
Effec t  of  P r e l i m i n a r y  S u r f ace  T r e a t m e n t s  of I ron  and Steel  on t he i r  In te rac t ion  with Liquid Zinc 
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Mate r i a l  

TPI  

S a m e  
v! 

Stee l  30 
S a m e  

Steel  50 

S a m e  

Steel U10A 

~ a I n e  
T! 

In t e r ac t i on  
t i me ,  h r s  

Na ture  and t h i c k n e s s  of  l aye r ,  
n l i n  

I ! 

L o s s  of c r o s s - I  FeZn7 content  in zinc,  .% 
sec t iona l  a res ,  

% I 
I 

2 ] FeZnr - -  O, 2 locally, 

I a-Fe(Si)  - -  0 ,1  

5 F e Z n T - -  0 , 4  
10 FeZn 7 -  0 , 5  

2 Fe Zn7 - -  0 , 3 5  
5 FeZn~ - -  0 , 4 5  

10 FeZn 7 - -  0 , 6  
2 FeZn7 - -  0 ,1  

and a - Fe(Si) - -  0 , 1  

5 i FeZn7 - -  0 , 4  
10 ~ FeZn 7 ~ 0 , 9  

2 Locally, FeZn7 - -  0 , 1 5  
Locally, ~ -  Fe(SI) - -  0,15 

5 FeZn 7 1 ,0  12 
10 ! F e Z n 7 - - 2 , 5  22 
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6 

In s o m e  p l a c e s  b a s e  m e t a l  
touched by  F e Z n  7, in o t h e r s  
by q-Fe(Si)  . In n ickel ,  20% 
FeZn 7 

In zinc,  30% FeZn  7 
In zinc,  40% FeZn7 

In zinc,  25% F e Z n  7 
In zinc,  30% FeZn~ 

In zinc,  40% F e Z n  7 
Local ly ,  F e Z n  7 
in o t h e r s  by ~-Fe(Si ) ,  
in zinc,  20% FeZuy 

In zinc,  25% FeZn~ 

In zinc,  40% F e Z n  7 
In zinc,  40% FeZuy 

In zinc,  50% F e Z n  7 
In zinc,  70% F e Z n  7 

In t e rac t ion  of s p e c i m e n s  wi th  mo l t en  zinc a t  500~ a f t e r  s i l i con iz ing  at 850~  h r s .  

~All c o m m a s  a r e  equ iva len t  to a d e c i m a l  point .  

s i m i l a r  t r e a t m e n t  of  s t e e l s  with 0 .5  and 1% C i n c r e a s e s  t h e i r  
r e s i s t a n c e  to so lub i l i ty .  In a s t ee l  wi th  0.5% C, loca l ized  
d i s so lu t ion  c e n t e r s  a r e  found only  a f t e r  a s u b s t a n t i a l  t i m e  h a s  
e l ap sed  whi le  in s t ee l  wi th  1% C t h e r e  i s  no t r a c e  of d i s s o l u -  
t ion in m o l t e n  z inc  e v e r  a f t e r  v e r y  long i m m e r s i o n  p e r i o d s .  

4 .  The  d i f fe ren t i a l  e f fec t  of  c h r o m i u m  i m p r e g n a t i o n  on 
so lub i l i ty  in  mo l t en  z inc  of s t e e l s  wi th  v a r i o u s  ca rbon  con -  
t en t s  i s  a t t r ibu tab le  to d i f f e ren t  c o m p o s i t i o n s  of the  a l loy 
p h a s e s  r e s u l t i n g  f r o m  i m p r e g n a t i o n .  

5.  E lec t ro ly t i c  c h r o m i u m  pla t ing  of i r on  and s t e e l  h a s  no 

proective effect insofar as attack by liquid zinc is 
c o n c e r n e d .  
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NITRIDING OF STEEL UNDER ULTRASONIC VIBRATIONS 

G . V .  Z emskov ,  L . K .  Gushch in ,  E . V .  Dombrovskaya ,  A . E .  P a r f e n o v  
and V . T .  Ya rk ina  

O d e s s a  Po ly techn ic  Ins t i tu te  

We have s tud ied  the nitriding of steel in gaseous and liquid 
media under ultrasonic vibrations. 

_Dry. Ni t r id ing .  S p e c i m e n s  w e r e  p r e p a r e d  f r o m  s t ee l  
35KhYuA t r e a t e d  to R(~ 28-30 .  P r i o r  to n i t r i d i ng  the  s p e c i -  
m e n s  w e r e  s c r e w e d  in'~o a c o n c e n t r a t o r  and c a r e f u l l y  c l eaned  
with a leeho l .  To p r e v e n t  oxidat ion,  a m m o n i a  w a s  fed into the  
f u r n a c e  above 200~  The  d e g r e e  of a m m o n i a  d i s soc i a t i on  

during nitriding (500-5500C) was 40%. The specimen was 
finally cooled to 200oc in ammonia. The process was 
conducted with and without the use of ultrasonics. 

Li_~_u_id Nitriding was carried out in a salt bath 
(CaCl 2 - 48%, BaCI 2 - 31%, NaCl - 21%) with ammonia 
bubbled through it. The ultrasonic vibrations were 
transmitled to the liquid bath through the concentrator. The 
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Fig.  1. Effect of u l t rasound on m i c r o h a r d n e s s  dis t r ibut ion a c r o s s  the depth 
of a ni t r ided case  (550oc) : 

1 -- without.  2 -- with u l t rasonic  v ib ra t ions .  

p r o c e s s  was  conducted at 550-560~ h r s . ,  at an ammonia  
p r e s s u r e  of 330-360 m m  of oil.  High-frequency electr ic  
v ib ra t ions  w e r e  produced by a 2.5 kw tube gene ra to r  at  a 
f requency  18-35 kc p . s .  A P e r m e n d u r  magnetos t r ic t ive  
v ib r a to r  was  used to t r a n s f o r m  the e lect r ic  v ibra t ions  into 
acoust ic  ones .  
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ment .  After 15 h r s .  the m i c r o h a r d n e s s  of the case  de c r ea s -  
ed when compared  with 8 and 10 h r s .  ; however,  the m i c r o -  
ha r dne s s  of the cen t ra l  l aye r  of the ni tr idod ca se  i nc r ea sed .  
Using u l t r a son ics ,  the t r ea tmen t  t ime was  reduced 1.5 
t i m e s .  

The m i c r o h a r d n e s s  change f r o m  the sur face  to the 
cen te r  of the case  as  obtained by liquid ni tr iding with and 
without u l t r a son ics  is  given in Figure  3. A c o m p a r i s o n  of 
the r e su l t s  of gas  and liquid p r o c e s s e s  revelaed deeper  
penetra t ion and h igher  h a r d n e s s  in gas  ai t r iding,  i . e . ,  
when the spec imen  is  excited di rect ly .  
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Fig.  2. Mic roha rdncss  changes over  the 
nitr ided case  obtained under  u l t r a son ics  

(550~ 

The ni tr iding r e s u l t s  we re  a s s e s s e d  f r o m  Vickers  h a r d -  
n e s s  t e s t s  on the sur face  (5 kg load) and m i c r o h a r d n e s s  t e s t s  
a c r o s s  the case  th ickness  on a PMT-3 in s t rumen t  with a 50 g 
load. 

The m i c r o h a r d n e s s  data obtained af te r  va r ious  holding 
t imes  in the gaseous  medium are  shown in F igu res  1-2.  
Ultrasound inc reased  the h a r d n e s s  and the depth of n i t rogen 
penetra t ion and secured  a s table  improvemen t  of the m i c r o -  
ha rdnes s  in the main  zone of the ni t r i ted ca se .  After  soaking 
for  s ix  h r s .  or  more ,  the m i c r o h a r d n e s s  of the u l t rasonica l ly  
t reated spec imens  was  much h igher  than without such t r e a t -  

Fig.  3. Mic rohardness  changes over  the 
case  depth af te r  ni t r iding in a liquid bath: 

1 -- with.  2 -- without u l t r a son i c s .  

The advantages of an u l t rasonic  t r ea tment  can be explain-  
ed by per iodical  changes  of the latt ice cons tan ts  and by 
an increased  amplitude of t he r ma l  v ibra t ion  of ions f r o m  
to localized t e m p e r a t u r e  r i s e s .  To make a ni t rogen ion 
jump into a new posi t ion in an in ters t i t ia l  solid solution, 
one m u s t  await fo r  a definite coincidence between the 
vibra t ion phases  of the ni t rogen ion and the n e a r e s t  i ron  
ions .  Apparent ly  this  occur s  m o r e  often at the high 
f requency of ion vibra t ion in the lattice when ul t rasound i s  
u l t rasound.  
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The ultrasonic vibration also facil i tates the removal of 
reaction products from the metal surface and a continuous 
supply of f resh  gas; This increases the chemical interaction 
rate and aeeelerat~ dtesolution thereby increasing the 
nitrogen e o ~ e n t ~ a t i ~  in the metal surface.  Further,  it is 
possible that ultresotlic vibration produces ultramicroscopic 
pores  in the metal .  This would increase  the surface energy 
and facilitate the adsorption of surface-active elements .  

The advantageous effect of ul trasonics on the microhard-  
hess  and penetration depth of nitrogen was also observed 
at 500~ 

Metallographic observations showed that no nitrided case 
could be seen after holding for two h r s .  and that it became 
visible only after at least  four h r s .  Visual observations 
indicates a thinner nitrided case than would appear from 
microhardness  measurements .  The central zone of the 
nitrided case responded bet ter  to etching after the speci-  
mens had been exposed to ultrasonics for  six h r s .  or 
more .  I r respect ive of the nitriding procedure,  we found 
no embrit t lement of the nitrided case .  Hence, the work 
showed that both the case depth and the hardness  
of the nitrided case improved underultrasonic 
vibrations.  

T R A N S F O R M A T I O N  OF R E T A I N E D  AUSTENITE 

IN  C A R B U R I Z I N G  STEELS 

Eng. S.N. Krasotskaya 

Gor'kii Physico-Technical Research Institute 

This work deals with the transformation kinetics of 
retained austenite immediately after carburizing and also 
after quenching of carburizing steels 12KhN3A (steel "A"), 
12Kh2N4 (s tee l"B") ,  18KhNVA ("C"), 18KhNT ("D") and 
20KhGR ("E") . In addition, we have studied the effect of 
tempering pr ior  to quenching on the amount of retained aus- 
tenite and the effect of sub-zero  t reatment .  Specimens 
4 mm dia. and 40 ram long were pack-carburized in a mix- 
ture of 60% wood charcoal and 40% barium carbonate at 
940~ for 0.5, 1, 3 and 6 h r s .  A magnetic analysis was 
performed on ballistic and dipol magnetometers .  

Transformation of Retained Austenite in Carburized 
Specimens.  Magnetometric tes ts  on specimens pr ior  to and 
after  carburizing showed a decrease  of the (intensity of) 
magnetization in all cases ,  the effect increasing with carbu- 
rizing t ime.  It was part icularly large for s teels  A, C and B. 

In s teels  E and D, the fall of magnetization was due to ca r -  
bide formation. In the other three,  it was caused essentially 
by austenite retained after carburizing.  We were  concerned 
with the t ransformation of austenite during slow heating as 
well as during isothermal tempering of our specimens.  
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The analysis of the transformation during slow heating 
(5~ was conducted f rom the curves of magnetization 
changes of the specimens with temperature ,  Js(t}, Figures 
1 and 2. 

In specimens A carburized for 30 min, the decomposition 
of austenite occurred at 250-400~ and terminated during the 
heating stage.  This indicates reversibi l i ty  of the curves 
during cooling and repeated heating, Figure 1, curve 1. In 
specimens carburized for 6 h r s . ,  most  of the austenite 
decomposed also during heating to 400~ and a minor f rac-  
tion during cooling, Figure 1, curve 2. A part  of the retain-  
ed austenite in s teels  B and C decomposed during cooling 
after heating to 500-650~ Figure 2. The longer the 
carburizing time, the more  austenite decomposed during 
cooling. 

Fig. 1. Change of magnetization during heating, cool- 
ing and second heating of carburized steel  A. 

Carburizing time: 1 -- 30 rain; 2 -- 6 h r s .  

Apparently, the carburized specimens contain two types 
of anstenite.  The unstable variety is  located near  the core 
and decomposes during heating; the more  stable one is 
located in the surface layer.  The decomposition of the 
second kind occurs only during cooling after heating to 
a high temperature .  With increasing carburizing time, 
the carbon penetrates deeper and deeper and this is why 


