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aluminum-lithium  alloys,  a  continuous  casting 
bleed-out  which  brings  molten  metal  into  contact 
with  water  has  been  found  to  present  a  substan- 
tial  risk  of  violent  explosion. 

5  It  has  been  found  that  a  Tarset  coating  as  used 
in  the  casting  pit  in  conventional  continuous 
casting  of  aluminum  to  prevent  explosions  pro- 
vides  inadequate  protection  from  aluminum- 
lithium  alloy  explosions.  None  of  the  protective 

10  coatings  used  conventionally  for  aluminum 
alloys  with  water  provides  dependable  explosion 
protection  for  large  size  aluminum-lithium  alloy 
ingots. 

The  present  invention  is  concerned  with  form- 
15  ing  a  continuously  cast  ingot  produced  from  high 

strength,  light  metal  alloy;  having  dendrite  arm 
spacing  providing  high  strength,  good  fracture 
toughness,  and  high  modulus;  and  capable  of 
being  fabricated  into  large  lightweight  structures, 

20  such  as  rolled  plate  and  sheet,  forgings,  or  extru- 
sions.  A  concern  of  the  present  invention  is  to 
form  a  continuously  cast  ingot  produced  from 
lithium-containing  alloy  in  a  manner  as  safe  as 
conventional  continuous  casting  processes.  It  is 

25  further  desired  to  form  a  large  scale,  high  quality 
ingot  of  lithium-containing  alloy  while  avoiding 
explosions  by  providing  rapid  quenching, 
including  quenching  by  high  nucleate  boiling 
heat  transfer  and  while  reducing  ingot  cracking 

30  tendencies  by  subsequent  lower  convective  heat 
transfer. 

According  to  the  present  invention  there  is 
provided  a  method  of  continuous  casting  high 
strength,  light  metal  alloys  comprising  an  indi- 

35  rect  primary  cooling  of  the  molten  alloy  in  an 
open  ended  mold  (4)  in  order  to  form  an  ingot  (8) 
having  a  substantially  solid  shell  and  a  direct 
secondary  cooling  by  spraying  a  coolant  (18) 
onto  the  surface  of  the  partially  solidified  ingot 

40  (8)  characterized  in  that  the  high  strength  alloy  is 
a  lithium  containing  alloy,  especially  an 
aluminum-lithium  alloy  and  in  that  the  direct 
secondary  cooling  is  carried  out  with  an  organic 
coolant  (18). 

45  The  present  invention  provides  a  method  of 
continuously  casting  lithium-containing  alloy 
including  cooling  the  alloy  sufficiently  to  form  a 
continuous  ingot  having  a  solid  shell  and  further 
cooling  the  ingot  by  direct  chill  with  an  organic 

so  coolant.  The  organic  coolant  in  one  aspect 
includes  a  modified  hydrocarbon  fluid  having 
less  than  a  predetermined  moisture  content.  A 
preferred  coolant  includes  ethylene  glycol  con- 
taining  less  than  about  25  volume  percent  water 

55  and,  preferably,  less  than  about  10  volume  per- 
cent  water.  The  method  includes  recirculating 
coolant  and  controlling  its  moisture  content. 

The  present  invention  also  provides  a  con- 
tinuously  cast  ingot  formed  by  the  direct  chill 

60  cooling  of  a  high  strength,  light  metal  alloy  by 
the  method  and  process  of  the  present  invention 
and,  in  one  aspect,  by  direct  chill  cooling  with  a 
modified  hydrocarbon  such  as  ethylene  glycol. 

In  the  accompanying  drawings: 
65  Figure  1  is  an  elevation  view,  partially  in  sec- 

Description 

This  invention  relates  to  the  continuous  cast- 
ing  of  high  strength,  light  metal  alloys  according 
to  the  preamble  of  claim  1,  which  prior  art 
technique  is  commonly  known. 

The  process  of  continuously  casting  high 
strength,  light  metal  alloys  into  acceptable  ingots 
of  large  size  depends  on  the  manner  of  cooling. 
Large  size  ingots  include  ingots  having  a  cross 
section  larger  than  about  15.2  cm  in  thickness 
(e.g.,  rectangular  ingot  for  rolling  mill  stock)  or 
larger  than  about  15.2  cm  (six  inches)  in  dia- 
meter  (e.g.,  round  ingot  for  forgings  or  extru- 
sions).  Cooling  method  and  rate  influence  the 
ingot's  tendency  to  form  undesirably  brittle  or 
low  strength  structures,  such  as  edge  cracking  or 
surface  cracking  when  the  large  cross  section 
ingot  subsequently  is  rolled. 

Large  ingots  of  high  strength  light  metal  are 
produced  conventionally  by  continuous  or  semi- 
continuous  direct  chill  casting  using  water  cool- 
ant.  A  continuous  ingot  having  a  solid  surface 
but  a  core  which  is  still  molten  is  formed  in  a 
water-cooled  mold.  After  passing  through  the 
mold,  water  exits  directly  on  the  hot  solid  ingot 
surface  to  provide  a  direct  chill  cooling.  The 
water  then  separates  or  falls  from  the  ingot  after 
extracting  heat.  Typically,  this  water  is  collected 
in  a  pool  or  reservoir  in  the  casting  pit. 

However,  bleed-outs  occasionally  occur  in 
which  molten  metal  from  the  ingot  core  flows 
through  a  rupture  in  the  solid  wall  or  shell  of  the 
ingot,  and  liquid  metal  comes  into  direct  contact 
with  the  water.  Bleed-outs  tend  to  be  more 
severe  with  larger  size  ingots.  A  Tarset  (e.g.,  a 
coal  tar  epoxy)  or  an  equivalent  protective  coat- 
ing  is  applied  to  steel  and  concrete  surfaces  in 
the  casting  pit,  which  surfaces  otherwise  would 
be  exposed  to  water  and  molten  metal  spilled  in 
the  pit.  The  Tarset  provides  significant  protection 
from  explosion. 

Lithium-containing  alloys  are  considered  to 
have  substantial  promise  for  high  technology 
applications  such  as  aircraft  plate,  sheet,  forg- 
ings,  and  extrusions.  Light  metal  lithium-contain- 
ing  alloys,  such  as  aluminum-lithium  alloys,  are 
highly  regarded  by  reason  of  material  properties 
such  as  low  density,  high  strength,  high  modulus 
of  elasticity,  and  high  fracture  toughness.  The 
combination  of  these  material  properties  can 
reduce  the  weight  of  large  commercial  airliners 
by  as  much  as  six  tons  or  more.  The  resulting 
weight  savings  can  reduce  an  aircraft's  fuel  con- 
sumption  by  833,000  I  (220,000  gallons)  or  more 
during  a  typical  year  of  operation. 

However,  a  significant  processing  obstacle 
stands  in  the  way  of  the  substantial  development 
of  large-scale  lithium-containing  alloy  applica- 
tions  such  as  plate  and  sheet.  This  processing 
problem  has  prevented  the  production  of  a  suffi- 
ciently  large  ingot  which  would  permit  the 
formation,  e.g.,  by  rolling,  of  large  plates  or 
sheets. 

In  the  case  of  lithium-containing  alloys,  e.g., 
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Coolant  flows  down  the  solid  surface  of  the 
ingot  as  indicated  by  directional  arrow  20  and 
cools  ingot  8  by  direct  contact  or  direct  chill.  The 
coolant  increases  in  temperature  as  it  flows  down 

5  the  solid  ingot  surface.  Warmed  coolant 
separates  from  the  ingot  by  falling  into  the  cast- 
ing  pit  where  it  collects  as  a  pool  or  reservoir  22. 
Coolant  is  recirculated  in  line  15  from  reservoir  22 
to  join  line  14.  An  oil  separator  (not  shown)  can  be 

w  added  to  separate  oil,  e.g.,  mold  lubricant  oil, 
from  coolant  entering  line  15. 

When  casting  device  4  incorporates  a  mold  (not 
shown),  a  mold  lubricant  such  as  castor  oil  is 
applied  to  the  casting  surface  of  the  mold  to 

is  reduce  the  friction  between  the  thin  moving  ingot 
shell  and  the  moid,  e.g.,  as  illustrated  by  shell  12 
in  Figure  1.  Otherwise,  the  continuously  forming 
ingot  may  tear  on  the  mold  surface.  Such  tears 
should  be  avoided  since  the  tears  facilitate  bleed- 

20  outs  of  molten  metal  in  direct  contact  with  cool- 
ant. 

Referring  now  to  Figure  2,  warmed  coolant 
collects  in  the  casting  pit  in  pool  or  reservoir  22.  A 
preferred  depth  of  coolant  reservoir  22  is  about 

25  1.5  m  (five  feet).  The  warmed  coolant  can  be 
cooled  by  a  heat  exchange  with  a  secondary 
coolant.  Warmed  primary  coolant  from  reservoir 
22  is  passed  in  line  23  and  is  elevated  by  pump  24 
through  line  25  to  heat  exchanger  26  where  it  is 

30  cooled  as  by  indirect  heat  exchange  with  a 
secondary  coolant  such  as  water  entering  the 
heat  exchanger  at  28  and  exiting  in  line  30.  Cooled 
primary  coolant  is  recirculated  through  lines  27 
and  31  to  reservoir  22  for  further  use  in  the 

35  continuous  casting  process. 
Certain  preferred  casting  coolants,  e.g., 

ethylene  glycol,  are  hygroscopic,  and  moisture 
will  accumulate  in  the  coolant,  e.g.,  even  when 
exposed  to  normal  atmospheric  conditions.  The 

40  moisture  content  of  the  coolant  should  be  con- 
trolled  to  maintain  a  preferred  level,  such  as 
within  a  predetermined  range  of  water  content  in 
the  coolant. 

Certain  hygroscopic  casting  coolants,  e.g., 
45  ethylene  glycol,  are  immiscible  with  certain 

commonly  used  casting  lubricants,  e.g.,  castor  oil. 
A  barrier  layer  34  of  castor  oil  or  other  immiscible 
lubricant  can  be  provided  on  the  coolant  in  the 
reservoir,  e.g.,  by  floating.  Barrier  layer  34  acts  as 

so  a  substantially  impermeable  barrier  to  moisture 
absorption  by  the  ethylene  glycol. 

Controlling  moisture  content  includes  monitor- 
ing  the  moisture  such  as  by  determining  the 
refractive  index  using  a  commercially  available 

55  refractometer.  For  example,  recirculated  coolant 
in  line  27  or  initial  or  make-up  coolant  in  line  29  is 
passed  in  line  31  to  refractometer  32  prior  to 
being  fed  in  line  33  to  reservoir  22  in  the  casting 
pit. 

60  Since  it  is  impractical  to  prevent  some  moisture 
pickup  during  casting  and  holding  of  the  coolant 
in  the  reservoir,  the  coolant  can  be  dried  by  many 
different  drying  techniques.  One  example  of  a 
suitable  drying  technique  includes  sparging  with 

65  a  dry  sparging  fluid  such  as  air  or  any  inert,  i.e., 

tion,  of  a  schematic  apparatus  for  the  continuous 
casting  of  molten  metal  through  a  direct  chill 
process. 

Figure  2  is  a  schematic  diagram  of  an  overall 
process  system. 

Figures  3  and  4  are  graphical  illustrations  of 
coolant  quench  curves. 

Referring  now  to  Figure  1,  a  schematic 
apparatus  is  illustrated  for  the  purpose  of  describ- 
ing  the  present  invention  as  applied  to  casting  an 
aluminum  alloy  containing  lithium.  Molten  metal 
at  about  715°C  (1320°F)  is  passed  in  line  2  through 
direct  chill  casting  device  4  to  interior  6  of  ingot  8. 
Interior  6  includes  a  molten  pool  having  solidus 
line  10  which  forms  initially  as  a  solid  shell  12  at  a 
solidus  temperature,  e.g.,  on  the  order  of  about 
593°C(1100°F). 

Coolant  at  a  temperature  substantially  below 
593CC  (1100°F)  is  passed  in  line  14  to  casting 
device  4  which  is  adapted  to  place  the  coolant  in 
thermal  contact,  such  as  including  but  not  limited 
to  heat  transfer  through  a  mold  surface  (not 
shown),  such  that  molten  metal  6  is  continuously 
cast  as  shell  12. 

Starting  block  19  initially  is  placed  directly 
under  or  inside  casting  device  4  to  form  a  base  21 
of  ingot  8.  Starting  block  1  9  then  is  withdrawn  to  a 
position  under  the  casting  device  (as  shown) 
thereby  permitting  the  continuous  casting  pro- 
cess.  Shell  12  grows  in  thickness  while  ingot  8  is 
cooled  by  direct  chill. 

Figure  1  illustrates  a  vertical  continuous  or 
semi-continuous  casting  process  using  the  direct 
chill  principle.  The  process  and  coolant  of  the 
present  invention  and  the  product  formed  thereby 
also  can  be  employed  in  a  horizontal  continuous 
casting  process  or  in  other  directional  flows  of  a 
direct  chill  process.  Detailed  descriptions  of 
various  embodiments  intended  to  be  included  in 
the  present  process  are  found  in 
U.S.—  A—  2,301  ,027,  U.S.—  A—  3,286,309; 
U.S.—  A—3,327,768;  U.S.—  A—  3,329,200; 
U.S.—  A—  3,381,741  ;  U.S.—  A—  3,441,079; 
U.S.—  A—  3,455,369,  U.S.—  A—  3,506,059;  and 
U.S.—  A—  4,166,495. 

In  the  embodiment  illustrated  in  Figure  1,  cool- 
ant  at  a  temperature,  by  way  of  example,  of  about 
49°C  (120°F)  is  applied  at  18  to  the  surface  of  shell 
12  of  the  continuously  forming  ingot.  Higher 
coolant  temperatures  are  operable  up  to  limits 
imposed  by  reason  of  reduced  heat  transfer  and, 
in  the  case  of  lithium-containing  alloys,  by  reason 
of  higher  fire  hazard  attributable  to  higher  vapor 
pressure  in  the  coolant.  For  example,  a  coolant 
composition  comprising  ethylene  glycol  is 
operable  at  a  temperature  of  about  82°C  (180°F)  or 
higher,  but  a  lower  temperature,  below  about 
54°C  (130°F)  such  as  at  about  49°C  (120°F)  is 
preferred  for  safety  considerations.  Vapor 
pressure  is  increased  significantly  from  49°C  to 
82CC  (120°F  to  180°F)  with  an  accompanying 
increase  in  fire  hazard.  Coolant  temperature 
similarly  should  be  held  below  a  substantial  fire 
hazard  temperature  for  other  coolant  composi- 
tions. 
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into  about  14  liters  of  coolant  in  a  Tarset-coated 
steel  pan.  Tested  coolants  included  water,  "Gulf 
Superquench  70"  (TM)  which  is  a  hydrocarbon 
quench  liquid  for  cooling  steel,  a  phosphate  ester 

5  selected  for  high  flame  resistance,  mineral  oil, 
and  ethylene  glycol  at  various  moisture  contents. 
It  was  found  that  ethylene  glycol  containing  water 
in  an  amount  of  substantially  more  than  about 
25%  by  volume  in  contact  with  molten  aluminum- 

m  lithium  alloy  containing  about  2  or  more  weight 
percent  lithium  results  in  explosion.  Explosions 
did  not  occur  from  aluminum-lithium  alloy  con- 
taining  2  to  3  weight  percent  lithium  in  contact 
with  ethylene  glycol  containing  less  than  about 

15  25%  water  by  volume.  The  predetermined  maxi- 
mum  moisture  content  should  be  held  less  than 
an  explosive  reaction-forming  amount  of  water, 
e.g.,  usually  less  than  about  25  volume  percent 
water,  preferably  less  than  about  10%  water  by 

20  volume,  and  more  preferably  less  than  about  5% 
water  by  volume  in  ethylene  glycol.  However,  the 
explosion  limit  is  somewhat  variable  over  a  range 
of  moisture  content,  including  in  the  range  above 
about  10%  to  about  25%  by  volume  water,  by 

25  other  factors  such  as  metal  temperature,  coolant 
temperature,  weight  percent  lithium  in  the  alloy, 
molten  metal  volume,  and  other  explosion- 
related  characteristics.  For  this  reason,  it  is  impor- 
tant  to  observe  and  maintain  the  moisture  or 

30  water  content  in  the  coolant  below  an  explosive 
reaction-forming  amount,  i.e.,  such  as  an  amount 
which  will  result  in  an  explosion. 

Aluminum-lithium  alloy  was  found  to  be  an 
ignition  source  for  flammable  coolants.  In  the 

35  explosion  tests,  all  of  the  tested  coolants  burned 
when  molten  aluminum-lithium  alloy  metal  was 
dropped  into  the  coolant,  with  the  exception  of 
water  which  produced  violent  explosion.  How- 
ever,  ethylene  glycol  did  not  exhibit  malodorous 

40  characteristics  and  was  found  to  be  self-extingu- 
ishing  when  the  heat  source  was  removed.  Such 
features  are  important  safety  considerations  in 
the  event  of  a  metal  spill  in  a  direct  chill  casting 
operation.  "Gulf  Superquench  70"  coolant  ignited 

45  and  burned  in  a  self-sustaining  manner  with  a 
dense  black  smoke.  Ethylene  glycol,  on  the  other 
hand,  ignited  when  mixed  with  molten 
aluminum-lithium  alloy,  but  ethylene  glycol  did 
not  sustain  combustion,  i.e.,  the  flames 

so  extinguished  when  the  heat  source  was  taken 
away.  The  phosphate  ester  in  the  explosion  test 
had  a  noxious  odor. 

The  organic  coolant  should  be  capable  of  pro- 
viding  a  direct  chill  comprising  an  initially  rapid 

55  quench  for  shell  formation  such  as  by  a  high 
nucleate  boiling-heat-transfer  mechanism  and  by 
a  subsequent  lower  convective  heat  transfer  for 
stress  relief.  The  initial  rapid  quench  provides  a 
shell  of  sufficient  thickness  to  avoid  bleed-outs. 

60  Such  controlled  cooling  reduces  ingot  cracking 
and  provides  an  advantage  in  the  quality  of  the 
ingot  produced.  Ethylene  glycol  provides  such  a 
controlled  cooling,  resulting  in  high  quality  ingot 
product  for  high  strength  alloys  including  high 

65  strength,  light  metal  alloys  of  aluminum  or  mag- 

nonreacting,  dry  gas.  Preferably,  sparging  is  com- 
bined  with  heating,  e.g.,  by  actuating  diverter 
valve  35,  and  passing  the  coolant  in  line  36 
through  heater  38,  such  as  an  electric  heater,  to 
raise  coolant  temperature.  When  large  amounts 
of  water  are  to  be  removed  from  the  coolant, 
coolant  temperature  is  raised  to  a  temperature  at 
least  above  about  93°C  (200°F)  at  one  atmosphere 
of  pressure  and  preferably  above  about  99°C 
(210°F).  At  higher  pressures,  higher  temperatures 
will  be  required.  For  example,  when  ethylene 
glycol  is  used  as  the  coolant,  sparging  at  a 
temperature  at  least  above  the  specified  tempera- 
tures  of  93°C  (200°F)  and  preferably  above  99°C 
(210°F)  will  remove  significant  amounts  of  mois- 
ture  in  the  glycol. 

When  the  coolant  has  reached  the  preferred 
temperature,  dry  air  with  a  low  dew  point,  e.g., 
preferably  of  about  -20°C  or  below,  is  introduced 
in  line  40  (Figure  2)  at  the  bottom  of  the  casting  pit 
through  spargers  42  capable  of  introducing  a  fluid 
such  as  dry  air  into  the  coolant.  As  the  dry  air 
passes  through  the  moisture-laden  coolant,  mois- 
ture  diffuses  to  the  air  because  of  a  difference  in 
partial  pressures,  and  the  coolant  is  dried. 

The  sparger  as  illustrated  in  Figure  2  is  located 
in  the  casting  pit.  This  location  provides  sparging 
to  more  coolant  that  when  locating  the  sparging 
reservoir  separate  from  the  casting  pit  (not 
shown).  A  sparging  reservoir  separate  from  the 
casting  pit,  on  the  other  hand,  facilitates  a  con- 
tinuous  sparging  step  while  casting.  In  such  a 
continuous  sparging  system,  warmed  coolant 
may  be  heated  further,  sparged,  and  then  cooled 
prior  to  introduction  into  the  casting  device  while 
direct  chill  casting  continues. 

Aluminum-lithium  alloy  having  a  lithium  con- 
tent  on  the  order  of  about  1  .2%  by  weight  lithium 
(Aluminum  Association  Alloy  2020)  conven- 
tionally  has  been  cast  in  a  continuous  ingot  by 
direct  chill  with  water,  i.e.,  substantially  100% 
water.  However,  molten  aluminum-lithium  alloys 
containing  even  slightly  higher  amounts  of 
lithium,  such  as  about  1.5%  to  2%  or  higher  by 
weight  lithium  can  react  with  a  violent  reaction  or 
explosion  when  brought  into  direct  contact  with 
water  as  may  occur  with  a  bleed-out  during  a 
continuous  direct  chill  casting  process. 

The  process  of  the  present  invention  avoids 
such  a  violent  reaction  and  cools  the  ingot  in  the 
direct  chill  step  with  organic  coolant.  Water  can 
be  used  as  the  shell  forming  coolant,  if  the  water 
is  held  separate  and  apart  from  the  molten  metal 
forming  into  the  shell  and  further  if  it  is  not 
subsequently  used  to  cool  the  lithium-containing 
alloy  by  direct  chill.  For  example,  water  can  be 
used  as  a  mold  coolant  separated  from  contact 
with  the  molten  lithium-containing  alloy. 

Further,  it  has  been  found  that  the  moisture  or 
water  content  in  the  organic  coolant  must  be  held 
below  a  predetermined  maximum  level  to  avoid 
explosive  reaction  when  direct  chill  casting 
lithium-containing  alloys. 

Explosion  tests  were  performed  by  pouring 
about  23  kg  molten  metal  at  about  760°C  (1400°F) 
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superior  quenching  by  ethylene  glycol  appears  to 
be  attributable  to  a  nucleate  boiling-heat-transfer 
mechanism  in  the  particular  temperature  range  of 
about  482  to  260°C  (900  to  500°F).  "Gulf 

5  Superquench  70"  (TM)  exhibited  a  wide  film 
boiling-heat-transfer  temperature  range  which 
produces  an  unstable,  low  heat  transfer.  The 
phosphate  ester  had  a  narrow  boiling-heat-trans- 
fer  temperature  range. 

w  The  average  quench  capability  of  ethylene  gly- 
col  over  the  range  of  about  593  to  260°C  (1  100°F  to 
500°F)  is  preferred  over  that  of  the  other  potential 
coolants.  This  range  encompasses  the  critical 
temperature  range  for  forming  a  strong  shell 

w  during  the  continuous  casting  process  for  form- 
ing  aluminum-lithium  alloy  ingot. 

In  direct  chill  casting  aluminum-lithium  alloy, 
propylene  glycol  coolant  generates  heat  transfer 
rates  in  the  shell  formation  temperature  range  as 

20  shown  in  Figure  4  which  are  undesirably  slower 
than  ethylene  glycol.  The  slower  propylene  glycol 
rates  are  attributable  to  film  boiling  heat  transfer, 
and  such  low  rates  create  large  dendrite  arm 
spacing.  Ethylene  glycol,  on  the  other  hand, 

25  provides  heat  transfer  rates  as  shown  in  Figure  4 
which  create  significantly  smaller  dendrites 
similar  to  those  generated  in  an  ingot  cast  with 
water.  Moreover,  the  slower  propylene  glycol 
heat  transfer  rates  produce  a  coarse  structure 

30  which  cannot  be  eliminated  during  thermal  pro- 
cessing,  e.g.,  macrosegregation,  in  which  the 
aluminum  cools  and  solidifies  in  the  center  of  the 
dendrite  while  the  alloying  material  is  rejected 
and  pushed  out  to  the  surface  of  the  dendrite 

35  while  the  metal  is  solidifying.  Thermal  treatments 
or  homogenization,  as  can  be  performed  on 
microsegregation,  cannot  dependably  cure  such  a 
macrosegregation  problem.  The  iow  propylene 
glycol  heat  transfer  rates  shown  in  Figures  3  and  4 

40  can  be  modified  by  higher  coolant  flow  rates  on 
the  ingot  to  break  the  film  boiling-heat-transfer 
mechanism. 

The  coolant  of  the  present  invention  in  one 
aspect  preferably  contains  a  predetermined  mini- 

45  mum  level  of  water  content.  For  example,  the 
coolant  for  casting  aluminum-lithium  alloy,  e.g., 
ethylene  glycol,  can  be  monitored  and  controlled 
to  contain  at  least  about  1  %  to  about  5%  water  by 
volume.  The  minimum  water  content  generally 

so  provides  increased  heat  transfer  rates.  Such  an 
addition  of  water  also  lowers  viscosity  in  many 
cases  such  as  with  ethylene  glycoi.  Lower 
viscosity  and  higher  heat  transfer  rates  provide 
more  rapid  cooling  below  the  shell  formation 

55  temperature,  and  this  should  be  avoided  when 
casting  crack-sensitive  alloys. 

It  is  somewhat  surprising  that  a  glycol  would 
have  been  a  suitable  coolant  for  the  continuous 
casting  of  lithium-containing  alloy.  Lithium  is 

60  known  to  react  with  chemicals  containing 
hydroxyl  groups.  It  has  been  observed,  however, 
that  the  use  of  ethylene  glycol  as  a  direct  chill 
coolant  for  the  continuous  direct  chill  casting  of 
aluminum-lithium  alloy  produces  only  a  thin 

65  black  surface  on  the  ingot,  which  can  be  readily 

nesium  and  others.  Examples  of  high  strength, 
light  metal  alloys  which  may  take  advantage  of 
this  feature  of  the  present  invention  are 
aluminum  alloys  of  7075,  7050,  or  2024, 
aluminum-lithium  alloys  and  magnesium-lithium 
alloys. 

Numerous  modified  hydrocarbon  fluids  can  be 
selected  for  the  organic  coolant  in  a  process  of  the 
present  invention.  Such  modified  hydrocarbon 
fluids  include  glycols  such  as  ethylene  glycol, 
propylene  glycol,  bipropylene  glycol,  triethylene 
glycol,  hexylene  glycol,  and  others,  or  other 
modified  hydrocarbons  such  as  phosphate  ester, 
mineral  oil,  and  others.  Of  the  glycols,  bipropy- 
lene  glycol  provides  low  hygroscopicity,  high 
boiling  point,  and  high  viscosity.  Triethylene  gly- 
col  provides  a  high  boiling  point  and  high 
viscosity. 

Ethylene  glycol  has  been  found  to  provide 
advantages  of  superior  quenching  rate,  particu- 
larly  in  the  shell  formation  temperature  range  of 
continuously  cast  ingots  of  aluminum-lithium 
alloys.  Ethylene  glycol  also  provides  a  controlled 
quenching  rate  in  a  convective  heat  transfer  zone 
which  reduces  the  residual  stresses  generated  in 
the  solidified  ingot,  thereby  minimizing  any  crack- 
ing  in  crack-sensitive  aluminum-lithium  alloys. 
This  controlled  quenching  rate  also  provides  an 
advantage  to  a  continuous  casting  process  for 
other  crack-sensitive  aluminum  alloys,  in  addition 
to  aluminum-lithium  alloys,  e.g.,  such  as  7075, 
7050,  and  2024. 

A  test  missile  piece  of  aluminum  1100  alloy 
composition  in  the  -F  temper  having  the  dimen- 
sions  of  5.08  cm  by  1.26  cm  was  fitted  with  a 
thermocouple  of  iron-constantan  in  a  0.159  cm 
diameter  Inconel  sheath.  The  aluminum  alloy 
missile  was  heated  to  593°C  (1100°F)  and  then 
was  dropped  into  900  ml  of  coolant.  Missile 
temperature  was  recorded  on  magnetic  tape  in  a 
computer.  Missile  temperature  and  quench  (heat 
flux)  curves  were  plotted  with  a  "Calcomp  565" 
(TM)  plotter.  Various  coolants  were  tested, 
including  "Gulf  Superquench  70"  (TM),  a  hydro- 
carbon  quench  for  steel  cooling;  a  phosphate 
ester  selected  for  high  flame  resistance;  ethylene 
glycol;  propylene  glycol;  mineral  oil;  and  water. 

Figure  3  presents  a  graph  depicting  missile 
temperature  as  a  function  of  time  while  the 
missile  was  quenched  by  each  of  the  various  fluid 
coolants.  Ethylene  glycol  provided  a  more  rapid 
quench  rate  as  shown  by  the  lower  missile 
temperatures  over  less  time  than  the  other 
organic  coolants  tested. 

Figure  4  presents  a  graphical  illustration  of  a 
quench  curve  of  each  coolant  showing  heat  trans- 
fer  rate  versus  temperature.  It  was  found  that 
ethylene  glycol  provided  superior  quench  rates, 
particularly  in  the  range  of  about  482  to  260cC 
(900  to  500°F)  which  is  the  critical  range  for  thick 
shell  formation  during  the  continuous  casting  of 
lithium-containing  light  metal  alloys  such  as 
aluminum-lithium  alloys.  In  this  range,  ethylene 
glycol  was  found  to  have  a  quench  capability 
10  —  12  times  that  of  propylene  glycol.  The 
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claims,  characterized  by  recirculating  coolant  (18) 
and  controlling  the  moisture  content  of  said 
coolant  (18). 

8.  A  method  according  to  any  of  the  preceding 
5  claims,  wherein  said  alloy  is  cooled  in  a  shell- 

forming  zone  and  further  cooled  in  a  second  zone 
by  direct  chill  with  a  coolant  (18)  to  form  a 
continuous  ingot  (8),  characterized  by  performing 
said  direct  chill  cooling  with  a  coolant  (18)  com- 

10  prising  a  modified  hydrocarbon  coolant  contain- 
ing  less  than  a  predetermined  level  of  moisture 
content,  and  recirculating  said  coolant  to  said 
second  zone  while  controlling  said  moisture  con- 
tent. 

w  9.  A  method  according  to  claim  8,  characterized 
in  that  said  controlling  of  the  moisture  content 
comprises  monitoring  said  moisture  content  and 
drying  said  coolant  (18)  as  required  to  maintain 
said  moisture  content  less  than  said  predeter- 

20  mined  level. 
10.  A  method  according  to  claim  9,  charac- 

terized  in  that  moisture  is  controlled  by  subjecting 
said  hydrocarbon  coolant  (18)  to  dry  fluid  sparg- 
ing,  and/or  heating,  and/or  application  of  a  mois- 

25  ture  barrier  (34)  thereover. 

Patentanspriiche 

1.  Verfahren  zum  Stranggieften  einen  hochfe- 
30  sten  Leichtmetallegierung,  in  dem  die  schmelz- 

flussige  Legierung  in  einer  an  den  Enden  offenen 
Kokille  (4)  einer  indirekten  Primarkuhlung  unter- 
worfen  und  dadurch  ein  Strang  (8)  mit  im  wesent- 
lichen  erstarrter  Schale  gebildet  wird,  und  der 

35  teilweise  erstarrte  Strang  (8)  durch  Bespruhen 
seiner  Oberflache  mit  einem  Kuhlmittel  (18)  einer 
direkten  Sekundarkiihlung  unterworfen  wird, 
dadurch  gekennzeichnet,  daft  die  hochfeste 
Legierung  eine  lithiumhaltige  Legierung,  insbe- 

40  sondere  eine  Aluminium-Lithium-Legierung,  ist 
und  dalS  die  direkte  Sekundarkiihlung  mit  einem 
organischen  Kuhlmittel  (18)  durchgefuhrt  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daft  das  organische  Kuhlmittel  (18)  min- 

45  destens  teilweise  aus  einem  modifizierten  Koh- 
lenwasserstoffkiihlmittel,  vorzugsweise  aus 
Ethylenglykol,  besteht. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daft  der  Strang  (8)  zum  Abkiihlen 

50  direkt  mit  einem  organischen  Kuhlmittel  (18) 
abgeschreckt  wird,  das  fur  einen  direkten 
Abschreckvorgang  geeignet  ist,  in  dem  zunachst 
durch  schnelles  Abschrecken  eine  Schale  gebildet 
wird,  die  geniigend  dick  ist,  um  ein  Auslaufen  im 

55  wesentlichen  zu  verhindern,  und  danach  eine 
Entspannungsphase  mit  niedrigerer  Warmeuber- 
tragung  durchgefuhrt  wird. 

4.  Verfahren  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daft  das  schnelle  Abschrecken  mit  einer 

60  zur  Blasenverdampfung  fiihrende  Warmeubertra- 
gung  erfolgt  und  in  der  darauffolgenden  Phase 
mit  geringerer  Warmeubertragung  eine  Warme- 
iibertragung  durch  Konvektion  stattfindet. 

5.  Verfahren  nach  einem  der  vorhergehenden 
65  Anspriiche,  dadurch  gekennzeichnet,  daft  das 

removed  by  washing  or  scalping.  The  ethylene 
glycol  is  not  substantially  affected  and  can  be 
recirculated  for  further  use  in  the  process. 
Ethylene  glycol  vapor  also  is  less  toxic  than  other 
potential  coolants. 

The  higher  quench  capability  of  ethylene  glycol 
favors  the  casting  of  ingot  having  large  sections. 
Conventional  processes  cannot  produce  lithium- 
containing  alloy  ingot  safely  of  large  dimensions 
with  acceptable  internal  structures  and  at  accept- 
able  production  rates.  Further,  larger  ingot  sizes 
increase  the  likelihood  of  explosion  through  more 
severe  bleed-outs.  Explosion  hazards  with  water 
and  unacceptable  internal  structures  generated 
by  casting  methods  employing  indirect  cooling 
previously  have  dictated  against  the  casting  of 
large  aluminum-lithium  alloy  ingots  which  sub- 
sequently  could  be  rolled,  extruded,  or  forged 
into  large,  high  strength  structures,  e.g.,  aircraft 
plate  or  sheet,  even  though  such  products  have 
been  particularly  desired  and  are  in  high  demand 
by  reason  of  high  strength  to  weight  characteris- 
tics.  However,  ingots  having  dimensions  up  to 
about  24  inches  by  74  inches  and  larger  can  be 
produced  by  the  process  of  the  present  invention. 

Claims 

1.  A  method  of  continuous  casting  high 
strength  light  metal  alloys,  comprising  an  indirect 
primary  cooling  of  the  molten  alloy  in  an  open 
ended  mold  (4)  in  order  to  form  an  ingot  (8) 
having  a  substantially  solid  shell  and  a  direct 
secondary  cooling  by  spraying  a  coolant  (18)  onto 
the  surface  of  the  partially  solidified  ingot  (8) 
characterized  in  that  the  high  strength  alloy  is  a 
lithium  containing  alloy,  especially  an  aluminum- 
lithium  alloy,  and  in  that  the  direct  secondary 
cooling  is  carried  out  with  an  organic  coolant  (18). 

2.  A  method  as  set  forth  in  claim  1,  charac- 
terized  in  that  said  organic  coolant  (18)  comprises 
a  modified  hydrocarbon  coolant,  preferably 
ethylene  glycol. 

3.  A  method  according  to  claim  1  or  2,  charac- 
terized  in  that  said  ingot  (8)  is  cooled  by  direct 
chill  with  an  organic  coolant  (18)  capable  of 
providing  a  direct  chill  comprising  a  rapid  quench 
to  form  a  shell  of  sufficient  thickness  substantially 
to  avoid  bleed-outs  and  a  subsequent  lower  heat 
transfer  for  stress  relief. 

4.  A  method  as  set  forth  in  claim  3,  charac- 
terized  in  that  said  rapid  quench  comprises  a 
nucleate  boiling  heat  transfer  and  said  subse- 
quent  lower  heat  transfer  comprises  a  convective 
heat  transfer. 

5.  A  method  as  set  forth  in  any  of  the  preceding 
claims,  characterized  in  that  said  coolant  (18) 
comprises  less  than  an  explosive  reaction-form- 
ing  amount  of  water. 

6.  A  method  as  set  forth  in  claim  5,  charac- 
terized  in  that  said  coolant  (18)  contains  less  than 
25  volume  percent  water,  preferably  less  than  10 
volume  percent  and  more  preferably  less  than  5 
volume  percent. 

7.  A  method  according  to  any  of  the  preceding 
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caracterise  en  ce  qu'on  refroidit  ledit  lingot  (8)  au 
moyen  d'un  refroidissement  rapide  direct  avec  un 
agent  de  refroidissement  organique  (18)  apte  a 
realiser  un  refroidissement  rapide  direct  incluant 

5  une  trempe  rapide  de  maniere  a  former  une 
coque  possedant  une  epaisseur  suffisante,  essen- 
tiellement  afin  d'eviter  des  ressuages,  et  un  trans- 
fert  thermique  ulterieur  plus  reduit  pour  realiser 
une  detente  des  contraintes. 

10  4.  Procede  selon  la  revendication  3,  caracterise 
en  ce  que  ladite  trempe  rapide  inclut  un  transfer! 
thermique  par  ebullition  nucleee  et  que  ledit 
transfert  thermique  ulterieur  plus  faible  inclut  un 
transfert  thermique  par  convection. 

is  5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  caracterise  en  ce  que  ledit 
agent  de  refroidissement  (18)  comporte  une 
quantite  d'eau  inferieure  a  la  quantite  de  forma- 
tion  d'une  reaction  explosive. 

20  6.  Procede  selon  la  revendication  5,  caracterise 
en  ce  que  ledit  agent  de  refroidissement  (18) 
contient  moins  de  25  pour  cent  en  volume  d'eau 
et  de  preference  moins  de  10  pour  cent  en  volume 
et  de  fagon  plus  preferentielle  moins  de  5  pour 

25  cent  en  volume. 
7.  Procede  selon  I'une  quelconque  des  revendi- 

cations  precedentes,  caracterise  par  une  recircu- 
lation  de  I'agent  de  refroidissement  (18)  et  une 
regulation  de  la  teneur  en  humidite  dudit  agent  de 

30  refroidissement  (18). 
8.  Procede  selon  I'une  quelconque  des  revendi- 

cations  precedentes,  selon  lequel  on  refroidit  ledit 
alliage  dans  une  zone  de  formation  d'une  coque 
et  on  le  refroidit  de  fagon  supplemental  dans 

35  une  seconde  zone  au  moyen  d'un  refroidissement 
rapide  direct  avec  un  agent  de  refroidissement 
(18)  de  maniere  a  obtenir  un  lingot  continu  (8), 
caracterise  en  ce  qu'on  execute  ledit  refroidisse- 
ment  rapide  direct  avec  un  agent  de  refroidisse- 

40  ment  (18)  incluant  un  agent  de  refroidissement 
forme  d'un  hydrocarbure  modifie  et  contenant 
une  teneur  en  humidite  inferieure  a  un  niveau 
predetermine,  et  qu'on  fait  recirculer  ledit  agent 
de  refroidissement  en  direction  de  ladite  seconde 

45  zone  tout  en  reglant  ladite  teneur  en  humidite. 
9.  Procede  selon  la  revendication  8,  caracterise 

en  ce  que  ladite  regulation  de  la  teneur  en 
humidite  inclut  le  controle  de  ladite  teneur  en 
humidite  et  une  deshydratation  dudit  agent  de 

so  refroidissement  (18)  comme  cela  s'avere  requis 
pour  maintenir  ladite  teneur  en  humidite  a  un 
niveau  inferieur  audit  niveau  predetermine. 

10.  Procede  selon  la  revendication  9,  caracterise 
en  ce  qu'on  regie  I'humidite  en  soumettant  ledit 

55  agent  de  refroidissement  (18)  forme  d'un  hydro- 
carbure  a  la  projection  d'un  fluide  sec  et/ou  a  un 
chauffage  et/ou  en  appliquant  une  barriere  (34) 
arretant  I'humidite,  au-dessus  de  I'agent  de  refroi- 
dissement. 

60 

Kuhlmittel  (18)  Wasser  in  einer  kleineren  als  der 
fur  eine  Explosionsreaktion  erforderlichen  Menge 
enthalt. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekenn- 
zeichnet,  dafc  das  Kuhlmittel  (18)  Wasser  in  einer 
Menge  von  weniger  als  25  Vol.%  vorzugsweise 
weniger  als  10  Vol.%  und  insbesondere  weniger 
als  5%,  enthalt. 

7.  Verfahren  nach  einem  der  vorhergehenden 
Ansprtiche,  dadurch  gekennzeichnet,  dall  Kuhl- 
mittel  (18)  umgewalzt  und  der  Feuchtegehalt  des 
Kiihlmittels  (18)  gesteuert  wird. 

8.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  dalS  die 
Legierung  in  einer  Schalenbildungszone  abge- 
kiihlt  und  in  einer  zweiten  Zone  durch  direktes 
Abschrecken  mit  einem  Kuhlmittel  (18)  weiter 
abgekuhlt  wird,  so  dalS  ein  GulSstrang  (8)  gebildet 
wird,  dadurch  gekennzeichnet,  dalS  das  direkte 
Abschrecken  mit  einem  Kuhlmittel  (18)  durchge- 
fiihrt  wird,  das  mindestens  teilweise  aus  einem 
modifizierten  Kohlenwasserstoffkiihlmittel 
besteht,  dessen  Feuchtegehalt  unter  einem  vor- 
herbestimmten  Wert  liegt,  und  dalS  das  Kuhlmit- 
tel  zu  der  zweiten  Zone  umgewalzt  und  dabei  sein 
Feuchtegehalt  gesteuert  wird. 

9.  Verfahren  nach  Anspruch  8,  dadurch  gekenn- 
zeichnet,  da(5  zur  Steuerung  des  Feuchtegehalts 
dieser  iiberwacht  und  durch  Trocknen  des  Kiihl- 
mittels  dessen  Feuchtegehalt  unter  dem  vorher- 
bestimmten  Wert  gehalten  wird. 

10.  Verfahren  nach  Anspruch  9,  dadurch 
gekennzeichnet,  da(5  zur  Steuerung  des  Feuchte- 
gehalts  das  Kohlenwasserstoffkiihlmittel  (18)  mit 
einem  trockenen  Fluid  durchgeblasen  und/oder 
erhitzt  und/oder  oben  mit  einer  Feuchtigkeits- 
sperre  (34)  versehen  wird. 

Revendications 

1.  Procede  pour  realiser  la  coulee  continue 
d'alliages  metalliques  legers,  de  haute  resistance, 
incluant  un  refroidissement  primaire  indirect  de 
I'alliage  fondu  dans  une  lingotiere  a  base  ouverte 
(4)  afin  de  mouler  un  lingot  (8)  possedant  une 
coque  sensiblement  solide,  et  un  refroidissement 
secondaire  direct  moyennant  la  projection  d'un 
agent  de  refroidissement  (18)  sur  la  surface  du 
lingot  (8)  partiellement  solidifie,  caracterise  en  ce 
que  I'alliage  de  haute  resistance  est  un  alliage 
contenant  du  lithium,  en  particulier  un  alliage 
d'aluminium-lithium,  et  en  ce  que  le  refroidisse- 
ment  secondaire  direct  est  execute  avec  un  agent 
de  refroidissement  organique  (18). 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  ledit  agent  de  refroidissement  organi- 
que  inclut  un  agent  de  refroidissement  forme 
d'un  hydrocarbure  modifie,  de  preference  de 
I'ethyleneglycol. 

3.  Procede  selon  la  revendication  1  ou  2, 
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