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The outside surface of tubular r e f rac to ry  products is formed by the mold l iners .  The l iners  wear  
rapidly as a resul t  of attrition by the par t ic les  of the re f rac to ry  mix during moldi,~g a~d when the molded 
product is extracted f rom the mold. 

At r e f r ac to r i e s  plants,  these l iners  are machined f rom low-carbon s t ructural  steel grades  20, 20Kb, 
15KhM, etc. (COST 4543-61) followed by carbur iz ing  and quenching. The useful life of these l iners  is only 
a few shifts (70h). 

An increase  in the durability of mold l iners  is o~e of the press ing  problems in the r e f r ac to r i e s  
industry.  The frequent downtime of p res ses  for the purpose of replacing worn components reduce labor 
productivity and output, increase  the cos t  price of the re f rac to r ies ,  and adds to the difficulties of mechani-  
zing and automati,~g the production p rocesses .  
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Fig. 1. The points of measurement  (1- 
60) of the absolute wear  of the l iners  (a- 
h are the generators) .  

An investigation was car r ied  out at the Zaporozh'e  
Refrac tor ies  Plant of the wear  res is tance of an experimental  
batch of l iners  485-575 mm in len~h with a wall thickness 
of 5-6 ram. The l iners  were used for molding Sp-8 and Sp-3 
stopper tubes. 

The experimental  l iners  were produced from thick- 
wall tubing of steel grade 15KhM. After machining, viz., 
turning and grinding, the l iners  were subjected to cementa -  
tion in a solid ca rbu r i ze r  a~d then to quenching. 

The absolute l inear  wear  (h, ram) of the l iners  was 
determined after  the tests  by measur ing the wall thickness 
at i~tervats of 10 mm along eight genera tors  (Fig. 1) with 
the device shown in Fig. 2. The l iner  1 is placed on 

TABLE 1. The P r o p e r t i e s o f  the 
Experimental  Li~ers After the 
Chemical Heat Trea tment  
T ,~ i CarburLziqg 
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*Quenching from the carburizing temperature. 
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Fig .  2. Device fo r  m e a s u r i n g  the 
l i n e r  wear .  

suppor t s  2 inside a r ig id  b r a c ke t  3 between the probe  4 of the 
ind ica to r  and the lower  suppor t  of the b r a c ke t  which is  p r e s s e d  
continuously to the i , ,side (worn) sur face  of the l i ne r .  The b r acke t  
can be ro ta ted  in the ve r t i c a l  plane in i ts  holder  5 and i s  moved 
along the l i n e r  g e n e r a t o r  with a s c r e w - a n d - n u t  t r a n s m i s s i o n .  

The m e a s u r e m e n t s  of the l i n e r s  t es ted  on a p r e s s  showed 
(Fig.  3) that sur face  wea r  is  at maximum in the a r e a  where the 
top and bot tom edges  of the product  a re  fo rmed ,  i .e . ,  onthe leve l  
of the edges  of the r a m s  at the end of the forming  p r o c e s s .  

Maximum w e a r  in these a r e a s  did not exceed 0.95 mm owing 
to the pe rmi t t ed  var ia t ion  of the d i a m e t e r  of the molded product  
to fac i l i t a te  i t s  ex t rac t ion .  

On the SM-143 p r e s s ,  the wear  of the l i ne r  in the zone where  the top edge of the molding is fo rmed  
was lower  than in the zone of thebo t tom edge (see Fig .  3) as a r e su l t  of the d i f ference  in the molding 
act ions  of the top and bottom r a m s .  

The wear  r e s i s t ance  of the l i n e r s  was e x p r e s s e d  in t e r m s  of the maximum absolute wear  in the zone 
of the bot tom edge of the molded product .  

The level  of the wea r  r e s i s t ance  was de t e rmined  f rom the spec i f ic  wea r  Ah, i . e . , t h e  at tenuation of 
the wall in m i c r o n s  dur ing the molding of one product .  Rel iable  r e s u l t s  were  obtained by de t e rmin ing  the 
specif ic  wea r  as  the mean of a batch of four  l i n e r s .  

The expe r imen ta l  l i n e r s  were  t e s ted  in compar i son  with indus t r i a l  types  produced by the technology 
employed at the plant .  The re la t ive  wea r  r e s i s t a n c e  e was de t e rmined  f rom the equation 

ahpl 
e = Z~he x , 
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Fig .  3. The pa t te rn  (shaded area)  and magnitude (in ram) of 
the wear  of Sp-8 l i n e r s  at the Zaporozh ' e  Re f r a c t o r i e s  
P lant  (SM-143 press} .  

Fig.  4. The s t ruc tu r e  of the w o r k l , g  l a y e r  of l i n e r s  hea t -  
t r e a t ed  by the schedule employed at the Zaporozh ' e  Re-  
f r a c t o r i e s  Plant .  x 100. 
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Fig.  5. The s t r u c t u r e  of the working 
l a y e r  of l i n e r s  h e a t - t r e a t e d  by the 
schedule employed  at the Borovich 
R e f r a c t o r i e s  Combine. • 100. 

where Ahpl is the average specific wear of liners produced by 
the technology employed at the plant; Ahex is the average 
specific wear of the experimental liners. 

There is no standardized method of producing moldliners 
in the refractories industry so that the structure of the car- 
burized layer of the liner varies from plant to plant. The 
worn zone of liners made at the Borovich Refractories Com- 
bine consists mainly of remanent austenite and a small pro- 
portion (10-12~ martensite. The base of the working layer 
of liners made at the Zaporozh'e Plant is almost wholly 
martensitic. The carburized layer of the liners made by other 
factories contain varying proportions of martensite and 
austeni te .  

Whe~ only the outs ide {working) l a y e r  of the l i~e r  is  
c a r b u r i z e d ,  a high degree  of deformat ion  (el l ipt ici ty)  is  in -  
evi table  and f o r m s  one of the p r inc ipa l  c ause s  of l ining f r a c -  
ture in the p r e s s i n g - i n  opera t ion .  The quality of the a sbes tos  
packing between the outs ide sur face  of the l i ne r  and the con-  
t a ine r  is  often unsa t i s fac to ry  so that this  sur face  of the l i ne r  
is  subjec ted  to pa r t i a l  {somet imes  local)  cementa t ion  and the 
l i n e r  is  de formed  in the quenching p r o c e s s .  

The degree  of deformat ion  is  within pe rmi t t ed  l i m i t s  
when the l i n e r  is  c a r b u r i z e d  on both s ides  which gives a more  
evenly e a r b u r i z e d  l a y e r .  

The expe r imen ta l  l i n e r s  were h e a t - t r e a t e d  by four d i f -  
fe ren t  schedules  which produced d i s s i m i l a r  s t r u c t u r e s  i -  the 
working pa r t  of the c a r b u r i z e d  l aye r .  

Schedule I g ives  the chemica l  heat  t r e a t m e n t  employed  at the Zaporozh ' e  P lant  which gives a m a r -  
t e n s i t e - - c a r b i d e  s t r u c t u r e  in the working pa r t  of the c a r b u r i z e d  l a y e r .  The l i n e r s  were  c a r b u r i z e d  for  16 h 
at  920~ a,~d quenched in wa te r  a f t e r  rehea t ing  to 800-820~ The res idua l  s t r e s s e s  were  r e l i eved  by an-  
neal ing for  2 h at  150~ The s t ruc tu r e  of the c a r b u r i z e d  l a y e r  is shown in Fig.  4. The ha rdnes s  of the 
working  sur face  was 62-64 HRC. 

Schedule II i s  the schedule employed  at the Borovich R e f r a c t o r i e s  Combine. The l i n e r s  were  c a r -  
bu r i zed  for  7 h at 1080~ and quenched in water  f rom that t e m p e r a t u r e .  This gave a s t ruc tu re  which con-  
s i s t ed  mainly  of r e s idua l  austeni te  and a smal l  p ropor t ion  of l a rge  m a r t e ns i t e  needles  (Fig. 5). The h a r d -  
ness  of the working l a y e r  was 35-38 HRC. 

Schedule III, is  i n t e rmed ia t e  between schedules  I and II and gives a c a r b u r i z e d  l a y e r  containing 50- 
60% re s idua l  aus teni te .  The l i n e r s  were  c a r b u r i z e d  for  12 h at 960-980~ and quenched in wate r  f rom the 
c a r b u r i z i n g  t e m p e r a t u r e .  The h a r d n e s s  of the l i n e r s  a f t e r  this  t r e a tmen t  was 47-54 HRC. 

Schedule IV made i t  poss ib le  to de t e rmine  the d i f ference  in the wear  r e s i s t a nc e  of l i n e r s  quenched 
f rom the c a r b u r i z i n g  t e m p e r a t u r e  and a f te r  reheat ing  to that  t e m p e r a t u r e .  Quenching a f te r  rehea t ing  is 
eaI led  for  in c a s e s  were  a l a r g e  l i n e r  embedded t ightly in the c a r b u r i z i n g  box cannot be quickly ex t r ac t ed  
a f t e r  the c a r b u r i z i n g  p r o c e s s .  The c a r b u r i z i n g  t e m p e r a t u r e  and t ime are  the same as in schedule III. The 
l i n e r s  a r e  a i r - coo led  to room t e m p e r a t u r e  and then quenched in wate r  a f t e r  reheat ing  at 960-980~ The 
h a r d n e s s  of the l i n e r  sur face  is  59-61 HRC. 

Product ion  t r i a l s  with ba tches  of l i n e r s  produced expe r imen ta l l y  under i~dus t r i a l  condit ions showed 
that  the w e a r  r e s i s t a n c e  depends d i r ec t l y  o~ the s t ruc tu re  of the c a r b u r i z e d  l a y e r ,  more  p a r t i c u l a r l y  on 
the pe rcen t  r e s idua l  aus teni te .  

Thus the l i n e r s  h e a t - t r e a t e d  by schedule III {Table 1) exhibi ted the bes t  r e s i s t a nc e  to wear .  The 
s t ruc tu r e  of an al loy conta in ing 60-70% res idua l  austeni te  {with m a r t e ~ s i t e  as the r ema inde r )  appea r s  to 
be n e a r - o p t i m a l  for  the s e rv i ce  condi t ions of mold l i n e r s .  
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In cont ras t  to schedule III, hea t - t rea tment  schedule IV gives a surface hardness  of 60 HRC although 
the quenching tempera ture  was again 960~ The explanation l ies in the fact  that the holding time in r e -  
heating at 960~ was very short  compared with the holding time in schedule III so that less  carbides  were 
dissolved in the austenite, the resul t  being that the percent  austenite after  quenching was lower and the 
surface hardness  g rea te r  [1]. The holding time in the reheating process  cannot be extended owing to the 
rapid oxidation of the working layer  and the consequent decrease  in the wear  res is tance .  

The high proportion of residual austeoite after the t reatment  by schedule II (see Table 1) gives a 
much lower wear  res is tance (~ = 0.82), and the res is tance  is low also when the s t ructure  contains no 
residual austenite (schedule I). 

It follows that the best  chemical  heat t rea tment  schedule for mold l iners  of 20Kh grade steel consis ts  
of ca rbur iz ing  at 960~ and quenching in water  f rom that tempera ture  which gives a 60/40 ratio of austenite 
and martensi te  in the s t ructure .  The wear res is tance of these l iners  is at maximum ( i .e . ,1 .5 t imes  higher  
than at the Zaporozh 'e  Refrac tor ies  Plant and 1.9 t imes higher than at the Borovich Refractor ies  Com- 
bine), and their  low hardness  renders  them immune to destruction by f rac ture .  

The sources  of the g rea te r  wear  res is tance  of an austeni te- -martensi te  s t ructure  compared  with al i-  
martensi te  o r  predominantly austenitic s t ruc tures  were elucidated elsewhere [2] and lie in the s t ructural  
convers ions ,  development of new phases,  and even redistribution of high-density, zones throughout the work-  
ing layer  of the l iner in service .  

The possibil i t ies for steel grade 20Kh subjected to a chemical  heat t rea tment  by this schedule cam be 
considered exhausted, and if the durability of l iners  is to be increased still fur ther ,  they will have to be 
fabricated f rom a mater ia l  with a still g rea te r  res is tance to wear.  

CO N C L U  SIO ,NS 

Cementation in a solid ca rbu r i ze r  for 12 h at 960~ followed by direct  quenching in water f rom the 
carbur iz ing  temperature  represents  best  the chemical  heat t rea tment  schedule for  mold l iners  of steel 
grade 20Kb and gives a reliable combination of high water  res is tance  and adequate plasticity.  
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