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©  A  method  for  preparing  a  flexible  polyurethane  foam,  wherein  a  polyether-polyol  having  an  average 
molecular  weight  from  1000  to  8000  and  an  average  functionality  not  larger  than  4,  is  brought  into  reaction  with 

organic  polyisocyanates  in  the  presence  of  a  foam  stabilizer,  a  catalyst  and  a  blowing  means  comprising 
methylformate,  wherein  a  cross-linker/extender  and/or  an  amine  catalyst  with  delayed  action  is  added  to  said 
reaction  mixture. 

!uropaisches  Patentamt 

iuropean  Patent  Office 

)ffice  europeen  des  brevets 

<  

CVI 

oo 

i n  
m  

©  
CL 
LU 

Xerox  Copy  (Jentre 



EP  0  355  872  A1 

The  invention  relates  to  a  method  for  preparing  a  flexible  polyurethane  foam,  wherein  a  polyether-polyol 
having  an  average  molecular  weight  from  1000  to  8000  and  an  average  functionality  not  larger  than  4,  is 
brought  into  reaction  with  organic  polyisocyanates  in  the  presence  of  a  foam  stabilizer,  a  catalyst  and 
blowing  means  comprising  methyiformate. 

5  For  the  production  of  flexible  polyurethane  foams  use  is  made  of  blowing  means  which,  in  a  large 
degree,  determine  the  density  and  the  hardness  of  the  foam. 

Besides  the  CC-2-gas  which  is  liberated  in  a  chemical  way  by  the  reaction  of  water  and  (poly)- 
isocyanates,  use  is  made  of  an  additional  physical  blowing  means  for  a  large  number  of  different  foam 
qualities  having  a  low  density  and/or  a  low  hardness. 

10  In  the  present  product  technology  for  preparing  flexible  polyurethane  foam,  trichlorofluoromethane 
(CCI3F)  is  used  as  a  physical  blowing  means  (and  in  a  less  measure  methylenechloride  CH2CI2),  which, 
due  to  particular  characteristics,  leads  to  an  optimum  processability  and  optimal  properties  of  the  formed 
flexible  polyurethane  foam. 

According  to  experts  and  to  recent  scientifical  studies  hydrocarbons  comprising  chloride  and  fluor 
15  (among  which  CCI3F)  are  amongst  those  which  lead  to  a  destruction  of  the  ozone  layer.  In  that  optic  it  is 

then  almost  sure  that  i.a.  the  use  of  CCI3F  as  physical  blowing  means  in  a  flexible  polyurethane  foam  will 
be  strongly  limited  in  the  future  and  will  certainly  be  forbidden. 

The  use  of  alkylalkanoate  compounds  with  a  molecular  weight  less  than  74  as  physical  blowing  means 
for  the  production  of  flexible  polyurethane  foam  is  already  known  and  is  i.a.  described  in  the  US  patent 

20  3.879.315. 
In  that  US  patent  3.879.315  the  accent  is  put  on  the  use  of  a  mixture  comprising  at  the  most  50  %  by 

weight  methyiformate  and  at  least  50  %  by  weight  CCI3F  and  certainly  on  the  use  of  an  azeotropic  mixture 
comprising  18  by  weight  methyiformate  and  82  %  by  weight  CCI3F  as  physical  blowing  means  in 
conventional  flexible  foam  formulations,  with  the  economical  purpose  of  substituting  a  part  of  the  CCI3F  by 

25  methyiformate,  due  to  which  a  larger  gas  volume  per  kg  of  blowing  means  is  obtained  and  thus  an  increase 
of  the  blowing  efficiency  (by  unit  of  weight  of  physical  blowing  means). 

The  use  of  pure  methyiformate  is  only  briefly  mentioned  in  a  single  example,  without  mentioning  the 
measured  physical  foam  properties.  In  that  sole  example  cracks  have  been  observed  in  the  foam. 

From  that  patent  it  follows  that,  from  an  industrial  point  of  view,  it  is  required  to  still  use  a  relatively 
30  important  amount  of  hydrocarbons  comprising  fluor  and  chloride  as  physical  blowing  means  in  the  classical  . 

formulations  for  preparing  flexible  polyurethane  foams,  because  the  amount  of  methyiformate  as  physical 
blowing  means  may  not  exceed  a  certain  limit  due  to  the  critical  processability  and  the  worse  physical 
properties  of  the  obtained  product  compared  with  a  method  wherein  trichlorofluoromethane  and/or 
methylenechloride  is  used  as  physical  blowing  means. 

35  The  main  object  of  the  invention  is  to  present  a  modified  foam  formulation  enabling  to  provide  a 
solution  to  the  drawbacks  related  to  the  use  of  a  relatively  high  amount  of  methyiformate  as  blowing  means. 

For  that  purpose,  a  cross-linker/extender  and/or  an  amine  catalyst  with  delayed  action  is  added  to  said 
reaction  mixture  of  polyether-polyol,  isocyanates,  foam  stabilizer,  catalyst  and  blowing  means  comprising 
methyiformate. 

40  In  a  more  particular  embodiment  of  the  invention,  use  is  made  of  a  cross-linker/extender  comprising 
polyol  having  a  molecular  weight  not  larger  than  400  and  a  functionality  of  at  least  2  and  8  at  the  highest. 

Thereby  especially  preference  is  given  to  glycerol,  trimethylolpropane,  ethyleneglycol,  propyleneglycol, 
diethyleneglycol,  dipropyieneglycol  and  butanediol. 

As  amine  catalyst,  use  is  preferably  made,  according  to  the  invention,  to  an  amine  which  is  at  least 
45  partially  neutralised  with  carboxylacid,  wherein  that  carboxylacid  reacts  with  isocyanates  or  with  the  primary 

amine  groups  present  in  the  reaction  mixture  for  thus  progressively  liberating  the  amine  as  catalyst  during 
the  polyurethane  foam  forming. 

Another  amine  catalyst  with  delayed  action,  which  is  also  particularly  suitable,  is  the  so-called  heat- 
sensible  amine-catalyst  of  which  the  catalytic  activity  increases  with  increasing  temperature. 

50  Other  particularities  and  advantages  of  the  invention  will  become  clear  from  the  description  given 
hereunder  of  i.a.  some-typical  foam  formulations  according  to  the  invention  ;  this  description  is  only  given 
by  way  of  example  and  does  not  limit  the  scope  of  the  invention. 

It  is  the  object  of  this  invention  to  present  a  method  for  preparing  a  flexible  polyurethane  foam  wherein 
use  is  made,  as  a  physical  blowing  means,  of  methyiformate  or  of  a  mixture  of  methyiformate  and  a 

55  halogenated  blowing  means  known  on  its  own  such  as  trichlorofluoromethane  and  methylenechloride, 
whereby  the  largest  part  of  that  blowing  means  is  formed  by  methyiformate. 

Preference  is  even  given  to  the  use  of  pure  methyiformate  or  of  a  mixture  of  methyiformate  with  known 
not  completely  halogenated  blowing  means  as  only  physical  blowing  means,  through  which  the  use  of 
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trichlorofluormethane  can  be  completely  eliminated  from  the  production  process. 
It  is  indeed  so  that  the  known  not  completely  halogenated  blowing  means,  except  for  some  exceptions, 

do  not  have  much  influence  on  the  destruction  process  of  the  ozone  layer.  Thereupon  there  is  tried, 
according  to  the  invention,  to  guaranty  an  optimal  processability  and  to  produce  a  polyurethane  foam 

5  wherein  the  mechanical  and  contort  characteristics  are  comparable  to  those  obtained  by  using  trich- 
lorofluoromethane  as  physical  blowing  means. 

The  invention  more  particularly  relates  to  a  method  for  preparing  flexible  polyurethane  foam  on  the 
basis  of  conventional  polyether-polyols  which  are  produced  in  long  slabstocks  or  in  hot  mouldings. 

According  to  the  invention  there  has  been  established  that,  in  order  to  guaranty  a  good  processing, 
to  comparable  with  the  one  of  a  method  wherein  conventional  physical  blowing  means  on  the  basis  of 

hydrocarbons  comprising  chloride  and  fluor  are  used,  fundamental  formulation  modifications  are  necessary 
which  consists  in  adding  a  bonding  means  (crosslinker/extender)  and/or  a  so-called  amine  catalyst  with 
delayed  action  in  determined  amounts  to  the  known  foam  formulations. 

Because  the  English  word  "crosslinker/extender"  is  a  more  usable  term  in  that  specific  technique  than 
is  the  word  "bonding  means",  the  word  "crosslinker/extender"  will  be  used  for  reasons  of  clarity  in  the  further 

description. 
Further  it  has  been  established  that,  according  to  the  invention,  for  obtaining  a  polyurethane  foam  with 

good  physical  properties,  in  particular  with  respect  to  the  hardness  and  the  compression  sets,  an  excess  of 
isocyanates,  characterized  by  an  isocyante  index  larger  than  100  and  preferably  comprised  between  105 

20  and  115,  is  preferred  in  the  most  foam  formulations  wherein  thus  an  excess  of  methyiformate  is  used  as 
physical  blowing  means  together  with  a  crosslinker/extender  and/or  a  so-called  amine  catalyst  with  delayed 
action. 

The  polyether-polyols  which  can  be  used  in  a  method  according  to  the  invention  are  the  same  as  the 
one  generally  used  for  the  production  of  flexible  polyurethane  polyether  foams,  and  have  in  the  most 

35  general  case  a  molecular  weight  between  1000  and  8000  and  a  functionality  not  larger  than  4.  Comprised 
therein  are  the  traditional  polyether-polyols,  poly-addition  products  and  alkylene-oxide,  such  as  propylene- 
and/or  ethylene-oxide  on  a  starter,  such  as  ethyleneglycol,  trimethylolpropane,  for  the  production  of  flexible 
slabstocks  and  active  polyether-polyols  with  a  higher  content  on  primary  hydroxyl  groups  for  the  production 
of  flexible  hot  moulding. 

30  '  In  most  of  the  cases,  the  polyol  can  be  a  mixture  of  the  above-mentioned  polyols,  however  with  an 
average  molecular  weight  of  that  polyol  laying  between  1000  and  8000  and  an  average  functionality  not 
larger  than  4. 

Organic  polyisocyanates  correspond  to  the  general  formul  X(NCO)i,  wherein  i  is  at  least  equal  to  2  and 
usually  smaller  than  6,  and  wherein  X  represents  an  alifatic,  cycloalifatic  or  aromatic  radical,  whether  or  not 

35  substituted  by  a  halogen  or  alkoxy  group,  wherein  toluene-di-isocyanates(2,4  and  2,6)  and  methylene- 
difenylisocyanates  are  the  most  principal.  Also  derivates,  pre-polymers  (i.a.  trimeres)  and  mixtures  of  all 
those  substances  can  be  used  in  the  here  described  method. 

For  the  production  of  conventional  flexible  polyether  foams,  use  is  generally  made  of  2.4-  and  2.6- 
isomers  of  toluene-di-isocyanates  or  mixtures  thereof. 

40  Beside  polyol  and  isocyanates,  there  is  preferably  present  a  chemical  blowing  means  which  can  be 
formed  by  water  and/or  another  chemical  compound,  such  as  formic  acid,  which  liberates  CO2  gas  due  to 
the  reaction  with  polyisocyanates,  which  is  responsable  for  a  part  of  the  foam  forming. 

The  total  foam  forming  is  obtained  by  adding  to  those  three  components  an  additional  physical  blowing 
means,  which,  in  the  present  invention,  consists  for  example  of  a  mixture  of  methyiformate  with  at  least  one 

45  of  the"  following  compounds  :  trichlorofluoromethane  (R11),  other  known  completly  halogenated  hydrocar- 
bons,  such  as  dichlorodifluoromethane,  trichlorotrifluoromethane,  dichlorotetrafluoroethane,  known  not  com- 
pletely  halogenated  hydrocarbons  such  as  methylenechloride,  ethylenechloride,  bromoethane,  1,1,1-trifluoro 
2,2-dichloroethane,  1  ,1  ,1  ,2-tetrafluoroethane,  dichlorofluoroethane,  chloro-1  ,2,2,2-tetrafluoroethane, 
chloropropene,  1-chloropropane,  2-chloropropane,  wherein  the  concentration  of  the  methyiformate  in  the 

50  mixture  is  preferably  at  least  50  %  by  weight. 
For  environmental  reasons,  preference  is  given  to  the  use  of  pure  methyiformate  or  a  mixture  of 

methyiformate  with  the  known  not  completely  halogenated  blowing  means  as  sole  physical  blowing  means. 
As  foam  stabilizers  conventional  polyalkylsiloxanepolyether  copolymers  can  be  used  and  as  catalysts 

the  known  amine  and  metalcatalysts.  If  necessary  additional  products,  such  as  fire  retarders,  filling  means, 
55  pigments,  anti-oxidants  and  other  usuable  additives  can  be  added  to  the  formulation. 

Essential  to  the  method  according  to  the  invention,  is  the  addition  of  cross-linker/extenders  and/or  of 
special  amine  catalysts  with  delayed  action. 

The  cross-linker/extenders  which  are  meant  here  are  low  molecular  compounds  with  a  molecular  weight 
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not  higher  than  400  and  a  functionality  of  at  least  2,  which  can  for  example  be  chosen  from  the  group  of  the 
following  polyalcohols  and/or  completely  substituted  alkanolamines  :  glycerol,  trimethylolpropane, 
ethyleneglycol,  propyleneglycol,  diethyleneglycol,  dipropyleneglycol,  butanediol,  triethanolamine. 

The  functionality  of  at  least  2  can  also  relate  to  at  least  1  functional  OH-group  and  at  least  1  functional 
5  NH  (or  NH2)-group  or  at  least  2  functional  NH  (or  NH2)-groups,  in  such  a  manner  that  the  used  cross- 

linker/extenders  can  comprise  one  or  more  alkanolamines,  and/or  polyamines,  such  as  mono-  and 
diethanolamine,  di-isopropanolamine. 

Alkyl  substituted  derivates  and  alkylene-oxide  poly-addition  products  can  also  be  used  for  the  above- 
mentioned  cross-linker/  extenders. 

w  The  amine  catalysts  with  delayed  action  which  are  applied,  according  to  the  invention,  can  be  divided 
into  two  categories  :  (a)  amines  which  are  partially  or  completely  neutralized  with  carboxylacids,  which  after 
reaction  with  isocyanates  or  primary  amine  groups  react,  and  so  liberate  the  amine  as  catalyst,  and  (b) 
thermosensitive  amines,  of  which  the  catalytic  activity  increases  exponentially  with  increasing  temperatures, 
as  a  consequence  of,  for  example,  a  reduction  of  the  steric  obstacle  by  increased  flexibility,  better 

75  accessibility  of  the  nitrogen  electron  pair  and  reduced  hydrogene  bound. 
Those  amine  catalysts  are  preferably  used  in  quantites  varying  from  0.05  to  1.0  parts  by  weight  for  100 

parts  polyol,  while  the  cross-linker/extenders  are  provided  in  a  quantity  of  0.1  to  3.0  parts  for  100  parts 
polyol  and  preferably  in  a  quantity  of  0.3  to  0.7  parts  for  100  parts  polyol. 

It  is  of  course  also  possible  to  apply  as  a  catalytic  system  as  well  a  certain  amount  of  cross- 
20  linker/extenders  as  a  certain  amount  of  the  amine  catalyst  with  delayed  action  described  herebefore. 

In  the  said  physical  blowing  means  use  is  made  in  an  advantageous  way  of  at  least  95  %  and  even  1  00 
%  methyiformate  and  that  in  an  amount  varying  from  1  to  30  parts  by  weight  for  100  parts  by  weight  polyol. 

As  chemical  blowing  means  use  is  advantageously  made  of  0.5  to  5.5  parts  by  weight  water  or  0.1  to  5 
parts  by  weight  formic  acid  for  100  parts  by  weight  polyol,  wherein  preference  is  given  to  a  formulation 

25  wherein  as  chemical  blowing  means  at  least  3.5  parts  by  weight  water  and  an  equivalent  amount  of  other 
chemical  blowing  means  for  100  parts  by  weight  polyol  are  used. 

Hereby  there  can  be  mentioned  that  with  respect  to  foam  formulations  described  in  the  above 
mentioned  U.S.  patent  3  879  315,  a  much  larger  concentration  range  of  water  in  the  formulation  is  allowed 
according  to  the  invention.  Indeed  in  that  U.S.  patent  preference  is  strongly  given  to  formulations  which 

•30  comprise  at  the  highest  3.5  parts  by  weight  water  to  1  00  parts  by  weight  polyol. 
By  those  foam  formulations  with  more  than  3.5  parts  by  weight  water  for  100  parts  by  weight  polyol, 

there  can  thus  be  obtained  polyurethane  foam  with  a  density  of  less  than  20  kg  per  cubic  meter. 
Further,  preference  is  given,  for  the  reactions  between  polyether-polyol,  polyisocyanates  and  chemical 

blowing  means,  to  a  catalytic  system  which  consists  of  either  the  combination  of  a  conventional  organic 
35  metal  catalyst,  for  example  an  organic  tin  compound,  wherein  the  amount  varies  between  0.05  and  0.5  parts 

by  weight  for  100  parts  polyol  and  a  conventional  amine  catalyst,  of  which  the  amount  is  comprised 
between  0.01  and  0.9  parts  by  weight  for  100  parts  polyol  together  with  0.1  to  3  parts  by  weight  cross- 
linker/extender  for  100  parts  polyol. 

Another  appropriate  combination  is  the  one  of  said  organic  metal  catalyst  with  0.05  to  1  part  by  weight 
40  of  said  amine  catalyst  with  delayed  action  for  1  00  parts  polyol. 

In  the  examples  given  hereunder  use  was  more  specifically  made  of  the  following  raw  materials  : 

1)  Polyether-polyols 
45  ~  

P1  is  a  traditional  polyether-polyol  with  a  mean  molecular  weight  of  3300  and  an  OH  number  49-53  and  was 
manufactured  by  polyaddition  of  ethylene-  and  propylene-oxyde  on  glycerol.  P1  comprises  practically  no 
primary  OH  groups.  P2  is  a  reactive  polyether-polyol  with  a  mean  molecular  weight  of  3000  and  an  OH 
number  54-58  obtained  by  poly-addition  of  ethylene-  and  propylene-oxide  on  glycerol  and  comprises 

50  typically  50  %  primary  hydroxyl  groups. 

2)  Organic  polyisocyanates 

11  is  a  mixture  of  80  %  by  weight  of  2.4-toluene-di-isocyanate  and  20  %  by  weight  of  2.6-toluene-di- 
55  isocyanate  (T80). 

12  is  a  mixture  of  65  %  of  2.4-toluene-di-isocyanate  and  35  %  by  weight  of  2.6-toluene-di-isocyanate  (T65). 
K  =  isocyanate  index  and  indicates  the  excess  of  isocyanate  with  respect  to  the  theoretical  necessary 
amount  and  can  vary  between  90  and  1  20. 
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3)  Catalysts  and  cross-linkers/extenders 

As  conventional  and  special  catalysts  and  cross-linkers/extenders  use  was  made  of  : 
-  SO  :  tinoctoate 

5  -A1  :  a  mixture  of  70  %  by  weight  of  bis-(2-dimethylaminoethyl)-ether  and  30  %  by  weight 
dipropyleneglycol 
-DABCO  33LV  :  a  mixture  of  33  %  by  weight  triethylenediamine  and  67  %  by  weight  dipropyleneglycol 
-DMAE  :  dimethylethanolamine 
-U  :  a  amine  catalyst  with  delayed  action 

w  -Glycerol  as  "cross-linker". 

4)  Stabilizing  agents 

The  used  foam  stabilizing  agents  are  polydimethylsiloxane  polyether  copolymers,  commercially  available  as 
75  SC162  or  B4900. 

5)  Blowing  means 

-  chemical  :  water 
20  -  physical  :  R1  1  :  trichlorofluoromethane 

-  MC  :  methylenechloride 
-  MF  :  methyiformate. 

In  Table  I  an  overview  is  given  of  the  used  test  method  for  the  physical  and  mechanical  characteristics 
of  the  foam. 

Example  1 

In  this  example  there  is  demonstrated  that  it  is  impossible  to  replace  R1  1  by  an  equivalent  amount  of  MF 
30  without  applying  the  modification  on  the  formulation  as  described  in  this  invention.  The  basic  formulations 

for  those  experiments  are  given  in  table  2  and  the  results  in  tables  3  and  4. 
For  a  flexible  polyurethane  foam  it  is  extremely  important  that  the  air  resistance  is  sufficiently  low,  but 

also  that  the  physical  cell  structure  does  not  show  cracks. 
Open  foam  is  generally  indicated  on  the  contrary  to  closed  foam  which  has  a  high  air  resistance. 

35  Practically,  there  can  be  started  from  completely  open  foam  (with  cracks  and  holes)  to  completely 
closed  foam  (shrinkage)  by  varying  the  amount  of  tin  catalyst  in  the  formulation. 

In  real  product  circumstances  it  is  then  also  important  to  have  a  wide  concentration  zone,  wherein  the 
amount  of  tin  catalyst  can  vary  in  order  to  optimally  control  the  openess  of  the  foam,  in  function  of  other 
possible  process  variations. 

40  The  zone  is  here  indicated  by  the  SO-margin  and  the  experiments  in  the  example  are  meant  to 
compare  the  SO-margin  of  the  four  proposed  formulations. 

The  experiments  were  realized  such  as  described  hereunder  : 
to  200  g  polyol  P1  there  has  been  successively  added  in  an  adapted  amount  of  water,  amine  catalysts, 
foam  stabilizing  agents  and  eventually  glycerol.  A  1/10  solution  of  tinoctate  in  polyol  has  then  been  added 

45  to  the  mixture,  after  which  that  mixture  has  been  mixed  during  10  seconds  with  a  stirrer  at  2000  rpm. 
Thereafter  a  mixture  of  isocyanates  and  physical  blowing  means  (R1  1  or  MF)  has  been  added  and  further 
mixed  during  7  seconds.  That  reaction  mixture  has  been  poured  out  in  a  cartonboard  box  with  dimensions 
of  250  X  250  X  250  mm. 

The  foaming  of  the  reaction  mixture  has  thereafter  been  carefully  visually  followed  and  the  rising  time  at 
so  the  end  of  the  expansion  has  been  noted.  Thereafter  the  density  and  the  air  resistance  of  the  foams  have 

been  determined,  even  as  the  physical  characteristics  of  the  representative  experiments,  such  as  CLD- 
hardness  in  compression  sets  by  90,  75  and  50  %  compression.  According  to  the  criteria  for  acceptable  air 
penetration  of  the  foams,  we  can  resume  the  processability  (or  SO-margin)  for  the  four  tested  formulations 
as  following  : 

55 
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Formulation  SO-margin  X 

A  0.15-0.25  4 
B 
C  0.125-0.25  5 
D  0.3  -  0.4  4 

X  =  the  number  of  steps  of 
0.025  parts  of  SO  within  the 
SO-margin. 

We  can  see  that  as  well  the  addition  of  glycerol  as  the  substitution  of  the  conventional  amine  catalyst 
by  amine  catalysts  with  delayed  action  results  in  a  processability  with  pure  methyiformate  which  is  at  least 

15  as  good  as  the  one  of  the  formulations  with  pure  R1  1  .  With  foam  formulations  with  pure  methyiformate  and 
without  these  adaptions,  it  is  impossible  to  obtain  an  acceptable  foam  (i.e.  without  crakings).  This  has  been 
confirmed  in  the  U.S.  patent  3.979.315  where  the  sole  example  with  pure  methyiformate  (example  IV,  table 
VIII,  foam  number  5)  cracks  have  even  been  noticed. 

In  table  4  results  are  given  of  the  measurement  which  has  been  realized  on  representative  and  mixed 
20  foam  samples. 

From  the  results  it  follows  that  a  compression  sets  of  methyiformate  as  blowing  means  are  worse 
compared  to  R11  as  blowing  means.  In  the  following  examples,  it  has  been  proved  that  this  can  be 
improved  by  maintaining  a  sufficiently  high  isocyanate  index. 

25 
Example  2 

On  a  pilot  machine  foam  blocks  have  been  produced. 
The  conditions  and  the  block  dimensions'  are  represented  in  Table  5. 

30  In  Table  6  an  overview  is  given  of  the  formulations  and  characteristics  on  the  representative  foam 
blocks.  As  can  be  seen  the  variation  of  the  isocyanate  index  (K)  has  a  great  influence  on  the  compression 
sets  of  the  foam.  Acceptable  mechanical  and  contort  characteristics  were  obtained  with  methyiformate  as 
blowing  means  by  an  isocyanate  index  of  110  compared  to  CCI3F  as  blowing  means  by  an  index  of  104.  In 
the  last  case  E,  also  the  density  and  the  hardness  were  compared.  For  a  same  density  one  needs  an 

35  amount  of  methyiformate  which  is  nearly  half  of  the  amount  of  R11  in  a  conventional  situation. 

Example  3 

40  In  Table  7  the  formulations  and  the  characteristics  are  given  of  a  comparison  between  foam  forms  on 
the  basis  of  R1  1  and  MF. 

After  replacement  of  R11  by  an  equivalent  amount  of  MF  and  an  addition  of  0.6  parts  glycerol,  or  an 
addition  of  0.3  parts  glycerol  and  replacement  of  the  conventional  amine  catalysts  by  amine  catalysts  with  a 
delayed  action,  comparable  characteristics  of  the  foam  have  been  obtained. 

45 

Example  4 

On  the  pilot  machine  (see  example  2),  foam  blocks  have  been  produced.  In  that  example,  it  has  been 
50  shown  that  the  method  according  to  the  invention  can  be  used  for  a  large  variety  of  flexible  polyurethane 

foams.  In  the  formulations  C  and  D,  methylenechloride  has  also  been  used  as  additional  physical  blowing 
means.  Formulations  and  characteristics  are  represented  in  Table  8. 

55 
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TABLE  1  : 

sed  standard  for  determining  tne  pnysicai  roam  cnaracierisucs. 

CHARACTERISTICS  UNIT  STANDARD 

Netto  density  Kg/m3  ISO  845 
ILD  -  hardness  N  ISO  2439B 
Sag  factor  (SF  -  ILD  65%/ILD  25% 
CLD  -  hardness  kPa  ISO/DIS  3386 
Elongation  by  wrinkle  %  ISO  1798 
Intensity  of  tensile  stress  kPa  ISO  1798 
Intensity  of  cracking  stress  N/cm  ASTM  D3574 
Elasticity  %  ASTM  D3574 
Compression  sets  %  ISO  1856B 
Air  resistance  cm  H20  internal  Recticel  method 

1)  The  internal  Recticel  method  tor  determining  tne  air  resistance 
if  flexible  polyurethane  foam  has  as  object  to  quantify  the 
ipen/closed  cell  characteristics  of  the  foam, 
'hrough  a  foam  sample  having  the  dimensions  of  400X  400  X  1  00 
lir  is  blown  by  means  of  a  tin  tube  in  a  plate,  at  a  pressure  of  1.5 
iar  and  a  throughput  of  250  ml/sec. 
"he  resistance  which  is  felt  by  the  air  in  order  to  cross  the  foam 
:ample  is  transmitted  on  a  water  column,  where  the  so-called  air 
esistance  is  read  in  cm-water. 

I  AbLfc  z  : 

Formulations  example  1. 

FORMULATION  A  B  C  D 

1)  P1  100  100  100  100 
2)  Total  water  3,9  3,9  3,9  3,9 
K  104  104  104  104 
3)  Glycerol  -  -  0,5 
4)  11  47,4  47,4  48,9  47,4 
5)  DABCO  33LV  0,6  0,6  0,6 
6)  U  -  -  -  0,4 
7)  SC  162  2,0  2,0  2,0  2,0 
8)  SO  var.  var.  var.  var. 
9)  R-1  1  25 
10)  MF  -  12,5  12,5  12,5 



EP  0  355  872  A1 

TABLE  3: 

Results  Example  1 

SO  0,1  0,125  0,15  0,175  0,2  0,25  0,30  0,35  0,4  0,45 

A  :  25  parts  R-1  1 

RT  -  170  157  144  137  130  122  115 
AR  -  *  2-4  3-5  4-7  7-13  >  30  >  30 
RG  -  -  15,9  15,8  15,6  15,1  14,7  14,2 

B  :  12,5  parts  MF 

RT  -  -  -  -  -  125  118  112  108 
AR  -  -  -  -  -  2-5  3-7  5-11  8-12 

C  :  12,5  parts  MF  +  0,5  parts  glycerol 

RT  200  180  150  142  130  125  120  113 
AR  *  2-4  2-5  3-4  3-6  7-11  12-24  >  30 
RG  -  15,7  15,5  15,6  15,5  15,4  15,0  14,5 

D  :  12,5  parts  MF  +  0,4  parts  U  i.p.v.  0,6  parts  DABCO  33LV 

RT  -  -  -  -  150  135  124  115  111 
AR  -  -  -  -  1-2  2-3  3-5  10-18 
RG  -  -  -  -  -  15,4  15,5  15,1  14,8 

SO  =  number  of  tinoctoate  parts 
RT  =  rising  time  in  seconds 
AR  =  air  resistance  in  cm  H20  according  to  the  internal  Recticel  method.  According  to  this  method  and 
for  this  type  of  foam  these  values  have  to  be  <  10  for  an  acceptable  air  permeability. 
RG  =  netto  foam  density  in  kg/cm3 

=  crackings 

TABLE  4  : 

Measured  physical  properties 
Example  1. 

FORMULATIONS  A  C 

RG(kg/m3)  15.6  15.5 
CLD  25  %  0.9  0.75 
40  %  (kPa)  1  .0  0.9 
60  %  1  .6  1  .4 
CS  90  %  50  75 
75%(%)  6.4  11.5 
50  %  5.0  6.5 
AR(cmH20)  4-7  3 - 6  

65 
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ABLE  5 

0 

Machine  type  :  high  pressure 
Polyol  throughput  :  12  kg/m3 
Raw  material  temperatures  :  KT 
Stirrer  speed  :  3000  RPM 
Mixing  chamber  pressure  :  300  gr/cm2 
Belt  inclination  :  2.5  degrees 
Block  width  :100  cm 
Block  height  :  40  cm 

5  TABLb  6  : 

45 

Formulations  and  properties  Example  2 

FORMULATION  A B O D E  

PI  100  100  100  100  100 
Glycerol  -  0,5  0,5  0,5  0,5 
Total  water  3,9  3,9  3,9  3,8  3,8 
«  104  102  104  108  110 
11  47,4  48,9  49,9  50,7  51,6 
A1  0,1  0,1  0,1  0,1  0,1 
DABC0  33LV  0,3  0,3  0,3  0,3  0,3 
B4900  2,0  2,0  2,0  2,0  2,0 
SO  @  0,2  0,225  0,25  0,175  0,175 
R  -  11  25 
MF  •  -  12,5  12,5  12,0  12,0 
Rise  time  (sec.)  105  100  100  110  110 
Netto  density  (kg/m3)  14,0  13,8  14,2  14,1  14,4 
CLD25%  1,0  0,7  0,8  0,9  1,0 
40%(kPa)  1,1  0,8  0,9  1,0  1,1 
60%  1-6  1,3  1,4  1-6  1,8 
ILD  25%  38  28  32  36  39 
40  %  (N)  45  35  40  44  48 
65%  83  69  77  84  91 
SF  2,2  2,5  2,4  2,3  2,3 
Elongation  by  cracking  210  245  215  200  150 
Intensity  of  tensile  stress  (kPa)  55  50  50  55  45 
Intensity  of  cracking  stress  (N/cm)  3,5  3,4  3,1  3,0  2,7 
Elasticity  (%)  45  43  43  43  44 
Air  resistance  (cm  H2O)  (min.-max.)  1-2  1-2  1-3  1-2  1-2 
C90%  6,1  27,0  12,9  14,2  8,5 
75%  4,0  13,0  6,3  8,5  5,6 

50 
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TABLE  7  : 

Formulations  and  properties  Example  3 

FORMULATION  A B C  

P2  100  100  100 
Glycerol  -  0,6  0,3 
Total  water  3,5  3,5  3,5 
K  104  109  109 
11  44,2  36,2  35,5 
12  -  12,1  11,8 
DABC0  33LV  0,1  0,1 
AI  0,05  0,05 
U  0,5 
B4900  1,9  1,9  1,9 
SO  0,20  0,15  0,14 
R  -11  10 
MF  -  4,5  4,5 
Demoulding  time  (sec.)  10  11  10 
Furnace  temperature  (C°  )  185  185  185 
Density  (kg/m3)  29,5  29,7  29,2 
ILD  25%  69  67  62 
40%  (N)  85  83  79 
65%  139  144  138 
SF  2,0  2,1  2,2 

30 
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AfcsLt  a  : 

Formulations  and  properties  Example  4 

FORMULATION  A  B  C  D  E  F 

pi  100  100  100  100  100  100 
Glycerol  -  0,7  -  0,5  -  0,3 
Total  water  5,2  5,2  3,1  2,9  2,5  2,4 
«  113  116  104  112  102  108 
11  65,8  70,1  39,4  42,7  32,7  35,8 
A1  0,07  0,07  0,08  0,08  0,1  0,1 
DABC0  33LV  0,09  0,09  0,15  0,15  0,3  0,3 
DMAE  0,1  0,1  0,1  0,1 
SC162  1,8  1,8  2,0  2,0  1,8  1,8 
SO  0,25  0,15  0,28  0,15  0,2  0,2 
R-11  20  -  8  14 
MC  -  -  5.5  4>7 
MF  . g - 4 . 7 - 7  
Rise  time  (sec.)  90  105  125  120  150  130 
Netto  density  (kg/m3)  13,5  14,0  18,8  18,7  22,5  23 
OLD  25%  1.9  1,8  0,9  0,9  0,9  1,1 
40%(kPa)  2,1  2,1  1,0  1,0  1,0  1,2 
60%  3,4  3,3  1,7  1,6  1,7  2,0 
ILD  25%  74  66  40  37  35  46 
40  %  (N)  91  85  48  46  44  55 
65%  176  158  89  84  83  103 
SF  2,4  2,4  2,2  2,3  2,3  2,2 
Air  resistance  (cm  H20)  (min-max)  1-3  1-2  2-3  2-3  3-5  2-4 
CS90%  9,4  8,7  6,5  6,3  8,4  3,9 
75%  •  5,9  6,1  4,7  4,2  8,2  3,0 

25 
Claims 

1.  A  method  for  preparing  a  flexible  polyurethane  foam,  wherein  a  polyether-polyol  having  an  average 
molecular  weight  from  1000  to  8000  and  an  average  functionality  not  larger  than  4,  is  brought  into  reaction 

to  with  organic  polyisocyanates  in  the  presence  of  a  foam  stabilizer,  a  catalyst  and  a  blowing  means 
comprising  methyiformate,  characterized  in  that  a  cross-linker/extender  and/or  an  amine  catalyst  with 

delayed  action  is  added  to  said  reaction  mixture. 
2.  A  method  as  claimed  in  claim  1,  characterized  in  that  a  cross-linker/extender  is  used  which 

comprises  a  compound  having  a  molecular  weight  not  larger  than  400  and  a  functionality  of  at  least  2  and  8 

45  at  the  highest. 
3.  A  method  as  claimed  in  claim  2,  characterized  in  that  a  cross-linker/extender  is  used  which 

comprises  glycerol,  trimethyiolpropane,  ethylenegiycol,  propyleneglycol,  diethyleneglycol, 
dipropyleneglycol,  di  ethanolamine  and/or  aikylene-oxide  poly-addition  products  thereof. 

4.  A  method  as  claimed  in  claim  2,  characterized  in  that  a  cross-linker/extender  is  used  which 

so  comprises  a  compound  having  a  functionality  of  at  least  2  concerning  at  least  one  functional  NH  or  NH2 

group  and  at  least  one  functional  OH-group. 
5.  A  method  as  claimed  in  claim  4,  characterized  in  that  a  cross-linker/extender  is  used  which 

comprises  monoethanolamine,  diethanolamine,  di-isopropanolamine  and/or  alkylene-oxide  polyaddition  pro- 
ducts  thereof. 

55  6.  A  method  as  claimed  in  claim  2,  characterized  in  that  a  cross-linker/extender  is  used  which 

comprises  a  compound  having  a  functionality  of  at  least  2  concerning  at  least  two  functional  NH  or  NH2- 

_groups,  such  as  polyamines  and/or  alkyle-oxide  poly-addition  products  thereof. 
7.  A  method  as  claimed  in  one  of  the  claims  1  to  6,  characterized  in  that  said  cross-linker/extender  is 

n  
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used  in  quantities  varying  from  0.1  to  3  parts  by  100  parts  polyol. 
8.  A  method  as  claimed  in  claim  7,  characterized  in  that  said  cross-linker/extender  is  used  in  quantities 

varying  from  0.3  to  0.7  part  by  100  parts  polyol. 
9.  A  method  as  claimed  in  one  of  the  claims  1  to  8,  characterized  in  that  an  amine  catalyst  is  used, 

5  which  comprises  an  amine  being  at  least  partially  neutralized  with  carboxyl  acid,  wherein  the  carboxyl  acid 
reacts  with  isocyanates  or  with  primary  amine  groups  present  in  the  reaction  mixture  thus  liberating  the 
amine  as  catalyst. 

10.  A  method  as  claimed  in  one  of  the  claims  1  to  9,  characterized  in  that  a  heat  sensible  amine 
catalyst  is  used,  the  catalyst  activity  thereof  increasing  with  increasing  temperature. 

70  11.  A  method  as  claimed  in  one  of  the  claims  1  to  10,  characterized  in  that  said  amine  catalyst  is  used 
in  quantities  varying  from  0.05  to  1  part  by  weight  for  100  parts  polyol. 

12.  A  method  as  claimed  in  one  of  the  claims  1  to  11,  characterized  in  that  an  excess  of  isocyanates  is 
used  having  an  isocyanates  index  higher  than  1  00  and  preferably  comprised  between  1  05  and  1  1  5. 

13.  A  method  as  claimed  in  one  of  the  claims  1  to  12,  characterized  in  that  1  to  30  parts  by  weight  for 
75  100  parts  by  weight  polyol  are  added  as  physical  blowing  means  which,  beside  methyiformate,  comprise  a 

not  completely  halogenated  hydrocarbon,  wherein  the  methyiformate  concentration  in  that  physical  blowing 
means  is  less  than  50  %  by  weight. 

14.  A  method  as  claimed  in  claim  13,  characterized  in  that  at  least  95  %  methyiformate  is  used  in  said 
physical  blowing  means. 

20  15.  A  method  as  claimed  in  claim  14,  characterized  in  that  as  physical  blowing  means  use  is  made  of  1 
to  30  parts  by  weight  of  pure  methyiformate  for  100  parts  by  weight  polyol. 

16.  A  method  as  claimed  in  one  of  the  claims  1  to  15,  characterized  in  that  a  chemical  blowing  means 
is  used  which  comprises  0.5  to  5.5  parts  by  weight  water  and/or  0.1  to  5  parts  by  weight  formic  acid  for  100 
parts  by  weight  polyol. 

25  17.  A  method  as  claimed  in  one  of  the  claims  1  to  16,  characterized  in  that  a  catalystic  system  is 
applied  which  comprises  at  least  0.05  to  0.5  part  by  weight  for  100  parts  by  weight  polyol  of  an  organic 
metal  catalyst,  such  as  a  tin  catalyst  in  combination  with,  on  the  one  hand,  0.01  to  0.3  part  by  weight  for 
100  parts  by  weight  polyol  of  an  amine  catalyst  and  0.1  to  3  parts  by  weight  for  100  parts  by  weight  polyol 
of  said  cross-linker/extender  or,  on  the  other  hand,  0.05  to  1  part  by  weight  of  said  amine  catalyst  with 

30  delayed  action  for  100  parts  by  weight  polyol. 
18.  A  method  as  claimed  in  one  of  the  claims  1  to  17,  characterized  in  that  as  foam  stabilizer  use  is 

made  of  0.2  to  3  by  weight  for  100  parts  by  weight  polyol  of  a  silicon  capillary  active  material. 

35 
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