
Advanced Hard Coat ings : Towards A W hole 
New Wor ld

BACKGROUND & OBJECTIVES: Improving mater ia ls  proper t ies  i s  one of  the biggest  sc ient i f ic  i ssues 
of  a l l  the t imes. W hen i t  becomes imposs ible  to  fur ther  manipulate  the raw mater ia l , one feas ible  way 
to push i ts  proper t ies  beyond the theoret ica l  l imits  i s  to  modify  the proper t ies  of  the sur face. That  i s 
where advanced sur face coat ings  come in. From a manufactur ing point  of  v iew, tools  for  machining are 
of  par t icular  interest . These tools  are  usual l y  made of  hard stee ls  and cemented carbide ( WC-Co). For 
specia l ized appl icat ions , such as  a luminium machining, diamond or  polycr ysta l l ine cubic  boron nitr ide 
are  a lso used. The main problem with stee l , i s  that  i t  exhibits  a  re lat ive ly  low hardness  (below 10 GPa) 
which strongly  decreases  upon anneal ing above about  600 K. Thus, the major i t y  of  modern tools   are 
nowadays  coated with hard coat ings , in  order  to : ( i )  increase  the hardness , ( i i )  decrease  the coeffic ient  of 
f r ict ion, and ( i i i )  protect  the tools  against  oxidat ion. A s imilar  approach has  been recent ly  used to obtain 
a  longer  durat ion of  the dies  for  a luminium die-cast ing. Mult i-component  and nanostructured mater ia ls 
represent  a  promising c lass  of  protect ive  hard coat ings  due to their  enhanced mechanical  and thermal 
oxidat ion proper t ies . METHODS: Three di f ferent  thin hard nitrogen-r ich coat ings  were mechanical l y, 
microstructura l l y, and thermal ly  character ized: ( i )  a  2 .5 micron-thick nano-layered CrN-NbN, ( i i )  a 
11.7 micron-thick monolayer  T iAlN, and ( i i i )  a  2 .92 micron-thick mult i layer  AlTiCr xNy. The main 
feature  of  the CrN-NbN coat ing is  the fabr icat ion by the a l ternate  deposi t ion of   4  nm thick-nanolayer 
of  NewChrome (new type of  CrN, with strong adhesion and low coat ing temperature) . Al l  the three 
coat ings  can reach values  of  hardness  and e last ic  modulus  exceeding 20 and 250 GPa, respect ive ly. Their 
main appl icat ions  inc lude sta inless  s tee l  drawing, plast ic  mater ia ls  forming and extrus ion, and a luminum 
al loys  die-cast ing. The here  s tudied T iAlN (SBN, super  booster  ni tr ide)  i s  one of  the latest  evolut ion of 
T iAlN coat ings  for  cutt ing appl icat ions , where maximum res is tance to wear  and oxidat ion are  required. 
The AlTiCr xNy combines  the ver y  high wear  res is tance of  the Cr-coat ings  with pecul iar i t ies  of  the Al-
containing coat ings , such as  high thermal  s tabi l i t y  and high-temperature  hardness . Al l  the coat ings  were 
deposi ted on a  S600 tool  s tee l . The coat ings  were subjected to two dif ferent  thermal  cyc l ing tests : ( i ) 
100 thermal  cyc les  consist ing of  60 s  dwel l ing t ime, respect ive ly  at  the high- (573 to 1173 K) and at  the 
room-temperature, and ( i i )  100 thermal  cyc les  consist ing of  115 s  dwel l ing t ime, at  same temperatures 
of  the f i rs t  test , fo l lowed by 5 s  dwel l ing at  room-temperature. The temperature  induced hardness 
and e last ic  modulus  coat ing var iat ions  were measured by nanoindentat ion. RESULTS: D ur ing thermal 
cyc l ing, the T iAlN monolayer  coat ing and the  AlTiCr xNy mult i layer  coat ing showed a  high oxidat ion 
res is tance even at  high temperature, whi le  the CrN-NbN nano-layer  coat ing undergoes  a  oxidat ion 
phenomena, for  temperatures  above 873 K.  CONCLUSIONS: The invest igated coat ings  showed a 
suffic ient-to-optimal  thermal  response e i ther  in  terms of  mechanical  s tabi l i t y, such hardness  and e last ic 
modulus , and in terms of  oxidat ion degradat ion.
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