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Improved  method  of  heat  treating  ferrous  metals. 

©  An  improvement  of  the  austempering  process, 
which  in  the  prior  art  has  included  a  transfer  of 
castings  from  the  austenitizing  furnace  to  a  bath 
containing  a  liquid  medium.  Castings  in  the  im- 
proved  process  are  instead  cooled  in  situ  by  the 
application  of  fluids  such  as  air  and  water  jets,  and 
the  same  furnace  is  used  for  both  austenitizing  and 
austempering. 
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IMPROVED  METHOD  OF  HEAT  TREATING  FERROUS  METALS 

or  traces  of  the  quenching  medium  used.  Because 
salt  baths  are  quite  expensive  there  is  usually  a 
limit  to  the  size  of  the  castings  or  shapes  that  can 
be  austempered  in  the  conventional  manner. 

This  invention  relates  to  methods  of  heat  treat- 
ing  cast  iron  or  steel.  More  particularly,  it  relates  to 
an  improved  method  of  treatment  to  produce  a 
bainite  structure  and  improved  mechanical  and 
physical  characteristics. 

Summary  of  the  Invention 

We  have  discovered  a  method  whereby  the 
io  heat  treatment  required  to  produce  a  structure  of 

bainite  in  cast  iron  or  steel  may  be  conducted  with 
only  one  furnace  and  without  immersion  in  a  liquid 
quenching  medium  or  salt  bath. 

Our  invention  is  based  on  the  discovery  that 
r5  fine  jets  or  water  or  a  gaseous  medium  like  liquid 

nitrogen'  or  carbon  dioxide  gas  can  be  applied 
directly  to  castings  or  forgings  while  in  position  in 
the  furnace  so  that  the  castings  or  forgings  may  be 
cooled  and  the  furnace  itself  may  be  cooled  down 

20  to  the  austempering  temperature.  This  avoids  the 
necessity  of  transferring  the  castings  or  forgings  to 
a  second  furnace  for  austempering. 

Thus,  one  object  of  our  invention  is  to  reduce 
the  cost  of  the  austempering  process. 

25  A  further  object  is  to  provide  a  means  of  using 
only  one  furnace  for  the  complete  austempering 
process. 

A  further  object  is  to  economically  allow  the 
austempering  of  large  castings  or  forgings. 

30  Further  objects  will  become  apparent  from  the 
claims  submitted  herein,  and  from  the  description 
of  a  preferred  embodiment  of  the  invention  to- 
gether  with  the  Figures,  in  which 

Figure  1  is  a  diagrammatic  illustration  of  the 
35  preferred  process  of  the  invention. 

Figure  2  is  a  graph  depicting  typical  time  vs 
temperature  cooling  curves  for  the  prior  process 
and  for  the  improved  process  of  this  invention,  and 

Figure  3  is  a  photomicrograph  of  a  nodular 
40  iron  bar  cooled  by  the  process  of  this  invention. 

Background  of  the  Invention 

It  is  well  known  that  cast  iron  or  steel  may  be 
cooled  from  an  elevated  temperature  where  it  is 
austenitic  in  structure,  at  such  a  rate  that  normal 
formation  of  pearlite  is  suppressed  and  austenite 
and  martensite  occur  instead.  The  austenite  and 
martensite  are  stable  at  lower  temperatures,  such 
as  room  temperature.  It  is  also  known  that  if  the 
cast  iron  or  steel  is  held  for  a  period  of  time  at  a 
selected  temperature  between  the  higher 
austenitizing  temperature  and  room  temperature, 
and  if  pearlite  has  first  been  suppressed,  then  a 
structure  of  bainite  is  formed  instead.  This  bainite 
may  contain  varying  quantities  of  pearlite,  austenite 
or  martensite,  depending  on  the  exact  cooling  con- 
ditions  that  prevail  and  the  exact  composition  of  the 
cast  iron  or  steel. 

This  process  of  producing  bainite  by  heat  treat- 
ment  is  known  as  austempering.  Conventional  pro- 
cedures  involve  heating  the  cast  iron  or  steel  to  a 
temperature  in  excess  of  1  300  degrees  F  so  that  it 
becomes  austenitic  in  structure.  This  temperature 
is  known  as  the  austenitizing  temperature.  For  all 
practical  purposes  this  austenizing  temperature  is 
held  to  a  maximum  value  of  1900  degrees  F  and 
the  period  of  time  is  usually  1  hour  plus  30  minutes 
for  every  one  inch  of  casting  section.  This  time 
period  is  also  somewhat  dependent  on  the  total 
mass  of  casting  shapes  in  the  furnace  load  and  on 
the  heat  input  into  the  furnace.  The  cast  iron  or 
steel  is  then  cooled  rapidly  to  the  holding  tempera- 
ture  called  the  austempering  temperature  usually 
between  400  degrees  F  and  800  degrees  F.  After 
holding  at  this  temperature  for  1  to  4  hours,  de- 
pending  on  mass  section  and  composition,  the  cast 
iron  or  steel  is  then  cooled  to  room  temperature. 

Austempering  is  usually  conducted  in  a  bath  of 
hot  salt  or  hot  oil  or  any  liquid  medium  that  can  be 
maintained  at  the  austempering  temperature. 
Shapes  in  cast  iron  or  steel  are  transferred  from  a 
furnace  at  austenizing  temperature  and  are 
quenched  in  the  austempering  bath.  Such  treat- 
ment  involves  two  furnace  systems  as  well  as  the 
handling  of  hot  shapes,  such  as  forgings  or  cast- 
ings,  in  cast  iron  or  steel.  Further,  after  cooling  to 
room  temperature,  the  castings  or  forgings  have  to 
be  washed  or  cleaned  to  remove  all  residual  salts 

Description  of  a  Preferred  Embodiment  of  the  jrv 
vention 

45 
The  cooling  of  a  furnace  and  a  load  of  castings 

with  air  saturated  with  water  or  with  the  circulation 
of  cold  gases  is  governed  by  complex  heat-transfer 
laws  which  relate  to  the  specific  heat  of  water,  the 

50  latent  heat  of  evaporation  and  the  specific  heat  of 
air  or  gas  used  for  circulation.  We  prefer  to  utilize 
water  and  air  for  the  rapid  and  inexpensive  cooling 
required  to  suppress  the  formation  of  pearlite  dur- 
ing  the  cooling  cycle. 

It  will  immediately  be  apparent  to  those  skilled 
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casting  load  was  then  removed  from  the  furnace. 
Several  bars  were  then  sectioned  and  exam- 

ined  under  a  microscope.  It  was  found  that  these 
bars  had  a  fully  bainitic  structure  with  from  15-20% 

5  of  retained  austenite  in  the.  heavier  bars  and  from 
20-35%  retained  austenite  in  the  lighter  bars. 

The  temperatures,  velocities  and  amounts  of 
the  fluids  applied  to  the  mass  of  the  castings,  will 
determine  the  rate  of  cooling  in  a  manner  known  to 

10  or  easily  determinable  by  those  skilled  in  the  art. 
That  rate  must  suffice  to  cool  the  castings  within  a 
ten  to  twenty  minute  period  in  order  to  avoid  the 
formation  of  pearlite  and  thereby  to  obtain  the 
desired  bainitic  structure.  While  the  rate  of  cooling 

75  required  to  suppress  pearlite  will  vary  according  to 
the  composition  of  the  ferrous  metal  involved  and 
may  be  exactly  determined  by  means  of  a  time- 
temperature-transformation  diagram  for  the  particu- 
lar  metal  involved,  the  time  required  for  cooling 

20  normally  will  be  less  than  20  minutes. 
We  have  run  similar  tests  using  liquid  nitrogen 

to  cool  the  air  blown  on  the  castings  and  using 
solid  dry  ice  on  carbon  dioxide  placed  in  the  cast- 
ing  load  but  in  general  we  find  that  water  and  air 

25  are  easier  to  use  and  control.  The  rate  of  cooling  is 
such  a  case  is  accelerated  by  increasing  the  rate 
of  water  flow.  Curve  B  represents  the  cooling  rate 
when  air  was  circulated  in  the  furnace  while  water 
was  applied  to  the  casting.  In  this  case  the  austem- 

30  pering  temperature  was  reached  in  a  12  minute 
time  period. 

Figure  3  shows  the  bainite  structure  resulting 
from  a  nodular  iron  bar  cooled  by  water  treatment 
at  the  rate  indicated  in  Figure  2. 

35 

Example 

A  load  of  castings  consisting  of  twelve  bars 
40  ranging  in  diameter  from  2  to  4"  and  about  24  in 

length  were  placed  in  a  furnace  3'  x  4  and  4 
high.  The  furnace  was  lined  with  fibre  refractory 
and  was  pivoted  at  its  back  end  so  it  could  be  tilted 
back  from  the  castings  placed  on  a  fixed  floor.  The 

46  furnace  had  as  a  heat  source  a  series  of  propane- 
air  burners. 

The  furnace  load  was  headed  to  1650  degrees 
F  and  was  held  at  this  temperature  for  2  hours 
when  the  propane  was  shut  off  and  the  furnace  was 

50  tilted  back  to  expose  the  casting  load.  The  air  was 
circulated  from  the  burners  while  the  furnace  was 
tilted  back  and  an  additional  fan  was  used  to  blow 
air  on  the  furnace  to  cool  it  down  to  620  degrees  F. 

A  fan  was  used  to  blow  air  directly  on  the 
55  casting  and  water  was  introduced  by  pressure  jet 

so  as  to  impinge  directly  on  the  casting  load.  A 
thermocouple  placed  strategically  in  the  casting 
load  was  used  to  indicate  when  this  load  had 

in  the  art  that  the  cooling  of  the  furnace  itself  from 
the  austenitizing  temperature  to  the  austempering 
temperature  represents  a  greater  problem  which 
relates  to  the  heat  held  by  the  furnace  refractories. 
Conventional  refractories  used  for  lining  the  furnace 
would  present  problems  with  a  large  heat  mass 
and  with  spading  of  the  refractories  caused  by  the 
rapid  cooling  required. 

For  this  reason  we  prefer  to  use  a  furnace  that 
is  lined  with  refractory  fibre  which  is  light  in  weight, 
insulating  in  nature  and  capable  of  rapid  changes 
in  temperature  without  deterioration. 

In  the  preferred  embodiment  of  the  process  of 
this  invention  the  furnace  is  raised  above  the  cast- 
ings  or  is  tilted  back  in  order  to  expose  the  cast- 
ings.  This  makes  it  easier  to  cool  the  furnace  and 
to  cool  the  castings.  As  soon  as  both  the  furnace 
and  the  castings  have  reached  the  required 
austempering  temperature,  the  furnace  is  lowered 
or  tilted  back  over  the  castings  and  the  tempera- 
ture  of  the  furnace  is  then  maintained  for  the  de- 
sired  length  of  time  at  the  austempering  tempera- 
ture. 

The  whole  process  of  austempering  may  in  this 
manner  be  conducted  without  the  necessity  of 
moving  the  castings  or  of  having  a  second  furnace. 

Figure  1  is  a  diagrammatic  illustration  of  the 
preferred  method  of  the  invention.  Position  (a) 
shows  a  furnace  containing  a  casting  on  the  fur- 
nace  bottom  plate  and  with  the  furnace  in  the 
austenitizing  mode.  Position  (b)  shows  the  furnace 
tilted  back  for  cooling  and  the  quenching  mode. 
Position  (c)  shows  the  furnace  back  in  position  over 
the  casting  and  the  casting  in  the  austempering 
mode. 

Figure  2  shows  a  typical  temperature  time 
cooling  curve  when  a  given  casting,  in  this  case  a 
3"  diameter  bar,  is  quenched  in  a  salt  bath  and  is 
subsequently  held  in  this  bath  to  produce  bainite. 
Shown  also  is  a  curve  indicating  the  cooling  rate 
obtained  when  water  is  applied  to  the  casting  in  a 
furnace  and  the  casting  as  well  as  the  furnace  are 
cooled  by  air  circulation  to  the  austempering  tem- 
perature.  We  have  found  that  manipulation  of  the 
amount  of  water  used  as  well  as  the  amount  of  air 
circulated  will  allow  the  cooling  rate  in  the  casting 
to  be  varied  over  a  relatively  wide  range  of  cooling 
rates. 

In  Figure  2  the  curve  A  represents  the  cooling 
rate  obtained  in  a  salt  bath  where  the  line  CC  is  the 
austenitizing  temperature  and  line  DD  is  the 
austempering  temperature.  The  austempering  tem- 
perature  is  reached  in  a  10  minute  time  period.  F 
and  at  this  time  the  furnace  was  tilted  back  to 
cover  the  castings  after  cutting  off  air  and  water 
circulation. 

The  furnace  was  maintained  at  a  temperature 
of  620  degrees  F  for  a  period  of  2  hours  and  the 
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(e)  holding  said  castings  in  said  furnace  at 
said  austempering  temperature  for  a  period  of  1-5 
hours,  then 

(f)  removing  said  castings  from  said  furnace. 

reached  an  approximate  temperature  of  600  de- 
grees 

We  have  also  found  that  cold  metallic  steel 
shot  or  copper  shot  when  added  to  the  casting  load 
when  it  is  being  cooled  will  accelerate  the  rate  of 
cooling  of  the  casting  load  but  in  general  we  prefer 
to  use  cold  air  and  water  as  the  cooling  media. 

We  have  described  the  invention  with  a  certain 
degree  of  particularity  but  it  is  understood  that 
modifications  and  variations  may  be  resorted  to 
without  departing  from  the  spirit  and  scope  of  the 
invention.  Such  variations  and  modifications  appar- 
ent  to  those  skilled  in  the  art  are  considered  to  be 
within  the  purview  and  scope  of  the  invention  and 
appended  claims. 

10 

75 

Claims 

1.  A  method  of  austempering  ferrous  castings  20 
in  which  the  castings  held  in  a  furnace  at  the 
austenitizing  temperature  are  cooled  along  with 
said  furnace,  down  to  the  austempering  tempera- 
ture,  and  the  castings  are  then  held  in  this  same 
furnace  at  the  austempering  temperature.  25 

2.  In  the  process  of  austempering  ferrous  cast- 
ings,  the  improvement  comprising  cooling  said 
castings  from  the  austenitizing  temperature  to  the 
austempering  temperature  by  applying  a  substance 
or  substances  to  said  castings  without  transferring  30 
said  castings  from  the  furnace  in  which  the 
austenitizing  temperature  was  applied  to  said  cast- 
ings,  said  substance  or  substances  being  applied 
at  such  temperatures  and  in  such  amounts  as  to 
cool  said  castings  within  a  period  short  enough  to  35 
produce  a  bainitic  structure  in  said  castings. 

3.  The  improvement  of  claim  2  and  in  which 
said  substance  or  substances  are  a  fluid  or  fluids. 

4.  The  improvement  of  claim  3  and  in  which 
said  fluid  or  fluids  are  selected  from  the  group  40 
consisting  of  air  and  water. 

5.  The  improvement  of  claim  3  and  in  which  at 
least  one  of  said  fluid  or  fluids  are  applied  to  said 
castings  by  a  pressure  jet. 

6.  A  method  of  austempering  ferrous  castings  45 
comprising  the  steps 

(a)  placing  said  castings  in  a  furnace, 
(b)  heating  said  castings  to  an  austenitizing 

temperature  above  1300  degrees  F,  and  below 
1900  degrees  F.  50 

(c)  holding  said  castings  at  said  austenitizing 
temperature  for  1-8  hours  depending  on  casting 
section. 

(d)  applying  a  cooling  medium  of  water  and 
air  so  that  both  said  castings  and  said  furnace  are  55 
cooled  in  less  than  20  minutes  to  an  austempering 
temperature  of  from  300  degrees  F  to  800  degrees 
F 
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