
T r e a t m e n t s  5 and 9 can be used when wa te r  o r  a w a t e r - a i r  mix tu re  is used as  the quenchant. In this 
case  the n e c e s s a r y  hea t  flow or  hea t -exchange  coeff icient  can be exp re s sed  by  the input c h a r a c t e r i s t i c s  of the 
quenchant,  us ing the data f r o m  [1, 2]. 

Thus,  the method proposed makes  it poss ib le  to ana lyze  di f ferent  var ia t ions  in o r d e r  to s e l ec t  the opt i-  
ma l  c o o l i n g p a r a m e t e r s  and hold exper imen ta l  work  on pa r t s  to a min imum.  Data on the t e m p e r a t u r e  d i s t r i bu -  
t ion through the sect ion of a pa r t  make  it poss ib le  to ca lcula te  t h e r m a l  s t r e s s e s  if n e c e s s a r y .  The mos t  su i t -  
able t r e a t m e n t s  of those  tes ted  were  5 and 9. 
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We p re sen t  r esu l t s  f r o m  a s tudy of the s t r u c t u r e  and p rope r t i e s  of f e r r i t i c  mal leab le  i ron KCh 35-10 
a f t e r  l a s e r  t r ea tmen t .  L a s e r  hardening without impai r ing  the su r f ace  finish (i. e . ,  melting} is a v e r y  p r o m i s -  
Lug t r e a t m e n t ,  although it is difficult  to achieve.  This  is due to the change in the coeff icient  of absorp t ion  of 
l a s e r  radiat ion,  which va r i e s  with s e v e r a l  fac tors  that  a r e  difficult  to de t e rmine ,  leading to inconsis tent  r e -  
sui ts .  To inc rea se  the coeff icient  of absorp t ion  approx ima te ly  twice and ensure  repea tab le  resu l t s ,  the s amples  
we re  phosphatized in the Mazhef  or  KPF-1  compounds.  An even b lack  su r face  was obtained. The  opt imal  
t r e a t m e n t  of KCh 35-10 mal leab le  i ron was de te rmined  f r o m  the var ia t ion  of the mic roha rdnes s  of s t ruc tu ra l  
components  and the depth of hardening  with the power  dens i ty  of l a s e r  radiat ion.  The highest  m i c r o h a r d n e s s  
without mel t ing  was achieved with the following p a r a m e t e r s :  continuous CO 2 gas l a s e r  (~ = 10.6 ~m) in mul t i -  
mode opera t ion with power  dens i ty  q = 7.5-103 W/cm2; neodymium glass  s o l t d - s t a t e l a s e r  (X = 1.06 #m) in f r ee  
opera t ion,  pulse durat ion r = (5-6). 10 -3 sec ,  ene rgy  densi ty  270 J / c m  2. 

Metal lographic  ana lys i s  was conducted with the Neophot mic roscope  and x - r a y  ana lys i s  in the URS-50IM 
d i f f r a c t o m e t e r  with use  of Fe K s radiat ion.  

The m i c r o s t r u c t u r e  of the mal leable  i ron was revea led  by  succes s ive  etching in solutions of p ic r ic  and 
ni tr ic  ac ids .  The or iginal  m i c r o s t r u c t u r e  consis ted of f e r r i t e  with f laky graphi te ;  the m i c r o h a r d n e s s  was H20 = 
150. Af te r  the l a s e r  t r ea tmen t  t he r e  w e r e  decided changes in the m i c r o s t r u c t u r e  (Fig. 1): The f e r r i t e  gra ins  
w e r e  ref ined and d is tor ted  (Fig. la)  due to the high ra te  of heating and cooling; l ight f ields that  a r e  only s l ight -  
ly etched a r e  v is ib le  around graphi te ,  which occur  dur ing cooling at  the point of contact  between f e r r i t e  and 
graphi te .  The poss ib i l i ty  of f e r r i t e  mel t ing at  points of contact  with graphi te  was repor ted  in [1, 2]. In r e -  
gions melted in the cou r s e  of the t r e a t m e n t  one can dis t inguish two sect ions  - a d a r k e r  sec t ion  along the p e r i -  
phe ry  with a dis t inct  dendri t ic  s t r u c t u r e  and a l igh te r  sec t ion  bo rde r ing  the graphi te .  X - r a y  ana lys i s  showed 
that  h igh-ca rbon  phase  in the f o r m  of l a r g e  dendr i tes  of ans teni te  is fo rmed  in the p e r i p h e r y  in the d i rec t ion  of 
heat  r e m o v a l ,  while an a u s t e n i t e - c e m e n t i t e  mix tu re  is fo rmed  n e a r  the nucleus.  The dendr i tes  of aus teni te  
a r e  mos t ly  pe rpend icu la r  to the su r f ace  of the sample  a f t e r  t r e a t m e n t  with the gas l a s e r  and para l l e l  to the 
su r face  a f t e r  t r ea tmen t  with the so l id - s ta te  l a s e r .  

Af te r  t r e a t m e n t  with the gas l a s e r  the mic roha rdnes s  of the f e r r i t e  r i s e s  to H20 = 220. The i nc rea se  in 
the ha rdness  of f e r r i t e  is evident ly  due to a l a rge  n u m b e r  of defec ts ,  the d is tor t ion  of the fine s t ruc tu r e ,  and 
s t r e s s e s .  The cooling r a t e  during t r e a t m e n t  with the so l id - s t a t e  l a s e r  is l a r g e r  than with the gas  l a s e r ,  and 
the re fo re  the ha rdnes s  of the f e r r i t e  a f t e r  the t r e a t m e n t  i nc rea se s  much m o r e  (H20 = 250). 

The ha rdness  of the aus teni te  r eaches  H2o = 470 and H20 = 670, r e spec t ive ly ,  a f t e r  t r e a t m e n t  with the gas  
and so l id -s ta te  l a s e r s ,  while the ha rdness  of the a u s t e n i t e - c e m e n t i t e  mix tu re  is the s a m e  in both cases  --H2Q = 
960. 
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Fig. 1. Mic ro s t ruc tu r e  of KCh 35-10 mal leab le  i ron a f t e r  
t r e a t m e n t  with gas (I) and so l id - s ta te  (II) l a s e r s  and t e m p e r -  
ing a t  d i f fe ren t  t e m p e r a t u r e s  (200 ×). a) 0°; b) 300°; c) 500"; 
d) 600 o. 

L a y e r - b y - l a y e r  meta l lographic  ana lys i s  of the mal leab le  i ron t r ea ted  with the so l id - s ta te  l a s e r  revealed  
no fu r t he r  t r a c e s  of the t r ea tmen t  a t  a depth of 40 ~m - f e r r i t e  ref ining and melt ing around graphi te .  Af te r  
• t r e a t m e n t  with the gas l a s e r  a zone affected by heat  was obse rved  to a depth of ~ 90 ~m,  although the elevated 
ha rdness  extended to a l a r g e r  depth (Fig. 2). The h igher  ha rdnes s  of the f e r r i t e  beyond the l imi ts  of v is ible  
changes due to the t r e a t m e n t  evidently indicates waves  of de format ion  a t  the boundary  of the heated and the 
cold zones [1]. Af te r  t r e a t m e n t  with the so l id - s t a t e  l a s e r  the zone affected by heat  is s m a l l e r  than a f t e r  t r e a t -  
ment  with the gas l a s e r ,  although the total  depth of the zone with high f e r r i t e  ha rdness  is the s a m e  in both cases .  

Af t e r  the l a s e r  t r e a t m e n t s  the s amp le s  we re  t empe red  1 h a t  t e m p e r a t u r e s  up to 600" (100" in tervals ) .  
With inc reas ing  t emper ing  t e m p e r a t u r e s  the re  a r e  not iceable  changes in the m i c r o s t r u c t u r e  due to d e c o m p o s i -  
tion of aus ten i te  to a f e r r i t e - g r a p h i t e  mix tu re  and diffusion of carbon to graphi te  (Fig. 1). T e m p e r i n g  at 500 ° 
leads to comple te  decomposi t ion  of aus teni te  and a lso  to some  grain  growth of the f e r r i t e  ma t r i x  (Fig. l c ) .  
With t e m p e r i n g  a t  600 ° the s t r u c t u r e  is c lose  to the or iginal  s t ruc tu re  (Fig. l I ,  d). It should be noted that  de -  
compos i t ion  of aus ten i te  and diffusion of ca rbon  to graphi te  occur  a t  lower  t e m p e r a t u r e s  in the mal leab le  i ron 
t r ea t ed  with the so l id - s t a t e  l a s e r  (Fig. l I I ,  b-d) .  

Rais ing the t e m p e r i n g  t e m p e r a t u r e  leads to a monotonic reduct ion of the ha rdness  of the f e r r i t e  ma t r ix ,  
which is equal to the or iginal  ha rdness  a f t e r  t emper ing  at  600 °. The var ia t ion  of the ha rdness  of aus teni te  
with t e m p e r i n g  t e m p e r a t u r e  is complex  in c h a r a c t e r  (Fig. 3). At 100 ° the ha rdnes s  d e c r e a s e s ,  espec ia l ly  
a f t e r  i r r ad ia t ion  with the so l id - s t a t e  l a s e r  (hI-I50 = 80). This  reduct ion of the ha rdness  is p robab ly  due to p a r -  
t i a l  s t r e s s  re laxat ion .  The subsequent  i nc rea se  in ha rdnes s  is evidently due to decomposi t ion  of austeni te  to 
a f e r r i t e - e e m e n t i t e  mix ture .  
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Fig. 2. Change in the ha rdness  of f e r r i t e  through the depth of the affected zone 
a f t e r  t r e a t m e n t  with solid-state (×) and gas (©) l a s e r s .  

Fig. 3. Hardness  of aus teni te  in re la t ion  to t emper ing  t e m p e r a t u r e .  ×) Solid- 
s ta te  l a s e r ;  ©) gas  l a s e r .  

As analys is  of the x - r a y  pa t t e rns  showed, the austeni te  contains ~ 2% C. The aus teni te ,  super sa tu ra ted  
with carbon,  is unstable and,  as was shown in [3], m a y  decompose  to a f e r r i t e - g r a p h i t e  mix tu re  with i n t e r -  
media te  s tages  of decomposi t ion  to f e r r i t e  and mar t ens i t e .  

C O N C L U S I O N S  

To harden the su r f ace  of pa r t s  made of KCh 35-10 mal leab le  iron opera t ing at  t e m p e r a t u r e s  up to 300 ° 
one can r ecommend  l a s e r  hea t  t r e a tmen t .  The use  of l a s e r  hardening fo r  di f ferent ia l  gea r s  at  AZLK has  p r o -  
duced savings of 303,000 rubles .  
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For  t r ea tmen t  b y  p re s s ing  (drawing, f lat tening,  rolling) r e f r a c t o r y  me ta l s  and al loys a r e  f i r s t  heated 
to high t e m p e r a t u r e s  in a p ro tec t ive  a t m o s p h e r e  or  in vacuum [1]. Heating is c a r r i ed  out main ly  with hea t e r s  
of the r e s i s t ance  and induction types ,  which a r e  c u m b e r s o m e ,  s luggish,  complex ,  and t ime-consuming  in 
maintenance and regulat ion of the heating conditions [2]. 

We have  developed an appara tus  - the IR h e a t e r  - fo r  rapid heating of wi re  by means  of an in f ra red  r a -  
diant b e a m  that  pe rm i t s  heat ing in any medium (including vacuum). The IR h e a t e r  ensures  s t e r i l i t y  with r e -  
gard to contaminat ion f r o m  the s ou rce  of radiat ion,  has  low iner t ia ,  is s imple ,  with high eff iciency,  eas i ly  
automated ,  and eas i ly  mounted in production or  au tomat ic  l ines ,  making it poss ib le  to i nc rea se  product ion 
substant ia l ly  as well as  quality. 
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