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Description 

This  invention  relates  to  a  method  of,  and  means  for,  curing  the  binders  that  are  used  to  harden  foun- 
dry  moulds  and  cores  of  refractory  material  such  as  sand. 

5  In  our  European  Patent  Specification  No.  0079672  we  have  described  a  new  organic  binder  system 
for  foundry  moulds  and  cores  in  which  a  mixture  based  upon  an  organic  material  with  certain  additives 
and  having  a  carefully  controlled  pH  (hydrogen  ion  concentration)  is  hardened  by  passing  carbon  diox- 
ide  gas  through  it.  In  the  specification  of  our  European  Patent  Application  No.  85302327  (EP-A  164  188) 
we  have  described  an  improvement  which  can  be  obtained  in  the  binder  by  the  addition  of  certain  sub- 

1  o  stances  such  as  zinc  oxide  and  calcium  citrate. 
In  both  those  earlier  disclosures  the  organic  binder  to  which  the  inventions  are  applied  is  a  sodium 

polyacrylate  water-soluble  resin  and  the  additives  are  inorganic  materials  consisting  either  of  lime  or, 
preferably,  a  mixture  of  lime  (calcium  hydroxide),  magnesium  oxide  and  calcium  citrate. 

Moulds  and  cores  made  according  to  the  above  inventions  have  satisfactory  hardness  and  strength 
15  in  the  "as-gassed"  condition,  i.e.  immediately  after  the  gas  has-been  passed  through,  but  if  the  core  or 

mould  is  left  standing  for  a  period  of  time  this  is  considerably  improved,  and  the  strength  reaches  a  high 
value  after  about  24  hours. 

The  aim  of  the  invention  is  to  provide  a  still  further  improvement  in  the  strength  of  foundry  moulds  and 
cores  using  the  kinds  of  binders  mentioned  above,  in  particular  to  obtain  a  high  initial  strength  that  allows 

20  the  mould  or  core  to  be  handled  or  transported  immediately  without  fear  of  damage. 
We  have  now  discovered  that  by  incorporating  the  vapour  of  a  low-alkyl  ester,  containing  not  more 

than  three  carbon  atoms  in  toto,  of  a  low-carbon  aliphatic  acid  into  the  carbon  dioxide  gas  used  for  cur- 
ing  the  moulds  a  considerable  improvement  in  the  immediate  ("as-gassed")  strength  and  hardness  is 
achieved.  A  similar  result  can  be  obtained  by  using  such  a  vapour  entrained  in  an  inert  gas  such  as  ni- 

25  trogen,  or  even  air.  For  reasons  of  safety,  the  use  of  carbon  dioxide  or  nitrogen  (i.e.  an  oxygen-free 
gas)  as  the  carrier  gas  is  preferred,  but  air  is  substantially  equally  effective. 

The  alkyl  ester  must  be  that  of  a  low  alkyl  group  and  of  relatively  low  molecular  weight,  simply  in  order 
to  ensure  that  it  is  sufficently  volatile  to  be  entrained  in  the  gas.  In  practice  the  preferred  material  is  the 
lowest  of  all,  methyl  formate,  although  ethyl  formate  shows  some  results  and  even  methyl  acetate  is  a 

30  possibility,  although  higher  groupings  are  not  satisfactory. 
It  is  true  that  methyl  formate  has  previously  been  proposed,  entrained  in  nitrogen,  as  the  sole  curing 

agent  for  a  quite  different  type  of  resin,  notably  potassium  alkali  phenol  formaldehyde  resin  as  de- 
scribed  in  the  published  European  Patent  Application  0086615,  in  which  it  is  made  clear  that  the  composi- 
tion  of  the  resin  is  very  critical  to  successful  hardening  by  this  means.  The  resin  to  which  the  present  in- 

35  vention  is  applied  is  of  a  completely  different  type,  and  for  the  hardening  to  occur  when  gassing  with  the 
methyl  formate  or  similar  low-boiling-point  esters  proposed  in  the  present  Patent  Application  it  is  essen- 
tial  that  the  inorganic  additives  mentioned  in  our  earlier  applications,  referred  to  above,  are  present  in 
the  sand  mixture.  No  strength  is  developed  in  moulds  or  cores  which  are  gassed  with  gas  containing  me- 
thyl  formate  vapour  but  which  are  bonded  only  with  sodium  polyacrylate  resin  prepared  as  described  in 

40  the  earlier  applications  but  without  the  additives. 
Methyl  formate  is  the  preferred  ester,  as  it  has  the  lowest  boiling  point  of  the  series  and  therefore 

produces  a  vapour  most  readily  by  bubbling  the  carrier  gas  through  the  liquid  ester  at  room  temperature. 
The  invention  will  now  be  further  described  with  reference  to  certain  examples. 
The  following  Table  1  shows  the  results  obtained  when  test  cores  in  the  form  of  standard  "two-inch" 

45  (5cm  x  5cm)  AFS  (American  Foundry  Society)  compression  test  specimens,  bonded  with  the  sodium  poly- 
acrylate-based  binder,  were  hardened,  first  by  carbon  dioxide  alone,  second  by  methyl  formate,  carbon 
dioxide  introduced  by  bubbling  carbon  dioxide  through  liquid  methyl  formate  at  room  temperature  and, 
third,  by  methyl  formate  introduced  by  bubbling  nitrogen  gas  through  methyl  formate  at  room  tempera- 
ture.  The  rate  of  flow  of  the  gas  in  each  case  was  2.5  litres  per  minute,  whether  bubbled  through  methyl 

50  formate  or  not. 
The  sand  mixtures  used  were  as  follows: 

A:  Chelford  60  sand  with  a  binder  comprising  3.6%  of  sodium  polyacrylate  and  1  .4%  of  additives  com- 
prising  1%  lime,  0.3%  magnesium  oxide  and  0.1%  calcium  citrate. 

55  B:  Bathgate  sand  with  the  same  binder  and  additives  as  mixture  A. 
C:  Redhill  60  sand  with  the  same  binder  and  additives  as  mixture  A. 
D:  Chelford  60  sand  (the  same  as  in  mixture  A)  with  3.6%  sodium  polyacrylate  and  1  .3%  of  lime  as  the 

sole  additive. 

60 
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Table  1 
Results  Compression  Strength  (N/sq.cm) 

Sand  Time  Gassing  CO2  CO2+  Nitrogen  +  Nitrogen  +  me- 
Mixture  (hours)  Time  alone  methyl  methyl  thyl  formate 

(Seconds)  formate  formate  stored  at  90% 
Stored  at  30%  relative  humidity  relative  *"»«*% 

A  0  20  86  163  200  200 
60  163  188  188 

4  20  192  183  -  
24  20  441  208  459  188 

60  296  256  454  178 
B  0  20  83  181 

60  80  166 
4  20  210  195 
24  20  360  224 

60  263  256 
C  0  20  79  190 

60  76  180 
4  20  228  238 
24  20  449  380 

60  464  419 
D  0  20  56  -  217  217 

60  49  -  172  172 
4  20  -  
24  20  -  -  208 

60  -  183 

10 

15 

20 

25 

30 

35  —  ~ 

As  will  be  seen  the  cores  were  in  some  cases  gassed  for  twenty  seconds  and  in  others  for  sixty  sec- 
onds.  Their  strengths  were  measured  immediately  after  gassing  ("as  gassed"),  and  after  standing  for 
four  hours,  and  after  standing  for  twenty  four  hours.  The  sand/binder  mixtures  were  those  described  in 

40  the  specification  of  the  above-mentioned  unpublished  application  85302327. 
It  will  be  seen  that,  after  the  cores  had  been  gassed  with  carbon  dioxide  alone,  a  strength  of  around  80 

Newtons/sq.cm  was  achieved,  but  that  after  the  core  had  stood  for  twenty  four  hours  the  strength  has 
increased  to  300  Newtons/sq.cm.  or  more. 

With  each  of  the  three  kinds  of  gassing  the  specimen  was  left,  after  gassing  in  a  warm  room  at  a  tem- 
45  perature  of  28°C  and  about  30%  relative  humidity. 

Table  1  shows  that  when  each  of  the  same  mixtures  A,  B  and  C  was  gassed  with  carbon  dioxide  that  had 
been  bubbled  through  methyl  formate  the  immediate  strengths  were  approximately  double  those  achieved 
with  carbon  dioxide  alone,  but  after  standing  for  twenty  four  hours  they  had  strengths  slightly  lower  than 
those  gassed  with  pure  carbon  dioxide. 

50  When  the  cores  were  gassed  with  carbon  dioxide  containing  methyl  formate  at  a  temperature  of  20°C  it 
was  found  that  the  consumption  of  methyl  formate  was  8.2%  of  the  weight  of  polyacrylate  resin  present; 
this  increased  to  32.7%  of  the  weight  of  resin  when  the  temperature  of  the  methyl  formate  was  raised 
above  its  boiling  point  (which  is  31.8°C)  to  50°C. 

As  Table  1  shows,  when  the  mixture  A  was  gassed  with  methyl  formate  entrained  in  nitrogen,  not  car- 
55  bon  dioxide,  the  initial  as-gassed  strengths  were  even  higher,  being  in  the  range  188  to  200  N/sq.cm. 

These  samples  became  very  strong,  at  around  450  N/sq.cm,  after  standing  for  twenty-four  hours  at  a 
temperature  of  28<C  and  30%  relative  humidity. 

The  mixture  D  was  made  in  accordance  with  the  earlier  Patent  Specification  0079672  in  which  the  addi- 
tive  comprised  1  .3%  of  lime,  but  no  magnesium  oxide  or  calcium  citrate.  It  will  be  seen  that  the  immediate 

60  strength  was  around  50  N/sq.cm  when  gassed  with  carbon  dioxide  alone.  When  the  specimen  was  gassed 
with  methyl  formate  in  nitrogen  immediate  strengths  of  172  to  217  N/sq.cm  were  achieved. 

The  right-hand  column  in  Table  1  shows  the  result  of  additional  tests  carried  out,  again  using  nitrogen 
bubbled  through  methyl  formate,  in  which,  after  gassing,  the  test  samples  were  held  for  twenty-four 
hours  under  adverse  conditions,  represented  by  a  temperature  of  20°C  and  90%  relative  humidity. 

65 
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These  conditions  produced  a  slight  fall  in  strength,  but  even  so  they  remained  hard  and  were  insoluble  in 
water  after  standing,  illustrating  the  fact  that  methyl  formate  is  a  very  satisfactory  material  for  gassing 
this  kind  of  binder,  even  under  adverse  storage  conditions.  Furthermore,  use  of  the  invention  produc- 
es  cores  and  moulds  which  in  use  in  the  foundry,  have  similar  characteristics  to  those  gassed  with  car- 
bon  dioxide  alone. 

In  addition  to  the  foundry-grade  silica  sands  used  in  the  examples  A  to  D,  the  sodium  polyacrylate 
binder  is  capable  of  use  with  beach  sands  and  dune  sands  which,  because  of  the  presence  of  alkaline  im- 
purities,  are  not  suitable  for  use  with  most  foundry  resin  binders. 

Although,  as  explained  earlier,  methyl  formate,  which  has  a  boiling  point  of  31.8°C,  is  the  best  material 
for  use  with  the  present  invention,  other  esters  are  possible.  In  particular  ethyl  formate  (boiling  point 
54.2°C)  can  be  used,  either  at  room  temperature,  as  was  the  methyl  formate  in  the  examples  above,  or  at 
an  elevated  temperature,  again  using  a  flow  rate  for  the  carbon  dioxide  or  the  nitrogen  of  2.5  litres  per 
minute.  The  results  of  an  experiment  using  the  sand  mixture  A  are  shown  in  Table  2  below. 

Table  2 

10 

15 
Mixture  Time  Gassing  Compression  Strengths  (N/sq.cm) 

(hours)  Time  Carbon  dioxide  Nitrogen  and 
(Seconds)  and  ethyl  formate  ethyl  formate 

A  gassed  at  20°C  0  20  108  119 
60  135  224 

24  20  341  247 
60  291  370 

Agassedat50°C  0  20  199  193 
60  202  195 

24  20  321  326 
60  -217  321 

20 

25 

30 

The  specimens  were  standard  cylindrical  AFS  specimens  as  in  the  experiments  with  the  methyl  for- 
mate.  They  were  stored,  after  gassing,  at  20<C  in  60%  relative  humidity.  The  results  listed  in  Table  2 
show  that  ethyl  formate  is  an  effective  curing  agent  for  the  polyacrylate-plus-additive  binder  used  in 
sand  mixture  A,  and  that  by  raising  the  temperature  one  can  obtain  a  substantial  improvement  (almost 
double)  in  the  immediate  as-gassed  strength. 

Finally,  experiments  were  conducted  to  ascertain  the  effectiveness  of  esters  of  acids  of  higher  car- 
bon  content  than  formic  acid.  In  particular,  tests  were  carried  out  to  gas  specimens  of  the  same  sand 
mixture  as  before  and  using  carbon  dioxide  and  nitrogen  which  had  been  bubbled  through  methyl  acetate 
and  ethyl  acetate.  These  materials  were  both  found  to  be  ineffective  when  vapourised  in  nitrogen  at  ei- 
ther  20°C  or  50°C. 

When  methyl  acetate  and  ethyl  acetate  vapourised  in  carbon  dioxide  were  used,  the  binder  was  hard- 
ened  by  the  carbon  dioxide  in  the  usual  way  and  the  presence  of  the  acetate,  either  at  20°C  or  50°C 
gave  no  improvement  in  the  immediate  as-gassed  strength.  However,  in  the  case  of  methyl  acetate,  par- 
ticularly  high  strengths  were  developed  after  the  specimens  had  been  stored  for  twenty-four  hours. 

Experiments  were  also  conducted  to  compare  the  effectiveness  of  methyl  acetate  with  that  of  methyl 
formate.  The  results  of  these  are  shown  in  Table  3,  in  which  again  the  sand-binder  mixture  A  was 
gassed,  first  with  carbon  dioxide  bubbled  through  methyl  acetate  (for  twenty  seconds  and  for  sixty  sec- 
onds),  then  with  carbon  dioxide  bubbled  through  a  mixture  of  three  parts  by  volume  of  methyl  acetate  with 
one  of  methyl  formate,  next  with  equal  parts  of  the  acetate  and  formate,  then  one  part  of  acetate  with 
three  parts  of  formate  and  finally  with  carbon  dioxide  bubbled  through  pure  methyl  formate.  The  strength 
was  measured  as-gassed,  after  one  hour,  after  four  hours  and  after  twenty-four  hours. 

35 

40 
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50 
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Table  3 
Carbon  Dioxide  Gassing  Time  Compressions  Strength  (N/sq.cm)  after:  -  
with  Ester  (Seconds)  o  1  hour  4  hours  24  hours 

100%  methyl  acetate  20  80  -  -  414 
60  91  430 

75%  methyl  acetate  20  136  -  
25  206  218  241  365 

50/50  formate/acetate  20  194  219  229  400 

75%  formate  20  ■  206  212  202  365 
100%  methyl  formate  20  189  183  206  272 

10 

15 
The  above  results  show  that  use  of  a  fifty,  fifty  acetate/formate  mixture  does  produce  a  significantly 

higher  strength  after  the  specimen  has  stood  for  twenty  four  hours  than  the  methyl  formate  alone,  and 
has  a  similar  immediate  ("as-gassed")  strength,  whereas  100%  methyl  acetate  results  in  a  poor  immediate 
strength. 

20  It  will  be  understood  that  all  three  of  the  esters  mentioned  may  be  used  in  a  combination  of  any  two,  or 
all  three  in  varying  proportions  according  to  need. 

Claims 

25  1  .  A  method  of  curing  the  binder  in  a  foundry  mould  or  core  made  of  a  granular  refractory  material  to- 
gether  with  a  water-soluble  alkali  metal  polyacrylate  binder  including  an  additive  which  at  least  partially 
comprises  lime,  the  method  comprising  passing  through  the  mould  or  core  a  carrier  gas  containing  a  sig- 
nificant  proportion  of  the  vapour  of  an  alkyl  ester  containing  not  more  than  three  carbon  atoms  in  toto, 
or  a  mixture  of  such  esters. 

30  2.  The  method  of  claim  1  ,  in  which  the  alkyl  ester  is  methyl  formate. 
3.  The  method  of  claim  1  in  which  the  alkyl  ester  is  ethyl  formate. 
4.  The  method  of  claim  1  in  which  the  mixture  of  esters  includes  methyl  acetate. 
5.  The  method  of  claim  1  in  which  the  alkyl  ester  is  a  mixture  of  any  two  of,  or  all  three  of,  methyl  for- 

mate,  methyl  acetate  and  ethyl  formate. 
35  6.  The  method  of  any  one  of  claims  1  to  5  in  which  the  carrier  gas  is  carbon  dioxide. 

7.  The  method  of  any  one  of  claims  1  to  5  in  which  the  carrier  gas  is  nitrogen. 
8.  The  method  of  any  one  of  claims  1  to  7  in  which  the  additives  to  the  binder  include  a  metal  oxide  and 

calcium  citrate. 
9.  A  foundry  mould  or  core  cured  by  the  method  of  any  one  of  the  claims  1  to  8. 

40 
Patentanspriiche 

1  .  Verfahren  zum  Ausharten  des  Bindemittels  in  einer  GieBereiform  Oder  in  einem  Kern  aus  einem  kor- 
nigen,  feuerfesten  Material  zusammen  mit  einem  wasserloslichen  Alkalimetall-Polyacrylat-Bindemittel, 

45  welches  ein  Additiv  enthalt,  das  zumindest  teilweise  Kalk  enthalt,  gekennzeichnet  durch  das  Durchleiten 
eines  Tragergases  durch  die  Form  oder  den  Kern,  welches  einen  beachtlichen  Anteil  des  Dampfes  eines 
Alkylesters,  der  insgesamt  nicht  mehr  als  Kohlenstoffatome  aufweist,  oder  eine  Mischung  von  solchen 
Estern  aufweist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  der  Alkylester  Methylformiat  ist. 
50  3.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daB  der  Alkylester  Ethylformiat  ist. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  die  Mischung  von  Estern  Methylacetat 
enthalt. 

5.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  der  Alkylester  eine  Mischung  von  ir- 
gendwelchen  zwei  oder  von  alien  drei  der  Verbindungen  Methylformiat,  Methylacetat  und  Ethylformiat 

55  ist. 
6.  Verfahren  nach  einem  der  Anspriiche  1  bis  5,  dadurch  gekennzeichnet,  daB  das  Tragergas  Kohlen- 

dioxid  ist. 
7.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  daB  das  Tragergas  Stick- 

stoff  ist. 
60  8.  Verfahren  nach  einem  der  Anspruche  1  bis  7,  dadurch  gekennzeichnet,  daB  die  Additive  zu  dem 

Bindemittel  ein  Metalloxid  und  Kalziumcitrat  enthalten. 

65 
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Revendications 

1  .  Procede  de  durcissement  du  liant  dans  un  moule  ou  noyau  de  fonderie  fait  d'une  matiere  refractaire 
granulaire  avec  un  liant  polyacrylate  de  metal  alcalin  soluble  dans  I'eau  contenant  un  additif  qui  com- 

5  prend  au  moins  partiellement  de  la  chaux,  ledit  procede  comprenant  le  passage  a  travers  le  moule  ou  le 
noyau  d'un  gaz  vecteur  contenant  une  proportion  notable  de  vapeur  d'un  composant  ester  alkylique  ne 
contenant  pas  plus  de  trois  atomes  de  carbone  au  total  ou  d'un  melange  de  teis  esters. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  le  composant  ester  alkylique  est  le  formiate  de  methy- 
le. 

10  3.  Procede  selon  la  revendication  1  ,  dans  lequel  le  composant  ester  alkylique  est  le  formiate  d'ethyle. 
4.  Proce'de  selon  la  revendication  1  ,  dans  lequel  le  composant  ester  alkylique  est  Pacetate  de  methyle. 
5.  Procede  selon  la  revendication  1  ,  dans  lequel  le  composant  ester  alkylique  est  un  melange  de  deux 

ou  trois  des  esters  suivants:  formiate  de  methyle,  acetate  de  methyle  et  formiate  d'ethyle. 
6.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  le  gaz  vecteur  est  le  dioxyde 

15  de  carbone. 
7.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  le  gaz  vecteur  est  I'azote. 
8.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  les  additifs  du  liant  compren- 

nent  un  oxyde  metallique  et  du  citrate  de  calcium. 
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