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Description 

This  invention  relates  to  the  production  of  polymeric  beads  that  can  provide  slow  release  of  a  lipophilic 
compound  that  is  trapped  within  them,  or  slow  release  of  a  reagent  that  can  be  liberated  from  that 

5  compound,  into  a  fluid  environment  which  is  an  oil-containing  environment. 
Coacervation  techniques  form  what  can  be  considered  to  be  capsules  of  polymer  surrounding  the  bead 

and  this  is  not  entirely  satisfactory  for  some  applications.  It  is  known  to  provide  a  polymeric  matrix 
containing  a  releasable  lipophilic  reagent  but  it  can  be  rather  difficult  to  make  such  beads  containing  a 
suitable  distribution  of  reagent  and  that  will  give  adequate  controlled  release  properties  of  the  reagent.  For 

io  instance  the  reagent  may  diffuse  from  the  matrix  too  quickly  or  not  at  all. 
The  reagent  can  be  diffused  into  preformed  beads  but  it  is  difficult  to  obtain  slow  release  properties  by 

this  technique. 
The  beads  can  be  made  by  bead  (suspension)  polymerisation  in  the  presence  of  the  reagent. 
Typical  processes  are  described  in  GB  1,482,663,  DE  1,467,843,  J.  Pharm.  Sciences  Vol  59,  No.5,  May 

75  1970,  pages  614-618  and  Chemical  Abstracts  Vol.94,  214516n.  All  these  processes  are  for  producing  beads 
to  be  used  for  drug  delivery. 

However  particular  problems  arise  when  the  reagent  is  a  relatively  high  melting  material,  e.g.,  melting 
point  above  25  °  C,  since  it  cannot  be  satisfactorily  incorporated  by  known  diffusion  or  polymerisation 
techniques. 

20  An  alternative  method  for  forming  beads,  particularly  useful  when  incorporating  high  melting  material,  is 
disclosed  in  US  3,531  ,409,  and  involves  forming  a  solid  solution  of  an  active  reagent  in  polymer  and/or  wax 
by  melting  and  blending  together  the  respective  ingredients  and  then  cooling  to  form  separate  beads. 

The  invention  provides  a  method  of  making  beads  that  comprise  a  polymeric  matrix  formed  from 
lipophilic  polymerisable  material  and  that  contain  a  substantially  water  insoluble  lipophilic  compound  that 

25  will  provide  slow  release  of  the  lipophilic  compound,  or  a  reagent  that  can  be  liberated  from  the  compound, 
into  a  fluid  environment,  the  method  comprising  forming  a  homogeneous  blend  of  the  lipophilic  compound 
in  the  lipophilic  polymerisable  material  and  subjecting  the  blend  to  bead  polymerisation  while  the  blend  is 
dispersed  as  a  substantially  stable  dispersion  of  beads  in  an  aqueous  medium  containing  a  hydrophilic 
polymerisation  stabiliser  characterised  in  that  the  lipophilic  compound  is  a  reagent  for  release  into  an  oil 

30  environment  and  is  selected  from  wax  deposition  inhibitors,  pour  point  depressants,  demulsifiers,  scale 
inhibitors,  biocides,  ashless  dispersants  and  antioxidants  and  is  insoluble  in  the  polymerisable  material  at 
25  °C  but  is  soluble  in  it  at  an  elevated  temperature  which  is  from  50  to  80  °C  and  has  a  melting  point 
above  25  °C,  the  homogeneous  blend  is  a  solution  of  the  lipophilic  compound  in  the  polymerisable  material 
and  the  blend  is  formed  at  the  said  elevated  temperature  in  the  substantial  absence  of  non-polymerisable 

35  solvent  for  the  said  compound. 
It  is  necessary  for  the  lipophilic  compound  to  be  present  as  a  homogenous  blend  in  the  polymerisable 

material  in  order  that  the  compound  is  substantially  uniformly  distributed  throughout  the  polymeric  matrix. 
The  process  conditions,  and  materials  used,  are  such  that  the  homogeneous  blend  takes  the  form  of  a 
solution  of  the  lipophilic  compound  in  the  polymerisable  material  but  the  polymerisable  material  is 

40  preferably  such  that,  in  the  final  beads,  the  lipophilic  compound  is  not  in  solution  in  the  polymeric  matrix  but 
is  instead  present  as  a  microdispersion  in  the  polymeric  matrix.  Thus  we  have  found  that  it  is  desirable  to 
precipitate  the  lipophilic  compound  from  solution  within  the  beads  to  form  a  dispersion  of  the  compound 
within  the  polymeric  matrix.  Optimum  slow  release  properties  of  the  compound  from  the  beads  appear  to  be 
achieved  if  the  method  of  producing  the  beads,  and  the  materials  used  in  the  production  of  the  beads,  are 

45  such  that  the  compound  is  present  as  a  dispersion  within  the  polymeric  matrix  rather  than  as  a  solution. 
Thus,  on  a  micro  scale,  the  compound  should  be  concentrated  in  small  areas  that,  on  a  macro  scale,  are 
substantially  uniformly  distributed  throughout  the  matrix.  Thus  the  compound  appears  substantially  uni- 
formly  distributed  but  is  in  fact  present  as  a  large  number  of  concentrated  deposits  of  the  compound  within 
the  matrix. 

50  By  introducing  the  compound  into  the  beads  as  a  solution  it  is  possible  to  achieve  substantially  uniform 
distribution,  on  a  macro  scale,  of  the  compound  throughout  the  beads  and  then  the  precipitation  of  the 
compound  from  solution  within  the  beads  forms  the  dispersion  of  the  compound  within  the  matrix,  or  the 
non-uniform  micro  distribution  of  the  compound  that  is  desired  for  optimum  results. 

The  lipophilic  compound  is  a  material  that  is  solid  at  ambient  temperatures  and  so  has  a  melting  point 
55  above  25°  C,  preferably  above  50°  C,  for  instance  50  to  80°  C.  By  choosing  such  a  material  as  the  lipophilic 

compound  the  risk  of  the  beads  sticking  together  during  storage  is  minimised. 
Unfortunately  the  choice  of  a  high  melting  lipophilic  compound  increases  the  difficulties  of  providing  a 

homogeneous  blend  of  the  compound  in  polymerisable  material.  These  high  melting  compounds,  and 

2 



EP  0  143  608  B1 

certain  other  lipophilic  compounds,  tend  to  be  insoluble  in  the  lipophilic  polymerisable  material  at  25  °C. 
Although  a  cosolvent  can  be  used  to  provide  the  solution  or  other  homogeneous  blend  this  is  generally 
undesirable. 

In  a  preferred  method  of  the  invention  the  lipophilic  compound  is  substantially  immiscible  with  the 
5  polymerisable  material  at  25  °  C  but  is  miscible  with  it  at  an  elevated  temperature  which  is  from  50  to  80  °  C 

and  the  blending  of  the  reagent  with  the  polymerisable  material  is  conducted  at  the  said  elevated 
temperature  in  the  substantial  absence  of  non-polymerisable  solvent  for  the  reagent.  In  particular  the 
method  is  preferably  carried  out  by  blending  the  reagent  with  the  aqueous  medium  at  the  said  elevated 
temperature  and  then  mixing  into  the  resultant  blend  the  polymerisable  material  under  conditions  such  that 

io  the  desired  elevated  temperature  is  maintained.  Upon  stirring  the  polymerisable  material  into  the  blend,  the 
reagent  will  migrate  into  the  polymerisable  material  and  be  held  there  when  that  material  is  polymerised. 

The  polymerisation  is  conducted  as  a  bead  polymerisation  in  aqueous  medium  containing  a  hydrophilic 
polymerisation  stabiliser.  Thus  the  homogeneous  blend  of  lipophilic  compound  in  polymerisable  material  is 
broken  up  into  beads  which  are  held  in  suspension  in  the  aqueous  medium  as  a  result  of  the  presence  of 

is  the  hydrophilic  polymerisation  stabiliser. 
It  is  desirable  that  the  bead  size  and  shape  of  the  final  beads  should  be  as  uniform  as  possible  and  we 

find  that  improved  results  are  obtained  if  the  lipophilic  polymerisable  material  includes  some  hydrophilic 
polymerisable  material.  Various  hydrophilic  monomers  can  be  used.  Suitable  non  ionic  hydrophilic  mon- 
omers  include  hydroxyethyl  methacrylate  or  other  hydroxy  alkyl  (meth)  acrylates.  Cationic  monomers 

20  include  dialkyl  aminoalkyl  (meth)  acrylates.  It  is  usually  preferred  to  use  anionic  monomers,  generally  an 
ethylenically  unsaturated  carboxylic  monomer  such  as  acrylic  acid  or,  preferably  methacrylic  acid.  A 
suitable  amount  is  generally  in  the  range  1  to  10%  by  weight  of  polymerisable  material. 

We  have  found  that  the  properties  of  the  beads,  and  in  particular  the  release  properties  of  the  beads, 
are  improved  if  a  hydrophilic  shell  is  formed  on  the  beads.  This  shell  may  be  applied  on  to  the  beads  after 

25  formation  but  preferably  is  formed  during  polymerisation  by  migration  of  hydrophilic  polymerisable  material 
towards  the  surface  of  the  beads  during  polymerisation.  For  this  migration  to  occur  it  is  necessary  for  the 
hydrophilic  polymerisable  material  to  be  highly  hydrophilic,  the  material  preferably  being  acrylic  acid. 

For  optimising  stability  of  the  beads  the  amount  of  hydrophilic  monomer,  generally  methacrylic  acid,  is 
preferably  in  the  range  1  to  10%  and  for  providing  the  optimum  hydrophilic  shell  the  amount  of  acrylic  acid 

30  or  other  hydrophilic  monomer  is  preferably  also  in  the  range  1  to  10%  by  weight.  Although,  in  the  invention, 
it  is  possible  to  achieve  useful  results  using  methacrylic  acid  alone  or  acrylic  alone  preferably  both  are 
present,  each  in  an  amount  of  1  to  10%  by  weight. 

The  lipophilic  polymerisable  material  preferably  consists  mainly  of  acrylic  alkyl  ester  or  styrene  or 
acrylonitrile  or  a  mixture  thereof.  Suitable  acrylic  esters  are  alkyl  acrylates  and  methacrylates  where  the 

35  alkyl  group  contains  from  1  to  6  and  preferably  1  to  3  carbon  atoms.  The  ester  is  preferably  a  methacrylate 
and  the  preferred  ester  is  methyl  methacrylate. 

The  polymeric  matrix  preferably  has  a  softening  point  as  measured  by  a  temperature-graded  hot  bar  of 
above  30°  C  and  most  preferably  is  above  60°  C.  It  may  be  up  to  200°  C,  often  up  to  120°  C. 

The  polymer  is  preferably  formed  mainly  of  methyl  methacrylate  or  a  blend  of  methyl  methacrylate 
40  (usually  50  to  90%  by  weight  of  the  blend)  and  styrene. 

Small  amounts  of  other  polymerisable  monomers,  for  instance  up  to  40%,  generally  below  20%  by 
weight  and  preferably  below  10%  by  weight,  may  be  included  provided  they  do  not  deleteriously  affect  the 
properties  of  the  polymer.  As  mentioned  above,  it  is  particularly  preferred  to  include  carboxylic  monomers 
such  as  acrylic  or  methacrylic  acid.  Other  suitable  monomers  include  hydroxyalkyl  acrylates  and 

45  methacrylates,  maleate  esters,  vinyl  esters,  and  dialkylaminoalkylacrylates  and  methacrylates. 
The  polymer  is  preferably  a  linear  polymer  but  if  desired  cross  linking  monomers,  such  as  glycol 

dimethacrylate,  can  be  included  in  the  polymerisable  material  to  form  a  cross  linked  polymer. 
The  lipophilic  compound  must  be  lipophilic  in  the  sense  that  it  must  partition  into  the  polymerisable 

phase  in  preference  to  the  aqueous  phase.  Usually  the  solution  of  the  compound  in  water  at  25  °C  is  below 
50  1%,  preferably  below  0.1%  by  weight,  and  preferably  the  solubility  in  the  aqueous  medium  at  the 

polymerisation  temperature  is  below  1%,  most  preferably  below  0.1%,  by  weight. 
In  the  method  of  the  invention  it  is  necessary  to  select  the  polymerisable  material  and  the  hydrophilic 

polymerisation  stabiliser  such  that  it  does  not  react  with  the  lipophilic  compound,  as  any  such  reaction  may 
destabilise  the  suspension  and/or  prevent  release  of  the  lipophilic  compound  from  the  beads  during  use. 

55  For  instance  if  the  lipophilic  compound  is  an  amino  compound  it  is  generally  desirable  for  the  reaction 
system  to  be  free  of  compound  containing  free  carboxylic  acid  groups,  because  of  the  risk  of  reaction 
between  the  amino  group  and  the  carboxylic  groups.  For  instance  any  hydrophilic  monomers  and 
polymerisation  stabiliser  should  generally  be  non-ionic  or  cationic. 
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Preferably  a  homogeneous  blend  is  formed  of  the  lipophilic  compound  and  the  monomer  or  monomers 
dispersed  into  the  aqueous  medium  by  stirring  and  polymerisation  is  initiated  by  using  an  oil  soluble 
thermal  initiator. 

Polymerisation  is  conducted  whilst  maintaining  the  particles  dispersed  in  the  aqueous  medium  and 
5  results  in  the  formation  of  a  suspension  of  polymer  beads  each  containing  lipophilic  compound  uniformly 

dispersed  or  dissolved  throughout  the  major  part  at  least  of  the  matrix.  The  beads  may  be  filtered  or 
otherwise  separated  from  the  aqueous  medium  and  may  be  washed.  Although  the  beads  can  be  dried  it  is 
often  convenient  to  maintain  them  either  damp  or  in  the  presence  of  excess  aqueous  medium. 

The  particle  size  is  generally  at  least  10  urn  and  preferably  at  least  50,  and  usually  at  least  100,  urn 
io  since  small  particles  can  be  difficult  to  handle  and  to  position  permanently  in  their  desired  environment.  The 

particle  size  is  generally  less  than  2  mm  and  preferably  less  than  1  mm,  since  large  particles  also  may  be 
difficult  to  position  in  their  desired  environment.  Best  results  are  generally  obtained  with  a  particle  size  of 
from  0.2  to  1  mm.  The  particles  are  preferably  substantially  spherical. 

The  amount  of  lipophilic  compound  is  generally  at  least  5%  by  weight  of  the  total  bead  in  order  to 
is  maximise  the  amount  of  compound  introduced  into  the  desired  location.  It  can  be  difficult  to  produce  beads 

containing  very  high  amounts  of  compound  and  so  the  amount  is  generally  not  more  than  50%,  and  usually 
not  more  than  30%,  by  weight  of  the  total  beads.  The  preferred  reagent  amount  is  usually  10  to  30%  by 
weight  of  the  beads. 

The  lipophilic  compound  is  preferably  a  reagent  that  is  to  be  released  from  the  beads  into  a  fluid 
20  environment  but  may  be  a  compound  that  will  liberate  such  a  reagent  upon  prolonged  contact  of  the  beads 

with  the  environment.  For  instance  a  water  soluble  reagent  containing  a  basic  nitrogen  atom,  for  instance  a 
biocide  or  corrosion  inhibitor,  may  be  incorporated  into  the  beads  as  a  lipophilic  salt  of  such  a  reagent  and 
this  salt  may  decompose  upon  prolonged  exposure  of  the  beads  to  water  in  order  to  liberate  the  water 
soluble  corrosion  inhibitor  or  biocide.  Generally  however  the  lipophilic  compound  is  intended  to  be  released, 

25  chemically  unchanged,  from  the  beads  in  order  to  serve  as  a  useful  reagent  in  the  fluid  environment  into 
which  it  is  released. 

The  lipophilic  compound  is  a  compound  that  is  soluble  in  refined  or  crude  oil,  and  examples  of  oil- 
containing  environments  into  which  it  is  to  be  released  include  downhole  and  pipeline.  Preferred  lipophilic 
compounds  are  selected  from  wax  deposition  inhibitors,  pour  point  depressants,  demulsifiers,  scale 

30  inhibitors,  corrosion  inhibitors,  biocides,  ashless  dispersants  and  antioxidants. 
The  invention  is  of  particular  value  when  the  lipophilic  compound  is  a  wax  deposition  inhibitor.  Suitable 

materials  are  described  in  U.S.  patents  nos.3,693,720  and  3,854,893  and  particularly  preferred  materials  are 
reaction  products  of  an  olefin  and  maleic  anhydride  with  a  long  chain  (typically  C1G-C28)  aliphatic  alcohols, 
most  preferably  the  behenyl  ester  of  alkenyl  succinic  anhydride  having  a  molecular  weight  of  from  3,000  to 

35  10,000  formed  by  polymerising  a  C22-C28  alphaolefin  with  maleic  anhydride. 
The  following  are  examples  of  the  invention. 

EXAMPLE  1 

40  The  behenyl  half  ester  of  a  C2+-C28  alkenyl  succinic  anhydride  polymer  produced  generally  according 
to  the  procedure  set  forth  for  preparation  of  Polymer  B  disclosed  in  United  States  Patent  3,854,893  was 
supplied  as  a  solution  in  toluene,  and  this  solvent  was  evaporated  to  leave  a  waxy  solid.  This  wax,  i.e.  the 
reagent,  was  insoluble  in  methyl  methacrylate  monomers  at  temperatures  up  to  50  °C.  A  monomer  solution 
containing  the  wax  reagent  was  formed  of  85  g  methyl  methacrylate,  5  g  methacrylic  acid  and  10  g  of  the 

45  wax  by  heating  all  to  65  0  C,  at  which  temperature  the  wax  dissolved  into  the  monomers.  The  resultant 
solution  was  then  dispersed  in  200  g  water  containing  3  g  polyacrylic  acid  (molecular  weight  about  2 
million)  in  a  one  litre  enclosed  vessel  provided  with  a  stirrer  for  controlled  agitation  of  the  contents  within 
the  vessel.  Under  constant  agitation  1g  of  azodiisobutyronitrile  as  the  polymerisation  initiator  was  added. 
Suspension  polymerisation  was  continued  with  constant  agitation  for  two  hours  after  which  time  the  product 

50  within  the  vessel  consisted  of  a  suspension  of  small  polymeric  beads  in  the  aqueous  medium.  These  beads 
were  separated  from  the  aqueous  medium,  washed,  allowed  to  cool  to  ambient  temperature  and  dried  to 
give  free  flowing  beads  of  from  0.2  to  1  mm  in  diameter  with  10%  by  weight  of  the  waxy  ester  polymer 
reagent  dispersed  in  the  polymeric  matrix. 

Since  the  behenyl  ester  wax  reagent  is  very  soluble  in  hexane,  to  demonstrate  the  retardation  of 
55  solubility  by  the  invention  the  produced  beads  were  stirred  in  hexane  at  35  0  C  and  the  amount  of  wax 

released  recorded.  The  following  results  were  obtained. 
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%  of  Total  Wax  Time 
Released  at  35  °  C  Hours 

40  1 
42  2 
45  3 
49  4 
53  5 

10 

EXAMPLE  2 

When  the  above  process  was  repeated  using  10  g  wax  reagent  (as  above  described),  5  g  acrylic  acid,  5 
g  methacrylic  acid  and  80  g  methyl  methacrylate  followed  by  neutralisation  with  sodium  hydroxide 
dispersion,  the  beads  have  a  shell  containing  a  high  proportion  of  sodium  polyacrylate  and  have  slower 
release  properties  compared  to  the  release  properties  of  the  beads  in  Example  1  when  the  polymerisate 
dispersion  was  similarly  neutralised.  In  particular,  after  5  hours  at  35  °C  in  hexane  as  in  Example  1,  only 
25%  of  the  wax  was  released. 

EXAMPLE  3 

The  process  of  Examples  1  and  2  can  be  repeated  effectively  when  using  3  g  low  molecular  weight 
hydroxyethyl  cellulose  (sold  under  the  trade  name  "Natrosol"  250  LR)  in  place  of  the  polyacrylic  acid. 

EXAMPLE  4 

To  demonstrate  the  value  of  providing  the  lipophilic  compound  in  a  micro-dispersion  or  precipitated 
form  within  the  polymer,  as  opposed  to  solution  or  truly  homogeneous  form  within  the  polymer,  the  process 
of  Example  1  can  be  repeated  using  dibutyl  phthalate  (a  plasticiser  for  the  polymer)  in  place  of  the  behenyl 
half  ester.  The  plasticiser  for  the  polymer  will  form  a  true  solution.  Comparison  of  the  release  properties  of 
the  beads  containing  the  plasticiser  with  the  release  properties  of  the  beads  containing  the  behenyl  ester 
demonstrates  the  great  superiority  of  the  beads  containing  the  behenyl  ester  in  that  the  plasticiser  does  not 
diffuse  out  of  the  beads  into  the  hexane  to  any  significant  extent.  The  better  diffusion  of  the  behenyl  ester 
seems  to  be  because  it  is  present  as  micro  dispersion,  as  opposed  to  solution,  in  the  polymeric  matrix. 

Claims 

1.  A  method  of  making  beads  that  comprise  a  polymeric  matrix  formed  from  lipophilic  polymerisable 
material  and  that  contain  a  substantially  water  insoluble  lipophilic  compound  that  will  provide  slow 
release  of  the  lipophilic  compound,  or  a  reagent  that  can  be  liberated  from  the  compound,  into  a  fluid 
environment,  the  method  comprising  forming  a  homogeneous  blend  of  the  lipophilic  compound  in  the 
lipophilic  polymerisable  material  and  subjecting  the  blend  to  bead  polymerisation  while  the  blend  is 
dispersed  as  a  substantially  stable  dispersion  of  beads  in  an  aqueous  medium  containing  a  hydrophilic 
polymerisation  stabiliser  characterised  in  that  the  lipophilic  compound  is  a  reagent  for  release  into  an 
oil  environment  and  is  selected  from  wax  deposition  inhibitors,  pour  point  depressants,  demulsifiers, 
scale  inhibitors,  biocides,  ashless  dispersants  and  antioxidants  and  is  insoluble  in  the  polymerisable 
material  at  25  °  C  but  is  soluble  in  it  at  an  elevated  temperature  which  is  from  50  to  80  °  C  and  has  a 
melting  point  above  25  °C,  the  homogeneous  blend  is  a  solution  of  the  lipophilic  compound  in  the 
polymerisable  material  and  the  blend  is  formed  at  the  said  elevated  temperature  in  the  substantial 
absence  of  non-polymerisable  solvent  for  the  said  compound. 

2.  A  method  according  to  claim  1  in  which  the  solution  is  formed  by  forming  a  mixture  of  the  aqueous 
medium  and  the  lipophilic  compound  at  the  said  elevated  temperature  or  higher  and  then  dispersing 
the  polymerisable  material  into  the  mixture  as  beads  while  maintaining  the  mixture  at  the  said  elevated 
temperature  and  allowing  the  lipophilic  compound  to  diffuse  into  the  beads  from  the  aqueous  medium. 

3.  A  method  according  to  any  preceding  claim  in  which  the  beads  are  stabilised  during  the  polymerisation 
by  incorporating  a  hydrophilic  polymerisable  material  with  the  lipophilic  polymerisable  material. 
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4.  A  method  according  to  claim  3  in  which  the  said  hydrophilic  polymerisable  material  is  methacrylic  acid 
in  an  amount  of  1  to  10%  by  weight  of  polymerisable  material. 

5.  A  method  according  to  any  preceding  claim  in  which  a  hydrophilic  polymeric  shell  is  formed  on  the 
5  beads  during  polymerisation  by  incorporating  hydrophilic  polymerisable  material  in  the  polymerisable 

material  and  by  migration  of  this  hydrophilic  material  to  the  surface  of  the  beads  during  polymerisation. 

6.  A  method  according  to  claim  5  in  which  the  said  hydrophilic  polymerisable  material  is  acrylic  acid  in  an 
amount  of  from  1  to  10%  by  weight  of  the  polymerisable  material. 

10 
7.  A  method  according  to  any  preceding  claim  in  which  the  polymeric  matrix  is  formed  from  80  to  99%  by 

weight  of  polymerisable  material  selected  from  acrylic  alkyl  esters,  styrene  and  acrylonitrile  and  1  to 
20%  by  weight  of  polymerisable  material  is  hydrophilic  monomer. 

is  8.  A  method  according  to  any  preceding  claim  in  which  the  polymeric  matrix  is  formed  from  methyl 
methacrylate  optionally  with  a  lesser  amount  of  styrene,  and  1  to  20%  hydrophilic  monomer  selected 
from  acrylic  acid  and  methacrylic  acid. 

9.  A  method  according  to  any  preceding  claim  in  which  the  polymeric  matrix  is  formed  from  poly- 
20  merisable  material  that  consists  of  80  to  99%  by  weight  methyl  methacrylate,  1  to  10%  by  weight 

methacrylic  acid  and  0  to  10%  by  weight  acrylic  acid. 

10.  A  method  according  to  any  preceding  claim  in  which  the  polymerisable  material  includes  1  to  10%  by 
weight  acrylic  acid. 

25 
11.  A  method  according  to  any  preceding  claim  in  which  the  wax  inhibitor  is  a  behenyl  ester  of  alkenyl 

succinic  anhydride  polymer  having  a  molecular  weight  of  3,000  to  10,000. 

12.  A  method  according  to  any  preceding  claim  in  which  the  wax  inhibitor  is  in  a  microdispersion  in  the 
30  polymeric  matrix. 

13.  A  method  of  releasing  a  reagent  into  an  oil  environment  wherein  the  reagent  is  a  lipophilic  compound 
and  the  method  comprises  contacting  the  oil  environment  with  beads  made  by  a  method  according  to 
any  preceding  claim. 

35 
Revendicatlons 

1.  Une  methode  de  fabrication  des  perles  qui  comprennent  une  matrice  polymere  formee  d'une  matiere 
polymerisable  lipophile  et  qui  contiennent  un  compose  lipophile  substantiellement  insoluble  dans  I'eau, 

40  qui  fournissent  une  liberation  lente  du  compose  lipophile  ou  d'un  reactif  qui  peut  etre  libere  dudit 
compose,  dans  un  environnement  fluide,  la  methode  consistant  a  former  un  melange  homogene  du 
compose  lipophile  dans  la  matiere  polymerisable  lipophile  et  a  soumettre  le  melange  a  une  polymerisa- 
tion  en  perles  pendant  que  le  melange  est  disperse  sous  la  forme  d'une  dispersion  de  perles 
substantiellement  stable  dans  un  milieu  aqueux  contenant  un  stabilisant  de  polymerisation  hydrophile, 

45  caracterisee  en  ce  que  le  compose  lipophile  est  un  reactif  a  liberer  dans  un  environnement  huileux  et 
est  selectionne  parmi  les  inhibiteurs  de  depot  de  cire,  les  depressants  du  point  de  figeage,  les 
demulsifiants,  les  agents  antitartres,  les  biocides,  les  dispersants  sans  cendres  et  les  antioxydants  et 
est  insoluble  dans  la  matiere  polymerisable  a  25  °C  mais  est  soluble  dans  celle-ci  a  une  temperature 
elevee  qui  est  de  50  a  80  °C  et  a  un  point  de  fusion  superieur  a  25  °C,  le  melange  homogene  est  une 

50  solution  du  corn-pose  lipophile  dans  la  matiere  polymerisable  et  le  melange  est  forme  a  ladite 
temperature  elevee  en  I'absence  substantielle  de  solvant  non  polymerisable  dudit  compose. 

2.  Une  methode  selon  la  revendication  1  ,  selon  laquelle  la  solution  est  formee  en  formant  un  melange  du 
milieu  aqueux  et  du  compose  lipophile  a  ladite  temperature  elevee  ou  a  une  temperature  superieure  et 

55  en  dispersant  ensuite  la  matiere  polymerisable  dans  le  melange  sous  la  forme  de  perles  tout  en 
maintenant  le  melange  a  ladite  temperature  elevee  et  en  permettant  au  compose  lipophile  de  diffuser 
dans  les  perles  a  partir  du  milieu  aqueux. 
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3.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  les  perles  sont 
stabilisees  durant  la  polymerisation  par  incorporation  d'une  matiere  polymerisable  hydrophile  avec  la 
matiere  polymerisable  lipophile. 

5  4.  Une  methode  selon  la  revendication  3,  selon  laquelle  ladite  matiere  polymerisable  hydrophile  est  I'acide 
methacrylique  en  quantite  de  1  a  10  %  en  poids  de  matiere  polymerisable. 

5.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  une  enveloppe 
polymere  hydrophile  est  formee  sur  les  perles  durant  la  polymerisation  par  incorporation  de  la  matiere 

io  polymerisable  hydrophile  dans  la  matiere  polymerisable  et  par  migration  de  cette  matiere  hydrophile  a 
la  surface  des  perles  durant  la  polymerisation. 

6.  Une  methode  selon  la  revendication  5,  selon  laquelle  ladite  matiere  polymerisable  hydrophile  est  I'acide 
acrylique  en  quantite  de  1  a  10  %  en  poids  de  la  matiere  polymerisable. 

15 
7.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  la  matrice 

polymere  est  formee  de  80  a  99  %  en  poids  de  matiere  polymerisable  selectionnee  parmi  les  esters 
alkyliques  de  I'acide  acrylique,  le  styrene  et  I'acrylonitrile  et  de  1  a  20%  en  poids  de  matiere 
polymerisable  constitue  par  le  monomere  hydrophile. 

20 
8.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  la  matrice 

polymere  est  formee  de  methacrylate  de  methyle  eventuellement  avec  une  quantite  moindre  de 
styrene,  et  de  1  a  20  %  de  monomere  hydrophile  selectionne  parmi  I'acide  acrylique  et  I'acide 
methacrylique. 

25 
9.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  la  matrice 

polymere  est  formee  de  matiere  polymerisable  qui  est  constitute  de  80  a  99  %  en  poids  de 
methacrylate  de  methyle,  1  a  10  %  en  poids  d'acide  methacrylique  et  de  0  a  10  %  en  poids  d'acide 
acrylique. 

30 
10.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  la  matiere 

polymerisable  inclut  1  a  10  %  en  poids  d'acide  acrylique. 

11.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  I'inhibiteur  cireux 
35  est  un  polymere  de  Tester  behenylique  de  I'anhydride  alcenylsuccinique  ayant  un  poids  moleculaire  de 

3  000  a  10  000. 

12.  Une  methode  selon  I'une  quelconque  des  revendications  precedentes,  selon  laquelle  I'inhibiteur  de  cire 
est  dans  une  micro-dispersion  dans  la  matrice  polymere. 

40 
13.  Une  methode  de  liberation  d'un  reactif  dans  un  environnement  huileux  selon  laquelle  le  reactif  est  un 

compose  lipophile  et  la  methode  comprend  la  mise  en  contact  de  I'environnement  huileux  avec  les 
perles  preparees  par  une  methode  selon  I'une  quelconque  des  revendications  precedentes. 

45  Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Perlen,  die  eine  polymere  Matrix  umfassen,  welche  aus  lipophilem 
polymerisierbarem  Material  gebildet  wird  und  die  eine  im  wesentlichen  wasserunlosliche  lipophile 
Verbindung  enthalten,  die  eine  langsame  Abgabe  der  lipophilen  Verbindung  oder  eines  Reagenz,  das 

50  aus  der  Verbindung  in  eine  flie/Sbare  Umgebung  freigesetzt  werden  kann,  ermoglichen,  wobei  das 
Verfahren  die  Bildung  einer  homogenen  Mischung  der  lipophilen  Verbindung  in  dem  lipophilen 
polymerisierbaren  Material  und  die  Perlpolymerisation  der  Mischung  umfa/St,  wobei  die  Mischung  als 
eine  im  wesentlichen  stabile  Dispersion  von  Perlen  in  einem  flussigen  Medium  dispergiert  ist,  das  einen 
hydrophilen  Polymerisationsstabilisator  enthalt,  dadurch  gekennzeichnet,  da/S  die  lipophile  Verbindung 

55  ein  Reagenz  zur  Abgabe  in  eine  olige  Umgebung  darstellt  und  ausgewahlt  wird  von 
Wachsablagerungs-lnhibitoren,  Flie/Spunktemiedrigungsmitteln,  Demulgatoren,  Abblatterungs-lnhibito- 
ren,  Bioziden,  aschelosen  Dispersionsmitteln  und  Antioxidantien,  und  in  dem  polymerisierbaren  Material 
bei  25°  C  unloslich  ist,  jedoch  in  diesem  bei  einer  erhohten  Temperatur  von  50  bis  80  °  C  loslich  ist 
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und  einen  Schmelzpunkt  von  mehr  als  25°  C  hat,  wobei  die  homogene  Mischung  eine  Losung  der 
lipophilen  Verbindung  in  dem  polymerisierbaren  Material  ist,  und  die  Mischung  bei  genannter  erhohter 
Temperatur  im  wesentlichen  in  Abwesenheit  von  einem  nicht  polymerisierbaren  Losungsmittel  fur  die 
genannte  Verbindung  gebildet  wird. 

5 
2.  Verfahren  nach  Anspruch  1,  worin  die  Losung  durch  Herstellen  einer  Mischung  des  wassrigen 

Mediums  und  der  lipophilen  Verbindung  bei  der  genannten  erhohten  Temperatur  oder  einer  hoheren 
und  dem  nachfolgendem  Dispergieren  des  polymerisierbaren  Material  in  einer  Mischung  als  Perlen 
gebildet  wird,  wobei  die  Mischung  bei  der  genannten  erhohten  Temperatur  gehalten  wird  und  die 

io  lipholile  Verbindung  aus  dem  wassrigen  Medium  in  die  Perlen  hinein  diffundieren  kann. 

3.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  die  Perlen  wahrend  der  Polymerisation 
durch  Einbringen  eines  hydrophilen  polymerisierbaren  Materials  mit  dem  lipophilen  polymerisierbaren 
Material  stabilisiert  werden. 

15 
4.  Verfahren  nach  Anspruch  3,  worin  das  genannte  hydrophile  polymerisierbare  Material  Methacrylsaure  in 

einer  Menge  von  1  bis  10  Gew.-%  des  polymerisierbaren  Materials  ist. 

5.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  eine  hydrophile  polymerisierbare  Hulle 
20  auf  den  Perlen  wahrend  der  Polymerisation  durch  Einbringen  eines  hydrophilen  polymerisierbaren 

Materials  in  das  polymerisierbare  Material  und  durch  Wanderung  dieses  hydrophilen  Materials  an  die 
Oberflache  der  Perlen  wahrend  der  Polymerisation  gebildet  wird. 

6.  Verfahren  nach  Anspruch  5,  worin  das  genannte  hydrophile  polymerisierbare  Material  Acrylsaure  in 
25  einer  Menge  von  1  bis  10  Gew.-%  des  polymerisierbaren  Materials  ist. 

7.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  die  polymere  Matrix  aus  80  bis  99  Gew.- 
%  eines  polymerisierbaren  Materials,  ausgewahlt  von:  Acrylsaurealkylester,  Styrol  und  Acrylnitril, 
gebildet  wird  und  1  bis  20  Gew.-%  des  polymerisierbaren  Materials  ein  hydrophiles  Monomer  ist. 

30 
8.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  die  polymere  Matrix  aus  Methylmethacry- 

lat,  gegebenenfalls  mit  einer  geringeren  Menge  an  Styrol,  und  1  bis  20  %  eines  hydrophilen 
Monomers,  ausgewahlt  von  Acrylsaure  und  Methacrylsaure,  gebildet  wird. 

35  9.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  die  polymere  Matrix  aus  einem  polymeri- 
sierbaren  Material  gebildet  wird,  das  aus  80  bis  99  Gew.-%  Methylmethacrylat,  1  bis  10  Gew.-% 
Methacrylsaure  und  0  bis  10  Gew.-%  Acrylsaure  besteht. 

10.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  das  polymerisierbare  Material  1  bis  10 
40  Gew.-%  Acrylsaure  umfa/St. 

11.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  der  Wachs-lnhibitor  ein  Behenylester 
eines  Alkenylbernsteinsaureanhydrid-Polymers  mit  einem  Molekulargewicht  von  3.000  bis  10.000  ist. 

45  12.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  der  Wachs-lnhibitor  in  einer  Microdisper- 
sion  in  der  polymeren  Matrix  vorliegt. 

13.  Verfahren  zur  Abgabe  eines  Reagenz  an  eine  olige  Umgebung,  worin  das  Reagenz  eine  lipophile 
Verbindung  ist  und  das  Verfahren  den  Kontakt  der  oligen  Umgebung  mit  den  Perlen,  die  entsprechend 

50  dem  Verfahren  nach  einem  der  vorhergehenden  Anspruche  hergestellt  wurden,  umfa/St. 

55 
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