ienta t ions  is prevented  by  the smal l  g ra in  s i ze  in the d i rec t ion  of the flow of carbon.  
Because  of this,  when the or ienta t ion  of g ra ins  in molybdenum c o r r e s p o n d s  to texture  of the (100) type then 
because  of the smal l  g ra in  s ize  the carb ide  l aye r  will r e ta in  the p r i m a r y  or ientat ion in which the basa l  planes 
a re  pa ra l l e l  to the su r face  of sa tura t ion .  In this case  the per fec t ion  of the or ienta t ion obtained depends d i r ec t ly  
on the g ra in  s ize of the me ta l  being sa tu ra ted .  
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DYNA]~, I ICS O F  T H E  P R O C E S S  O F  C H A N G E  I N  T H E  D E G R E E  

O F  D I S S O C I A T I O N  O F  A M M O N I A  I N  N I T R I D I N G  F U R N A C E S  

V.  V. D e m b o v s k i i  a n d  V.  N. K u d r y a v t s e v  UDC 621.78.062.5 

The d issoc ia t ion  of ammonia  in ni t r iding furnaces  occurs  in two s tages  - heating of ammonia  and d i s -  
sociat ion by the chemica l  reac t ion  

I00 NHz ~ a N -i- 3~ H + (100 -- ~) NHz. (1) 

Both s tages  occur  with intensive mixing of the gas .  

The extent  of d issoc ia t ion  ~ by  reac t ion  (1) depends main ly  on the t e m p e r a t u r e  of the p roce s s  and the 
ammon ia  input. Since the t e m p e r a t u r e  depends on the p rope r t i e s  of the me ta l  being nitr ided,  the d issoc ia t ion  
of ammonia  is control led in p rac t i ce  by  the input [1, 2]. The c h a r a c t e r  of the change in the d issoc ia t ion  of 
a m m o n i a  with t ime  is of i n t e re s t  in this case ,  i .e. ,  the dynamic c h a r a c t e r i s t i c  of the furnace .  This work  was 
under taken to de t e rmine  this c h a r a c t e r i s t i c .  

Dynamics  of Heat T r a n s f e r .  To de te rmine  the heating ra t e  of ammon ia  one can use the heat ba lance  
equation [3], which for  a furnace  as an ideal m i x e r  [4, 5] in t ime  per iod dt takes  the f o r m  

h,Qt o~ at + AP (Of--  0,) at - -  h~Q~ o~ at = a~ vd  0~., (2) 

where t11, h2, Q1, and Q2 a re  the speci f ic  heats  and the ammon ia  input and the products  of its par t ia l  dissociation~ 
01 and 02 a r e  the initial  and final t e m p e r a t u r e s  of the ~mmonia  and its d issocia t ion  products ;  0f is the furnace 
t e m p e r a t u r e ;  V is the volume of the furnace;  A is the coeff icient  of heat  t r a n s f e r  f r o m  the walls  of  the r e t o r t  
(muffle) and the su r face  of the load to the gas;  F is the total  contact  su r face  of the load and the wails  of the 
r e t o r t .  
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