
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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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  
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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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If in f i r s t  approximation we neglect  the change in the volume of the gas due to its dissociation, i.e., QI = 
Q2 Q, and take h i = h 2 = h for simplicity,  we obtain 

hV d 0, AF h 0 t 
hV+AF d / +  09-hQ+A-'~F Of + hQ+AF Q" (3) 

Here 

h V  
- -  - -  T 1  

hQ + AF 

is the constant t ime of the heating of the gas entering the furnace;  

AF 
- -  k 1 

hQ + AF 

is the in te rmediary  coefficient of heating in t e rms  of furnace tempera ture ;  

h01 
k2 

hQ T AF 

is the in te rmediary  coefficient in t e rms  of the ammonia  input. 

Using these notations, we have 

dO~ 
/'~ ~ + 02 = k~ o : +  k:Q (3a) 

The coefficient of heat t r ans fe r  

A = Ak+ At, (4) 

where A k is the convection te rm;  A r is the coefficient of heat t r ans fe r  by radiation. 

For  nitriding at 520°C, A k u 7 k c a l / m  2 • h .  deg C. 

At the same time, the a m m o n i a - n i t r o g e n - h y d r o g e n  mixture is fa i r ly  black [6], the blackness  reaching 
a value of £ = 0.5 during nitriding. As the result ,  the total value of A is 33.5 kea l /m  2 • h .  deg C. 

Calculations with these values of A for a furnace of the Ts-75 type gives T 1 = 2.68 sec.  

With an average t ime that the gas remains  in the furnace tav = V/Q = 600 sec the p rocess  of heating the 
gas can be regarded as pract ical ly  iner t ia less .  

Dynamics of Dissociation.  Taking the furnace as an ideal mixer  [3-5] and using the notations given above, 
we obtain the following equation for the mate r ia l  balance of ammonia in the furnace:  

c,o,d~ - (C:Q~ d r -  v~c; )  = v d c , ,  (5) 

where C 1 and C 2 are  the concentrat ions of ammonia in the incoming and outgoing gases  expressed in volume 
percent  (C 1 = 1 for nitriding-with undiluted ammonia);  dC2* is the change in the concentrat ion of ammonia  due 
to part ial  chemical  dissociat ion by react ion (1); dC 2 is the total change in the concentrat ion of ammonia  as the 
resul t  of part ial  chemical  dissociat ion and mechanical  ca r ryou t  f rom the exhaust gases .  

According to the law of mass  action 

~ c ~  = _ Kc~. ,  
- dt ( 6 )  

where K is the constant  of the rate of the chemical  react ion.  

Then Eq. (5) takes the form 

CtQldt--(C2Q2dt+KVC2dt):VdC~, 
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Hence 

t 
Czl 

\ 
T2 _1 t ~ 

Fig. 1. Schematic variat ion of the ammonia 
concentrat ion in the outgoing gas in relat ion 
to its input at different t empera tures .  

dC~ 
v - - ; ?  + (Q~ + k v )  c~ = AQ~, 

o r  

v dC~ C, 
- - - - + C 2 -  - -  gl. 
Q2+KV ,it Q~+KV 

Relationships were established previously [2] by which 

Q~ = Q, (1 + x), 

l + x '  

where x = ~/100. 

Thus, Eq. (7) t r ans fo rms  to 

V dC2 Ct 

+-C20~2 +KV -~ + c2 -- 2O___j_, O~" 
1 +C2 +KV 1 

In this case 

v 
2Q~ 

- - + K V  
I +C2 

is the constant time of the p rocess  of dissociat ion of ammonia;  

el 
2{3, 

I + C= +KV 

is the in te rmediary  coefficient of the dissociat ion process  in t e rms  of the gas input. 

In these notations we have (see Fig. 1) 

(7) 

(s) 
(9) 

(i o) 

dC~ (lea) 
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TABLE i. 

~ ~ v, rn3 m? ~ 

)A- 32 83o o j6 1,5 
550 0,16 1,5 

TS- q5[ 

Note. 
T 2 are  

Parts nit rided 

Plunger sleeve of a 
force pump 

500 Valves of internal 
529 combustion engine 
750 

0,43 
0,43 
0,43 

4,89 

K, 
C~ 1/h Tz, rain 

0,79 1,39 5,1 (5,4) 
0,65 3,06 4,I5 (3,5) 

0,92 0,52 4,8 (5,0) 
0,86 110'992 4 6  (5,0) 0,085 0:46 (Not det,) 

1) Exper imenta l  data given in parentheses•  2) C i = 1, K and 
given for cor responding  values of Q1- 

It should be noted that  d i f ferent ia l  equations (10), (10a) a re  nonlinear,  s ince T 2 and K 3 va ry  with the quan- 
t i ty of ni tr iding gas  enter ing  the furnace  (Q1) and the concentrat ion of ammonia  in the exhaust  gas  (C 2). The 
pr incipal  compl ica t ion is to de te rmine  K of the chemica l  reac t ion  of the d issocia t ion of ammonia  at a given 
t empera tu re ,  s ince the sur face  of the load of pa r t s  in the furnace has a s t rong cata lyt ic  effect  on the ra te  of 
reac t ion  (1). 

The values  of K can be de te rmined  f r o m  exper imenta l  s ta t ic  c h a r a c t e r i s t i c s  e x p r e s s e d  as the var ia t ion  
of the s teady degree  of d issocia t ion  of ammonia  with the ammonia  input x = f(Q1)- These c h a r a c t e r i s t i c s  a re  
well  known f r o m  ni t r iding p rac t i ce  for  any conditions of the p roce s s .  For  s teady conditions we have f rom Eq. 
(10): 

C1Qt 
C2-  

2Q, 
1 + c~ + K V  (10b) 

o r  

/( = - -~  (1 + x) (1 C--~x -- I ). (lOc) 

With known values of C1, Q1, V, and x it is e a s y  to de te rmine  the value of K and f rom this value calculate  
the constant  t ime T 2. Exper imenta l  ver i f ica t ion showed sa t i s f ac to ry  a g r e e m e n t  between the calculated and 
exper imenta l  data (see Table 1). 

The slight d i f ference  between the calculated values  of T 2 and the exper imenta l  va lues  can be explained by 
the exper imen ta l  e r r o r  and a lso  the deviation of the p r o c e s s  f rom the model  of ideal mixing.  

CONCLUSIONS 

I. The process of heating ammonia in the furnace for nitriding is practically inertialess. 

2. Analytical expressions for the dynamic characteristic of the dissociation of ammonia during nitriding 
were obtained in relation to its input in the form of a nonlinear differential equation of the first kind. 
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