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Description 

BACKGROUND  OF  THE  INVENTION 

5  This  invention  is  generally  concerned  with  the  purification  of  liquids.  Of  particular  interest  is  the  treatment  of  water 
which  contains  dissolved  salts,  such  as  seawater,  brackish  water  or  hard  water.  Such  waters  may  be  purified  by  forcing 
the  water  through  a  semipermeable  reverse  osmosis  membrane,  leaving  behind  the  contaminants  or  salts  which  do  not 
pass  through  the  membrane. 

A  reverse  osmosis  membrane  typically  rejects  a  high  fraction  of  the  dissolved  salts.  It  is  also  important  that  such 
10  membranes  pass  a  relatively  large  amount  of  water  (i.e.,  have  a  high  water  flux)  through  the  membrane  at  relatively  low 

pressures.  In  addition,  the  membrane  must  be  tolerant  to  chlorine,  if  added  as  a  disinfectant.  Although  pretreatment  to 
remove  the  chlorine  is  often  employed  to  protect  the  membrane,  the  treatment  may  not  always  be  effective  and  some 
chlorine  tolerance  is  desirable. 

Many  U.S.  patents  describe  membranes  which  are  useful  in  desalination  processes,  see  for  example,  those  cited 
15  and  discussed  in  US-A-4,830,885  to  Tran  et  al.  One  of  the  earliest  patents  to  describe  membranes  of  the  type  used  in 

the  present  invention  is  US-A-3,744,642  to  Scala  et  al. 
The  semipermeable  membrane  used  in  the  desalination  process  ordinarily  will  be  thin  in  order  to  maximize  the 

water  flux.  Thus  the  membrane  often  is  formed  on  a  porous  support  to  provide  strength,  the  combination  being  referred 
to  as  a  thin  film  composite  (TFC)  membrane.  The  supports  should  have  pores  which  are  sufficiently  large  so  that  the 

20  water  (permeate)  can  pass  through  the  support  without  reducing  the  flux  of  the  entire  composite.  Conversely,  the  pores 
should  not  be  so  large  that  the  thin  semipermeable  membrane  will  be  unable  to  bridge  the  pores  or  will  fill  up  or  pene- 
trate  too  far  into  the  pores.  Scala  et  al.  suggest  that  with  pores  above  about  8  microns  (8000  nm)  the  rejection  of  impu- 
rities  is  reduced. 

In  general,  those  skilled  in  the  art  have  preferred  to  use  primary  amines  to  form  thin  film  composite  membranes  by 
25  reaction  with  aromatic  polyacyl  halides.  This  is  despite  the  belief  that  chlorine  will  attack  the  hydrogen  in  the  amide 

group  -CO-NH-,  as  suggested  in  US-A-3,951  ,815.  Based  on  such  reasoning,  secondary  amines  have  been  suggested 
in  US-A-4,259,183,  which  employed  aliphatic  or  cycloaliphatic  secondary  amines,  preferably  piperazine. 

The  patentee  of  the  '183  patent  also  claimed  in  US-A-4,277,344  that  primary  amine  groups  should  be  used  with 
aromatic  substrates  rather  than  secondary  amine  groups  and  noted  that  adequate  chlorine  resistance  was  obtained 

30  despite  the  presence  of  amidic  hydrogen  (i.e.  from  a  primary  amine). 
WO-A-90/1  0494  discloses  the  making  of  composite  chlorine-resistant  polyamide  semipermeable  membranes  by 

carrying  out  an  interfacial  condensation  reaction  between  a  polyamine  and  an  aromatic  polycarboxylic  acid  halide.  N,N'- 
dimethyl-1  ,3  phenylenediamine  is  included  among  the  list  of  suitable  monomeric  aromatic  polyamines,  and  trimesoyl 
chloride  is  listed  as  one  of  the  preferred  polycarboxylic  acid  halides.  The  membrane  is  subjected  to  a  post-treatment 

35  step  using  a  basic  aqueous  solution  having  a  pH  of  9  to  1  1  ,  followed  by  treatment  with  sodium  bisulfite  as  a  part  of  a 
leaching  step  which  may  include  an  organic  acid  or  a  mineral  acid,  which  is  then  followed  by  treatment  with  glycerine 
or  the  like.  US-A-4,983,291  contains  a  similar  disclosure  with  respect  to  forming  a  polyamide  membrane  by  an  interfa- 
cial  condensation  reaction,  and  discloses  a  post-treatment  that  utilizes  a  wash  with  a  basic  aqueous  solution,  followed 
by  treatment  with  an  acid,  such  as  citric  acid  or  sulfamic  acid,  followed  by  rinsing  and  then  by  drying.  In  all  the  examples 

40  of  WO-A-90/1  0494  and  US-A-4  983  291  m-phenylenediamine  is  used  as  polyamine  component. 
US-A-4,857,363  to  Sasaki  et  al.  teaches  the  use  of  a  polymer,  such  as  polyvinyl  alcohol,  as  a  protective  coating  for 

polyamide  membranes  formed  by  interfacial  polymerisation  on  a  support.  However,  this  polymer  is  used  by  itself,  and  it 
is  not  used  in  combination  with  buffers  and/or  bases. 

We  have  now  found  that  a  phenylenediamine  which  contains  a  secondary  amine  group  can  be  used  to  prepare  thin 
45  film  composite  membranes  which  can  provide  adequate  chlorine  tolerance,  high  water  flux  and  salt  rejection.  Such 

membranes  have  been  found  to  have  more  stable  water  flux  than  those  made  with  two  primary  amine  groups,  espe- 
cially  for  waters  containing  chemically  active  organic  solutes. 

SUMMARY  OF  THE  INVENTION 
50 

An  improved  thin-film  composite  membrane  has  been  found  in  the  reaction  product  of  an  N-alkyl  phenylenedi- 
amine,  preferably  N-methyl  m-phenylenediamine  (NMPDA)  and  an  aromatic  polyacyl  halide,  preferably  trimesoyl  chlo- 
ride  (TMC),  on  a  porous  support.  The  membrane  has  high  water  flux  and  salt  rejection  and  adequate  chlorine  tolerance. 
It  also  displays  improved  flux  stability  relative  to  membranes  made  with  polyamines  having  only  primary  amine  groups. 

55  It  is  stable  in  the  presence  of  sodium  bisulfite,  which  if  often  used  to  remove  chlorine  upstream  of  the  membrane. 
In  one  aspect,  the  invention  is  a  process  for  desalination  of  water  employing  the  improved  membrane  described 

above. 
In  another  aspect,  the  invention  is  a  process  for  preparing  composite  membranes  with  improved  water  flux  stability 

which  comprises 

2 
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(a)  applying  an  aqueous  solution  of  an  N-alkyl  m-phenylenediamine  to  a  porous  support; 
(b)  interfacially  reacting  said  applied  diamine  with  a  polyacyl  halide  in  an  organic  solution  to  form  a  thin  film  product. 
Optionally,  the  membrane  can  be  further  treated  by  steps  which  comprise: 
(c)  post-treating  the  product  of  (b)  with  an  acid  solution; 
(d)  coating  the  treated  product  of  (c)  with  a  solution  of  polyvinyl  alcohol  and  a  buffer  and/or  a  base;  and 
(e)  drying  the  coated  product  of  (d). 

In  a  preferred  embodiment,  a  membrane  is  treated  with  the  solution  of  (d)  containing  about  0.1  to  20  wt.%  polyvinyl 
alcohol  and  about  0.1  to  10  wt.%  of  the  buffer,  which  is  preferably  selected  from  the  group  consisting  of  diammonium 
hydrogen  phosphate,  ammonium  dihydrogen  phosphate,  ammonium  tartrate,  potassium  hydrogen  phthalate,  potas- 
sium  dihydrogen  phosphate,  borax,  and  potassium  trihydrogen  tetroxalate  [KH3(C204)2  *2H20],  or  a  base,  preferably 
selected  from  the  group  consisting  of  ammonium  hydroxide,  calcium  hydroxide,  and  potassium  carbonate. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Secondary  phenylenediamines 

Uncommon  diamines  are  used  in  preparing  a  thin  film  composite  membrane  according  to  the  invention.  One  of  the 
amine  groups  is  a  secondary  amines.  Although  the  prior  art  suggests  secondary  amines  are  useful  when  the  hydrocar- 
bon  moiety  is  aliphatic,  as  in  US-A-4,259,183,  one  skilled  in  the  art  would  expect  that  the  diamine  should  be  primary 
when  the  amine  is  aromatic,  based  on  the  teachings  of  US-A-4,277,344. 

The  amine  of  the  invention  can  be  represented  generally  by  the  formula 

where  R  is  an  alkyl  group  having  1  to  6  carbon  atoms,  and  wherein  R'  is  hydrogen,  a  hydroxyl  group,  or  a  halogen.  Pref- 
erably,  R'  is  hydrogen  and  R  is  methyl. 

Secondary  phenylenediamines  may  be  made  by  various  methods  available  to  those  skilled  in  the  art.  One  tech- 
nique  which  has  been  found  useful  will  be  described  in  detail  in  the  examples  below.  In  general,  it  may  be  described  as 
involving  the  substitution  of  a  methyl  group  for  one  hydrogen  atom  in  a  primary  amine  group  attached  to  an  aromatic 
ring.  The  amine  group  is  reacted  with  formaldehyde  to  produce  an  imine  group,  which  is  then  hydrogenated  by  sodium 
borohydride  to  a  secondary  amine.  Alternatively,  other  reducing  agents  could  be  used,  such  as  LiAIH4,  Na  in  ethanol, 
or  hydrogen  plus  a  catalyst. 

Only  one  secondary  amine  group  being  wanted,  a  primary  amine  group  may  be  made  by  reducing  a  nitro  group  to 
the  amine  by  hydrogenation  using  a  catalyst  such  as  Pd  on  carbon.  Other  reducing  agents  such  as  Fe  in  HCI,  TiCI3, 
AIH3  •  AICI3,  (NH4)2S,  and  the  like  may  also  be  used.  This  method  is  shown  schematically  as  follows,  beginning  with  3- 
nitroaniline. 

N 0 2  NH2 N02  N=  CH2 N02  NHCH3  NH2  NHCH3 

p a r a f o r m a l d e h y d e  

NaOCH3 

CH3OH 

P d / C  

Aromatic  Poly  Acyl  Halide 

Examples  of  aromatic  polycarboxylic  acid  halides  which  may  be  employed  will  include  di-  or  tricarboxylic  acid  hali- 
des  such  as  trimesoyl  chloride  (1,3,5-benzene  tricarboxylic  acid  chloride),  trimellitoyl  chloride  (1,2,4-benzene  tricarbo- 
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xylic  acid  chloride),  isophthaloyl  chloride,  terephthaloyl  chloride,  trimesoyl  bromide  (1,3,5-benzene  tricarboxylic  acid 
bromide),  trimellitoyl  bromide  (1,2,4-benzene  tricarboxylic  acid  bromide),  isophthaloyl  bromide,  terephthaloyl  bromide, 
trimesoyl  iodide  (1,3,5-benzene  tricarboxylic  acid  iodide),  trimellitoyl  iodide  (1,2,4-benzene  tricarboxylic  acid  iodide), 
isophthaloyl  iodide,  terephthaloyl  iodide,  as  well  as  mixtures  of  di-tri,  tri-  tri  carboxylic  acid  halides,  such  as,  trimesoyl 

5  halide  and  the  isomeric  phthaloyl  halides.  The  di-  or  tricarboxylic  acid  halides  may  be  substituted  to  render  them  more 
resistant  to  further  environmental  attack.  Particularly  preferred  are  aromatic  acid  halides  selected  from  the  group  con- 
sisting  of  isophthaloyl  chloride,  trimesoyl  chloride,  trimellitoyl  chloride,  and  terephthaloyl  chloride. 

Membrane  Preparation 
10 

The  membranes  may  be  prepared  by  the  method  generally  described  by  Scala  et  al.  An  aqueous  solution  of  the 
polyamine  is  coated  on  a  porous  support  material  and  the  excess  removed  by  drawing,  rolling,  sponging,  air  knifing  or 
other  suitable  techniques.  Thereafter,  the  surface  of  the  coated  support  material  is  contacted  with  an  organic  solution 
of  a  polyacyl  halide.  The  polymerized  reaction  product  is  formed  within  and/or  on  the  porous  support.  The  resulting 

15  composite  may  be  post-treated  to  provide  improved  abrasion  resistance. 
The  porous  support  material  comprises  a  polymeric  material  containing  pores  which  are  of  sufficient  size  to  permit 

the  passage  of  permeate  through  the  support.  In  the  preferred  embodiment  of  the  invention,  the  pore  size  of  the  porous 
support  material  will  range  from  about  1  to  about  5,000  nanometers.  Examples  of  porous  support  materials  which  may 
be  used  to  prepare  the  desired  membrane  composite  of  the  present  invention  may  include  such  polymers  as  polysul- 

20  fone,  polycarbonate,  microporous  polypropylene,  the  various  polyamides,  polyamines,  polyphenylene  ether,  and  vari- 
ous  halogenated  polymers  such  as  polyvinylidine  fluoride. 

The  solution  which  is  utilized  as  the  carrier  for  the  N-alkyl  phenylenediamine  will  comprise  water  in  which  the  amine 
will  be  present  in  the  solution  in  an  amount  in  the  range  of  from  about  0.  1  to  about  20%  by  weight.  The  aqueous  solution 
may  also  contain  basic  acid  acceptors  such  as  sodium  hydroxide,  potassium  hydroxide,  sodium  carbonate,  potassium 

25  carbonate,  and  triethylamine.  The  acid  acceptor  may  be  present  in  a  relatively  small  amount  ranging  from  about  1  0  ppm 
to  about  1  wt.  percent.  The  pH  of  the  aqueous  solution  is  maintained  in  the  range  of  from  about  5  to  about  13. 

The  aqueous  amine  solution  may  also  contain  other  components,  such  as  polyhydric  compounds  as  disclosed  in 
US-A-4,830,885.  Examples  of  such  compounds  include  ethylene  glycol,  propylene  glycol,  glycerine,  polyethylene  gly- 
col,  polypropylene  glycol,  and  copolymers  of  ethylene  glycol  and  propylene  glycol.  They  may  be  present  in  amounts 

30  from  about  0.1  to  about  50%  of  the  amine  solution. 
It  is  preferred,  although  not  required,  that  a  polar  aprotic  solvent  as  described  by  Chau  in  US-A-4,950,404  is 

included  in  the  amine  solution.  If  the  solution  includes  a  solvent  for  the  porous  support  in  amounts  ranging  from  0.01  to 
about  75%  by  weight,  preferably  0.1  to  40%,  most  preferably  1  -20%,  the  water  flux  is  enhanced.  Such  solvents  will  be 
polar  aprotic  solvents  which  do  not  react  with  amines  and,  depending  on  the  support  composition,  may  be  at  least  one 

35  member  of  the  group  consisting  of  N-methyl  pyrrolidone,  2-pyrrolidones,  N,N-dimethylformamide,  dioxane,  pyridine,  luti- 
dines,  picolines,  tetrahydrofuran,  sulfolane,  sulfolene,  hexamethylphosphoramide,  triethylphosphite,  N,N-dimethyla- 
cetamide,  acetonitrile,  and  N,N-dimethylpropionamide. 

After  coating  the  porous  support  backing  material  with  the  aqueous  solution  of  the  polyamine  adduct,  the  excess 
solution  is  removed  from  the  surface  of  the  support  by  techniques  previously  discussed.  The  coated  support  is  then 

40  contacted  with  an  organic  solvent  solution  of  a  polyfunctional  amine-reactive  compound,  preferably  an  aromatic  polya- 
cyl  halide,  preferably  only  on  one  side  of  the  support.  Other  polyfunctional  amine-reactive  compounds  could  be  used, 
such  as  polysulfonyl  halides  or  polyisocyanates,  e.g.  benzene  trisulfonyl  chloride  or  toluene  diisocyanate.  In  the  pre- 
ferred  embodiment  of  the  invention,  an  aromatic  poly  acyl  halide  is  present  in  the  organic  solvent  solution  in  a  range  of 
from  about  0.01  to  about  10%  by  weight  of  the  solution.  The  organic  solvents  which  are  employed  in  the  process  of  this 

45  invention  will  comprise  those  which  are  immiscible  with  water  and  may  comprise  paraffins  such  as  n-pentane,  n-hex- 
ane,  n-heptane,  cyclopentane,  cyclohexane,  methylcyclopentane,  naphtha,  and  the  like,  or  halogenated  hydrocarbons. 

Following  the  formation  of  the  reaction  product  within  and/or  on  the  surface  of  the  porous  support,  the  resultant 
composite  may  be  dried.  The  time  and  temperature  for  the  drying  process  will  be  interdependent,  the  primary  criteria 
being  that  the  time  and  temperature  are  sufficient  to  provide  the  desired  membrane,  but  not  excessive.  For  example, 

so  too  much  heat  or  time  may  completely  dry  the  membrane  or  affect  the  pore  size  of  the  porous  support,  thus  decreasing 
the  flux  or  rejection  of  the  membrane.  Accordingly,  drying  at  ambient  temperatures  for  a  time  less  than  is  required  to 
completely  dry  the  membrane  is  preferred.  Drying  at  elevated  temperatures  without  loss  of  flux  and  salt  rejection  may 
be  done  provided  that  an  acid  treatment  precedes  drying  as  described  by  Chau  et  al.  in  US-A-4,983,291. 

Although  a  freshly  prepared  membrane  of  the  invention  has  good  performance,  for  some  applications  it  is  preferred 
55  to  apply  a  protective  coating  by  dipping  the  membrane  in  an  aqueous  solution  of  poly  vinyl  alcohol  (PVA).  Such  coatings 

have  been  used  previously  to  protect  newly-prepared  membranes  from  being  scratched  or  abraded  during  assembly  of 
spiral  wound  reverse  osmosis  elements.  Although  improved  scratch  or  abrasion  resistance  is  obtained  by  the  use  of  a 
PVA  coating,  the  membranes  of  the  present  invention  have  been  found  to  lose  some  ability  to  reject  salts.  However,  we 
have  found  that  adding  a  buffer  or  a  base  to  the  PVA  solution  avoided  such  a  loss  of  salt  rejection.  The  buffers  preferably 

4 
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are  selected  from  the  group  consisting  of  diammonium  hydrogen  phosphate,  ammonium  dihydrogen  phosphate, 
ammonium  tartrate,  potassium  hydrogen  phthalate,  potassium  dihydrogen  phosphate,  borax,  and  potassium  trihydro- 
gen  tetroxalate  and  will  be  used  in  an  effective  amount  of  preferably  about  0.1  to  10  wt.%  of  the  PVA  solution.  If  a  base 
is  used,  it  will  preferably  be  selected  from  the  group  consisting  of  ammonium  hydroxide,  calcium  hydroxide  and  potas- 

5  sium  carbonate.  Mixtures  of  buffers  and  bases  may  be  used.  In  the  discussion  and  examples  below,  the  term  "PVA  solu- 
tion"  refers  to  a  solution  containing  in  addition  to  PVA  0.7%  glycerine  and  70  ppm  methyl  violet  dye. 

High  flux  semipermeable  membranes  may  be  prepared  in  a  continuous  manner.  When  this  method  is  employed,  a 
porous  support  backing  material  is  continuously  passed  through  a  bath  of  an  aqueous  solution  of  N-alkyl  phenylenedi- 
amine  which  preferably  contains  a  polyhydric  compound,  a  polar  aprotic  solvent,  and  optionally  an  acid  acceptor.  After 

10  passage  through  the  bath,  the  backing  material  is  continuously  withdrawn  and  any  excess  solution  is  removed  by  suit- 
able  techniques  familiar  to  those  skilled  in  the  art.  The  coated  support  is  then  continuously  passed  through  the  organic 
solvent  solution  of  the  polyacyl  halide.  Formation  of  the  membrane  on  only  one  side  of  the  support  is  preferred  and  thus 
only  one  surface  will  be  contacted  with  the  organic  solution.  The  polymerization  reaction  will  occur  while  the  organic 
solution  is  in  contact  with  the  amine  coating,  following  which  the  composite  comprising  the  polymerized  reaction  prod- 

15  uct  in  the  form  of  a  thin  film  composite  semipermeable  membrane  within  and/or  on  the  surface  of  the  porous  support. 
Post-treatments  with  acids  and  PVA  solutions  containing  a  buffer  or  base  may  be  employed  as  desired  and  thereafter 
the  membrane  may  be  dried. 

The  resultant  high  flux  semipermeable  membrane  may  then  be  employed  for  the  separation  process  desired  such 
as  the  desalination  of  seawater  or  brackish  water,  other  treatments  of  water  such  as  softening  of  hard  water,  boiler  water 

20  treatment,  concentration  of  whey  or  fruit  juices,  and  the  like.  The  membranes  which  are  in  the  form  of  flat  sheets  are 
particularly  applicable  for  use  in  modules  either  in  single  sheet  or  multiple  sheet  units  whereby  the  sheet  or  sheets  are 
wound  in  a  spiral  type  configuration. 

In  the  following  examples  the  porous  support  was  a  polysulfone  cast  on  a  fabric  backing.  The  N-methyl  (or  N,N'- 
dimethyl)  m-phenylenediamine  was  coated  onto  the  support,  followed  by  contact  with  a  polyacyl  halide  in  an  interfacial 

25  reaction  to  form  semipermeable  membranes.  The  membranes  were  tested  in  flat  cells  using  1"  x  3"  (25.4  mm  x  76.2 
mm)  samples  of  the  membranes.  A  solution  of  2  g/L  of  NaCI  in  water  at  a  pH  of  7-8  was  used  with  a  220  psig  (1  520  kPa 
gauge)  pressure  applied  to  the  membrane  (equivalent  to  about  200  psi  (2380  kPa)  net  pressure  differential  after 
accounting  for  the  osmotic  pressure).  The  water  flux  and  salt  rejection  were  measured  and  reported  in  the  examples. 

30  Example  1 

Preparation  of  N-methyl  m-phenylenediamine 

125  mL  of  sodium  methoxide  and  55  g  of  nitroaniline  were  mixed  with  300  mL  of  methanol  and  stirred  for  30  min- 
35  utes.  Then,  24  g  of  paraformaldehyde  was  added  and  stirred  for  about  1  1  0  minutes.  Stirring  continued  for  about  7  more 

hours  with  formation  of  a  yellow-orange  precipitate.  The  mixture  then  was  cooled  to  0°  C  in  an  ice-salt  bath.  25  g  of 
sodium  borohydride  were  added  over  45  minutes  while  maintaining  the  temperature  at  less  than  5°C  and  stirring  was 
continued  for  1  hour.  After  overnight  storage  in  a  refrigerator,  300  mL  of  1  M  NaOH  and  3  L  of  water  were  added  and  a 
yellow-orange  precipitate  was  obtained  having  a  melting  point  of  58-60°C.  An  80%  yield  of  N-methyl-3-nitro  aniline  was 

40  obtained. 
8  g  of  the  precipitate  was  dissolved  in  20  mL  of  95%  ethanol,  1  g  of  a  catalyst  having  5  wt.%  Pd  on  a  carbon  support 

was  added  and  hydrogenation  of  the  N-methyl-3-nitroaniline  was  carried  out  at  50  psig  (337  kPa  gage)  for  about  1  0  min- 
utes,  during  which  time  the  temperature  increased  to  about  70°C.  The  hydrogenated  mixture  was  cooled  to  room  tem- 
perature,  filtered  to  recover  the  solids,  which  were  then  washed  with  methanol  and  the  liquid  filtrates  combined.  Finally, 

45  the  liquids  were  concentrated  under  vacuum  and  distilled  through  a  short  path  Kugelrohr  oven  at  about  140°C  and  3 
torr  to  produce  a  96%  yield  of  N-methyl  m-phenylenediamine. 

Example  2 

so  A  TFC  membrane  was  prepared  by  immersing  a  sample  of  a  polysulfone  support  for  1  2  seconds  in  a  2  wt.%  aque- 
ous  solution  of  N-methyl  m-phenylenediamine  (NMPDA)  also  containing  5  wt.%  N-methylpyrrolidone  (NMP),  5  wt.% 
ethylene  glycol  (EG)  and  100  wt.ppm  Na2C03.  The  excess  solution  was  removed  by  using  an  air  knife  and  then  the 
coated  support  was  dipped  into  a  0.2  wt.%  solution  of  trimesoyl  chloride  (TMC)  in  naphtha  to  produce  a  thin-film  sem- 
ipermeable  membrane  formed  by  interfacial  reaction  of  the  NMPDA  and  TMC.  The  composite  was  air  dried  for  15  min- 

55  utes  and  then  stored  in  deionized  water.  It  was  later  tested  as  described  above  and  the  water  flux  and  salt  rejection  were 
measured.  The  water  flux  was  1  4  gfd  (23.8  L/m2h)  and  99.2%  of  the  salt  was  rejected. 
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Example  3  (comparative) 

A  TFC  membrane  was  prepared  as  described  above  using  an  aqueous  solution  containing  2  wt.%  N,N'-dimethyl- 
m-phenylenediamine  (DMMPDA),  10  wt.%  NMP,  5  wt.%  EG  and  100  ppm  Na2C03  and  a  0.2  wt.%  solution  of  TMC  in 

5  naphtha.  The  finished  membrane  was  tested  and  the  flux  and  salt  rejection  determined  as  described  in  Example  2.  A 
flux  of  30.4  gfd  (51  .7  L/m2h)  and  a  salt  rejection  of  92.3%  were  obtained. 

Example  4 

10  Membranes  of  the  invention  were  produced  in  a  continuous  manner  on  a  20  inch  (508  mm)  wide  polysulfone  back- 
ing  material  cast  on  a  non-woven  polyester  fabric.  It  was  supplied  from  a  roll  and  then  passed  at  3  ft/min  (0.91  m/min) 
in  sequence  through  the  following  steps. 

Time 

Step  Conditions  Bath  In  Transit 

Amine  Coating  Bath  Composition'1)  8  sec.  300  sec. 
2  wt.%  NMPDA 

5  wt.%  EG 

3  wt.%  NMP 

0.01  wt.%  Na2C03 

Polyacyl  halide  reaction  to  form  membrane  Bath  composition  0.25  wt.%  TMC'2'  in  naph-  12  sec.  180  sec. 
tha 

Acid  treatment  5  wt.%  sulfamic  acid  in  H20  1  02  sec  540  sec 
PVA  coating  2  wt.%  (NH4)2HP04  in  6  wt.%  PVA<3)  solution  14  sec  150  sec 

Drying  168°F  (75.5°C)  180  sec  102  sec 

(1)  NMPDA  =  N-methyl  m-phenylenediamine 
EG  =  ethylene  glycol 
NMP  =  N-methyl  pyrrolidone 
(2)  TMC  =  trimesoyl  chloride 
(3)  PVA  -  polyvinyl  alcohol  m.w.  31  ,000-50,000 

A  sample  of  the  finished  composite  membrane  was  tested  in  the  flat  cells  previously  described  using  a  pressure  of  220 
psig  (1520  kPa  gage)  and  a  0.2  wt.%  NaCI  solution.  The  flux  of  water  through  the  membrane  was  37.4  gfd  (63.6  L/m2h) 

40  and  the  salt  rejection  was  99.2% 
Another  membrane  was  prepared  in  the  same  manner  except  that  the  acid  treatment  employed  a  10  wt.%  solution 

of  citric  acid  rather  than  sulfamic  acid.  Two  samples  were  tested  and  gave  19.6  and  32.5  gfd  (33.3  and  55.3  L/m2h)  and 
rejected  98.8  and  98.9%  of  the  salt. 

45  Example  5 

Two  membranes  were  made  on  the  continuous  coating  equipment  described  in  Example  4.  The  first  membrane  (a) 
was  made  according  to  the  invention  and  employed  as  the  diamine  N-methyl  m-phenylenediamine,  while  the  second 
membrane  (B)  was  made  with  m-phenylenediamine  (i.e.,  not  N-methyl  substituted).  The  conditions  of  the  two  prepara- 

50  tions  are  summarized  as  follows: 

55 
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Conditions 

Step  Invention  (A)  Comparative  (B) 
Amine  Coating  Bath  Composition  (1)  Bath  Composition  (1) 

2  wt.%  NMPDA  3  wt.%  MPDA 

5  wt.%  EG  3  wt.%  NMP 

3  wt.%  NMP  0.01  wt.%  Na2C03 
0.01  wt.%  Na2C03 

Polyacyl  halide  reaction  to  form  membrane  Bath  Composition  (2)  0.25  Bath  Composition  (2)  0.15  wt.% 
wt.%  TMC  in  naphtha  TMC  in  naphtha 

Post-Treatment  5  wt.%  sulfamic  acid  in  H20  0.01  wt.%  Na2C03  in  H20,  then 
0.025  wt.%  NaHS03  in  H20 

PVA  Coating  2  wt.%  (NH4)2  HP04  in  6  None 
wt.%  PVA  solution 

Drying  168°F  (75.5°C)  168°F  (75.5°C) 

(1)  NMPDA  =  N-methyl  m-phenylenediamine 
MPDA  =  m-phenylenediamine 
EG  =  ethylene  glycol 
NMP  =  N-methyl  pyrrolidone 
(2)  TMC  =  trimesoyl  chloride 

30  The  PVA  coating  on  Membrane  A  was  washed  off  with  water  before  testing.  Then,  samples  of  membranes  A  and 
B  were  soaked  in  0.2  wt.%  aqueous  solution  of  glutaraldehyde  for  3  hours  (the  glutaraldehyde  having  been  found  earlier 
to  cause  a  severe  reduction  in  water  flux  in  some  thin  film  composite  membranes).  After  soaking,  the  samples  were 
tested  with  a  2  g/L  NaCI  solution  (pH  7.8)  at  a  pressure  of  220  psig  (1520  kPa  gage).  The  results  below  show  a  clear 
advantage  for  membrane  A  made  according  to  the  invention.  The  flux  reduction  was  only  minor  for  membrane  A,  but 

35  membrane  B  suffered  a  41%  loss  in  flux. 

Membrane  Not  treated  Glutaraldehyde  Flux 
Treated  Reduction,  % 

A  (invention)  35.6  gfd  (60.5  L/m2h)  34.5  gfd  (58.6  L/m2h)  3.1 

98.9%  rejection  99.0%  rejection 
B  (prior  art)  31.8  gfd  (54  L/m2h)  18.7  gfd  (31.8  L/m2h)  41.2 

97.2%  rejection  96.6%  rejection 

so  Example  6 

In  order  to  evaluate  the  scratch  or  abrasion  resistance  of  the  membranes  of  the  invention  a  test  was  used  which 
abraded  the  membranes  by  pulling  a  piece  of  conventional  spiral  wound  feed  channel  netting  over  the  surface  with  a 
weight  applied  to  simulate  the  fabrication  of  a  spiral-wound  element  for  a  commercial  reverse  osmosis  unit.  Membranes 

55  for  Samples  1  ,  2,  and  3  were  prepared  by  hand  using  the  method  of  Example  2,  post-treated  with  acid,  abraded,  and 
then  tested  for  performance.  Other  membranes  (Samples  4  and  5)  were  prepared  using  the  continuous  coating  appa- 
ratus  of  Example  4.  The  conditions  used  and  the  results  are  given  in  the  following  table. 

7 
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Sample  Amine  Solution  Acyl  Halide  Finishing  Abrasion  Test  Water  Flux  Salt 
No.  Solution  Method  (grams  gfd  (L/m2h)  Rejection  % 

applied) 
1  2  wt.%  NMPDA  0.2  wt.%  TMC  5  wt.%  sulfamic  None  15.2(25.8)  98.1 

2wt%NMP  remainder  acid  for  2  min- 
naphtha  utes 

5  wt.%  EG 

0.01  wt.% 
Na2C03 
remainder  water 

2  "  "  "  100  15.9(27)  88.4 

3  "  "  "  300  15.9(27)  86.6 

4  2  wt.%  NMPDA  0.2  wt.%  TMC  5  wt.%  sulfamic  None3  33.8(57.5)  98.3 
r>  jo/  mho  remainder  acid,  then  in  2 3  wt.%  NMP 

naptha  wt.% 
5  wt.%  EG  (NH4)2HP04  in  6 
0.01  wt.%  PVA'  drv  at 
Na2C03  about  76°C 

remainder  water 

5  "  "  "  500b  32.4(55.1)  98.8 

a.  PVA  washed  off  with  water  before  testing. 
b.  PVA  not  washed  off  before  testing. 

It  can  be  seen  that  the  PVA  coating  was  able  to  protect  the  membrane  so  that  salt  rejection  was  retained  even  after  the 
most  aggressive  test  was  applied. 

Example  7 

Membranes  were  prepared  from  N-methyl  m-phenylenediamine  and  trimesoyl  chloride,  on  the  continuous  coating 
apparatus  as  previously  described.  The  fresh  membrane  was  dipped  in  a  5  wt.%  sulfamic  acid  solution  before  samples 
were  taken  and  post-treated.  The  post-treatments  and  the  results  of  the  tests  are  shown  in  the  following  table. 

Post-Treatment  Bath  Flux  gfd  Salt 
(L/m2h)  Rejection  % 

6  wt.%  PVA  0.7  wt.%  glycerine  50  ppm  methylviolet  2  wt.%  (NH4)2HP04 

yes  yes  yes  yes  26.8(45.6)  99.6 

yes  no  no  yes  27.8(47.3)  99.4 

yes  no  no  no  39.0  (66.3)  95.8 

The  importance  of  including  a  buffer  with  the  PVA  is  evident.  It  is  also  clear  that  glycerine  and  methyl  violet  do  not  affect 
significantly  the  salt  rejection  or  flux. 

Example  8 

A  base  may  also  be  used  instead  of  a  buffer.  This  will  be  evident  from  the  following  results  from  experiments  in 
which  the  continuous  coating  apparatus  was  used  as  previously  described  with  membrane  being  formed  using  the 
same  amine  and  acyl  halide  baths.  Samples  of  the  freshly  prepared  membrane  were  removed  after  a  5  wt.%  sulfamic 
acid  treatment  and  post-treated  with  a  buffer  and  a  base.  Tests  of  the  flux  and  salt  rejection  are  reported  in  the  table 
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below. 

Post-Treatment  Bath  6  wt.%  PVA  solution  Flux  gfd  Salt 
(L/m2h)  Rejection  % 

%  (NH4)2HP04  0.25  wt.%  NH4OH 
0.5  None  18.1  (30.8)  98.2 

None  0.25  21.4(30.4)  99.0 

It  can  be  concluded  that  if  PVA  is  to  be  used,  then  adding  a  buffer  and/or  a  base  will  maintain  a  high  salt  rejection. 
The  use  of  NH4OH  solution  in  this  test  gave  particularly  good  results. 

15 
Claims 

1  .  A  semipermeable  composite  membrane  comprising  the  reaction  product  of  interfacial  polymerization  on  a  porous 
support  between  (a)  a  phenylenediamine  and  (b)  an  aromatic  polyacyl  halide,  characterized  in  that  said  phenylen- 

20  ediamine  is  an  N-alkyl  phenylenediamine. 

2.  A  membrane  as  claimed  in  Claim  1  wherein  said  N-alkyl  phenylenediamine  is  N-methyl-phenylenediamine. 

3.  A  membrane  as  claimed  in  Claim  1  or  Claim  2  wherein  said  polyacyl  halide  is  trimesoyl  chloride. 
25 

4.  A  process  for  desalination  of  water  employing  a  thin  film  composite  membrane,  characterized  in  that  the  composite 
membrane  is  a  membrane  as  claimed  in  any  one  of  Claims  1  to  3. 

5.  A  process  for  preparing  a  thin  film  composite  membrane  comprising  the  steps  of:- 
30 

(a)  applying  an  aqueous  solution  of  a  phenylenediamine  to  a  porous  support;  and 
(b)  interfacially  reacting  said  applied  phenylenediamine  by  applying  an  organic  solution  of  a  polyacyl  halide  to 
the  support  to  form  a  thin  film  reaction  product  thereon,  characterized  in  that  said  phenylenediamine  is  an  N- 
alkyl  phenylenediamine. 

35 
6.  A  process  as  claimed  in  Claim  5  wherein  said  N-alkyl  phenylenediamine  is  N-methyl  m-phenylenediamine  and  said 

polyacyl  halide  is  trimesoyl  chloride. 

7.  A  process  as  claimed  in  Claim  5  or  Claim  6  wherein  said  reaction  product  is  post-treated  with  an  acid  solution. 
40 

8.  A  process  as  claimed  in  any  one  of  Claims  5  to  7  and  further  comprising  coating  said  reaction  product  with  a  solu- 
tion  of  polyvinyl  alcohol  which  includes  a  buffer  and/or  a  base  and  thereafter  drying  the  membrane. 

9.  A  process  as  claimed  in  Claim  8  wherein  said  buffer  consists  of  at  least  one  of  diammonium  hydrogen  phosphate, 
45  ammonium  dihydrogen  phosphate,  ammonium  tartrate,  potassium  hydrogen  phthalate,  potassium  dihydrogen 

phosphate,  borax,  and  potassium  trihydrogen  tetroxalate. 

10.  A  process  as  claimed  in  Claim  8  or  Claim  9  wherein  said  base  is  selected  from  the  group  consisting  of  ammonium 
hydroxide,  calcium  hydroxide,  and  potassium  carbonate. 

50 
Patentanspruche 

1.  Semipermeable  Verbundmembran,  umfassend  das  Reaktionsprodukt  aus  einer  Grenzflachenpolymerisation  auf 
einem  porosen  Trager  zwischen  (a)  einem  Phenylendiamin  und  (b)  einem  aromatischen  Polyacylhalogenid, 

55  dadurch  gekennzeichnet,  daB  das  Phenylendiamin  ein  N-Alkyl-phenylendiamin  ist. 

2.  Membran  nach  Anspruch  1  ,  worin  das  N-Alkyl-phenylendiamin  N-Methyl-phenylendiamin  ist. 

3.  Membran  nach  Anspruch  1  oder  2,  worin  das  Polyacylhalogenid  Trimesoylchlorid  ist. 
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4.  Verfahren  zum  Entsalzen  von  Wasser  unter  Verwendung  einer  Dunnfilm-Verbundmembran,  dadurch  gekennzeich- 
net,  daB  die  Verbundmembran  eine  Membran  nach  einem  der  Ansprtiche  1  bis  3  ist. 

5.  Verfahren  zur  Herstellung  einer  Dunnfilm-Verbundmembran,  umfassend  die  Schritte  des: 
5 

(a)  Aufbringens  einer  wasserigen  Losung  aus  einem  Phenylendiamin  auf  einen  porosen  Trager;  und 
(b)  Grenzflachenumsetzens  des  aufgebrachten  Phenylendiamins  durch  Aufbringen  einer  organischen  Losung 
aus  einem  Polyacylhalogenid  auf  den  Trager  zur  Bildung  eines  Dunnfilm-Reaktionsprodukts  auf  diesem, 
dadurch  gekennzeichnet,  daB  das  Phenylendiamin  ein  N-Alkylphenylendiamin  ist. 

10 
6.  Verfahren  nach  Anspruch  5,  worin  das  N-Alkyl-phenylendiamin  N-Methyl-m-phenylendiamin  und  das  Polyacylhalo- 

genid  Trimesoylchlorid  ist. 

7.  Verfahren  nach  Anspruch  5  Oder  6,  worin  das  Reaktionsprodukt  mit  einer  sauren  Losung  nachbehandelt  wird. 
15 

8.  Verfahren  nach  einem  der  Anspriiche  5  bis  7,  welches  weiters  das  Uberziehen  des  Reaktionsprodukts  mit  einer 
Losung  aus  einem  einen  Puffer  und/oder  eine  Base  enthaltenden  Polyvinylalkohol  und  danach  das  Trocknen  der 
Membran  umfaBt. 

20  9.  Verfahren  nach  Anspruch  8,  worin  der  Puffer  aus  zumindest  einem  von  Diammoniumhydrogenphosphat,  Ammoni- 
umdihydrogenphosphat,  Ammoniumtartrat,  Kaliumhydrogenphthalat,  Kaliumdihydrogenphosphat,  Borax  und  Kali- 
umtrihydrogentetroxalat  besteht. 

10.  Verfahren  nach  Anspruch  8  Oder  9,  worin  die  Base  ausgewahlt  ist  aus  der  Gruppe  bestehend  aus  Ammoniumhy- 
25  droxid,  Calciumhydroxid  und  Kaliumcarbonat. 

Revendications 

1.  Membrane  composite  semi  permeable  comprenant  le  produit  de  reaction  d'une  polymerisation  interfaciale  sur  un 
30  support  poreux  entre  (a)  une  phenylenediamine  et  (b)  un  halogenure  de  polyacyle  aromatique,  caracterisee  en  ce 

que  ladite  phenylenediamine  est  une  N-alkyl  phenylenediamine. 

2.  Membrane  selon  la  revendication  1  ,  dans  laquelle  ladite  N-alkyl  phenylenediamine  est  la  N-methyl-phenylenedia- 
mine. 

35 
3.  Membrane  selon  la  revendication  1  ou  la  revendication  2,  dans  laquelle  ledit  halogenure  de  polyacyle  est  le  chlo- 

rure  de  trimesoyle. 

4.  Procede  de  dessalement  d'eau,  employant  une  membrane  composite  en  film  mince,  caracterise  en  ce  que  la  mem- 
40  brane  composite  est  une  membrane  selon  I'une  quelconque  des  revendications  1  a  3. 

5.  Procede  de  preparation  d'une  membrane  composite  en  film  mince  comprenant  les  etapes  de  : 

(a)  appliquer  une  solution  aqueuse  d'une  phenylenediamine  sur  un  support  poreux  ;  et 
45  (b)  provoquer  une  reaction  interfaciale  de  ladite  phenylenediamine  appliquee,  en  appliquant  une  solution  orga- 

nique  d'un  halogenure  de  polyacyle  sur  le  support  pour  former  un  produit  de  reaction  en  film  mince  sur  ce  der- 
nier,  caracterise  en  ce  que  ladite  phenylenediamine  est  une  N-alkyl  phenylenediamine. 

6.  Procede  selon  la  revendication  5,  dans  lequel  ladite  N-alkyl  phenylenediamine  est  la  N-methyl  m-phenylenedia- 
50  mine  et  ledit  halogenure  de  polyacyle  est  le  chlorure  de  trimesoyle. 

7.  Procede  selon  la  revendication  5  ou  la  revendication  6,  dans  lequel  ledit  produit  de  reaction  est  ensuite  traite  avec 
une  solution  acide. 

55  8.  Procede  selon  I'une  quelconque  des  revendications  5  a  7,  comprenant  en  outre  une  etape  consistant  a  revetir  ledit 
produit  de  reaction  avec  une  solution  d'alcool  polyvinylique  qui  renferme  un  tampon  et/ou  une  base,  et  ensuite  a 
secher  la  membrane. 

9.  Procede  selon  la  revendication  8,  dans  lequel  ledit  tampon  est  constitue  d'au  moins  I'un  des  tampons  hydrogeno- 
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phosphate  de  diammonium,  dihydrogeno  phosphate  d'ammonium,  tartrate  d'ammonium,  hydrogenophtalate  de 
potassium,  dihydrogenophosphate  de  potassium,  borax  ,  et  trihydrogeno  tetroxalate  de  potassium. 

10.  Procede  selon  la  revendication  8  ou  la  revendication  9,  dans  lequel  ladite  base  est  choisie  parmi  I'hydroxyde 
d'ammonium,  I'hydroxyde  de  calcium,  et  le  carbonate  de  potassium. 
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