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Description 

[0001]  This  invention  relates  to  automatic  controllers 
having  optical  analyzer  means,  in  combination  with  pol- 
ymer  processing  and  delivery  systems,  and  more  par- 
ticularly  to  automatic  controllers  having  analyzer  mod- 
ules  which  are  capable  of  automatically  monitoring  and 
controlling  aqueous  polymer  compositions  with  hydro- 
carbon  concentrations  of  polymer  or  polymer  gel  con- 
stituents  produced  by  the  polymer  processing  and  de- 
livery  system. 
[0002]  For  convenience  of  expression,  the  word  "pol- 
ymer"  is  used  herein  to  cover  all  suitable  polymer  sys- 
tems  without  regard  as  to  what  they  can  do  or  are  actu- 
ally  processing.  In  greater  detail,  the  inventive  analyzer 
may  be  used  in  many  fields,  to  test  and  analyze  many 
polymer  products.  These  polymers  include-but  are  not 
necessarily  limited  to-synthetically  and  naturally  occur- 
ring  polymers  used  in  charge  neutralization,  coagula- 
tion,  flocculation,  and  emulsification  applications.  An- 
other  particularly  useful  application  of  the  invention  is  in 
the  dairy  industry  where  butter  fat  is  first  removed  and 
then  back  blended  into  milk.  These  and  similar  polymers 
are  blended,  activated  or  otherwise  processed  in  many 
different  systems. 
[0003]  As  a  general  description,  a  polymer  can  be  de- 
fined  as  a  chemical  compound  made  up  of  repeating 
structural  units  which  are  comprised  mainly  of  carbon 
and  hydrogen.  The  structural  units,  or  monomers,  are 
linked  together  to  form  long  chains  in  a  process  called 
"polymerization".  If  the  monomers  are  positively 
charged,  the  polymer  is  referred  to  as  "cation  ic"  be- 
cause  it  migrates  to  a  cathode.  A  typical  cationic  poly- 
mer  contains  positively  charged  nitrogen  ions  on  some 
or  all  of  its  repeating  units.  When  the  polymer  is  com- 
prised  of  negatively  charged  units,  it  is  termed  "anionic", 
again  because  it  migrates  to  an  anode.  An  anionic  pol- 
ymer,  for  example,  may  get  its  charge  from  negatively 
charged  oxygen  ions.  If  the  net  charge  on  the  polymer 
is  zero,  it  is  described  as  "nonionic".  A  nonionic  polymer 
can  result  from  either  an  equal  combination  of  negative 
and  positive  units  or  from  an  absence  of  charged  groups 
along  its  chain. 
[0004]  If  a  polymer  is  made  up  of  only  one  type  of  re- 
peating  unit,  or  monomer,  it  is  a  "homopolymer".  If  two 
types  of  monomer  uniformly  alternate  along  a  polymer 
backbone,  it  is  a  "copolymer".  The  number  and  type  of 
repeating  units  comprising  a  polymer  molecule  deter- 
mine  its  molecular  weight.  Since  many  monomer  units 
are  required  to  make  up  a  polymer,  these  weights  may 
be  very  high,  ranging  from  ten  thousand  to  more  than 
ten  million. 
[0005]  "Gels"  are  colloidal  suspensions  in  which  the 
dispersed,  natural  or  synthetic  polymer  phase,  has  com- 
bined  with  the  continuous,  aqueous,  phase  to  produce 
a  semi-solid  material.  Gels  are  also  fluid-like  colloidal 
systems  having  long-chain,  nitrogen-containing,  macro- 
molecules  in  a  semi-solid  form.  "Emulsions"  are  disper- 

sions  of  high-solids  synthetic  polymer  gels  in  hydrocar- 
bon  oil.  All  solid  synthetic  polyelectrolytes  result  from 
differences  in  a  processing  of  a  polymer  prepared  in 
aqueous  solutions,  or  in  an  aqueous  phase  of  suspen- 

5  sion.  The  synthesis  results  in  a  rigid,  tough,  rubbery  gel. 
Processing  the  tacky  gel  particles,  with  heat,  produces 
the  "dry"  or  "powder"  solid  polyelectrolyte  product. 
[0006]  In  general,  an  activation  of  liquid  polymers  is  a 
compound/complex  continuum  of  multistage  organic 

10  chemical  reactions.  Depending  on  the  characteristic  of 
the  polymer,  the  activation  may  require  one  or  more  dis- 
tinctive  and  successive  stages. 
[0007]  Liquid  emulsion  polymer  or  micro  emulsion 
polymer  (whether  25%  to  40%  active  inverse-emul- 

15  sions,  or  50%  to  70%  active  dispersions)  require  two  dis- 
tinct  processing  steps  to  completely  activate  the  aque- 
ous  polymer  solution  product.  These  two  steps  are  in- 
version  and  aging.  In  the  inversion  phase,  polymer 
processing  systems  "break"  the  emulsion  by  subjecting 

20  the  mixture  of  high-active-solids  polymer  gel  particles  to 
high-energy,  high  shear,  pressure  and  mixing  gradient 
forces  which  instantaneously  disperse  the  continuous 
oil  phase  and  release  the  discontinuous  polymer  gel 
particles,  thereby  freeing  the  polymer  to  dissolve  in  the 

25  dilution  waterthrough  hydration  and  molecular  diffusion. 
In  the  aging  step,  the  liberated  polymer  particles  are  al- 
lowed  to  hydrate  and  diffuse,  in-line  or  in  specially  de- 
signed  holding  tanks. 
[0008]  Solution  polymers  (whether  2%  to  7%  high  mo- 

30  lecular  weight  active  or  5%  to  60%  low  molecular  weight 
active)  may  require  only  one  processing  step.  The  high 
turbulence  high  energy  blending  associated  with  the 
above-mentioned  systems  are  usually  enough  to  pro- 
vide  an  active  in-line  homogenous  aqueous  polymer  so- 

35  lution. 
[0009]  The  ideal  polymer  processing  system  should 
perform  at  least  two  functions.  (1)  It  should  provide  an 
active  and  homogenous  polymer  solution  and;  (2) 
should  maintain  a  desirable  relationship  (ratio)  between 

40  the  volume  of  solvent  or  diluent  (water)  and  the  volume 
of  polymer  (solute).  Additionally  this  relationship  or  ratio 
should  be  adjustable  over  a  usable  range.  The  polymer 
particles  and  associated  constituents  in  a  ratio  with  the 
aqueous  diluent,  form  a  polymer  composition  which  is 

45  the  "concentration"  of  the  solution. 
[001  0]  The  concentration  of  the  polymer  solution  is  an 
important  aspect.  Too  great  a  concentration  causes  a 
polymer  overdose  result  with  a  negative  effect.  Too 
small  a  concentration  causes  a  polymer  underdose  that 

so  has  a  similar  negative  effect.  Therefore,  it  is  extremely 
important  to  maintain  the  proper  dosage  range  when  ap- 
plying  a  polymer.  Controlling  the  concentration  of  the 
polymer  is  one  important  variable. 
[0011]  Another  aspect  of  maintaining  proper  polymer 

55  concentration  involves  the  "breaking"  or  inversion  of  an 
emulsion  type  polymer.  Too  great  a  dilution  results  in  a 
low  concentration  which  might  wash  away  necessary  in- 
verting  agents  called  "activators"  or  "surfactants"  which 
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are  useful  in  emulsifying  hydrocarbon  carriers.  At  the 
start  of  the  polymer  processing  procedure,  the  concen- 
tration  of  a  polymer  solution  is  established  by  setting  the 
diluent  flow  rate  and  the  polymer  flow  rate  at  a  desired 
ratio.  For  example,  a  1  %  solution  concentration  setpoint 
is  established  by  rationing  1  part  of  polymer  to  1  00  parts 
of  diluent.  (Polymer  to  Water  1  :  1  00) 
[0012]  An  ideal  analyzer  should  continuously  sense 
the  polymer  particles  and  associated  constituents  freed 
in  the  aqueous  medium  and  should  provide  pertinent 
concentration  information.  If  the  sensed  concentration 
begins  to  depart  from  the  desired  setpoint,  signals  from 
the  analyzer  should  be  fed  back  to  adjust  the  polymer 
processing  system.  While  the  system  is  being  so  adjust- 
ed,  the  analyzer  should  monitor  to  avoid  over  correction. 
When  the  polymer  mixture  approaches  the  desired  con- 
centration  setpoint,  the  process  should  be  stabilized  and 
then  maintained  there. 
[0013]  Other  polymer  fluids,  liquids,  gels  and  the  like 
have  similar  problems  which  may  be  addressed  by  the 
invention.  For  example,  milk  and  milk  products  may  also 
be  monitored  continuously  by  the  invention.  Thus,  for 
example,  during  processing,  milk  is  first  separated  from 
its  butter  fat  and  then  the  butter  fat  is  blended  back  into 
the  milk  at  the  appropriate  concentrations.  This  process 
may  be  monitored  or  controlled  by  the  invention. 
[0014]  In  the  inventive  system,  a  sensor  manifold  as- 
sembly  or  sample  block  or  sample  chamber  (hereinafter 
"sample  chamber")  may  be  either  a  stand  alone  compo- 
nent  or  a  part  of  another  assembly,  such  as  a  premix 
manifold.  The  sample  chamber  can  be  installed  to  ac- 
cept  either  a  full  process  flow  or  a  partial  process  or  a 
bypass  flow.  These  alternatives  give  great  flexibility  as, 
for  example,  when  adding  the  inventive  module  for  au- 
tomatically  controlling  polymer  processing  to  an  existing 
system  while  retrofitting  an  installation. 
[0015]  In  one  instance  the  sample  chamber  may  be 
placed  downstream  of  the  polymer  processing  system 
at  a  cascaded  location  after  the  primary  solution  has 
been  blended  or  inverted,  etc.  and  where  there  may  be 
further  dilution  by  way  of  secondary  or  tertiary  dilutions. 
Also,  by  way  of  another  example,  the  module  for  auto- 
matically  controlling  the  polymer  processing  system  can 
be  used  in  the  well  known  cascade  control  fashion  by 
monitoring  the  polymer  solution  as  it  exits  in  a  holding 
vessel  or  aging  tank  in  order  to  provide  a  consistence 
of  polymer  concentration  which  heretofore  has  been  un- 
heard  of.  This  is  particularly  useful  in  processes  like  pa- 
per  making  where  the  polymer  is  critical  to  the  wet  end 
chemistry  of  the  paper  machines. 
[001  6]  Accordingly,  an  object  of  the  invention  is  to  pro- 
vide  new  and  novel  concentration  analyzers  for  many 
types  of  polymer  liquids.  Here,  an  object  is  to  provide  a 
continuous  sensing  of  the  concentration  of  a  polymer 
liquid,  semi-liquid,  gel  or  the  like.  In  this  connection,  an 
object  is  to  provide  an  analyzer  for  a  polymer  processing 
system  where  the  solution  concentration  is  monitored 
and  maintained  to  a  desired  setpoint. 

[0017]  Another  object  of  the  invention  is  to  provide  a 
polymer  production  system  which  may  be  monitored 
and  adjusted  continuously.  Here,  an  object  is  to  feed 
back  signals  to  adjust  the  system  in  real  time  and  as 

5  required. 
[0018]  In  US-A-4857750,  there  is  disclosed  an  optical 
analyzer  and  a  developer  recirculation  system  for  deter- 
mining  the  amount  of  photoresist  polymer  dissolved  in 
a  quantity  of  developer  solution.  A  sensor  output  signal 

10  is  utilized  by  a  control  computer  to  control  the  admission 
of  fresh  developer  solution  to  replace  used  developer 
and  maintain  a  fixed  level  of  dissolved  photoresist  pol- 
ymer  to  keep  the  developer  bath  at  a  fixed  level  of  chem- 
ical  activity. 

is  [0019]  In  WO-89/05973,  there  is  disclosed  a  multipur- 
pose  on-line  system  for  monitoring  the  concentration 
and/or  the  total  amount  of  an  organic  or  inorganic  spe- 
cies  in  an  aqueous  solution.  The  on-line  detection  sys- 
tem  comprises  a  detection  column  and  a  sensor  mount- 

20  ed  around  the  detection  column.  The  sensor  consists  of 
an  electromagnetic  radiation  source,  typically  a  light 
source,  and  an  appropriate  detector  for  the  electromag- 
netic  radiation.  The  response  from  the  detector  drives 
an  electric  circuit  which  provides  a  signal  to  a  recorder 

25  as  well  as  a  means  to  trip  an  alarm  system  and/or  a  proc- 
ess  system. 
[0020]  In  US-A-4976871  ,  there  is  disclosed  a  contin- 
uous  monitor  for  determining  the  effective  performance 
of  a  f  locculant  used  to  dewater  a  sludge  stream,  in  wh  ich 

30  a  voltage  waveform  of  water  clarity,  generated  by  a  sen- 
sor  opposed  to  a  light  beam  transmitted  across  the 
stream,  is  digitized  by  a  comparator.  The  comparator  is 
insensitive  to  sludge  flow  rate. 
[0021]  In  WO-86/06483,  there  is  disclosed  a  device 

35  for  following  the  product  concentration  of  products  hav- 
ing  milk  as  raw  material  or  fluids  containing  such  prod- 
ucts  by  means  of  a  reflection  method.  The  device  is  par- 
ticularly  adapted  for  following  the  milk  concentration  in 
the  product  flow  or  washing  water  of  dairy  pipe  line  sys- 

40  terns  and  especially  to  give  the  required  interface  infor- 
mation  for  the  process  control. 
[0022]  The  device  comprises  a  detector  element  in- 
tended  to  be  fitted  in  connection  with  a  light  transmitting 
portion  of  a  pipe  containing  said  product,  the  detector 

45  element  comprising  a  light  emitter  and  a  light  receiver, 
and  an  electronics  portion  for  controlling  the  function  of 
the  light  emitter  and  for  treating  signals  received  by  the 
light  receiver.  The  light  emitter  is  advantageously  posi- 
tioned  at  an  angle  of  approx.  30-50°  with  respect  to  the 

so  light  receiver. 
[0023]  The  present  invention  in  one  aspect  provides 
an  automatic  controller  having  optical  analyzer  means, 
in  combination  with  a  polymer  processing  and  delivery 
system  for  continuously  controlling  production  of  a  pol- 

55  ymer/electrolyte  solution  in  said  system  when  operating, 
the  optical  analyzer  means  comprising: 

a  sensor  for  continuously  monitoring  the  concentra- 
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tion  of  polymer  solids  in  said  electrolyte  and  for  con- 
trolling  the  polymer  solids  concentration  of  said  pol- 
ymer  in  said  electrolyte  solution  at  least  while  the 
system  is  in  operation; 

characterised  in  that  said  sensor  comprises: 

a  sample  chamber  coupled  to  continuously  receive 
and  at  all  times  contain  an  instantaneous  sample  of 
said  polymer/electrolyte  solution  product; 
means  for  emitting  coherent  light  with  a  controlled 
amplitude  and  frequency  into  said  sample  chamber, 
said  light  energy  being  scattered  and  absorbed  by 
polymer  material  dispersed  throughout  the  instan- 
taneous  sample  within  the  sample  chamber  ;  and 
optical  receiver  means  for  measuring  the  amount  of 
said  coherent  light  energy  received  after  said  light 
passes  through  said  instantaneous  sample,  said 
optical  receiver  means  being  adjustably  located  op- 
posite  the  light  emitting  means  ; 
and  in  that  said  optical  analyzer  means  has  means 
for  converting  an  output  from  said  receiver  means 
into  a  usable  process  control  signal  for  controlling 
said  polymer  system  in  order  to  maintain  a  desired 
concentration  setpoint  in  said  liquid. 

[0024]  The  automatic  controller  may  further  comprise 
means  responsive  to  said  usable  process  signal  for  dis- 
playing  a  readout  in  terms  of  at  least  a  percent  of  poly- 
mer  concentration  and  active  polymer  solids. 
[0025]  The  automatic  controller  may  further  comprise 
feedback  control  loop  means  for  providing  a  feedback 
signal  for  adjusting  a  polyelectrolyte  in  said  concentra- 
tion,  and  means  responsive  to  said  feedback  signal  in 
said  feedback  control  loop  means  for  controlling  the  pol- 
ymer  processing  and  delivery  system. 
[0026]  The  coherent  light  energy  may  be  selected 
from  a  range  extending  from  visible  to  infrared  light. 
[0027]  The  polymer  may  be  in  an  emulsification, 
blended,  activated,  gel  or  processed  polymer  state. 
[0028]  The  polymer  may  be  a  dairy  product. 
[0029]  The  coupling  of  said  sample  chamber  may  be 
a  coupling  for  giving  a  partial  flow,  a  bypass  flow,  a  full 
flow  or  a  cascaded  flow  of  said  polymer  solution  product. 
[0030]  The  continuous  flow  of  said  polymer  solution 
product  may  flow  in  the  range  of  30  to  300  cm/sec  (1  to 
10  ft/sec)  or  the  range  of  9  to  762  cm/sec  (0.3  to  25.0 
ft/sec). 
[0031]  The  means  for  emitting  and  means  for  receiv- 
ing  said  coherent  light  may  be  each  set  at  an  angle  in 
the  range  of  0°-60°  relative  to  a  setting  in  which  said 
means  are  at  180°  relative  to  one  another. 
[0032]  The  automatic  controller  may  further  comprise 
supply  means  for  delivering  power  to  and  for  shutting 
down  said  power  to  said  means  for  emitting  coherent 
light  responsive  to  an  occurrence  of  a  destructive  volt- 
age  spike. 
[0033]  The  controller  may  further  comprise  means  for 

protecting  a  light  diode  if  said  diode  is  incorrectly  con- 
nected  or  disconnected  with  a  power  supply  which  may 
generate  voltage  spikes. 
[0034]  The  controller  may  further  comprise  fibre  opti- 

5  cal  cables  for  connecting  said  means  for  emitting  and 
receiving  coherent  light  in  order  to  locate  said  means 
away  from  a  hot  sample  chamber. 
[0035]  The  means  for  emitting  said  coherent  light  may 
emit  coherent  laser  light,  monochromatic  light,  or  a  light 

10  with  marginal  coherency. 
[0036]  The  means  for  emitting  said  coherent  light  may 
emit  light  in  the  range  of  660-680mm  and  consisting  of 
coherent  laser  light,  monochromatic  light,  or  a  light  with 
marginal  coherency. 

is  [0037]  The  means  for  receiving  coherent  light  may  be 
a  cadmium  sulfide  photoresistor  and  a  photosilicon  di- 
ode. 
[0038]  Thus,  the  controller  of  the  invention  operates 
by  emitting  a  controlled  amplitude  and  frequency  of  co- 

20  herent  light  (laser)  energy  which  is  scattered  and  ab- 
sorbed  by  the  monitored  material  dispersed  throughout 
an  instantaneous  aqueous  sample  of  a  monitored  ma- 
terial  flowing  continuously  through  a  cross  section  of  a 
sample  chamber.  The  source  of  light  energy  is  located 

25  an  adjustable  distance  from  one  side  of  the  sample 
chamber.  An  optical  receiver  (a  photoresistor  with  a  se- 
lectable  filter)  measures  the  amount  of  light  received  on 
the  other  side  of  the  sample  chamber.  An  output  signal 
of  the  receiver  may  be  converted  into  a  usable  process 

30  signal.  This  signal  is  then  transmitted  as  an  input  control 
signal  to  a  process  controller  (microprocessor  or  micro- 
computer).  The  process  controller  display  can  be  con- 
figured  to  read  in  any  suitable  terms,  such  as  percent 
concentration,  active  polymer  solids  or  any  other  rele- 

ts  vant  engineering  unit  or  scale.  Of  course,  the  receiver 
output  signal  may  also  be  input  to  any  suitable  controls 
of  any  other  suitable  polymer  system,  such  as  in  a  dairy 
industry  application. 
[0039]  When  the  monitored  system  has  feedback,  the 

40  receiver  output  may  be  applied  through  a  feedback  con- 
trol  loop  so  that  the  process  controller  may  be  pro- 
grammed  to  proportionally  monitor  and  adjust  a 
processing  system  such  as  a  polyelectrolyte  concentra- 
tion  by  automatically  controlling  the  polymer  processing 

45  and  delivery  system  itself. 
[0040]  A  preferred  embodiment  of  the  invention  is 
shown  in  the  attached  drawing,  wherein: 

Fig.  1  is  a  pictorial  representation  of  the  mechanical 
so  aspects  of  a  system  incorporating  the  invention; 

Fig.  2  is  a  cross  sectional  view  of  the  inventive  sen- 
sor  in  connection  with  a  sample  chamber; 
Fig.  3  pictorially  shows  how  the  inventive  sensor 
and  sample  chamber  is  connected  into  a  polymer 

55  processing  system,  such  as  that  shown  in  Fig.  1  ; 
Fig.  4  is  a  block  diagram  of  the  inventive  system; 
Fig.  5  schematically  shows  alternative  ways  of  con- 
necting  the  inventive  module  into  a  polymer  flow 

so 

55 

4 



7 EP  0  581  405  B1 8 

system; 
Fig.  6  schematically  shows  a  cascade  coupling  of 
the  inventive  module;  and 
Fig.  7  graphically  illustrates  how  the  angular  dis- 
placement  between  a  laser  light  source  and  a  de-  s 
tector  may  be  varied. 

[0041]  Broadly  a  polymer  processing  system  (Fig.  1  ) 
has  polymer  and  water  intake  ports  20,  22,  respectively. 
The  polymer  and  water  are  mixed  in  any  suitable  and  10 
known  way  and  then  fed  through  a  mixing  pressure  reg- 
ulator  24.  Various  mechanical  control  handles  26,  28, 
30  may  be  manually  adjusted  as  may  be  required. 
These  adjustments  may  be  purely  mechanical  (as  open- 
ing  or  closing  valves);  or,  they  may  be  settings  of  adjust-  15 
ments  on  electrical  controls/actuators. 
[0042]  On  control  panel  32,  various  electrical  switch- 
es  or  the  like  may  be  used  to  program  the  system.  As 
here  shown,  by  way  of  example  only,  the  panel  provides 
a  variable  speed  control.  Almost  any  kind  of  adjustable  20 
device  may  be  accommodated.  The  inventive  sensor 
sample  chamber  34  is  here  shown,  by  way  of  example 
at  the  inlet  port  of  the  mixing  pressure  regulator  24  to 
continuously  monitor  the  solids  content  of  the  fluid  flow- 
ing  to  the  mixing  pressure  regulator  24.  Alternative  lo-  25 
cations  36,  36  might  place  the  inventive  controller/sen- 
sor  at  the  output  of  the  system  while  another  location 
might  be  on  the  recycle  leg  of  the  polymer  mixing  loop. 
The  controller/sensor  may  also  be  located  at  any  other 
suitable  location  in  the  system.  30 
[0043]  Fig.  4  shows  a  block  diagram  of  the  electronic 
controls  for  the  inventive  system.  The  electronic  mod- 
ules  depicted  in  Fig.  4  are  located  in  the  main  control 
panel  32  of  the  system  described  in  Fig.  1  .  Most  of  the 
polymer  processing  system  of  Fig.  1  is  generally  shown  35 
in  the  lower  left-hand  corner  of  Fig.  4. 
[0044]  Three  elements  form  the  essence  of  the  auto- 
matic  polymer  solution  controller  system: 

a  sample  chamber,  sensor  manifold  assembly  or  40 
sample  block; 
an  electronic  module;  and 
a  process  controller. 

[0045]  The  sample  chamber  or  sensor  manifold  as-  45 
sembly  34  (Fig.  2)  has  a  flow  chamber  40,  in  a  housing 
with  a  transparent  viewing  port  42,  a  selective  light  filter 
44,  a  cadmium  sulfide  (CdS)  photoresistor  46,  and  a  co- 
herent  light  source  (semiconductor  laser)  emitter  49. 
The  assembly  of  Fig.  2  has  threaded  ports  which  accept  so 
diode  assembly  48,  and  resistor  lens  detector  assembly 
50. 
[0046]  The  laser  diode  assembly  48  incorporates  a 
semiconductor  diode  49,  heat  sink,  lens,  static  shielding 
and  pin  connector  housed  in  a  cylindrical  threaded  body  55 
designed  for  ease  of  removal  from  the  sample  cell.  One 
exemplary  laser  diode  49  produces  light  which  has  a  vis- 
ible  light  wave  length  of  p  =  670  nm.  Depending  on  the 

type  of  laser  used,  wavelengths  can  vary  from  approxi- 
mately  300  nm  through  infrared  (>  700  nm).  In  one  ex- 
ample,  a  laser  diode  with  a  wavelength  of  780  nm  may 
be  used  in  conjunction  with  a  photodiode  detector  (i.e., 
a  silicon  photocell)  to  take  full  advantage  of  polymer 
compositions  that  respond  favorably  to  the  infrared 
spectrum.  In  another  example,  an  ion  laser  operating  at 
514  nm  may  be  used  for  polymer  compositions  which 
respond  favorably  to  this  wavelength.  For  both  exam- 
ples,  the  appropriate  lasers  would  be  fitted  for  use  in  the 
module  for  automatically  controlling  the  polymer  sys- 
tem. 
[0047]  The  laser  light  is  by  far  the  most  efficient  way 
of  reading  through  the  polymer  solution.  However,  at  the 
margin  of  utility  and  for  some  polymer  solutions,  white 
light  may  be  used  instead  of  the  laser  light.  Therefore, 
for  the  convenience  of  expression,  the  term  "coherent" 
light  is  to  be  construed  as  any  light  suitable  for  a  partic- 
ular  polymer  solution. 
[0048]  The  sample  chamber  (Fig.  2)  may  be  installed 
to  use  either  a  bypass  (Fig.  5A),  a  partial  flow  (Fig.  5B) 
or  a  full  and  unrestricted  solution  flow  (Fig.  5C),  depend- 
ing  on  its  relative  location  in  and  the  nature  of  the  poly- 
mer  processing  system  (Fig.  1  ).  Fig.  6  shows  the  inven- 
tive  module  at  a  cascaded  location  downstream  of  a 
mixing  tank.  The  output  in  any  of  the  connections  of 
Figs.  5  or  6  may  be  either  part  of  a  feedback  loop  or  the 
output  of  the  system.  The  flow  of  a  polymer  solution 
through  sample  chamber  34  (Fig.  2)  has  to  be  fast 
enough  to  respond  to  process  changes  and  slow 
enough  so  as  not  to  cause  an  undue  turbulence  and  thus 
to  prevent  an  efficacious  reading. 
[0049]  Fig.  3  shows  one  example  of  a  connection  of 
the  sample  chamber  assembly  into  the  polymer 
processing  system.  In  greater  detail,  a  pipe  54  leads 
from  a  polymer  mixing  chamber  53  (Fig.  1  )  into  the  sam- 
ple  chamber  housing  34  and  pipe  52  leads  from  the 
housing  34  to  the  pressure  regulator  24  so  that  the  pol- 
ymer  solution  flows  through  the  sensor  chamber  hous- 
ing  34  during  normal  processing.  The  inside  diameter  of 
the  flow  chamber  34  can  range  from  0.302"  to  more  than 
12.0"  and  flows  can  range  from  .25  gpm  to  5000  gpm. 
Typically,  a  sample  cell  will  be  designed  for  a  flow  ve- 
locity  of  1  to  10/ft  sec.  However,  a  range  of  0.3  to  25.0 
ft/sec,  or  more,  is  possible  depending  on  the  rheology 
of  the  fluids. 
[0050]  During  the  flow,  a  light  from  laser  source  49 
(Fig.  2)  shines  coherent  light  through  the  solution  in 
chamber  40  toward  the  receiver  assembly  50.  The  char- 
acteristics  of  the  solution  flowing  through  housing  34  are 
detected  by  the  differences  in  the  readings  taken  at  the 
receiver  assembly  50. 
[0051]  The  sample  chamber  34  is  designed  for  a  di- 
rect  opposing  scan  of  the  light  emitter  and  detector 
which  seems  to  be  the  most  efficient  arrangement  for 
most  polymer  solutions.  However,  there  are  cases 
where  an  off  axis  scanning  is  preferred.  Basically,  the 
light  emitter  diode  49  and  detector  46  may  be  set  at  any 

45 
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suitable  angle  with  respect  to  each  other.  This  setting 
tends  to  emphasize  a  certain  type  of  particle  reflection 
which  is  not  typically  enhanced  in  direct  opposition 
scanning.  The  angle  of  particle  reflection  A  (Fig.  7)  may 
be  in  the  range  from  0°  to  60°;  however,  sometimes 
greater  angles  may  be  used  if  testing  warrants  it. 
[0052]  In  many  cases,  the  level  of  partical  hydration 
of  certain  polymers  with  respect  to  efficiencies  of  inven- 
tion  and  on  blending,  aging,  etc.,  may  lend  itself  to  an- 
gles  greater  than  60°.  Where  this  is  the  case,  the  lenses 
can  be  set  at  70°,  90°,  120°,  180°  or  any  angle  in  be- 
tween.  In  this  arrangement,  the  optical  output  of  the 
emitter  cell  could  be  increased  to  compensate  for  the 
more  radical  off  axis  lense  angles. 
[0053]  The  automatic  polymer  solution  controller 
electronic  module  (Fig.  4)  integrates  several  functions 
into  a  single  unit.  The  first  function  of  the  module  is  to 
provide  an  adjustable  power  supply  60  to  power  a  sem- 
iconductor  laser  diode  driver  62  and  resistance  trans- 
mitter  68.  A  special  feature  is  included  to  protect  the 
semiconductor  laser  in  that  power  from  the  power  sup- 
ply  60  is  routed  to  an  external  connection  64  on  the  sen- 
sor  housing  34.  A  lead  from  another  external  connection 
66  is  returned  to  the  laser  light  emitting  diode  62. 
[0054]  In  this  inventive  example,  the  semiconductor 
laser  diode  49  (Fig.  2)  is  powered  by  a  driver  circuit  rated 
to  deliver  up  to  150  mA  of  power.  An  on  board  potenti- 
ometer  enables  this  driver  to  be  adjusted  to  the  desired 
output  power.  The  driver  can  either  provide  a  constant 
light  or  optical  output  via  a  pin  diode  feedback  or  provide 
a  constant  current  source  for  the  laser  diode.  This  is  a 
selectable  feature.  The  optical  feedback  loop  is  de- 
signed  to  maintain  a  constant  light  output  which  is  inde- 
pendent  of  temperature  variations  at  the  diode.  The 
feedback  loop  remedies  this  temperature  caused  prob- 
lem  by  compensating  the  amount  of  drive  current  deliv- 
ered  to  the  diode  so  that  the  driver  current  is  automati- 
cally  adjusted  upwardly  to  maintain  the  same  light  out- 
put  level. 
[0055]  Through  the  use  of  a  plug  69  (Fig.  2)  on  the 
diode  lens  assembly,  the  connection  is  made  to  diode 
49  before  the  diode  drive  board  connection  is  made. 
This  important  feature  protects  the  diode  49  from  de- 
structive  voltage  spikes  if  the  diode  connector  should  be 
removed  while  it  is  receiving  power.  Additionally,  the 
power  supply  lead  pins  on  the  printed  circuit  board  hold- 
ing  the  module  of  Fig.  4  are  mechanically  shortened  to 
prevent  supply  problems  caused  by  spikes  if  the  module 
is  removed  or  replaced  while  the  processing  unit  is  pow- 
ered. 
[0056]  The  delivery  of  power  to  the  diode  automati- 
cally  shuts  down  within  milliseconds  after  the  detection 
of  a  destructive  voltage  spike.  This  feature  is  built  into 
a  laser  driver  circuit.  This  is  particularly  useful  when  at- 
tempting  to  disconnect  or  reconnect  a  diode  with  the 
power  on.  This  circuit  enhancement  both  prevents  the 
diode  from  failing  due  to  a  sudden  spike,  and  eliminates 
the  need  for  special  connectors  designed  to  prevent 

this.  This  circuit  also  prevents  a  user  from  removing  the 
light  emitting  diode  from  the  sample  chamber  while  the 
laser  is  operating.  This  is  also  an  important  considera- 
tion  in  meeting  certain  classes  of  regulating  compliance 

5  codes. 
[0057]  The  module  for  automatically  controlling  the 
polymer  solution  also  includes  a  resistance  transmitter 
signal  conditioning  device  68  (Fig.  4)  which  has  sepa- 
rate  zero  and  span  settings.  The  resistance  transmitter 

10  68  accepts  a  resistance  signal  from  the  receiving  sensor 
46  and  converts  it  into  a  proportional  analog  output. 
[0058]  Because  semiconductor  lasers  are  sensitive  to 
heat  from  many  sources,  one  has  to  be  particularly  care- 
ful  when  monitoring  processes  that  are  at  a  temperature 

is  which  is  higher  than  ambient  temperatures.  When  run- 
ning  a  high  temperature  solution  (above  50°C)  through 
the  sample  chamber  34,  remoting  the  emitter  and  de- 
tector  cells  prevents  conductive  heat  damage  to  the  di- 
ode.  In  the  inventive  system,  fiber  optic  cables  may  be 

20  fitted  to  adapter  lens  housings  at  the  sample  chamber 
and  then  routed  into  another  enclosure  (i.e.,  control  pan- 
el)  where  the  emitter  and  detector  are  placed  away  from 
the  heat  source.  The  fiber  optic  cables  are  then  termi- 
nated  at  ends  of  the  emitter  and  detector  assemblies. 

25  [0059]  The  losses  experienced  through  fiber  optic 
transmission  inefficiencies  are  compensated  by  in- 
creasing  the  optical  output  of  the  laser.  Most  laser  di- 
odes  are  operated  at  or  above  their  threshold  current 
values.  This  is  often  70%  to  90%  of  their  maximum  cur- 

30  rent  value.  Thus,  for  a  diode  with  a  maximum  operating 
current  value  of  1  00mA,  the  threshold  current  might  rea- 
sonably  reside  somewhere  around  80mA.  The  thresh- 
old  current  is  defined  as  the  point  in  the  radiant  power 
output  curve  where  the  diode  exhibits  the  special  laser 

35  light  qualities.  For  most  applications,  this  is  where  the 
inventive  system  seeks  to  operate. 
[0060]  The  process  controller  70  is  a  standard  com- 
mercially  available  electronic  PID  controller  (Manufac- 
turer  LFE  Model  PUP).  This  controller  receives  the  out- 

40  put  from  the  resistance  transmitter  68  and  displays  it  at 
76  as  a  process  value.  The  output  from  the  PID  control- 
ler  is  then  used  to  control  the  speed  (in  this  example)  of 
a  neat  variable  speed  drive  for  a  polymer  injection  pump 
(Fig.  1).  Hence,  there  is  a  feedback  control  loop  from 

45  PID  controller  70  to  the  polymer  processing  system  (Fig. 
1),  sample  chamber  34,  resistance  transmitter  68,  and 
backto  controller  70,  which  continuously  adjusts  the  pol- 
ymer  processing  system. 
[0061]  In  operation,  the  polymer  solution  passes  con- 

so  tinuously  through  the  housing  of  the  sensor  chamber  36 
(Fig.  2).  The  laser  light  source  49,  operating  in  this  ex- 
ample  at  a  wavelength  of  670  nm,  is  positioned  inside 
the  housing  of  sensor  chamber  34  and  behind  a  suitable 
lens  assembly  72  located  on  one  side  of  the  monitored 

55  solution  stream.  The  light  passes  from  the  laser  source 
through  the  lens  72  and  then  through  the  polymer  solu- 
tion.  After  passing  through  the  polymer  solution,  it  enters 
a  second  lens  assembly  74  on  the  opposite  side  of  the 

6 
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solution  stream.  Located  inside  and  behind  the  second 
lens  assembly  is  a  light  selective  filter  (approximately 
670  nm)  and  a  CdS  photoresistor  46. 
[0062]  The  frequency  which  is  selected  for  the  laser 
depends  on  the  type  of  polymer  that  is  being  monitored. 
Most  synthetic  polyelectrolytes,  such  as  dispersions, 
emulsions,  and  natural  polymers  (corn  starches,  for  ex- 
ample)  respond  well  at  the  670  nm  wavelength.  Solution 
polymers  work  best  at  or  near  infra-red  wavelengths. 
However,  for  the  entire  range  from  visible  light  through 
infrared,  all  frequencies  can  be  used  to  take  advantage 
of  unique  molecular  footprints  and  equivalent  weights. 
[0063]  In  this  particular  example,  at  670  nm  frequen- 
cy,  the  signal  appears  to  be  linear,  within  2%  on  a  ter- 
minal  point  accuracy  basis,  and  somewhat  better  than 
1%  on  a  best  fit  straight  line  basis. 
[0064]  The  light  intensity  which  is  received  at  the  re- 
sistor  lens  assembly  74  (Fig.  2)  passes  through  a  light 
selective  filter  prior  to  entering  the  CdS  cell  46.  By 
matching  the  light  selective  filter  with  the  laser  frequen- 
cy,  ambient  light  entering  the  sample  chamber  34 
through  the  viewing  window  42  does  not  have  a  disrup- 
tive  effect  on  the  reading  from  CdS  cell  46.  Any  small 
percent  of  the  ambient  light  that  has  wavelengths  that 
pass  through  the  light  selective  filter  are  considered 
background  noise  which  may  be  calibrated  out  of  the 
reading,  under  almost  all  conditions. 
[0065]  The  intensity  of  the  light  which  is  received  at 
the  resistor  lens  assembly  74  varies  inversely  with  the 
concentration  of  the  polymer  solution. 
[0066]  The  resistance  of  the  CdS  cell  46  is  inversely 
variable  with  the  intensity  of  the  light.  Due  to  these  two 
inverse  relationships  acting  in  conjunction  with  each 
other,  the  output  resistance  becomes  directly  propor- 
tional  to  the  concentration  of  the  polymer  solution. 
[0067]  The  resistance  of  the  CdS  cell  46  is  measured 
and  converted  into  a  process  signal  at  resistance  trans- 
mitter  68.  This  signal  becomes  the  input  signal  to  the 
electronic  PID  controller  70  (Fig.  4).  A  setpoint  is  entered 
into  this  controller  70  in  order  to  vary  its  output  signal  in 
response  to  the  measured  input. 
[0068]  The  controller  70  output  signal  is  a  control  sig- 
nal  for  adjusting  the  processing  system  of  Fig.  1  .  Since 
it  has  been  assumed  for  descriptive  purposes  that  the 
controlled  device  32  (Fig.  1  )  is  a  variable  speed  drive  in 
Fig.  1,  the  usable  output  signal  varies  the  speed  of  a 
positive  displacement  polymer  injection  pump.  As  the 
concentration  of  the  polymer  solution  tends  to  decrease 
(i.e.,  water  flow  increases),  neat  polymer  solids  de- 
crease,  etc.,  the  controller  70  (Fig.  4)  increases  its  out- 
put  signal,  thus  increasing  the  speed  of  a  positive  dis- 
placement  pump.  This  causes  more  polymer  to  be  me- 
tered  to  the  polymer  processing  unit,  thus  increasing  the 
concentration  of  the  polymer  solution.  The  usable  output 
signal  may  cause  the  percent  of  polymer  concentrate 
and  active  polymer  solids  to  be  displayed  at  76.  Another 
example  would  incorporate  the  use  of  a  water  flow  con- 
trol  valve  at  a  location  where  the  polymer  injection  pump 

stays  constant  and  the  water  flow  is  adjusted  for  con- 
centration  control. 
[0069]  For  better  performance,  there  are  instances 
where  the  module  for  automatically  controlling  the  pol- 

5  ymer  system  can  be  tuned  to  operate  below  the  thresh- 
old  value  of  the  laser.  This  is  particularly  true  for  polymer 
solutions  with  lower  densities.  In  this  case,  the  laser  acts 
as  a  light  emitting  diode  of  a  monochromatic  nature  with 
marginal  coherency  at  a  much  lower  energy  level.  In  the 

10  inventive  system,  the  laser  driver  can  be  adjusted  to  op- 
erate  below  the  threshold  current  in  order  to  accommo- 
date  such  an  application.  This  is  useful  when  applying 
the  unit  to  a  broad  range  of  applications.  The  flexibility 
inherent  in  this  feature  provides  a  means  for  processing 

is  different  solutions  of  different  concentrations,  within  the 
capability  of  the  module  for  automatically  controlling  a 
polymer  system. 
[0070]  One  such  application  involves  the  use  of  the 
module  for  automatically  controlling  a  system  in  the 

20  dairy  industry.  The  module  can  be  used  as  a  standard 
component  for  evaluating  the  butter  fat  content  in  milk 
where  the  dairy  industry  typically  back  blends  butter  fat 
into  milk.  The  module  enables  dairies  to  measure  and 
adjust  the  milk/butter  fat  ratios  to  determine  whether  the 

25  milk  is  skim;  <  1%,  low  fat;  1-2%,  whole  3-4%,  etc.  When 
used  in  a  feedback  loop,  the  module  interfaces  with  a 
dairy  central  process  computer  in  order  to  control  and 
adjust  butter  fat  content  on  a  continuous  production  ba- 
sis. 

30 

Claims 

1.  An  automatic  controller  having  optical  analyzer 
35  means,  in  combination  with  a  polymer  processing 

and  delivery  system  for  continuously  controlling 
production  of  a  polymer/electrolyte  solution  in  said 
system  when  operating,  the  optical  analyzer  means 
comprising: 

40 
a  sensor  for  continuously  monitoring  the  con- 
centration  of  polymer  solids  in  said  electrolyte 
and  for  controlling  the  polymer  solids  concen- 
tration  of  said  polymer  in  said  electrolyte  solu- 

45  tion  at  least  while  the  system  is  in  operation; 

characterised  in  that  said  sensor  comprises: 

a  sample  chamber  (40)  coupled  to  continuously 
so  receive  and  at  all  times  contain  an  instantane- 

ous  sample  of  said  polymer/electrolyte  solution 
product; 
means  (49)  for  emitting  coherent  light  with  a 
controlled  amplitude  and  frequency  into  said 

55  sample  chamber  (40),  said  light  energy  being 
scattered  and  absorbed  by  polymer  material 
dispersed  throughout  the  instantaneous  sam- 
ple  within  the  sample  chamber  (40)  ;  and 
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optical  receiver  means  (46)  for  measuring  the 
amount  of  said  coherent  light  energy  received 
after  said  light  passes  through  said  instantane- 
ous  sample,  said  optical  receiver  means  (46) 
being  adjustably  located  opposite  the  light  s 
emitting  means  (49); 
and  in  that  said  optical  analyzer  means  has 
means  (70)  for  converting  an  output  from  said 
receiver  means  (46)  into  a  usable  process  con- 
trol  signal  for  controlling  said  polymer  system  10 
in  order  to  maintain  a  desired  concentration  set- 
point  in  said  liquid. 

2.  A  controller  according  to  claim  1,  further  comprising 
means  (76)  responsive  to  said  usable  process  sig-  15 
nal  for  displaying  a  readout  in  terms  of  at  least  a 
percent  of  polymer  concentration  and  active  poly- 
mer  solids. 

3.  A  controller  according  to  claim  2,  further  comprising  20 
feedback  control  loop  means  for  providing  a  feed- 
back  signal  for  adjusting  a  polyelectrolyte  in  said 
concentration,  and  means  (32)  responsive  to  said 
feedback  signal  in  said  feedback  control  loop 
means  for  controlling  the  polymer  processing  and  25 
delivery  system. 

4.  A  controller  according  to  any  of  claims  1  to  3  where- 
in  said  coherent  light  energy  is  selected  from  a 
range  extending  from  visible  to  infrared  light.  30 

5.  A  controller  according  to  any  of  claims  1  to  4  where- 
in  said  polymer  is  in  an  emulsification,  blended,  ac- 
tivated,  gel  or  processed  polymer  state. 

35 
6.  A  controller  according  to  any  of  claims  1  to  4  where- 

in  said  polymer  is  a  dairy  product. 

7.  A  controller  according  to  any  of  claims  1  to  6  where- 
in  the  coupling  of  said  sample  chamber  is  a  coupling  40 
for  giving  a  partial  flow,  a  bypass  flow,  a  full  flow  or 
a  cascaded  flow  of  said  polymer  solution  product. 

8.  A  controller  according  to  any  of  claims  1  to  7  where- 
in  said  continuous  flow  of  said  polymer  solution  45 
product  flows  in  the  range  of  30  to  300  cm/sec  (1  to 
10  ft/sec)  or  in  the  range  of  9  to  762  cm/sec  (0.3  to 
25.0  ft/sec). 

9.  A  controller  according  to  any  of  claims  1  to  8  where-  so 
in  said  means  (49)  for  emitting  and  means  (46)  for 
receiving  said  coherent  light  are  each  set  at  an  an- 
gle  (A)  in  the  range  of  0°  to  60°  relative  to  a  setting 
in  which  said  means  (49,  46)  are  at  180°  relative  to 
one  another.  55 

10.  A  controller  according  to  any  of  claims  1  to  9,  further 
comprising  supply  means  for  delivering  power  to 

and  for  shutting  down  said  power  to  said  means  (49) 
for  emitting  coherent  light  responsive  to  an  occur- 
rence  of  a  destructive  voltage  spike. 

11.  A  controller  according  to  claim  10,  further  compris- 
ing  means  for  protecting  a  light  diode  if  said  diode 
is  incorrectly  connected  or  disconnected  with  a 
power  supply  which  may  generate  voltage  spikes. 

12.  A  controller  according  to  any  of  claims  1  to  11  ,  fur- 
ther  comprising  fibre  optical  cables  for  connecting 
said  means  (49,  46)  for  emitting  and  receiving  co- 
herent  light  in  order  to  locate  said  means  (49,  46) 
away  from  a  hot  sample  chamber. 

13.  A  controller  according  to  any  of  claims  1  to  12 
wherein  said  means  (49)  for  emitting  said  coherent 
light  emits  coherent  laser  light,  monochromatic 
light,  or  a  light  with  marginal  coherency. 

14.  A  controller  according  to  any  of  claims  1  to  12 
wherein  said  means  (49)  for  emitting  said  coherent 
light  emits  light  in  the  range  of  660-680  nm  and  con- 
sisting  of  coherent  laser  light,  monochromatic  light, 
or  a  light  with  marginal  coherency. 

15.  A  controller  according  to  any  of  claims  1  to  14 
wherein  said  means  (46)  for  receiving  coherent  light 
is  a  cadmium  sulfide  photoresistor  or  a  photosilicon 
diode. 

16.  A  controller  according  to  any  of  claims  1  to  15 
wherein  said  means  (49)  for  emitting  coherent  light 
emits  light  at  a  frequency  in  a  range  extending  from 
visible  to  infrared. 

Patentanspriiche 

1  .  Automatische  Steuerung  mit  optischer  Analysevor- 
richtung  in  Verbindung  mit  einer  Anlage  zur  Verar- 
beitung  und  Verteilung  von  Polymer  und  zur  konti- 
nuierlichen  Steuerung  der  Produktion  einer  Poly- 
mer-Elektrolyt-L6sung  in  der  laufenden  Anlage,  wo- 
bei  die  optische  Analysevorrichtung  umfasst: 

einen  Sensor  zum  kontinuierlichen  Uberwa- 
chen  der  Konzentration  an  Polymerfeststoffen 
in  dem  Elektrolyten  und  zur  Steuerung  der  Po- 
lymerfeststoffkonzentration  des  Polymers  in 
der  Elektrolytlosung,  zumindest  wahrend  die 
Anlage  lauft; 

dadurch  gekennzeichnet,  dass  der  Sensor 
umfasst: 

eine  Probenkammer  (40),  die  so  angeschlos- 
sen  ist,  dass  sie  zu  alien  Zeiten  eine  Ist-Probe 
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des  Polymer-Elektrolyt-Losungsproduktes  er- 
halt  und  enthalt; 
eine  Vorrichtung  (49)  zur  Emission  von  koha- 
rentem  Licht  geregelter  Amplitude  und  Fre- 
quenz  in  die  Probenkammer  (40)  ,  wobei  die  s 
Lichtenergie  von  dem  Polymermaterial,  das  in 
der  Ist-Probe  innen  in  der  Probenkammer  (40) 
dispergiert  ist,  gestreut  und  absorbiert  wird; 
eine  optische  Empfangsvorrichtung  (46)  zum 
Messen  der  Menge  an  koharenter  Lichtener-  10 
gie,  die  empfangen  wird  nach  dem  Durchgang 
des  Lichts  durch  die  Ist-Probe  wobei  die  opti- 
sche  Empfangsvorrichtung  (46)  verstellbar  ge- 
genuber  der  lichtaussendenden  Vorrichtung 
(49)  angeordnet  ist;  15 
wobei  die  optische  Analysevorrichtung  eine 
Vorrichtung  (70)  aufweist,  mit  der  das  Aus- 
gangssignal  der  Empfangsvorrichtung  (46)  in 
ein  geeignetes  Prozessregelsignal  zur  Steue- 
rung  der  Polymeranlage  umgewandelt  wird,  so  20 
dass  ein  gewunschter  Konzentrations-Sollwert 
in  der  Flussigke  it  aufrechterhalten  wird. 

2.  Steuerung  nach  Anspruch  1  ,  zudem  umfassend  ei- 
ne  auf  das  verwendbare  Prozesssignal  reagierende  25 
Vorrichtung  (76)  zur  Anzeige  von  Messwerten  hin- 
sichtlich  mindestens  des  Prozentsatzes  der  Poly- 
merkonzentration  und  der  aktiven  Polymerfeststof- 
fe. 

30 
3.  Steuerung  nach  Anspruch  2,  zudem  umfassend 

Ruckkopplungs-Regelkreisvorrichtungen  zum  Be- 
reitstellen  eines  Ruckkopplungssignals  zum  Ein- 
stellen  eines  Polyelektrolyten  in  der  Konzentration 
und  eine  Vorrichtung  (32),  die  auf  das  Ruckkopp-  35 
lungssignal  in  der  Ruckkopplungs-Regelkreisvor- 
richtung  zur  Steuerung  des  Polymerverarbeitungs- 
und-  verteilungssystems  reagiert. 

4.  Steuerung  nach  einem  der  Anspruche  1  bis  3,  wo-  40 
bei  die  Energie  des  koharenten  Lichtes  aus  einem 
Bereich  von  sichtbarem  bis  infrarotem  Licht  gewahlt 
ist. 

5.  Steuerung  nach  einem  der  Anspruche  1  bis  4,  wo-  45 
bei  das  Polymer  als  ein  emulgiertes,  gemischtes, 
aktiviertes,  gelformiges  oder  verarbeitetes  Poly- 
mers  zugegen  ist. 

6.  Steuerung  nach  einem  der  Anspruche  1  bis  4,  wo-  so 
bei  das  Polymer  ein  Milchprodukt  ist. 

7.  Steuerung  nach  einem  der  Anspruche  1  bis  6,  wo- 
bei  die  Probenkammer  so  angeschlossen  ist,  dass 
der  Fluss  des  Polymerlosungsprodukts  partiell  ist,  55 
als  Neben-  oder  Vollfluss  oder  als  Kaskade. 

8.  Steuerung  nach  einem  der  Anspruche  1  bis  7,  wo- 

bei  der  stetige  Fluss  des  Polymerlosungsprodukts 
30  bis  300  cm/sec  (1  bis  10  FuB/sec)  betragt  oder 
im  Bereich  von  9  bis  762  cm/sec  (0,3  bis  25,0  Ful3/ 
sec)  liegt. 

9.  Steuerung  nach  einem  der  Anspruche  1  bis  8,  wo- 
bei  die  Vorrichtung  (49)  zur  Emission  und  die  Vor- 
richtung  (46)  zum  Empfang  des  koharenten  Lichtes 
jeweils  auf  einen  Winkel  (A)  im  Bereich  von  0  bis 
60°  eingestellt  sind,  bezogen  auf  eine  Einstellung, 
in  der  die  Vorrichtungen  (49,  46)  in  einem  Winkel 
von  180°  zueinander  stehen. 

10.  Steuerung  nach  einem  der  Anspruche  1  bis  9,  zu- 
dem  umfassend  eine  Versorgungsvorrichtung,  mit 
der  die  Vorrichtung  (49)  zur  Emission  des  koharen- 
ten  Lichts  mit  Energie  versorgt  wird  bzw.  bei  Auftre- 
ten  einer  gefahrlichen  Spannungsspitze  abge- 
schaltet  wird. 

11.  Steuerung  nach  Anspruch  10,  zudem  umfassend 
eine  Vorrichtung  zum  Schutz  der  Lichtdiode,  wenn 
sie  falsch  an  die  Stromversorgungsvorrichtung  an- 
geschlossen  wird  bzw.  von  der  Stromversorgungs- 
vorrichtung  abgehangt  wird,  was  Spannungsspit- 
zen  hervorrufen  kann. 

12.  Steuerung  nach  einem  der  Anspruche  1  bis  11  ,  zu- 
dem  umfassend  Lichtleiterfasern  zum  Verbinden 
der  Vorrichtungen  (49,  46)  zur  Emission  und  zum 
Empfang  des  koharenten  Lichts,  so  dass  diese  ab- 
seits  von  der  heiBen  Probenkammer  angeordnet 
werden  konnen. 

13.  Steuerung  nach  einem  der  Anspruche  1  bis  12,  wo- 
bei  die  Vorrichtung  (49)  zur  Emission  des  koharen- 
ten  Lichts  koharentes  Laserlicht,  monochromati- 
sches  Licht  oder  schwach  koharentes  Licht  aussen- 
det. 

14.  Steuerung  nach  einem  der  Anspruche  1  bis  12,  wo- 
bei  die  Vorrichtung  (49)  zur  Emission  des  koharen- 
ten  Lichts  Licht  im  Bereich  von  660  bis  680  nm  aus- 
sendet,  wozu  koharentes  Laserlicht,  monochroma- 
tisches  Licht  oder  schwach  koharentes  Licht  geho- 
ren. 

15.  Steuerung  nach  einem  der  Anspruche  1  bis  14,  wo- 
bei  die  Vorrichtung  (46)  zum  Empfang  des  koharen- 
ten  Lichts  ein  Cadmiumsulfid-Photowiderstand 
oder  eine  Photosiliciumdiode  ist. 

16.  Steuerung  nach  einem  der  Anspruche  1  bis  15,  wo- 
bei  die  Vorrichtung  (49)  zur  Emission  von  koharen- 
tem  Licht  Licht  mit  einer  Frequenz  im  sichtbaren  bis 
infraroten  Bereich  aussendet. 
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outre  un  moyen  de  boucle  de  commande  a  retroac- 
tion  destine  a  fournir  un  signal  de  retroaction  afin 
d'ajuster  un  polyelectrolyte  suivant  ladite  concen- 
tration,  et  un  moyen  (32)  repondant  audit  signal  de 

5  retroaction  dans  ledit  moyen  de  boucle  de  comman- 
de  a  retroaction  afin  de  commander  le  systeme  de 
traitement  et  distribution  de  polymere. 

4.  Controleur  selon  I'une  quelconque  des  revendica- 
10  tions  1  a  3,  dans  lequel  ladite  energie  de  la  lumiere 

coherente  est  choisie  dans  une  plage  s'etendant 
depuis  la  lumiere  visible  jusqu'a  la  lumiere  infrarou- 
ge. 

is  5.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  ledit  polymere  est  dans  un 
etat  emulsionne,  melange,  active,  de  gel  ou  de  po- 
lymere  traite. 

20  6.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  ledit  polymere  est  un  produit 
laitier. 

7.  Controleur  selon  I'une  quelconque  des  revendica- 
25  tions  1  a  6,  dans  lequel  le  couplage  de  ladite  cham- 

bre  d'echantillonnage  est  un  couplage  destine  a 
fournir  un  ecoulement  partiel,  un  ecoulement  en  de- 
rivation,  un  ecoulement  total  ou  un  ecoulement  en 
cascade  dudit  produit  de  solution  de  polymere. 

30 
8.  Controleur  selon  I'une  quelconque  des  revendica- 

tions  1  a  7,  dans  lequel  ledit  ecoulement  continu  du- 
dit  produit  de  solution  de  polymere  circule  dans  la 
plage  de  30  a  300  cm/s  (1  a  10  pieds/s)  ou  dans  la 

35  plage  de  9  a  762  cm/s  (0,3  a  25,0  pieds/s). 

9.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  8,  dans  lequel  ledit  moyen  (49)  destine  a 
emettre  et  ledit  moyen  (46)  destine  a  recevoir  ladite 

40  lumiere  coherente  sont  fixes  chacun  suivant  un  an- 
gle  A  dans  la  plage  de  0°  a  60°  par  rapport  a  un 
reglage  dans  lequel  lesdits  moyens  (49,  46)  sont  a 
180°  I'un  par  rapport  a  I'autre. 

Revendications 

1.  Controleur  automatique  comportant  un  moyen 
d'analyseur  optique,  en  combinaison  avec  un  sys- 
teme  de  traitement  et  de  distribution  de  polymere 
destine  a  commander  de  facon  permanente  la  pro- 
duction  d'une  solution  de  polymere/electrolyte  dans 
ledit  systeme  lorsqu'il  est  en  fonctionnement,  le 
moyen  d'analyseur  optique  comprenant  : 

un  capteur  destine  a  surveiller  en  permanence 
la  concentration  en  matieres  solides  de  poly- 
mere  dans  ledit  electrolyte  et  a  reguler  la  con- 
centration  en  matieres  solides  de  polymere  du- 
dit  polymere  dans  ladite  solution  d'electrolyte 
au  moins  pendant  que  le  systeme  est  en  fonc- 
tionnement, 

caracterise  en  ce  que  ledit  capteur 
comprend  : 

une  chambre  d'echantillonnage  (40)  couplee 
de  maniere  a  recevoir  en  permanence  et  con- 
tenir  a  chaque  instant  un  echantillon  instantane 
dudit  produit  de  solution  de  polymere/electroly- 
te, 
un  moyen  (49)  destine  a  emettre  une  lumiere 
coherente  presentant  une  amplitude  et  une  fre- 
quence  commandees  jusque  dans  ladite  cham- 
bre  d'echantillonnage  (40),  ladite  energie  de  la 
lumiere  etant  diffusee  et  absorbee  par  du  ma- 
teriau  de  polymere  disperse  au  travers  de 
I'echantillon  instantane  a  I'interieur  de  la  cham- 
bre  d'echantillonnage  (40),  et 
un  moyen  de  recepteur  optique  (46)  destine  a 
mesurer  la  proportion  de  ladite  energie  de  la 
lumiere  coherente  recue  apres  que  ladite  lu- 
miere  soit  passee  a  travers  ledit  echantillon  ins- 
tantane,  ledit  moyen  de  recepteur  optique  (46) 
etant  dispose  de  facon  reglable  a  I'oppose  du 
moyen  d'emission  de  lumiere  (49), 
et  en  ce  que  ledit  moyen  d'analyseur  optique 
comporte  un  moyen  (70)  destine  a  convertir 
une  sortie  provenant  dudit  moyen  de  recepteur 
(46)  en  un  signal  exploitable  de  commande  de 
traitement  destine  a  commander  ledit  systeme 
de  polymere  de  maniere  a  maintenir  un  point 
de  consigne  de  concentration  souhaitee  dans 
ledit  liquide. 

2.  Controleur  selon  la  revendication  1  ,  comprenant  en 
outre  un  moyen  (76)  sensible  audit  signal  exploita- 
ble  de  traitement  destine  a  afficher  une  mesure  ex- 
primee  sous  forme  d'au  moins  un  pourcentage  de 
concentration  en  polymere  et  de  teneur  en  matieres 
solides  actives  de  polymere. 

3.  Controleur  selon  la  revendication  2,  comprenant  en 

45  10.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  9,  comprenant  en  outre  un  moyen  d'ali- 
mentation  destine  a  fournir  une  energie  audit 
moyen  (49)  destine  a  emettre  une  lumiere  coheren- 
te  et  a  couper  ladite  puissance  vers  celui-ci,  en  re- 

50  ponse  a  une  apparition  de  pointe  de  tension  des- 
tructrice,. 

11.  Controleur  selon  la  revendication  10,  comprenant 
en  outre  un  moyen  destine  a  proteger  une  diode  lu- 

55  mineuse  si  ladite  diode  est  connectee  ou  est  decon- 
nectee  de  facon  incorrecte  d'une  alimentation  elec- 
trique,  ce  qui  peut  generer  des  pointes  de  tension. 

55 
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12.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  11,  comprenant  en  outre  des  cables  a  fi- 
bres  optiques  destines  a  relier  lesdits  moyens  (49, 
46)  destines  a  emettre  et  a  recevoir  de  la  lumiere 
coherente,  de  maniere  a  disposer  lesdits  moyens  s 
(49,  46)  a  I'ecart  d'une  chambre  d'echantillonnage 
chaude. 

13.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  12,  dans  lequel  ledit  moyen  (49)  destine  a  10 
emettre  ladite  lumiere  coherente  emet  une  lumiere 
coherente  de  laser,  une  lumiere  monochromatique, 
ou  une  lumiere  presentant  une  coherence  margina- 
le. 

15 
14.  Controleur  selon  I'une  quelconque  des  revendica- 

tions  1  a  12,  dans  lequel  ledit  moyen  (49)  destine  a 
emettre  ladite  lumiere  coherente  emet  de  la  lumiere 
dans  la  plage  de  660  a  680  nm  et  constitute  d'une 
lumiere  de  laser  coherente,  d'une  lumiere  mono-  20 
chromatique,  ou  une  lumiere  presentant  une  cohe- 
rence  marginale. 

15.  Controleur  selon  I'une  quelconque  des  revendica- 
tions  1  a  14,  dans  lequel  ledit  moyen  (46)  destine  a  25 
recevoir  une  lumiere  coherente  est  une  photoresis- 
tance  au  sulfure  de  cadmium  ou  une  diode  au  pho- 
tosilicium. 

16.  Controleur  selon  I'une  quelconque  des  revendica-  30 
tions  1  a  15,  dans  lequel  ledit  moyen  (49)  destine  a 
emettre  une  lumiere  coherente  emet  de  la  lumiere 
a  une  frequence  dans  une  plage  s'etendant  depuis 
la  lumiere  visible  jusqu'a  I'infrarouge. 
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