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Description 

Background  of  the  Invention 

5  [0001]  Aliphatic  polyamides,  particularly  nylon  6  and  nylon  6,6  are  extensively  used  for  a  variety  of  industrial  and 
consumer  applications  such  as  carpets  and  automotive  parts.  Recycling  and  recovery  of  polymer  from  these  products 
is  important  for  environmental  reasons.  Such  recovered  polyamide  material  need  to  be  separated  from  foreign  materials 
such  as  carpet  backing,  etc.  While  there  are  several  approaches  to  reclamation  by  chemical  means  wherein  waste 
nylon  is  broken  down  to  low  molecular  weight  polymer  or  monomers  which  can  be  purified  and  reused  to  make  high 

10  quality  polyamide,  these  routes  are  expensive.  It  would  be  desirable  to  isolate  the  polymer  with  little,  if  any,  loss  of 
molecular  weight  by  some  other  techniques. 
[0002]  Aliphatic  polymers,  in  general,  are  soluble  in  selected  solvents  and  thus  a  solutioning  process  could  offer  a 
route  to  recycle/recover  polymers.  The  solvents  for  nylon  are  polar,  often  reactive  and  need  to  be  handled  with  extreme 
caution  for  safety  reasons.  From  a  processing  point  of  view,  solvents  that  dissolve  polyamides  at  elevated  temperatures 

is  at  atmospheric  pressure,  and  from  which  the  polymer  precipitates  on  cooling  and  can  be  isolated  by  filtration  are 
preferred.  Certain  polyols  and  carboxylic  acids  are  such  solvents,  however,  they  are  reactive  and  contribute  to  degra- 
dation  of  molecular  weight  of  the  polyamide.  While  some  loss  in  molecular  weight  can  be  tolerated,  severe  degradation 
makes  the  product  unsuitable  for  extrusion  purposes  (e.g.  fibers  and  films)  and  as  a  molding  compound.  The  present 
invention  is  directed  to  alleviation  of  this  problem. 

20  [0003]  EP-A-0  603  434  and  WO-A-9  416  114  disclose  the  purification  of  polyamides  by  dissolution  at  high  temper- 
ature  in  solvents  like  glycols  or  carboxylic  acids  and  subsequent  cooling  of  the  solution.  In  particular  the  second  ref- 
erence  discloses  that  this  purification  process  may  be  used  to  obtain  separately  nylon  6  and  nylon  66  from  their  mixtures. 

Summary  of  the  Invention 
25 

[0004]  This  invention  provides  a  novel  process  for  recovering  aliphatic  polyamide  from  admixtures  with  foreign  ma- 
terials  comprising  (1)  dissolving  the  polyamide  in  a  substantially  anhydrous  polyol  or  aliphatic  carboxylic  acid  having 
from  2  to  6  carbon  atoms  at  an  elevated  temperature;  (2)  separating  any  insoluble  foreign  material  from  the  polyamide 
solution;  (3)  and  combining  the  polyamide  solution  with  an  additional  quantity  of  the  same  solvent  at  a  temperature 

30  sufficiently  below  said  solution  temperature  to  quench  the  solution  and  cause  the  polyamide  to  precipitate;  and  (4) 
recovering  the  polyamide  precipitate. 

Detailed  Description  of  the  Invention 

35  [0005]  The  process  of  the  invention  involves  solution  recovery  of  aliphatic  polyamide  in  a  relatively  undegraded  state 
from  admixtures  with  foreign  materials  present  in  scrap  or  waste  products.  The  foreign  material  may  be  carpet  backing, 
reinforcing  fiber  such  as  glass  fiber,  other  polymers;  etc.  The  polyamide  such  as  polyhexamethylene  adipamide  and 
polycaproamide  etc.,  may  contain  minor  amounts  of  aromatic  units  within  the  polymer  chain  provided  that  such  inclu- 
sions  do  not  interfere  with  the  solubility  characteristics  needed  for  practice  of  the  invention.  More  than  one  aliphatic 

40  polyamide  may  be  present  and  removed  by  the  present  process.  The  polyamide  of  the  admixture  with  foreign  material 
is  dissolved  in  an  anhydrous  polyol  such  as  ethylene  glycol  (EG)  or  propylene  glycol  (PG)  or  in  an  anhydrous  aliphatic 
carboxylic  acid  having  from  2  to  6  carbon  atoms  such  as  acetic  and  propionic  acids  in  a  quantity  and  at  a  temperature 
sufficiently  high  to  dissolve  the  polyamide.  By  "anhydrous"  is  meant  there  is  insufficient  water  present  which  might 
interfere  with  the  recovery  process.  Water  reduces  the  ability  of  the  polyol  and  the  acid  to  dissolve  the  polyamide.  The 

45  solution  is  then  separated  from  the  foreign  materials  as  by  filtration  or  decanting. 
[0006]  Since  the  solvents  are  reactive,  they  tend  to  degrade  the  polymer  thereby  reducing  the  molecular  weight  and 
possibly  rendering  the  polymer  unsuitable  for  certain  end-uses.  In  order  to  minimize  molecular  weight  loss,  it  is  important 
to  rapidly  dissolve  the  polyamide  in  the  solvent  and  then  to  rapidly  cool  or  quench  the  hot  solution  to  precipitate  the 
polyamide  from  the  solution.  The  rapid  cooling,  in  accordance  with  this  invention,  is  achieved  by  combining  the  hot 

so  solution  with  a  quantity  of  the  same  solvent  but  which  is  at  a  much  lower  temperature.  As  the  temperature  of  the 
combined  liquids  falls  below  the  temperature  at  which  the  polyamide  is  soluble  in  the  solvent  employed,  the  polyamide 
precipitates  and  may  be  recovered  by  filtration  or  by  other  techniques.  By  control  of  quench  solvent  temperature,  it  is 
possible  to  attain  any  temperature  between  that  of  the  quench  solvent  and  the  hot  solution.  Since  the  solubilities  of 
different  polyamides  such  as  nylon  6  and  6,6  are  different,  this  technique  enables  the  precipitation  of  a  particular 

55  polyamide  where  more  than  one  is  present  in  the  solution  while  keeping  the  other  polyamide  in  solution  for  subsequent 
precipitation. 
[0007]  The  advantages  of  quench  cooling  with  the  same  solvent  are  significant.  First,  the  cooling  is  achieved  rapidly 
thereby  reducing  the  time  of  exposure  of  the  polymer  to  the  solvent  at  the  elevated  solution  temperature  with  attendant 
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degradation.  Second,  since  the  same  solvent  is  used  for  quenching,  recovery  of  the  solvent  for  reuse  is  simplified  and 
does  not  require  separation  of  solvent  from  the  quench  liquid  which  would  be  a  costly  solvent  recovery  process. 

EXAMPLES 
5 

[0008]  The  following  experiments  show  the  decrease  in  molecular  weight  caused  by  exposure  of  a  nylon  solution  in 
glycol  at  the  boiling  point  of  the  glycol.  Long  time  exposure  of  the  dissolved  nylon  under  these  circumstances  is  shown 
to  reduce  the  molecular  weight  significantly. 

10  Example  1 

[0009]  In  the  following  experiments  waste  nylon  about  35  R.V.  from  a  used  automotive  radiator  was  used. 
[0010]  A  -  270  g  of  ethylene  glycol  was  heated  to  about  1  80°C  and  52  g  of  ground  nylon  from  an  automotive  radiator 
(contains  33%  glass  fibers)  was  added  to  give  an  approximately  1  0%  solution.  The  admixture  was  stirred  for  1  8  minutes 

is  and  the  temperature  raised  to  187°C.  The  slurry  containing  the  nylon  and  the  inorganic  fillers  was  filtered  through  a 
preheated  Buchner  funnel  using  vacuum  into  a  vessel  containing  27  g  of  ethylene  glycol  at  about  0°C.  The  nylon 
precipitated  rapidly.  The  contents  of  the  vessel  were  allowed  to  cool  to  about  40°C,  and  filtered.  The  recovered  nylon 
was  washed  with  cold  water  and  dried.  The  filtrate  from  the  first  quench  system  was  kept  separately,  for  purification. 
[0011]  B  -  Experiment  A  was  repeated,  except  that  the  quench  glycol  was  at  room  temperature.  The  nylon  was 

20  isolated  as  before. 
[0012]  C  -  Experiment  A  was  repeated,  this  time  keeping  the  glycol  used  for  quenching  at  100°C  (the  66  nylon  comes 
out  of  glycol  at  around  150-160°C).  The  resultant  temperature  was  about  130°C  and  the  nylon  precipitated.  It  was 
washed  with  methanol  and  water  and  dried. 
[0013]  In  the  above  experiments  the  dissolution  and  precipitation  was  carried  out  in  about  30  minutes. 

25  [0014]  The  viscosities  of  the  different  samples  of  recovered  nylon  were  determined  as  before.  These  are  given  below. 

30 

Run  Number  RV 

A  31.83 
B  29.64 
C  30.43 

[0015]  These  data  show  that  precipitation  of  the  nylon  by  rapid  quenching  with  the  same  solvent  recovers  the  nylon 
with  minimum  loss  in  molecular  weight. 

35  [0016]  In  another  experiment,  glacial  acetic  acid  was  used  as  a  solvent  for  the  nylon.  This  carboxylic  acid  also  tends 
to  degrade  nylon  6,6  and  lower  the  molecular  weight.  However  by  rapid  dissolution  followed  by  quenching  with  cold 
acetic  acid  the  nylon  could  be  purified  and  recovered  with  little  loss  of  molecular  weight.  The  following  experiments 
show  the  utility  of  this  technique  in  recovering  nylon  using  acetic  acid  as  solvent. 

40  Example  2 

[0017]  To  a  250  ml  round  bottom  flask,  equipped  with  a  stirrer,  condenser,  thermocouple  and  a  nitrogen  atmosphere, 
was  added  117  g  of  glacial  acetic  acid.  After  heating  to  reflux  at  118°C,  13  g  of  brown  nylon  carpet  fibers  (nylon  6,6) 
about  60  R.V.,  were  added  and  allowed  to  dissolve  by  heating  for  3  minutes.  The  solution  was  filtered  under  vacuum 

45  through  a  1  1  5  mm  diameter  filter  funnel  with  a  Whatman  #1  filter  paper.  The  funnel  had  been  preheated  to  about  1  65°C 
to  avoid  cooling  and  precipitation  of  the  nylon  from  the  acetic  acid  solution.  The  receiving  flask  contained  117  g  of  room 
temperature  (about  23°C)  acetic  acid.  The  nylon  precipitated  from  the  hot  solution  on  contact  with  the  cold  acetic  acid 
in  the  flask.  The  resulting  temperature  upon  combination  of  the  liquids  was  about  37°C.  The  precipitated  nylon,  as  a 
slurry  with  the  acetic  acid,  was  filtered  under  vacuum  through  a  3000  ml  Buchner  funnel.  The  nylon  cake  was  transferred 

so  to  a  Waring  blender  and  washed  with  300  ml  of  deionized  water.  The  washed  nylon  was  again  filtered  to  remove  the 
water,  then  dried  in  a  vacuum  oven. 
[0018]  The  recovered  nylon  was  found  to  have  a  RV  of  59.9,  indicating  that  quenching  permits  recovery  of  nylon 
product  with  minimal  degradation. 

55  Example  3 

[0019]  The  process  of  the  invention  was  applied  to  nylon  6,6  (Zytel®  101)  and  to  nylon  6,6  from  a  used  automotive 
radiator.  The  relative  viscosities  of  the  resulting  products  were  compared  with  those  of  Zytel®  101  and  of  the  nylon  part. 

3 
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RV 

Zytel®  101  50 
Zytel®  101  /Dissolved  in  acetic  acid,  quenched  and  recovered  51 
Nylon  from  automotive  radiator  35 
Nylon  from  automotive  radiator  dissolved  in  acetic  acid,  quenched  and  recovered  38 

[0020]  Within  experimental  error,  these  data  show  that  these  techniques  can  recover  nylon  without  significant  re- 
duction  in  molecular  weight. 

Claims 

15  1.  A  process  for  recovering  aliphatic  polyamide  from  admixtures  thereof  with  foreign  materials  comprising  (1)  dis- 
solving  the  polyamide  at  an  elevated  temperature  in  a  solvent  selected  from  the  group  consisting  of  anhydrous 
polyol  and  aliphatic  carboxylic  acid  having  from  2  to  6  carbon  atoms;  (2)  separating  any  insoluble  foreign  material 
from  the  polyamide  solution;  (3)  combining  the  polyamide  solution  with  an  additional  quantity  of  the  same  solvent 
at  a  temperature  sufficiently  below  the  temperature  of  the  solution  to  quench  the  solution  and  cause  the  polyamide 

20  to  precipitate;  and  (4)  recovering  the  polyamide  precipitate. 

2.  A  process  according  to  Claim  1  wherein  the  polyamide  is  poly(hexamethylene  adipamide). 

3.  A  process  according  to  Claim  1  wherein  the  solvent  is  anhydrous  ethylene  glycol. 
25 

4.  A  process  according  to  Claim  1  wherein  the  solvent  is  anhydrous  propylene  glycol. 

5.  A  process  according  to  Claim  1  wherein  the  solvent  is  anhydrous  acetic  acid. 

Patentanspriiche 

1.  Verfahren  zur  Wiedergewinnung  von  aliphatischem  Polyamid  aus  Mischungen  davon  mit  Fremdmaterialien,  um- 
fassend  (1)  das  Auflosen  des  Polyamids  bei  einer  erhohten  Temperatur  in  einem  Losungsmittel,  ausgewahlt  aus 

35  der  Gruppe  bestehend  aus  wasserfreiem  Polyol  und  wasserfreier  aliphatischer  Carbonsaure  mit  2  bis  6  Kohlen- 
stoffatomen;  (2)  das  Abtrennen  von  jeglichem  unloslichen  Fremdmaterial  aus  der  Polyamidlosung;  (3)  das  Verei- 
nigen  der  Polyamidlosung  mit  einer  zusatzlichen  Menge  des  gleichen  Losungsmittels  bei  einer  Temperatur,  die  in 
einer  ausreichenden  Weise  unterhalb  der  Temperatur  der  Losung  liegt,  urn  die  Losung  abzuschrecken  und  die 
Ausfallung  des  Polyamids  zu  verursachen;  und  (4)  das  Gewinnen  des  Polyamid-prezipitats. 

40 
2.  Verfahren  nach  Anspruch  1,  bei  welchem  das  Polyamid  Poly(hexamethylenadipamid)  ist. 

3.  Verfahren  nach  Anspruch  1, 

4.  Verfahren  nach  Anspruch  1, 

5.  Verfahren  nach  Anspruch  1, 

bei  welchem  das  Losungsmittel 

bei  welchem  das  Losungsmittel 

bei  welchem  das  Losungsmittel 

wasserfreies  Ethylenglykol  ist. 

wasserfreies  Propylenglykol  ist. 

wasserfreie  Essigsaure  ist. 

Revendications 

1  .  Procede  pour  recuperer  un  polyamide  aliphatique  a  partir  de  melanges  de  celui-ci  avec  des  matieres  etrangeres, 
comprenant  (1)  la  dissolution  du  polyamide  a  une  temperature  elevee  dans  un  solvant  choisi  dans  le  groupe 
constitue  par  un  polyol  substantiellement  anhydre  et  un  acide  carboxylique  aliphatique  ayant  de  2  a  6  atomes  de 
carbone;  (2)  la  separation  de  toute  matiere  etrangere  insoluble  a  partir  de  la  solution  de  polyamide;  (3)  la  combi- 
naison  de  la  solution  de  polyamide  avec  une  quantite  supplemental  du  meme  solvant  a  une  temperature  suffi- 
samment  inferieure  a  la  temperature  de  la  solution  pour  tremper  la  solution  et  provoquer  la  precipitation  du  poly- 

4 
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amide;  et  (4)  la  recuperation  du  precipite  de  polyamide. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  le  polyamide  est  du  poly(hexamethylene  adipamide). 

5  3.  Procede  selon  la  revendication  1  ,  dans  lequel  le  solvant  est  de  I'ethyleneglycol  anhydre. 

4.  Procede  selon  la  revendication  1  ,  dans  lequel  le  solvant  est  du  propyleneglycol  anhydre. 

5.  Procede  selon  la  revendication  1  ,  dans  lequel  le  solvant  est  de  I'acide  acetique  anhydre. 
10 

15 

20 

25 

30 

35 

40 

45 

50 

5 


	bibliography
	description
	claims

