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The carbur izat ion mechanism is presented for  metallic components in an e lec t ro the r -  
mal fluidized bed; numerical  results  are  presented.  

Thermochemica t  t rea tment  of metals in e lec t ro thermal  fluidized beds enables one to acce lera te  sur -  
face t rea tment  with various elements quite considerably [1]; we here present  new experimental  evidence 
that shows that this effect is obtained by combining various processes  that will intensify the individual 
s tages in the over-a l l  process .  

The method provides an unusually good improvement  in modes of improving carburizat ion,  such as 
ca rbur iza to r  activation [2], surface temperature  increase,  and ion diffusion [2, 3]. 

Carburizat ion may be considered as consist ing of severa l  s tages:  supply of the c a r b u r i z e r  to the sur -  
face of the component, activation, introduction of the carbon atoms into the metal, and finally t ranspor t  of 
the ionized carbon atoms within the metal. It may be largely ineffective to intensify only some of these suc- 
cessive processes ,  because the neglected ones may represent  the ra te- l imi t ing  step. 

If the mater ia l  is made a cathode, each of the stages can be accelerated;  the simplified model is 
that the ca rbur i ze r  is activated in microscopic  a rc s  at the surface of the component, while the more rapid 
introduction of mater ia l  into the metal occurs  by e lec t r ica l  t ranspor t ,  and also as a result  of surface heat-  
ing of the metal near  the discharges .  

The tempera ture  in one of these microscopic  a rc s  may attain some thousands of degrees ,  but the 
tempera ture  within the component of course  fails rapidly away from such a point source.  If such an a rc  
were to burn for a prolonged time at one spot, one might get unacceptably high tempera tures  in the metal 
itself; the continual mixing in af luidizedbed will mean that the arc  s tays at one point only for a short  time, 
and the surface of the component is not damaged. 

It is difficult to say how long such an arc  burns,  because the fluctuations in the total cu r ren t  from the 
d.c. source do not give any c lear  idea about the frequency of occurrence  and extension of these a rcs .  The 
osci l lograms reveal  pulsations with frequencies of 108-105 nz .  The frequency of str iking and extinction 
at the surface may be much la rger ,  because the pulsations actually recorded may well be only the low-fre-  
quency beats ar is ing on account of addition of high-frequency p r imary  pulsations in the a rcs .  On the other 
hand, the number of such a rc s  at  the surface of the e lect rodes  is much less than the total number within 
the volume of the layer, but general  considerat ions would indicate that the arc  duration must be very  short .  
Arc extinction can be brought about not only by the escape from the electrode of a bunch of part icles (which 
produces frequencies of the order  of a few cycles  per second) but also by slight displacement of the part icles 
within a bunch. There are  possible effects from the explosive expansion of the gas or  vapor  in the region 
of the arc ,  which can give the highly mobile light part icles a large accelera t ion away from the electrode 
and thus ve ry  rapidly extinguish the a rc .  
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T A B L E  I .  R e s u l t s  o n  C a r b u r i z a t i o n  
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P r o v i d e d  t h e  g a s  f l o w  r a t e  i n  t h e  b e d  i s  s u f f i c i e n t  t o  p r e v e n t  a r c  d a m a g e  t o  t h e  c o m p o n e n t ,  o n e  c a n  in  

t h i s  w a y  g e t  a b r i e f  r i s e  in  t h e  s u r f a c e  t e m p e r a t u r e  b y  s o m e  h u n d r e d s  o f  d e g r e e s  n e a r  t h e  p o i n t  s o u r c e  o f  

h e a t ,  w h i c h  f a c i l i t a t e s  r a p i d  d i f f u s i o n  o f  t h e  c a r b o n  i n t o  t h e  m e t a l  b e c a u s e  o f  t h e  m a r k e d  t e m p e r a t u r e  d e -  

p e n d e n c e  o f  t h e  d i f f u s i o n  c o e f f i c i e n t  [4];  f o r  i n s t a n c e ,  t h e  s t a n d a r d  f o r m u l a  i s  
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Fig. 1. Micros t ructure  of Armco iron: a) side facing anode; b) 
cathode. 

e-.~ [31350t D = 0.064exp ~ - ~ -  ] . 

Thermal  diffusion also tends to accelera te  the t ranspor t .  All the carbon atoms in the metal  are  ionized 
[3], so diffusion of these into the part  acting as cathode will be acce lera ted  by the electr ic  field. The pr i -  
m a r y  ent ry  of carbon into the metal  is very  great ly  facilitated in our case not only by the local high t emper -  
ature but also because the numerous microscopic  a rcs  at the surface br ing up sources  of highly concen- 
t rated active carbon formed by burning and distillation of the graphite part icles  acting as anodes. The ca r -  
bon atoms would appear  to be ionized in these a rcs  and to move rapidly towards the me ta l  under the electr ic  
field. 

Another advantage of e lec t ro thermal  fluidized beds is the scope for intensifying the diffusion of the 
carbon into the metal as a resul t  of the higher t empera tu res  [5], and also because the same mean surface 
tempera ture  is accompanied by higher local t empera tures  near  the a rcs ,  which acce le ra tes  the diffusion 
because of the above-noted tempera ture  dependence of the diffusion coefficient. The high heating rate pro-  
vides a f ine-grained s t ruc ture  [6] and improves the quality of the parts,  as well as accelera t ing the diffu- 
sion [4, 7]. 

Table I gives results  on carbur izat ion of specimens of steel type 3 (0.14-0.25% C) in such a fluidized 
bed, with the gas e i ther  air ,  carbon dioxide, or  technical nitrogen. The tests  were done at various gas 
flow rates  with various particle d iameters .  

The carburizat ion rate was great ly  raised relative to that for gas carbur izat ion when a d i r ec t - cu r ren t  
source was used, no mat ter  whether the specimen was the cathode or lay between the e lec t rodes .  The ca r -  
burized surface layer in most  of the specimens contained about 0.6-0.8% C; at  high tempera tures  and with 
long t imes (60 min) the specimen became completely saturated with carbon throughout the c ros s - sec t ion .  
There was no nonuniformity in s t ructure  and carbon content in specimens placed between the e lect rodes;  
evidently, in this case the general  carbon t ranspor t  into the specimen was not substantially interfered with 
by preferential  ent ry  from the side facing the cathode on account of the low cur ren t  passing through the 
specimen. 

However, a specimen of thick Armco iron (a piece of size 25 • 35 x 76 mm along the field l ine)clear ly  
revealed differences in carbur izat ion rate in the anode and cathode regions af ter  15 min at 1000~ as can 
be seen from the s t ructure  of the surface layer (Fig. 1). The side facing the anode had about 0.8% carbon 
(perlite s tructure) ,  whereas  on the other side it was only 0.5-0.6% (ferrite + perlite s t ructure) .  

In routine operation, one can avoid differences in carbur izat ion ei ther  by turning the component or 
by periodically revers ing  the polari ty of the e lec t rodes .  

If the specimen is the cathode, it c a r r i e s  more  current ,  the electr ic  field is s t ronger ,  and this and 
thermal  diffusion resul t  somet imes  in so much more  rapid ent ry  of carbon that the internal parts  actually 
contain more  carbon than the surface.  If there were signs of surface melting (Nos. 30-32 in Table 1), the 
carbon content rose to something approaching the eutectic value. This undesirable melting can be avoided 
even at high tempera tures  if one uses a gas flow rate that is not too low; of course,  the available gas flow 
rate decreases  as the graphite particle size is reduced. 
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Fig. 2. Micros t ruc ture  of A r m c o i r e n  
sample made at tfi =900~ tpa r 
= 1100~ and T = 60 min. 

If the specimen is the cathode, the cur ren t  through the 
specimen and the e lec t r ica l  t ranspor t  have accentuated effects.  
If al ternating cur ren t  replaces di rect  current ,  the ca rbur iza -  
tion is much worse.  Our tests  show that there was no ca r -  
burizat ion at all on al ternat ing cur ren t  at 800-1000~ with 
compara t ive ly  large part icles (300 #m). However, part icles 
127 pm in d iameter  and 950-1100~ produced a surface c a r -  
bon concentration of 0.7-0.8% in 30 min, with 0.3-0.4% in the 
core .  The carbur izat ion is be t ter  with small  part icles on ac-  
count of the much la rger  number of a rcs  at the surface and 
the intensified diffusion; however, at present  it is unclear  
what occurs  when part icles  of 300 pm size are  used, since 
then there was no appreciable carbur izat ion on ac. 

The following test  shows that it is inadequate to acce le r -  
ate only a single stage (electrical t ranspor t  within the metal 
when the part  is the cathode): the surface of a cyl indrical  
specimen of steel type 45 was cut with a thread, and this 

was tightly screwed into a graphite container; under these conditions, the cur ren t  the same as used in the 
main experiments  was employed with the same hydrodynamic conditions in an attempt to carbur ize  the spec-  
imen in an e lec t ro the rmal  layer  of graphite with part icles 127 pm in diameter .  Each run lasted 35-60 min 
(Fig. 2). The mic ros t ruc tu re  revealed that the surface of the specimen had a decarbur ized layer,  while 
between this layer  and the core was a t ransi t ion region with a gradually increas ing carbon content, which 
rose to about 0.7% in the core .  In this case ,  no carbur iza t ion had occurred,  because e lec t r ica l  t ranspor t  
of the carbon within the specimen to the core  had occurred  and the surface had not been supplied with ca r -  
bon because there  were no microscopic  a r c s  between the surface and the graphite vessel .  

These tests  were done jointly with the Institute of Technical Physics ,  Academy of Sciences of the 
Beloruss ian  SSR at the Minsk Trac tor  Works. A pilot-plant case-hardening  apparatus was used with the 
bai l-ended rods for the front suspension of the Belarus t rac tor ,  as well as for a pinion used in the t r ans -  
mission.  The vehicle was operated at 970~ to obtain a carbon concentration of about 0.8% with a carbu-  
r ized layer  0.8-1.0 mm thick, which required 40 min. The surface of the metal showed no t races  of scale.  
To obtain s imi la r  results  in gas carbur izat ion would require 10-12 h. 

N O T A T I O N  

D is the diffusion on coefficient; 
R is the gas constant;  
C ~ y  is the diffusion of carbon C into y-phase ;  
U is the voltage; 
I is the current ;  
Wg is the linear velocity of gas flow; 
tfl is the tempera ture  of fluidized bed; 
tpa r is the t empera tu re  of part;  
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