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Introduction 

In recent years, ~fforts have been made to overcome the brittleness of the AhTi intermetallic 

compound by appropriately alloying it with Fe, Ni, Mn or Cr, etc., so as to transform the 

tetragonal DO,. structure of AhTi into the cubic LI~ structure(I-3). These ternary L1, 

intermetallics have received considerable attention because they exhibit appreciable compressive 

ductility at room temperature(4). However, the studies so far have been mostly conducted with 

cast or PM-prepared samples, and the results reported are limited to compressive properties, as the 

materials remain extremely brittle in tension. Only recently, Kumar et al. have performed tension 

studies on forged AhTi-base alloys(S). In their tests, cylindrical "buttonhead" tensile specimens 

were used, and the tensile ductility of AI,,Ti.Mn, at ambient temperatures was determined to be 

about 0.2%. This is quite encouraging even though the tensile deformation is so small. However, 

the result is doubtful since the plastic elongation was obtained from the load-displacement curves. 

The precision of this method is not sumcient to determine such a small elongation with 

reasonable confidence. 

In the present paper, the role of hot-working on the ductility improvement of an L12 

AI.Ti.Mn~ alloy has been studied, and the tensile elongation of the hot-worked alloy precisely 

measured by the electrical-resistance strain gage is reported. 

Experimental 

The ingot of AI.Ti,sMn, alloy was melted and cast under argon atmosphere in an induction 

melting furnace and was homogenized at 1373K for 50h. Blocks of 30x30x30mm cut from the ingot 

were hot pressed at 1273K to a total reduction of 70% by 2 or 3 reheating cycles using a 3000 kN 

hydraulic press. Some other blocks were hot pressed to various reductions for studying the 

influence of reduction on ductility. The hot-pressed pieces were annealed at 1273K for 2h to 

remove the remaining work-hardening after hot-working. 

Compression specimens with dimensions 4x4x7mm were cut from the annealed pieces and 

compression tests were conducted with a crosshead speed of 0.1ram/rain. Plate specimens (Fig. la) 

were used for tensile tests, which were cut from the 70% pressed and annealed pieces and polished 
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with emery papers.  The cross-sect ion of  the  specimen is 3x2mmrec lang t ,  lar  aud the  gage h , l~ th  

Gram; a c rosshead  speed o|' 0.1ram/rain was used for tmlsi le  tests,  l ,oad-strail~ curvc.q were reco,d[:d 

from the o u t p u t  of  e l ec t r i ca l  r e s i s t ance  s t r a in  gages which were  glued to gage  l eng th  por t ion  of  

the  tens i le  specimens.  The f r ac tu re  surfaces  af ter  tens i le  tes ts  were cha rac t e r i zed  by SEM. 

Resul t s  and d iscuss ion  

Room t e m p e r a t u r e  compress ion  testa of  the  induc t ion  mel ted ,  cast  and homogenized  

AlB~TizsMna a l loy gave a compress ive  duc t i l i t y  of  abou t  12%, which  is much lower  than  the va lue  

of  the  same al loy,  but  p repa red  by a rc -mel t ing  in a wa te r -coo led  copper  c ruc ib le ,  i.e. abou t  17%. 

M i c r o s t r u c t u r a l  examina t i on  showed tha t  the  cas t  s t r u c t u r e  of  the  induc t ion-mel ted  ingot  (Fig. 2a) 

con ta ins  more  i n t e rna l  flaws, such as oxide inc lus ions  and mic roporos i ty ,  than  t ha t  of the  

a rc -mel ted  bu t ton  ingot.  However ,  ho t -work ing  improves  the  p rope r ty  apprec iab ly .  The 

.compressive p las t ic  s t r a in  inc reases  from 12% for the  cas t  spec imens  to 19% of  the  hot -worked 

sample  which had  unde rgone  a to ta l  r educ t ion  of 70% via  t h ree  ope ra t ion  cycles  and was then 

a n n e a l e d  at  1273K for 2h. The mic ros t ruc tu r e  of  the  hot -worked  ma te r i a l  is shown in Fig. 2b, 

where  i t  can be seen tha t  even though  the ingot  s t r uc tu r e  was b roken  down and gra in  re f inement  

was made  by the  ho t -work ing  process,  the  inc lus ions  s t i l l  r ema in  bu t  a re  a l igned  into s t r ings  

a long  the flow d i rec t ion .  So it is be l ieved tha t  if the induc t ion  mel t ing  process  is improved and the 

qua l i t y  of  ingot  is well  cont ro l led ,  the  duc t i l i t y  of  the  m a t e r i a l  can be fu r the r  increased .  

To explore  the  inf luence  of  the  amoun t  of  ho t -deformat ion  on duc t i l i t y  improvement ,  

compress ion  tes ts  were conduc ted  for the  samples  hot-pressed to va r ious  reduc t ions .  The  resu l t s  

a re  shown in Fig, 3. I t  can be seen t ha t  t im  duc t i l i t y  is not  improved unt i l  the  r educ t i on  is g rea te r  

than  abou t  3 0 ~ ,  and apprec iab le  improvement  is made  when the  r educ t ion  is over  5 0 ~ .  Typica l  

load-deformat ion  curves  are  shown in Fig. 4, where  the  improvement  in m e c h a n i c a l  p roper ty  by 

ho t -work ing  is apparen t .  

Spec imens  of ho t -worked  A167Ti2sMn8 al loy (70% to ta l  r educ t ion  and annea led)  were tens i le  

tes ted at  room tempera tu re .  The  resu l t s  d i sp layed  small  but  def in i te  p las t i c  s t r a i n s  before f rac ture .  

F igu re  5 is a typ ica l  s t ress - s t ra in  curve recorded  from the ou tpu t  of  r e s i s t a nc e  s t r a in  gage,  which 

r evea led  an e las t i c  de format ion  region fol lowed by the  smooth  pa rabo l i c  po r t ion  of the  curve.  The  

measured  p la s t i c  s t r a in  is 0.28% and the f r ac tu red  specimen is shown in Fig. lb .  S ince  no local 

neck ing  was formed dur ing  the test,  and the f rac tu re  did occur  ou ts ide  the s t r a in  gage measu r ing  

por t ion ,  the  va lue  measu red  must  be the  uniform p las t ic  s t r a in  of  the tens i le  tes ted specimen.  

M a c r o f r a c t o g r a p h y  of  the  tens i le  tes ted specimen (Fig. 6a) showed tha t  the  or ig in  of f r ac tu re  was 

usua l ly  loca ted  nea r  the  s p e c i m e n  surface,  and t ha t  the f r ac tu re  p r o p a g a t e d  r ad ia l ly  a long  the 

r e c t a n g u l a r  sec t ion  as shown by the r ad ia l  m a r k s  on the  f r ac tu re  surface .  N e i t he r  f ibrous  zone nor  

s h e a r  l ip could be found on the f r ac tu re  surface,  i nd ica t ing  the b r i t t l e  response  of  the  mate r i a l .  

SEM h igh-magni f i ca t ion  inspec t ion  revea led  tha t  the  f r ac tu re  mode of  the  tens i le  spec imen is 

p r e d o m i n a n t l y  t r a n s c r y s t a l l i n e  c leavage ,  but  some t races  ot" p las t i c  de fo rma t ion  could  be found in 

the  c leavage  ledges as shown in Fig. 6b. This  feature ,  a s soc ia ted  wi th  the  smal l  bu t  def in i te  p las t ic  

s t r a in  in the  tens i le  tests ,  provided  evidence tha t  the hot -worked Als ' r i -base  a l loy  may  have 

po ten t i a l  tens i le  duc t i l i ty .  
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Conclusions 

1. Hot-working improves the compressive ductility of Al,~TiffisMn, alloy appreciably. The ductility 

improvement is directly related to the extent of hot-worked reduction of the samples. 

2. Room temperature tensile tests of the hot-worked Ale~TitsMn, specimens with resistance strain 

gage glued on one side resulted in a small but definite plastic strain before fracture. SEM 

fractography revealed a transcrystall ine cleavage fracture mode with some traces of plastic 

deformation. 
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Fig. 1 Tensile specimens of 

AI.,Ti,sMn, alloy (a) before 

and (b) after test 

Fig. 2 Micrographs of induction-melted AlsTTi,sMn, 

alloy (a) as-cast and homogenized (b) 70% hot- 

pressed and 1273K/2h annealed 
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Fig. 3 Room temperature compressive ductility 

of hot-pressed and annealed AleTTi.Mns alloy 

as a function of reduction 
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Fig. 4 Typical load-deformation curves of 

the AI.Ti.Mn, alloy compression tested 

at room temperature 

(n) as-cast and homogenized 

(b) 19~ hot-pressed and 1273K/2h annealed 

(c) 70% hot-pressed and 1273K/2h annealed 
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Fig. 5 Typical tensile stress-strain curve 

of the Ala~Ti=sMn, alloy, 70% hot-pressed 

and 1273K/2h annealed 

Fig. 6 SEM fractographs of tensile tested 

specimen of AI,TTi.Mn, alloy 


