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©  Aluminum-lithium  alloy  (2). 
  An  aluminum-lithium  alloy  exhibiting  a  good  blend  of 
fracture  toughness  and  high  strength  has  a  nominal  com- 
position  of  2.45  percent  lithium,  1.4  percent  copper,  and  0.12 
percent  zirconium  with  the  balance  being  aluminum  and 
trace  elements. 



Background  of  the  Inven t ion  

The  present   invention  re la tes   to  a luminum- l i th ium  alloys  and  more  

par t icular ly   to  an  a luminum- l i t h ium  alloy  composi t ion  with  good  f r a c t u r e  

toughness  and  high  s t r e n g t h .  

It  has  been  e s t ima ted   that  current   large  c o m m e r c i a l   t r a n s p o r t  
aircraft   may  be  able  to  save  from  15  to  20  gallons  of  fuel  per  year  for  every  

pound  of  weight  that  can  be  saved  when  building  the  a i r c ra f t .   Over  t he  

projected  20  year  life  of  an  airplane,   this  savings  amounts   to  300  to  400  gal lons 

of  fuel   At  cur ren t   fuel  costs,  a  s igni f icant   investment   to  reduce  the  s t r u c t u r e  

weight  of  the  a i rc ra f t   can  be  made  to  improve  overall  economic   eff iciency  o f  

the  a i r c r a f t .  

The  need  for  improved  pe r fo rmance   in  a i r c r a f t   of  various  types  can  

be  satisfied  by  the  use  of  improved  engines,  improved  a i r f r ame   design,  and  

improved  or  new  s t ruc tu ra l   mate r ia l s   in  the  a i rcraf t .   I m p r o v e m e n t s   in  engines  

and  a i rcraf t   design  have  pushed  the  limits  of  these  t echnologies .   However,   t h e  

development   of  new  and  improved  s t ruc tura l   mater ia l s   is  now  rece iv ing  

increased  a t t en t ion ,   and  is  expec ted   to  yield  further  gains  in  p e r f o r m a n c e  .  

Mater ia ls   have  always  played  an  impor tan t   role  in  d i c t a t i n g  

aircraft   s t ruc tu ra l   concepts .   In  the  early  part  of  this  cen tury ,   a i r c r a f t   s t r u c t u r e  

was  composed  of  wood,  pr imari ly   spruce,   and  fabric.  Because   shortages  o f  

spruce  developed  in  the  early  part  of  the  century,   l ightweight   meta l   alloys  began 

to  be  used  as  a i r c ra f t   s t r u c t u r a l   mater ia ls .   At  about  the  same  t ime ,  

improvements   in  design  brought  about  the  deve lopment   of  the  all  m e t a l  

cant i levered  wing.  It  was  not  until  the  1930's,  however,   that   the  metal  skin  wing 

design  became   s tandard ,   and  firmly  establ ished  metals ,   pr imar i ly   a luminum 

alloys,  as  the  major  a i r f r ame   s t r u c t u r a l   material .   Since  that   time,  a i r c r a f t  

s t ructural   ma te r i a l s   have  remained   remarkably   cons i s t en t   with  a luminum 



s t ruc tura l   mater ia l s   being  used  primarily  in  the  wing,  body  and  empennage,   and  

with  steel  comprising  the  mater ia l   for  the  landing  gear  and  certain  o t h e r  

speciali ty  appl icat ions  requir ing  very  high  s t rength  m a t e r i a l s .  

Several  new  mater ia ls   are  current ly  being  developed  for  

incorporat ion  into  a i r c ra f t   s t ruc tu re .   These  include  new  metall ic  m a t e r i a l s ,  

metal  matrix  composi tes   and  resin  matrix  composi tes .   It  is  believed  t h a t  

improved  aluminum  alloys  and  carbon  fiber  composi tes   will  dominate  a i r c r a f t  

s t ruc tura l   mater ia ls   in  the  coming  decades.   While  composi tes   will  be  used  in 

increased  pe rcen tages   as  a i rc raf t   s t ruc tura l   materials ,   new  l i gh twe igh t  

aluminum  alloys,  and  especial ly  a luminum-l i th ium  alloys  show  great  promise  for  

extending  the  usefulness  of  alumium  al loys.  

Here tofore ,   a luminum-l i th ium  alloys  have  been  used  only  spa rse ly  

in  a i rcraf t   s t ruc ture .   The  relat ively  low  use  has  been  caused  by  c a s t i ng  

diff icult ies  associa ted   with  a luminum-l i th ium  alloys  and  by  their  relat ively  low 

fracture   toughness  compared   to  other  more  conventional   aluminum  alloys.  

Aluminum-l i th ium  alloys,  however ,   provide  a  substant ia l   lowering  of  the  dens i ty  

of  alumium  alloys  (as  well  as  a  relat ively  high  s t rength  to  weight  ratio),  which 

has  been  found  to  be  very  impor tan t   in  decreasing  the  overall  weight  o f  

s t ruc tura l   mater ia ls   used  in  an  a i rcraf t .   While  substant ia l   strides  have  been  

made  in  improving  the  a luminum-l i th ium  processing  technology,  a  major  

challenge  still  outs tanding  is  an  ability  to  obtain  a  good  blend  of  f r a c t u r e  

toughness  and  high  s t rength   in  an  a luminum-l i th ium  a l loy .  

Summary  of  the  Inven t ion  

The  present   invention  provides  a  novel  a luminum-li thium  al loy 

composit ion  with  high  s t reng th ,   good  f rac ture   toughness,  and  relatively  low 

density  compared  to  convent iona l   2XXX  aluminum  alloys  that  it  is  intended  t o  

replace.  An  alloy  prepared   in  accordance   with  the  present  invention  has  a  

nominal  composit ion  on  the  order  of  2.45  weight  percent   lithium,  1.4  p e r c e n t  

copper  and  0.12  percent   z i rconium.  The  alloy  is  aged  at  a  low  t empera ture   t o  

near  peak  s t rength   to  provide  a  good  blend  of  f racture   toughness  with  high 

strength  c h a r a c t e r i s t i c s .  

Deta i led   Description  of  the  I nven t ion  

An  a luminum- l i th ium  alloy  formulated  in  accordance  with  t h e  

present  invention  can  contain  from  about  2.2  to  about  2.8  percent   lithium,  1.0  t o  

1.6  percent   copper  and  a  maximum  of  0.15  percent   zirconium  as  a  grain  r e f ine r .  

Preferably   from  0.1  to  0.15  percent   zirconium  is  incorporated.   All  p e r c e n t a g e s  



herein  are  by  weight  percent   based  on  the  total  weight  of  the  alloy  unless  

otherwise  indicated.   The  copper  adds  strength  to  the  a l loy.  

Iron  and  silicon  can  each  be  present  in  maximums  up  to  a  total  o f  

0.3  percent .   It  is  p re fer red   that  these  elements  be  present   only  in  t r a c e  

amounts,  l imiting  the  iron  to  a  maximum  of  0.15  percent   and  the  silicon  to  a 

maximum  of  0.12  percent ,   and  preferably  to  a  maxiumu  of  0.10  and  0.10, 

respect ively .   Certain  trace  elements  such  as  zinc  may  be  present   in  the  a m o u n t s  

up  to,  but  not  to  exceed,  0.25  percent  of  the  total.  Other  e lements   such  as 

chromium  and  manganese  must  be  held  to  levels  of  0.05  percent   or  below.  If  t h e  

maximums  of  these  t race  elements  are  exceeded,  the  desired  propert ies   of  t he  

a luminum-l i th ium  alloy  will  tend  to  deter iora te .   The  t race  e lements   sodium  and  

hydrogen  are  also  thought  to  be  harmful  to  the  propert ies   ( f rac ture   toughness  in 

particular)   of  a luminum-l i th ium  alloys  and  should  be  held  to  the  lowest  l eve ls  

pract ical ly   a t ta inable ,   for  example  on  the  order  of  15  to  30  ppm  (0.0015-0.0030 

wt.  %)  for  the  sodium  and  less  than  15  ppm  (0.0015.  wt.  %)  and  preferably  less  

than  1.0  ppm  (0.0001  wt.  %)  for  the  hydrogen.  The  balance  of  the  alloy,  o f  

course,  comprises  a l uminum.  

An  a luminum-l i th ium  alloy  formulated  in  the  proport ions  set  fo r th  

in  the  foregoing  paragraph  is  processed  into  an  ar t ic le   utilizing  known 

techniques.  The  alloy  is  formulated  in  molten  form  and  cast  into  an  ingot.  The 

ingot  is  then  homogenized  at  t empera tures   ranging  from  925° F  to  1000°F .  

Therea f te r ,   the  alloy  is  converted  into  a  usable  ar t ic le   by  conven t iona l  

mechanical   formation  techniques  such  as  rolling,  extrusion  or  the  like.  Once  an 
art icle  is  formed,  the  alloy  is  normally  subjected  to  a  solution  t r ea tmen t   a t  

t empera tu re s   ranging  from  950° F  to  1000°F,  quenched  in  a  quenching  medium 

such  as  water  that  is  maintained  at  a  t empera tu re   on  the  order  of  70°F  to  

1500 F.  If  the  alloy  has  been  rolled  or  extruded,  it  is  general ly   s t re tched   on  t h e  

order  of  1  to  3  percent   of  its  original  length  to  relieve  internal   s t r e s s e s .  

The  alumium  alloy  can  then  be  further  worked  and  formed  into  t h e  

various  shapes  for  its  final  application.   Additional  heat  t r e a t m e n t s   such  as  

solution  heat  t r e a tmen t   can  be  employed  if  desired.  For  example,   an  e x t r u d e d  

product  af ter   being  cut  to  desired  length  are  generally  solution  heat  t reated  a t  

t empera tu res   on  the  order  of  975° F  for  1  to  4  hours.  The  product  is  t h e n  

quenched  in  a  quenching  medium  held  at  t empera tures   ranging  from  about  70° F 

to  1500  F .  



Therea f t e r ,   in  accordance   with  the  present  invention,  the  a r t i c l e  i s  

preferably   subjected  to  an  aging  t r e a t m e n t   that  will  increase  the  s t rength  of  t h e  

ar t ic le ,   while  maintaining  its  f rac ture   toughness  at  a  re la t ively   high  level.  The 

article  is  preferably   aged  low  t e m p e r a t u r e s   ranging  from  about  200°  F  to  about  

300°  F,  and  under  some  c i r cums tances   at  higher  t empera tu re s ,   but  generally  less 

than  350°  F.  It  is  prefer red   that  the  alloy  be  aged  at  t e m p e r a t u r e s   in  the  r ange  
of  from  about  250° F  to  275°  F .  

It  is  prefer red   that  when  the  alloy  of  the  present   invention  is  aged  

at  the  lower  t empe ra tu r e s   that  it  be  aged  for  a  period  of  time  that  will  carry  i t  

to  92  to  99  percent   of  peak  s t rength ,   and  preferably  to  98  to  99  percent   of  peak  

s t rength.   At  t empera tu re s   on  the  order  of  250  to  275°  F,  the  alloy  of  the  p r e s e n t  

composi t ion  will  achieve  the  desired  s t rength  level  in  from  4  to  100  hours .  

E x a m p l e  

The  following  example  is  presented  to  i l lustrate   the  super ior  

c h a r a c t e r i s t i c s   of  an  a luminum-l i th ium  alloy  aged  in  accordance   with  the  p r e sen t  

invention  and  to  assist  one  of  ordinary  skill  in  making  and  using  the  p resen t  

invention.  Moreover,  it  is  intended  to  i l lustrate  the  s ignifeant ly  improved  and 

unexpec ted   cha rac t e r i s t i c s   of  an  a luminum-l i th ium  alloy  formulated  and 

manufac tu r ed   in  accordance   with  the  pa ramters   of  the  present   invention.  The  

following  example  is  not  intended  in  any  way  to  otherwise  limit  the  scope  of  this  

disclosure  or  the  protect ion  granted  by  Le t te rs   Patent   h e r e o n .  

An  aluminum  alloy  containing  2.45  lithium,  1.4  percent   copper ,  
0.12  pe rcen t   zirconium  with  the  balance  being  aluminum  was  formulated.   The 

t race   e lements   present  in  the  formulat ion  const i tu ted  less  than  0.25  percent  o f  

the  total .   The  iron  and  silicon  present   in  the  formulat ion  cons t i tu ted   less  t han  

0.08  pe rcen t   of  the  formulat ion.   The  alloy  was  cast  and  homogenized  at  about  

9750  F.  T h e r e a f t e r ,   the  alloy  was  hot  rolled  to  a  thickness  of4l.2  inches.  The 

result ing  sheet   was  then  solution  t rea ted   at  about  975°  F  for  about  1  hour.  It  was 

then  quenched  in  water  mainta ined  at  about  70° F.  Therea f t e r ,   the  sheet  was 

subjected  to  a  s t re tch  of  1  1/2  percent   of  its  initial  length.  The  material   was 

then  cut  into  specimens.   The  specimens  were  cut  to  a  size  of  0.5  inch  by  2  1/2 

inch  by  0.2  inch  for  the  precrack   Charpy  impact  tests,  which  measure  f r a c t u r e  

toughness.   The  specimens  prepared  for  the  tensile  s t rength  tests  were  1  inch  by 

4  inches  by  0.2  inches.  A  plural i ty  of  specimens  were  then  aged  for  72  hours  a t  

about  2750  F.  Each  of  the  specimens  aged  at  each  of  the  t e m p e r a t u r e s   and  t imes  



were  then  subjected  to  the  tensile  strength  and  precrack  Charpy  impact  tests  in 

accordance  with  s tandard  ASTM  testing  p rocedures .  

The  specimens  aged  at  275° F  exhibit  an  u l t imate   s t rength   ranging  

from  about  65  ksi  to  about  75  ksi  with  the  toughness  on  the  order  of  800  to  1400 
in- lbs / in2.  

The  present  invention  has  been  described  in  re la t ion  to  various 

embodiments ,   including  the  prefer red   formulation  and  processing  p a r a m e t e r s .  

One  of  ordinary  skill  after  reading  the  foregoing  speci f ica t ion   will  be  able  to  

effect   various  changes,  subst i tut ions,   other  equivalents  and  other  a l t e r a t i o n s  

without  depar t ing  from  the  broad  concepts  departed  herein.  It  is  t h e r e f o r e  

intended  that  the  scope  of  the  Let te rs   Patent   granter  hereon  will  be  limited  only 

by  the  definit ion  contained  in  the  appended  claims  and  equivalents   t h e r e o f .  

The  embodiments   of  the  invention  in  which  an  exclusive  proper ty   or  privilege  is 

claimed  are  defined  as  follows: 



1.  An  a luminum-l i th ium  alloy  exhibiting  good  f r a c t u r e  

toughness  consist ing  essentially  o f  

2.  The  alloy  of  Claim  1  wherein  said  zirconium  is  present  in 

amounts  up  to  about  0.10  p e r c e n t .  

3.  The  alloy  of  Claim  1  having  a  nominal  composi t ion  of  2.45 

percent   l i thium,  0.6  percent  magnesium,  1.8  percent  copper,  and  0.12  p e r c e n t  
z i r c o n i u m .  

4.  The  alloy  of  Claim  1  wherein  said  alloy  is  aged  at  a  

relat ively  low  t e m p e r a t u r e   to  near  peak  s t r e n g t h .  

5.  The  alloy  of  Claim  1  wherein  said  alloy  has  been  aged  at  a  

t e m p e r a t u r e   in  the  range  of  from  200°  F  to  300°  F.  

6.  The  alloy  of  Claim  5  wherein  said  alloy  has  been  aged  for  a  

period  of  at  least   4  hours .  
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