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Rbsum6 - Les a l l i a g e s  Fe-Mn-A1 austbnitiques,amagn6tiques, par  l e u r s  pro- 
pr idtgs  mdcaniques e t  physiques apparaissent  par t icul isrement  in tgressan ts  
comme matdriaux d e  s t r u c t u r e  &conomiques pour des appl icat ions cryog6niques. 

Abstract - The Fe-Mn-A1 a l loys  due t o  t h e i r  mechanical and physical proper- 
t i e s ,  can be used a s  new s t r u c t u r a l  cryogenic mate r ia l .  

INTRODUCTION. 

The continuous development of i n d u s t r i a l  app l ica t ions  i n  cryogenic f i e l d  requ i res  
new, more economical and/or b e t t e r  performing nonmagnetic s t r u c t u r a l  mater ials .  
For t h i s  reason, the Fe-Mn-base a l loys  have been the object  of increasing interest . .  
These high manganese (25-32%) nonmagnetic a u s t e n i t i c  s t e e l s  s t a b i l i z e d  and s treng-  
thened by moderate chromium (5-10%) and r e l a t i v e l y  high carbon (0,2-0,6%) addi t ions 
can be considered as  p o t e n t i a l  subs t i tu tes  f o r  the  c l a s s i c a l  Fe-Ni-Cr a u s t e n i t i c  
s t e e l s  concerning t h e i r  low cos t ,  low coef f ic ien t  of thermal expansion below the  Nee1 
temperature combined with high s t reng th  and toughness f o r  cryogenic applications(1-2). 

During the l a s t  f i v e  years, t h i s  laboratory has conducted an extensive research pro- 
gram on the  Fe-Mn-A1 base a l loys  and s t e e l s  having p o t e n t i a l  i n t e r e s t  f o r  such appl i-  
ca t ions  (3-5). This study has involved the  determination of mechanical p roper t i es  a t  
both room and l i q u i d  ni t rogen temperatures i n  r e l a t i o n  t o  microstructure a s  well a s  
some transport  propert ies .  A systematic determination of the a u s t e n i t i c  l a t t i c e  para- 
meter a s  a  funct ion of chemical composition has a l so  been performed. 
The purpose of t h i s  a r t i c l e  i s  t o  o u t l i n e  the  p o t e n t i a l  i n t e r e s t  of the Fe-Mn-A1 
system, strengthened by carbon and s i l i c o n  addi t ions,  a s  new s t r u c t u r a l  mater ial  f o r  
cryogenic appl icat ions.  

EXPERIMENTAL PROCEDURE. 

The cast ing,  homogenization and thermomechanical grain-ref ining treatments of these 
1200 and 2400 gram ingots  have been previously reported (3-5). 
The average grain-size of the normalized t e n s i l e  specimens (Lo 25 m, $0 5 mm) a s  well 
a s  those of the Charpy KCV specimens was 50 pm. X-ray powder d i f f r a c t i o n  pa t te rns  
were obtained with a 1 14,6 mm diameter Debye-Scherrer camera using u n f i l t e r e d  charac- 
t e r i s t i c  chromium radiat ion.  Powder, obtained by f i l i n g  hroken t e n s i l e  and impact 
specimens, were s t rain-rel ieved i n  sealed quartz tubes containing an argon atmosphere 
f o r  10-15 minutes a t  800°C. Cylindrical  specimens (3 mm diameter - 30 mm length) f o r  
e l e c t r i c a l  and thermal conductivity t e s t s  were machined from fine-grained bulk mate- 
r i a l  prepared by several cold r o l l i n g  passes followed by r e ~ r i s t a l l y z a t i o n  heat- 
treatment of 20 minutes a t  925 ? 1 0 ' ~ .  The measurement of both pand K i n  the  tempera- 
ture  range of 77 to  300 K was performed i n  a  multi-specimen var iab le  temperature 
c ryos ta t  ( 4 ) .  Heat losses  of our system could be estimated by c a l i b r a t i o n  of the ther- 
mal c i r c u i t s  using a  sample of e l e c t r o l y t i c  i ron  furnished by t h e  NBS. 
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EXPERIMENTAL RESULTS. 

a )  Mechanical p r o p e r t i e s  a t  77  and 300 K. 

F igure  1  show t h e  mechanical p r o p e r t i e s  i n  t r a c t i o n  and r e s i l i e n c e  a t  77 and 
300 i( of t h e  Fe-30ZMn-base a u s t  e n i t  i c  a l l o y  s t rengthened by aluminum, carbon and 
s i l i c o n  add i t ions .  Aluminum a d d i t i o n s  were u s u a l l y  l i m i t e d  t o  5% i n  o rde r  t o  conserve 
a  completely a u s t e n i t i c  s t r u c t u r e  s ince ,  according t o  SCHMARTZ ( 6 ) ,  h igh  aluminum 
add i t ions  induce a  Y+ a (B.C.C) s t r u c t u r e  undes i rab le  f o r  cryogenic a p p l i c a t i o n s .  
A s o l u t i o n  hardening e f f e c t  of aluminum s t a b i l i z e s  t h e  a u s t e n i t i c  s t r u c t u r e  ve r sus  
t h e  Y ' E t ransformat ion a s  exh ib i t ed  f o r  t h e  Fe-30%Mn binary a l l o y  dur ing p l a s t i c  
deformation a t  both 77 and 300K. 
Carbon add i t ions  have a  s t rong  i n t e r s t i t i a l  so l id - so lu t ion  hardening e f f e c t  which can 
be  e a s i l y  explained by t h e  f a c t  t h a t  t h e  Fe-Mn-Al-base a l l o y  does n o t  con ta in  any 
s t rong  carbide-forming elements. Furthermore, t h e  high a u s t e n i t i c  s t a b i l i z i n g  e f f e c t  
of carbon can be used t o  s l i g h t l y  inc rease  t h e  aluminum content  ( - 8%) without loo- 
sing t h e  a u s t e n i t i c  s t r u c t u r e  ( 7 ) .  
F i n a l l y ,  s i l i c o n  a d d i t i o n s  t o  t h e  Fe-30ZMn-5%Al-O,3ZC master  a l l o y  have a l s o  been 
t e s t e d .  It was found t h a t  s i l i c o n  a d d i t i o n s  have t h e  expected solution-hardening 
e f f e c t  but  must be l imi ted  t o  about 1 %  i n  o rde r  t o  avoid hot  cracking e f f e c t s  dur ing  
p l a s t i c  deformation. S i l i c o n  a l s o  appears  t o  have a  weak fe r r i t e - fo rming  e f f e c t  (8) .  

Figure  1 : 3 b 0 ~  and 77K mechanical p r o p e r t i e s  o f  t h e  Fe-30M1i base a l l o y s  



b) A u s t e n i t i c  l a t t i c e  parameter vs  chemical composition. 

F igure  2  shows t h e  r e s p e c t i v e  c o n t r i b u t i o n  of manganese and aluminum i n  binary 
Fe-(20-40)Mn a l l o y  and t e r n a r y  Fe-(20-4O)Mn-5Al a l l o y s .  
Aluminum has, without doubt,  an important e f f e c t  which can b e  explained by t h e  impor- 
t a n t  d i f f e r e n c e  i n  t h e  Goldsmidt radii between t h i s  element and bo th  i r o n  and manga- 
nese. Complementary compositions have conf irmed t h e  e s s e n t i a l y  a d d i t i v e  c o n t r i b u t i o n  
of each a l l o y i n g  element. It was thus  p o s s i b l e  t o  s e t  up a  master  equat ion y i e l d i n g  
t h e  a u s t e n i t i c  l a t t i c e  parameter a s  a  func t ion  o f  t h e  chemical composition f o r  a l l o y s  
and s t e e l s  i n  t h e  composition range, (20-40%)Mn, (0-5%)A1, and (0-l%)C. 

0 

a, (A) = 3.5945 + 0.00125(%Mn-20) + (0.00594(%A1) + 0.0272(%C) (1) 

The e f f e c t  o f  carbon a d d i t i o n s  t o  t h e  Fe-22 and 30Mn-5A1 base a l l o y s  on t h e  aus ten i -  
t i c  l a t t i c e  parameter a r e  r epor ted  f i g u r e  3 .  
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Figure  2: A u s t e n i t i c  l a t t i c e  paramet-re 
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c) E l e c t r i c a l  o r  thermal p roper t i es .  

- E l e c t r i c a l  r e s i s t i v i t y .  

Figure 4  shows t h e  temperature dependence of t h e  e l e c t r i c a l  r e s i s t i v i t y  between 78 
and 300 K of d i f f e r e n t  highmanganese a u s t e n i t i c  a l loys .  It  may be observed t h a t  f o r  
both fami l ies  Fe-(28-44)Mn and Fe-(29-40)Mn-5A1 a l loys ,  a  small increase of e l e c t r i -  
c a l  r e s i s t i v i t y  with increase  of manganese content i s  observed. This i s  well-known 
r e s u l t  f o r  the  binary Fe-Mn a l l o y s  (9-10). 
Aluminum addit ions,  i n  con t ras t ,  have a  s t rong inf luence on t h e  e l e c t r i c a l  r e s i s t i v i -  
t y  of these h i fh  manganese a u s t e n i t i c  s t e e l s  ( ~ 8 ~ ~  Fe-30Mn = 34 mcm, 
pgOK Fe-29Mn-5A1 = 110 pRcm and pgOK Fe-30Mn-8A1-IC = 160 yncm) . This may probably 
been p a r t i a l l y  explained by an increase  of the  s c a t t e r i n g  processes with an increase 
of t h e  number of po in t s  d e f e c t s .  Here, the  aluminum s i t e s  due t o  t h e i r  important 
d i f fe rence  i n  radyi  with respect  t o  manganese and i r o n  have a  major contr ibut ion.  This 
i s  confirmed by the  important increase  of the  res idua l  r e s i s t i v i t y ,  with increase 
of aluminum addit ions.  Another important contr ibut ion of aluminum addit ion on t h e  
e l e c t r i c a l  r e s i s t i v i t y  temperature dependence of the Fe-Mn a u s t e n i t i c  a l loys  i s  the  
progressive change of the  slope of t h e  curves. An unexpected increase of e l e c t r i c a l  
r e s i s t i v i t y  with decrease of the  temperature i s  observed f o r  the  high aluminum con- 
t e n t  a u s t e n i t i c  s t e e l s .  

Fig. 4. Temperature dependence of t h e  
e l e c t r i c a l  r e s i s t i v i t y  of d i f f e r e n t  
Fe-Mn-A1 a l l o y s .  

F ina l ly ,  t h e  e l e c t r i c a l  r e s i s t i v i t y  of Fe-Mn-A1 a l l o y s  a r e  somewhat higher than t h a t  
reported f o r  the Fe-Ni-Cr a u s t e n i t i c  s t e e l s  (AISI 304 : PgoK 5 60 pncm; 
~ 3 0 0 ~  " 78 0  cm) (1 1 ) . 

- 'EermaL_co_nduc_tivi5~ - 
Figure 5  shows t h e  temperature dependence of t h e  thermal conduct ivi ty  between 77 and 
300 K of several  iron-manganese a u s t e n i t i c  s t e e l s  with increasing aluminum addit ions.  
As already observed f o r  the e l e c t r i c a l  r e s i s t i v i t y  measurements, aluminum addi t ions  
have a  s t ronger  e f f e c t  than t h a t  of manganese. Here a l s o ,  an increase of phonon sca t -  
t e r ing  by the  l a t t i c e  imperfections introduced by the subs t i tu t iona l  added atoms, 
especial ly  i n  the case of aluminum addi t ions ,  can roughly explain t h e  experimental 
curves. The thermal conductiQity r e s u l t s  reported f o r  our a l l o y s  a r e  somewhat s imilar  
to  t h a t  of the  c l a s s i c a l  Fe-Ni-Cr a u s t e n i t i c  a l l o y s  ( KgOK=0,09 watt/cmK; 
K300K" 0,15 wdtt/cmK) (11). 



F x .  Temperature dependence of t h e  
thermal c o n d u c t i v i t y  between 77 and 
300 K of  d i f f e r e n t  Pe-Mn-A1 a l l o y s .  

CONCLUSIONS . 
The Fe-Mn-Al-Si-C a u s t e n i  t i c  s t  e e l s  due t o  t h e i r  i nc reased  room-t emperature y i e l d  
s t r e n g t h  (380 MPa) and good Charpy KCV va lues  ( > 130J/cm2) a t  77  K posses s  mecha- 
n i c a l  p r o p e r t i e s  which render  them p o t e n t i a l  cand ida te s  a s  s u b s t i t u t e s  f o r  Fe-Ni-Cr 
a u s t e n i t i c  s t e e l s  i n  most f i e l d s  of  cryogenic  a p p l i c a t i o n .  I n  add i t ion ,  t h i s  paper 
o u t l i n e s  t h e  p a r t i c u l a r l y  important e f f e c t  on t h e  l a t t i c e  parameter ,  e l e c t r i c a l  and 
thermal c o n d u c t i v i t y  o f  aluminum a d d i t i o n s  i n  t h e  Fe-Mn a u s t e n i t i c  a l l o y s .  These 
can be r e a d i l y  expla ined by t h e  important  d i f f e r e n c e  i n  t h e  Goldsmidt r a d i u s  of a l u -  
minum w i t h  r e s p e c t  t o  t h o s e  of bo th  i r o n  and manganese. 
F i n a l l y ,  it must be s t r e s s e s  t h a t  t h e s e  new grades  of  a l l o y s  and s t e e l s  w i l l  not  
be inf luenced by an eventual  s c a r c i t y  of n i c k e l  o r  chromium. 
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