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©  Metal  quenchants. 
  Novel  metal  quenchants,  which  are  particularly  suitable 
for  quenching  steels,  are  provided.  The  quenchants  compris- 
es  an  aqueous  solution  to  a  polyoxyalkylene  glycol  and  an 
oxazoline  polymer.  Such  quenchants  are  more  oil-like  in 
their  behaviour  than  the  aqueous  polyoxyalkylene  glycol 
quenchants  of  the  prior  art  and  hence  are  less  likely  to 
introduce  stresses  into  metals  such  as  steel  when  they  are 
quenched. 



The  p r e sen t   i n v e n t i o n   r e l a t e s   to  metal  quenchants   which  a r e  

used  in  the  heat  t r e a t m e n t   of  meta ls .   In  p a r t i c u l a r ,   the  p r e s e n t  

i n v e n t i o n   r e l a t e s   to  n o v e l  m e t a l   quenchants   c o n t a i n i n g  

oxazo l ine   polymers  and  to  heat  t rea tment   p rocesses   which  employ  such  

metal  q u e n c h a n t s .  

It  is  well  known  tha t   the  phys ica l   p r o p e r t i e s   of  metals  and 

a l loys   can  be  modif ied   or  improved  by  heat  t r e a tmen t   and  v a r i o u s  

heat  t r e a t m e n t s   have  been  devised  which  allow  such  m o d i f i c a t i o n s   o r  

improvements  to  be  c a r r i e d   out.   Typ ica l ly   such  t r e a t m e n t s   i n v o l v e  

hea t ing   the  metal  to  an  e l eva t ed   t empera tu re   below  i t s   mel t ing   p o i n t  

and  subsequen t ly   coo l ing   i t   to  room  t e m p e r a t u r e .   The  c o o l i n g  

p rocess ,   u sua l l y   c a l l e d   "quenching" ,   is  accomplished  by  immers ing  

the  hot  metal  in  a  bath  of  a  l i q u i d ,   such  as  water  or  o i l ,   which  h a s  

a  large  thermal  c a p a c i t y   and  can  absorb  the  heat  of  the  m e t a l .  

For  many  quenching  a p p l i c a t i o n s ,   for  example  in  cool ing  h o t  

a l loy  s t e e l s ,   water  is  however  not  s u i t a b l e .   This  is  because  w a t e r  

cools  the  metal  so  r a p i d l y   that   s t r e s s e s   are  i n t roduced   which  t e n d  

to  cause  cracks  or  de fo rma t ions   to  appear  in  the  cold  metal .   I n  

s t e e l   th is   is  a  p a r t i c u l a r   problem  s ince ,   on  rapid  cool ing   not  o n l y  

do  thermal  s t r e s s e s   appear   but,  for  s t e e l s   heated  above  t h e i r  

a u s t e n i t i s a t i o n   t e m p e r a t u r e ,   there   appear  a lso  t r a n s f o r m a t i o n  

s t r e s s e s .  

T r a n s f o r m a t i o n   s t r e s s e s   in  s t e e l s   a r i s e   because  d u r i n g  

quenching,   the  s t e e l   t r ans fo rms   from  a  high  t empera tu re   s t a b l e  

Aus ten i t e   phase  having  one  s t r u c t u r e   to  a  low  t empera tu re   s t a b l e  



M a r t e n s i t e   phase  having  a  d i f f e r e n t   p h y s i c a l   s t r u c t u r e .   Since  t h e  

A u s t e n i t e   phase  is  denser   than  the  M a r t e n s i t e   phase  the  o v e r a l l  

e f f e c t   of  the  t r a n s f o r m a t i o n   is  to  cause  the  metal  to  expand.  I f  

however  the  s t e e l   is  quenched  too  r a p i d l y ,   t r a n s f o r m a t i o n   o f  

A u s t e n i t e   to  M a r t e n s i t e   occurs  i n i t i a l l y   at  the  metal  su r f ace   o n l y ,  

r e s u l t i n g   in  a  s t e e l   having  regimes  of  the  M a r t e n s i t e   p h a s e  

s u r r o u n d i n g   the  A u s t e n i t e   phase.   Subsequent   t r a n s f o r m a t i o n   of  t h e  

r e s i d u a l   A u s t e n i t e   phase  then  g e n e r a t e s   su r f ace   t e n s i l e   s t r e s s e s   i n  

the  cold  s t e e l   t he reby   i n c r e a s i n g   the  l i k e l i h o o d   tha t   the  s t e e l   w i l l  

c rack   or  d e f o r m .  

In  such  s i t u a t i o n s ,   o i l   can  be  used  as  an  a l t e r n a t i v e   t o  

w a t e r .   However  a l t hough   oi l   quenches  metal  at  a  slower  ra te   t h a n  

wa te r   does,   i t   s u f f e r s   from  the  d i s a d v a n t a g e s   of  (1)  being  f l ammable  

and  (2)  of  being  prone  to  foul  the  metal   s u r f a c e .   It  is  d e s i r a b l e ,  

t h e r e f o r e ,   to  produce  a  quenchant   having  quenchant   p r o p e r t i e s  

s i m i l a r   to  those  of  oi l   w i thou t   the  a s s o c i a t e d   d r awbacks .  

US  4 , 4 8 6 , 2 4 6 ,   d i s c l o s e s   an  aqueous  based  metal  quenchant   f l u i d  

which  has  p r o p e r t i e s   more  comparable  with  o i l   than  water  w h i l e  

a v o i d i n g   f l a m m a b i l i t y   and  f o u l i n g   p rob lems .   The  quenchant   c o m p r i s e s  

an  aqueous  s o l u t i o n   of  a  n o n - i o n i c   w a t e r - s o l u b l e   o r  

w a t e r - d i s p e r s a b l e   s u b s t i t u t e d   o x a z o l i n e   polymer  having  r e c u r r i n g  

u n i t s   of  the  formula  -[N(COR)CH2CH2]-  where  R  is  an  o r g a n i c  

r a d i c a l .   The  quenchan t s   are  claimed  to  be  of  lower  v i s c o s i t y   t h a n ,  

for   example,  aqueous  p o l y o x y a l k y l e n e   quenchants   such  as  a r e  

d e s c r i b e d   in  US  3 , 2 2 0 , 8 9 3 .  

I t   has  now  been  d i s c o v e r e d   tha t   improved  cool ing  r a tes   o v e r  

those   o b t a i n e d   us ing  quenchants   of  the  type  d i s c l o s e d   in  US 

4 , 4 8 6 , 2 4 6   and  the  p r i o r   a r t   can  be  ob ta ined   using  aqueous  

p o l y o x y a l k y l e n e   quenchan t s   c o n t a i n i n g   o x a z o l i n e   p o l y m e r s .  

A c c o r d i n g l y ,   the  p r e sen t   i n v e n t i o n   p rov ides   a  quenchant  for  u s e  

in  the  heat   t r e a t m e n t   of  meta ls   or  a l l o y s   c h a r a c t e r i s e d   in  tha t   t h e  

quenchan t   comprises   an  aqueous  s o l u t i o n   of  a  po lyoxya lky lene   g l y c o l  

and  a  o x a z o l i n e   p o l y m e r .  

As  r ega rds   the  p o l y o x y a l k y l e n e   g lyco l   t h i s   is  s u i t a b l y   a  

p o l y ( o x y e t h y l e n e ) ( o x y p r o p y l e n e )   g l y c o l ,   known  in  the  ar t   as  a  PAG, 



made  by  po lymer i s ing   e thy lene   oxide  and  propylene   oxide  on  an  

a l coho l   or  p o l y f u n c t i o n a l   a lcohol   s t a r t e r .   The 

p o l y ( o x y e t h y l e n e ) ( o x y p r o p y l e n e )   g lyco l   can  be  e i t h e r   a  random  o r  

block  copolymer.   In  a d d i t i o n   the  p o l y o x y a l k y l e n e   glycol   s h o u l d  

p r e f e r a b l y   have  a  v i s c o s i t y   in  the  range  15-30,000  c e n t i s t o k e s   a t  

40°C  ( c o r r e s p o n d i n g   to  a  molecu la r   weight  in  the  r ange  

1 0 , 0 0 0 - 2 0 , 0 0 0 ) .   The  p o l y o x y a l k y l e n e   g lyco l   s u i t a b l y   c o n s t i t u t e s  

between  2  and  25%  by  weight  of  the  quenchant   p r e f e r a b l y   between  5 

and  20%. 

The  oxazo l ine   polymers  which  can  be  used  in  the  quenchants   o f  

the  p re sen t   i n v e n t i o n   have  been  d i s c l o s e d   in  US  4 ,486 ,246 .   These  

oxazo l ine   polymers  are  water  so lub l e   or  water  d i s p e r s a b l e   and  a r e  

s u i t a b l y   c o n s t r u c t e d   of  un i t s   having  the  f o r m u l a  

-[N(COR)CH2CH2]-  where  R  is  an  o rgan ic   group  s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  s u b s t i t u t e d   or  u n s a t u r a t e d   phenyl  groups  and 

C1-C7  a lky l   groups.   It  is  p r e f e r a b l e   tha t   the  oxazol ine   po lymer  

has  a  molecu la r   weight  in  the  range  5000-1 ,000 ,000   most  p r e f e r a b l y  

50 ,000-750 ,000   and  tha t   at  l e a s t   50%  of  the  R  groups  are  a  C1-C3 

a lky l   groups.   P r e f e r r e d   R  groups  inc lude   methyl ,   e t hy l ,   p r o p y l ,  

bu ty l ,   i s o b u t y l ,   phenyl  and  s u b s t i t u t e d ,   e .g .   ha logena ted   and 

a l k o x y l a t e d ,   d e r i v a t i v e s   t h e r e o f .   The  oxazo l ine   polymer  may  be 

e i t h e r   a  homopolymer  or  a  copolymer  made  from  one  or  more  types  o f  

the  un i t s   m e n t i o n e d .  

Oxazoline  polymers  can  be  p repared   by  po lymer i s ing   u n s a t u r a t e d  

oxazo l ine   monomers  under  an  i n e r t   a tmosphere   in  the  presence  of  a  

c a t a l y s t .   A  method  which  may  be  used  to  ca r ry   out  a  p o l y m e r i s a t i o n  

is  desc r ibed   in  US  3 ,483 ,141 .   C e r t a i n   oxazo l ine   polymers,   e . g .  

p o l y e t h y l o x a z o l i n e ,   are  commercia l ly   a v a i l a b l e .  

The  oxazo l ine   polymer  should  be  p r e s e n t   in  the  quenchant  i n  

amounts  c o r r e s p o n d i n g   to  between  0.1  and  5X  by  weight  of  t h e  

quenchant .   P r e f e r a b l y   between  0.5  and  2X  by  weight  o x a z o l i n e  

polymer  should  be  u s e d .  

In  genera l   the  ra te   of  quenching  dec r ea se s   as  the  c o n c e n t r a t i o n  

of  the  oxazo l ine   polymer  in  the  quenchant   i n c r e a s e s .   Likewise  t h e  

ra te   of  quenching  dec reases   as  the  c o n c e n t r a t i o n   of  p o l y o x y a l k y l e n e  



g l y c o l   in  the  quenchan t   i n c r e a s e s .   The  p resence   of  l a r g e   q u a n t i t i e s  

of  p o l y o x y a l k y l e n e   g l y c o l   should  be  avoided  if  p o s s i b l e ,   however,   i n  

o rder   to  avoid  the  quenchant   becoming  to  v i s c o u s .  

In  a d d i t i o n   to  the  components  d e s c r i b e d   above  o the r   componen t s ,  

f a m i l i a r   to  those   s k i l l e d   in  the  a r t ,   may  o p t i o n a l l y   be  added  t o  

improve  the  p e r f o r m a n c e   of  the  quenchant .   Such  components  i n c l u d e  

c o r r o s i o n   i n h i b i t o r s ,   for  example  sodium  n i t r i t e   and  a l k a n o l a m i n e s ,  

de foamers ,   b i o c i d e s   and  metal  d e a c t i v a t o r s .  

As  ment ioned   p r e v i o u s l y ,   a l though   they  can  be  used  with  a n y  
metal   or  a l l o y   the  quenchants   of  the  p r e s e n t   i n v e n t i o n   a r e  

p a r t i c u l a r l y   s u i t a b l e   for  the  quenching  of  s t e e l s   and  e s p e c i a l l y   so  

fa r   those   which  have  been  heated  above  t h e i r   A u s t e n t i t e - M a r t e n s i t e  

t r a n s i t i o n   t e m p e r a t u r e .   The  exact   t e m p e r a t u r e   of  th i s   t r a n s i t i o n  

w i l l   depend  upon  the  exact   compos i t ion   of  the  s t e e l .   T y p i c a l l y   t h e  

quenching   is  c a r r i e d   out  by  immersing  an  ingot   or  c a s t i n g   of  the  h o t  

s t e e l   in  a  l a r g e   bath  or  vat  of  the  quenchant .   Once  the  s t e e l   i s  

cool ,   i t   is  removed  and  washed  to  remove  any  quenchant   adhe r ing   t o  

i t .  

The  quenchan t s   of  the  p r e s e n t   i n v e n t i o n   may  be  s u p p o l i e d   t o  

those   who  use  i t   as  an  aqueous  s o l u t i o n .   However  i t   may  also  be 

s u p p l i e d   in  the  form  of  a  c o n c e n t r a t e   compr i s ing   the  p o l y o x y a l k y l e n e  

g l y c o l   and  the  o x a z o l i n e   polymer  which  is  s u i t a b l e   for  d i l u t i o n   w i t h  

water   i m m e d i a t e l y   p r i o r   to  use.   S u i t a b l y ,   such  c o n c e n t r a t e s   h a v e  

p o l y o x y a l k y l e n e   g l y c o l   to  oxazo l ine   polymer  weight   r a t i o s   in  t h e  

range  1 : 2 . 5 - 2 5 0 : 1   p r e f e r a b l y   2 . 5 : 1 - 4 0 : 1 .  

The  i n v e n t i o n   d e s c r i b e d   above  is  i l l u s t r a t e d   by  r e f e r e n c e   t o  

the  f o l l o w i n g   e x a m p l e s .  

Example  1 

A  sample  of  a  quenchant   compr i s ing   1%  PEOX  ( p o l y e t h y l o x a z o l i n e ;  

R-C2H5  having  a  m o l e c u l a r   weight  of  500,000)   plus  16%  of  a  

p o l y o x y a l k y l e n e   g l y c o l   ( compr i s ing   a  d io l   s t a r t e d   75:25  e t h y l e n e  

o x i d e / p r o p y l e n e   oxide  copolymer  g lyco l   (53%)  in  water )   was  placed  i n  

a  2600  ml  b e a k e r .   The  con t en t s   of  the  beaker  were  a g i t a t e d   by  a  

p r o p e l l e r   s t i r r e r   in  c o n j u n c t i o n   with  an  H - b a f f l e .   The  b a t h  

t e m p e r a t u r e   was  25°C.  



A  probe,   manufac tured   of  Inconel   600  ( Inconel   is  a  r e g i s t e r e d  

t rade   mark),  which  was 60mm  long  and  12.5mm  in  d iameter   was  h e a t e d  

to  850°C  and  soaked  at  t empera tu re   for  5  minutes .   The  t e m p e r a t u r e  

of  the  probe  was  measured  by  means  of  an  NiCr/NiAl  t h e r m o c o u p l e  

mounted  at  the  geometr ic   cent re   of  the  p r o b e .  

On  comple t ion   of  the  850°C  soak  the  probe  was  m e c h a n i c a l l y  

plunged  in to   the  quench  in  an  o p e r a t i o n   which  took  less   than  3 

seconds.   A  desk  top  computer,  a c t i v a t e d   by  the  p lunging  o p e r a t i o n  

then  recorded   the  t empera tu re   of  the  probe  as  a  f u n c t i o n   of  t i m e .  

The  data  ob ta ined   are  shown  in  F igures   1  and  2  expressed   a s  

t i m e - t e m p e r a t u r e   and  t e m p e r a t u r e - t e m p e r a t u r e   d i f f e r e n t i a l   p l o t s .  

Comparative  Test  A 

The  method  used  in  Example  1  was  fol lowed  except   that   water  was 

used  in  place  of  the  po lyoxya lky l ene   g lycol   in  the  q u e n c h a n t .  

T i m e - t e m p e r a t u r e   and  t e m p e r a t u r e - t e m p e r a t u r e   d i f f e r e n t i a l   p lo t s   a r e  

also  shown  in  Figure   1 .  

Comparison  of  the  data  from  Example  1  and  Comparative  Test  A 

shows  tha t   the  quenchants   of  the  p r e s e n t   i n v e n t i o n   cool  the  p robe  

more  slowly  than  the  quenchants   of  the  p r io r   art   (US  4 ,486 ,246)   and 

hence  are  more  o i l - l i k e   in  t h e i r   b e h a v i o u r .  

Example  2 

The  method  of  Example  1  was  repea ted   except  tha t   2X  by  w e i g h t  

PEOX  was  used.  The  t i m e - t e m p e r a t u r e   and  t e m p e r a t u r e - t e m p e r a t u r e  

d i f f e r e n t i a l   p l o t s   are  shown  in  F igures   3  and  4  r e s p e c t i v e l y .  

Comparative  Test  B 

Example  was  repeated   except  tha  the  PEOX  was  omit ted  from  t h e  

quenchant .   The  t i m e - t e m p e r a t u r e   and  t e m p e r a t u r e - t e m p e r a t u r e  

d i f f e r e n t i a l   p lo t s   are  shown  in  F igures   3  and  4  r e s p e c t i v e l y .  

Comparative  Test  C 

Example  1  was  repea ted   except  that   a  sample  of  a  cold  quench ing  

oi l   a f t e r   a  per iod   of  i n d u s t r i a l   s e rv i ce   was  used  as  quenchant .   The 

t i m e - t e m p e r a t u r e   and  t e m p e r a t u r e - t e m p e r a t u r e  

d i f f e r e n t i a l   p lo t s   are  shown  in  F igures   3  and  4  r e s p e c t i v e l y .  

F igures   3  and  4  show  that   the  quenchants   of  the  p r e s e n t  

i n v e n t i o n   are  more  o i l - l i k e   in  t h e i r   behaviour   than  t h e  



p o l y o x y a l k y l e n e   g l y c o l / w a t e r   or  the  o i l   quenchan t s   of  the  p r i o r  

a r t .   Hence  the  quenchants   of  the  b e t t e r   i n v e n t i o n   w i l l   be  b e t t e r  

for   c o o l i n g   s t e e l s   and  the  l i k e .  



1.  A  quenchant  for  use  in  the  heat  t r e a t m e n t   of  metals  or  a l l o y s  

c h a r a c t e r i s e d   in  that   the  quenchant  comprises   an  aqueous  s o l u t i o n   o f  

a  po lyoxya lky l ene   g lycol   and  an  oxazo l ine   p o l y m e r .  

2.  A  quenchant  as  claimed  in  Claim  1  where in   the  o x a z o l i n e  

polymer  has  a  molecular   weight  in  the  range  50,000  to  7 5 0 , 0 0 0 .  

3.  A  quenchant  as  claimed  in  e i t h e r   Claim  1  or  Claim  2  w h e r e i n  

the  oxazol ine   polymer  comprises  un i t s   having  the  f o r m u l a  -  

N(COR)CH2CH2] -  wherein  at  l e a s t   50%  of  the  R  groups  are  Cl 

to  C3  a lkyl   g r o u p s .  
4.  A  quenchant  as  claimed  in  Claim  3  wherein   the  o x a z o l i n e  

polymer  is  p o l y e t h y l o x a z o l i n e .  

5.  A  quenchant  as  claimed  in  any  one  of  the  preceeding  C la ims  

compris ing  an  aqueous  s o l u t i o n   of  between  5  and  20%  by  w e i g h t  

p o l y a l k y l e n e   g lycol   and  between  0.5  and  2X  by  weight  o x a z o l i n e  

po lymer .  

6.  A  process   for  quenching  a  metal  or  an  a l loy   which  p r o c e s s  

comprises  immersing  an  ingot  or  c a s t i n g   of  the  hot  metal  or  a l loy   i n  

a  bath  of  quenchant   as  defined  in  Claim  1 .  

7.  A  process   as  claimed  in  Claim  6  where in   the  metal  or  a l l o y  

used  is  s t e e l .  

8.  A  process   as  claimed  in  e i t h e r   Claim  6  or  Claim  7  wherein   t h e  

quenchant  comprises  an  aqueous  s o l u t i o n   of  a  po lyoxya lky lene   g l y c o l  

and  p o l y e t h y l o x a z o l i n e .  

9.  A  metal  quenchant  c o n c e n t r a t e   which  when  d i l u t e d   with  w a t e r  

forms  a  quenchant  as  defined  in  Claim  1  where in   the  metal  q u e n c h a n t  



c o n c e n t r a t e   compr ises   a  mix ture   of  a  p o l y o x y a l k y l e n e   g lyco l   and  a 

o x a z o l i n e   p o l y m e r .  

10.  A  metal   quenchant   c o n c e n t r a t e   as  claimed  in  claim  9  w h e r e i n  

the  p o l y o x y a l k y l e n e   g lyco l   to  oxazo l ine   polymer  weight  r a t i o   is  i n  

the  range  2 . 5 : 1 - 4 0 : 1 .  
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