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©  Dissolving  method  for  starch. 

©  In  a  method  for  preparing  a  starch  solution, 
particles  containing  starch  are  mixed  with  cold  water 
and  subjected  to  shear  forces,  such  that  any  ag- 
glomerates  formed  are  broken  up,  and  each  individ- 
ual  particle  is  wetted,  whereupon  the  mixture  is 
heated  to  at  least  about  60  °  C  and  maintained  in  the 
heated  state  until  the  viscosity  maximum  of  the 
solution  has  passed.  The  wetting  and  the  heating 
take  place  before  a  viscosity  that  is  unacceptable 
from  the  point  of  view  of  handling  has  been  reached. 

A  device  for  implementing  the  method,  a  starch 
solution  prepared  in  accordance  with  the  method, 
and  the  use  of  such  a  starch  solution  for  making 
paper  are  also  disclosed. 
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The  present  invention  relates  to  a  method  and 
a  device  for  preparing  a  starch  solution;  a  solution 
prepared  in  accordance  with  this  method;  and  the 
use  of  such  a  solution  for  making  paper. 

In  papermaking,  cationic  starch  is  widely  used 
as  a  retention  agent  and  strengthening  agent.  In 
recent  years,  cationic  starch  has  to  a  large  extent 
been  employed  together  with  anionic,  inorganic 
materials,  such  as  bentonite  and  various  silica- 
based  sols,  to  improve  the  retention  and/or  drain- 
age  in  papermaking,  see,  for  instance,  EP  Patent 
41,056  and  PCT  Applications  WO  86/00100  and 
WO  89/12661. 

It  has  recently  become  possible  to  prepare 
high-cationised  starch,  i.e.  starch  with  a  degree  of 
substitution  exceeding  0.07.  For  instance  EP  Patent 
Specifications  233,336  and  303,039  disclose  how 
this  can  be  done  by  dry  cationisation  using  sodium 
aluminate  as  catalyst. 

Generally,  when  starch  is  dissolved  in  water, 
the  viscosity  increases  at  first,  and  then  decreases 
to  a  lower  level.  Thus,  a  viscosity  maximum  has  to 
be  passed,  and  this  can,  when  dissolving  low- 
cationised  starch,  only  be  achieved  by  thermal 
treatment  at  a  temperature  exceeding  about  80  °  C. 
For  conventional  dissolution  of  low-cationised 
starch,  the  starch  is  mixed  with  cold  water  in  a 
slurry  tank  and  subsequently  boiled.  In  the  above- 
mentioned  patent  specifications,  the  high-cationis- 
ed  starch  is  said  to  be  soluble  in  cold  water.  In 
cold-water  dissolution,  however,  it  is  difficult  to 
pass  the  viscosity  maximum  in  a  reasonable  time 
and  obtain  a  solution  substantially  free  of  unswelled 
starch  grains,  which  is  desirable  if  the  solution  is  to 
give  satisfactory  results  when  used  for  making  pa- 
per.  Thus,  cold-water  dissolution  necessitates  long 
residence  times  while  requiring  a  not-too-high  dry 
content,  for  which  reason  the  equipment  used  has 
to  be  dimensioned  for  large  volumes.  To  use  heat 
during  the  dissolution  process,  in  accordance  with 
the  method  commonly  employed  for  low-cationised 
starch,  results  in  a  high  increase  of  viscosity  in  the 
slurry  tank,  which  makes  further  handling  of  the 
solution  more  difficult.  This  increase  is  especially 
pronounced  if  sodium  aluminate  has  been  used  as 
activator  in  the  preparation  of  the  starch,  which 
thus  contains  aluminium.  It  has  therefore  been  nec- 
essary  to  maintain  an  extremely  low  dry  content  so 
that  considerable  amounts  of  energy  are  needed 
for  the  subsequent  heating.  Also  in  this  case,  the 
dissolution  device  including  the  heater  has  to  be 
dimensioned  for  relatively  large  volumes,  which 
leads  to  high  costs.  Thus,  it  is  desirable  to  reduce 
energy  and  investment  costs  by  dissolving  high- 
cationised  starch  during  thermal  treatment  at  high 
dry  contents,  preferably  exceeding  about  2%  by 
weight. 

This  has  surprisingly  been  achieved  by  the 

method  of  appended  claim  1.  More  precisely,  the 
invention  concerns  a  method  for  preparing  a  starch 
solution,  wherein  particles  containing  preferably 
high-cationised  starch  are  mixed  with  cold  water 

5  and  subjected  to  shear  forces,  such  that  any  ag- 
glomerates  formed  are  broken  up  and  each  individ- 
ual  particle  is  wetted,  whereupon  the  mixture  is 
heated  to  at  least  about  60  °  C,  preferably  at  least 
about  80  °C,  most  preferred  at  least  about  100°C, 

io  and  maintained  in  the  heated  state  until  the  viscos- 
ity  maximum  of  the  solution  has  passed.  The  wet- 
ting  and  heating  operations  take  place  before  a 
viscosity  that  is  unacceptable  from  the  point  of 
view  of  handling  has  been  reached. 

75  This  method  can  be  used  for  dissolving  all 
sorts  of  starch,  but  is  especially  advantageous  for 
dissolving  high-cationised  starch.  By  high-cationis- 
ed  starch  is  meant  a  starch  having  a  degree  of 
substitution  of  at  least  about  0.07  but  not  exceed- 

20  ing  about  1.  In  the  heated  state,  the  temperature 
should  be  at  least  about  60  °  C,  preferably  at  least 
about  80  °C,  most  preferred  at  least  about  100°C. 
To  avoid  a  too  extensive  decomposition  of  the 
starch  chains,  the  temperature  should  be  below 

25  about  135°C,  preferably  below  about  130°C.  For 
the  same  reason,  it  may  in  some  cases  be  desir- 
able  to  keep  any  shear  forces  during  the  thermal 
treatment  at  a  minimum.  Further,  the  temperature 
of  the  cold  water  is  conveniently  from  about  0  to 

30  about  35  °  C,  preferably  from  about  0  to  about 
25  °  C,  most  preferred  from  about  0  to  about  20  °  C. 
The  upper  temperature  limit  depends,  inter  alia,  on 
the  degree  of  substitution  of  the  starch.  Too  high  a 
temperature  involves,  at  least  when  the  degree  of 

35  substitution  is  high,  a  risk  that  the  viscosity  in- 
creases  too  rapidly,  which  renders  more  difficult 
the  wetting  operation  as  well  as  the  further  handling 
of  the  solution.  The  lower  temperature  limit  is  not 
critical.  The  diameter  of  the  starch  particles  conve- 

40  niently  falls  below  about  1  mm,  preferably  below 
about  0.5  mm,  and  most  preferred  below  about  0.2 
mm.  The  smaller  the  particles,  the  higher  the  dis- 
solution,  but  a  lower  limit  is  recommended  for 
easier  handling,  e.g.  to  avoid  dust  formation. 

45  When  a  starch  particle  has  been  wetted,  it 
begins  to  swell,  which  is  the  principal  reason  for 
the  high  viscosity  increase  during  the  dissolution 
process.  The  equipment  employed  determines 
what  viscosity  is  unsatisfactory  from  the  point  of 

50  view  of  handling.  It  is  preferred  that  substantially 
the  entire  viscosity  increase  takes  place  after  es- 
sentially  all  the  particles  have  been  wetted,  since 
the  non-wetted  particles  have  a  tendency  to  form 
agglomerates  which  a  too-viscous  liquid  has  dif- 

55  ficulties  in  penetrating.  In  particular,  it  is  preferred 
that  substantially  the  entire  viscosity  increase  takes 
place  when  the  mixture  is  in  the  heated  state,  since 
pumps,  nozzles  and  similar  equipment  may  other- 
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wise  become  clogged.  It  is,  further,  preferred  that 
essentially  no  swelling  of  the  starch  particles  takes 
place  before  the  mixture  is  subjected  to  the  shear 
forces  required  to  break  up  any  agglomerates 
present.  Thus,  as  little  time  as  possible  should 
elapse  between  the  wetting  of  the  first  and  the  last 
starch  particle  in  a  liquid,  which  is  done  by  subject- 
ing  the  mixture  to  strong  shear  forces  to  break  up 
any  agglomerates  and  lumps,  while  wetting  the 
particles  as  soon  as  possible  after  they  have  been 
contacted  with  the  water.  The  acceptable  contact 
time  required  before  the  particles  have  been  suffi- 
ciently  wetted  and  the  heated  state  has  been 
reached,  is  a  function  of  the  degree  of  substitution 
of  the  starch  and  the  temperature  of  the  cold  water. 
The  higher  the  degree  of  substitution  and  the  lower 
the  cold-water  temperature,  the  shorter  the  maxi- 
mum  contact  time  allowed.  Generally,  the  mixture 
is  conveniently  subjected  to  strong  shear  forces 
within  about  5  minutes,  preferably  within  about  1 
minute,  more  preferred  within  about  30  seconds, 
and  most  preferred  within  about  10  seconds,  after 
the  starch  particles  have  been  contacted  with  the 
water.  At  that  point,  the  shear  forces  should  be 
sufficiently  strong  to  wet  substantially  all  the  starch 
particles  within  about  5  minutes,  preferably  within 
about  1  minute,  more  preferred  within  about  30 
seconds,  and  especially  preferred  within  about  10 
seconds,  after  they  have  been  contacted  with  the 
water.  It  is  further  convenient  that  the  mixture  con- 
taining  wetted  particles  is  brought  to  the  heated 
state  within  about  5  minutes,  preferably  within 
about  1  minute,  more  preferred  within  about  30 
seconds,  and  especially  preferred  within  about  10 
seconds. 

The  water  is  preferably  maintained  in  the  heat- 
ed  state  for  a  time  from  about  10  seconds  to  about 
5  minutes,  more  preferred  from  about  30  to  about 
90  seconds.  The  heating  may,  for  instance,  take 
place  in  a  jet  boiler  at  such  a  pressure  that  the 
liquid  does  not  boil.  It  is  preferred  that  the  solution, 
after  the  thermal  treatment  has  been  completed,  is 
diluted  to  a  dry  content  of  about  0.01  to  about  2% 
by  weight. 

Preferably,  the  mixture  of  starch  and  cold  water 
is  subjected  to  shear  forces  in  a  beater,  where  it  is 
continuously  conducted  through  a  housing  in  which 
is  arranged  a  rotating  means  whose  peripheral 
speed  of  rotation  preferably  is  higher  than  the 
transport  speed  of  the  starch  mixture.  Thus,  any 
agglomerates  and  lumps  present  are  effectively 
broken  up,  at  the  same  time  as  the  starch  particles 
are  wetted.  Preferably,  the  liquid  leaving  the  beater 
contains  substantially  no  starch  particles  that  have 
not  been  wetted.  It  is  preferred  that  the  average 
residence  time  of  the  starch  mixture  in  the  housing 
is  from  about  1  to  about  30  seconds,  especially 
from  about  5  to  about  20  seconds. 

In  a  preferred  beater,  the  rotating  means  in- 
cludes  at  least  one  optionally  inclined  rotor  disc  in 
whose  central  portion  is  disposed  a  rotary  driving 
shaft.  Preferably,  the  interior  of  the  housing  is 

5  substantially  cylindrical,  and  the  housing  includes 
an  axial  inlet  and  a  tangential  outlet.  The  outlet  is 
suitably  covered  by  a  segment  formed  with  holes 
or  slits  whose  dimensions  determine  the  maximum 
size  of  the  particles  that  can  be  fed  out.  It  is  further 

io  preferred  that  the  rotating  means  is  so  designed 
that  the  distance  between  its  periphery  and  the 
inner  surface  area  of  the  housing  is  substantially 
constant.  If  the  housing  is  cylindrical  and  the  rotat- 
ing  means  is  an  inclined  and  substantially  flat  disc, 

is  it  is,  therefore,  preferred  that  the  disc  is  oval, 
preferably  essentially  elliptical.  It  is  further  pre- 
ferred  that  the  inner  surface  area  of  the  housing  is 
formed  with  grooves  which  are  essentially  axial 
and/or  essentially  perpendicular  to  the  axial  direc- 

20  tion,  and  that  the  periphery  of  the  rotating  means  is 
equipped  with  teeth  fitting  in  the  grooves  of  the 
housing  along  the  direction  of  rotation.  This  beater 
recalls  a  centrifugal  pump,  but  gives  stronger  shear 
forces  and  a  lower  pumping  effect.  The  beater  is 

25  preferably  arranged  ahead  of  a  pump,  if  such  is 
used.  Devices  which  have  these  features  and  are 
compatible  with  the  invention  are  commercially 
available  under  the  trademark  Gorator(R).  Also  other 
devices  of  essentially  the  same  effect  can  be  em- 

30  ployed,  for  instance  a  beater  which  includes  a 
substantially  cylindrical  housing  having  a  substan- 
tially  cylindrical  and  rotating  body  preferably 
equipped  with  teeth.  This  type  is  e.g.  available 
under  the  trademark  Ytron(R). 

35  Another  preferred  beater  consists  of  a  rotary 
displacement  pump,  e.g.  a  gear  pump,  a  lobe 
pump  or  a  wing  pump.  The  speed  of  rotation  of  the 
pump  is  higher  than  the  transport  speed  of  the 
starch  solution,  which  can  be  achieved  by  introduc- 

40  ing  air  in  the  system  on  the  suction  side  of  the 
pump.  Generally,  this  embodiment  does  not  require 
an  additional  pump,  which  reduces  the  investment 
costs. 

In  an  especially  preferred  method,  the  starch 
45  particles  are  mixed  with  the  water  by  being  fed  into 

a  funnel  to  which  the  water  is  supplied  in  a  tangen- 
tial  direction,  thereby  generating  a  vortex.  Thus, 
also  air  is  introduced  in  the  system,  which  is  an 
advantage  if  the  beater  is  a  rotating  displacement 

50  pump.  Then,  additional  water  is  supplied  before  the 
mixture  is  conducted  to  a  beater  and,  via  a  pump, 
is  further  conducted  to  a  jet  boiler.  Preferably,  the 
average  residence  time  of  the  starch  from  the 
funnel  to  the  inlet  of  the  jet  boiler  is  from  about  1  to 

55  about  60  seconds,  more  preferred  from  about  5  to 
about  30  seconds.  However,  it  is  also  conceivable 
to  use  a  beater  in  which  the  starch  particles  and 
the  water  are  mixed.  In  the  method  according  to 

3 
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the  invention,  a  dry  content  of  up  to  about  5%  by 
weight  can  be  maintained  during  the  thermal  treat- 
ment  if  the  starch  has  a  degree  of  substitution  not 
exceeding  about  0.3  and  contains  from  about  0.01 
to  about  5%  by  weight  of  aluminium  in  the  form  of 
aluminate  in  accordance  with  EP  Patent  Specifica- 
tions  233,336  and  303,039  mentioned  earlier.  If  the 
starch  has  a  lower  degree  of  substitution,  or  con- 
tains  no  aluminate,  even  higher  dry  contents  can 
be  maintained,  e.g.  up  to  about  10%  by  weight.  At 
higher  degrees  of  substitution,  e.g.  from  about  3  to 
about  1,  the  dry  content  should  be  slightly  lower. 
The  method  according  to  the  invention  thus  makes 
it  possible  to  save  considerable  amounts  of  energy. 

The  invention  further  concerns  a  device  for 
preparing  a  starch  solution.  This  device  comprises 
means  for  mixing  particles  with  water,  preferably 
including  a  funnel  to  which  the  particles  can  be 
axially  fed  and  the  liquid  can  be  tangentially  sup- 
plied;  means  for  generating  shear  forces  sufficient- 
ly  strong  to  break  up  any  agglomerates  present 
and  to  thoroughly  wet  each  individual  particle,  pref- 
erably  a  beater  including  a  housing  in  which  is 
arranged  a  rotating  means;  and  means  for  heating 
the  mixture,  preferably  including  a  jet  boiler.  The 
means  for  mixing  the  particles  and  the  water  and 
the  means  for  generating  the  shear  forces  may 
consist  of  one  and  the  same  beater. 

The  invention  further  concerns  a  starch  solution 
which  is  substantially  free  of  unswelled  starch 
grains  and  has  been  prepared  according  to  the 
method  described  above,  as  well  as  the  use  of 
such  a  solution  for  making  paper  or  pulp  sheets, 
chiefly  paper.  The  starch  solution  is  conveniently 
used  together  with  anionic,  inorganic  particles  to 
improve  the  retention  and/or  the  drainage  in  paper- 
making.  Bentonites  of  the  type  described  in  EP 
Patent  Application  235,893  are  conveniently  used. 
Silica-based  particles,  i.e.  particles  based  on  Si02, 
which  can  be  used  in  the  present  method  include 
colloidal  silica  and  colloidal  aluminium-modified  sili- 
ca  or  aluminium  silica,  and  various  types  of  poly- 
silicic  acid.  These  are  added  to  the  cellulose-fibre- 
containing  suspension  in  the  form  of  colloidal  dis- 
persions,  so-called  sols.  Suitable  silica-based  sols 
are  described  in  EP  Patent  41,056  and  PCT  Ap- 
plication  WO  86/00100  mentioned  earlier.  Other 
suitable  silica  sols  are  described  in  SE  Patent 
Application  8903753-5.  Further,  EP  Patent  Applica- 
tion  348,366,  EP  Patent  Application  359,552  and 
PCT  Application  WO  89/06637  disclose  suitable 
sols  based  on  polysilicic  acid,  which  means  that 
the  silicic-acid  material  is  present  in  the  form  of 
minute  particles  which  are  in  the  order  of  1  nm; 
have  a  very  large  specific  surface  exceeding  1000 
m2/g  but  not  exceeding  about  1700  m2/g;  and 
have  a  certain  degree  of  aggregation  or  microgel 
formation.  The  amount  of  anionic,  inorganic  ma- 

terial  added  to  the  fibre  suspension  for  producing 
paper  or  pulp  sheet  should  be  at  least  0.01  kg/ton, 
calculated  as  dry  material  on  dry  fibres  and  fillers, 
if  any.  Suitable  amounts  are  within  the  range  of 

5  0.1-5  kg/ton.  The  weight  ratio  of  the  cationic  starch 
to  the  inorganic  material  should  be  at  least  0.01:1, 
suitably  at  least  0.2:1.  The  cationic  starch  is  gen- 
erally  utilised  in  amounts  of  at  least  0.1  kg/tonne, 
calculated  as  dry  material  on  dry  fibres  and  fillers, 

io  if  any.  Suitable  amounts  are  within  the  range  from 
0.5  to  50  kg/ton.  Other  cationic  polymers,  such  as 
cationic  polyacrylic  amides,  polyethylene  imines, 
poly(diallyl  dimethyl  ammonium  chloride)  and 
polyamido  amines  may  also  be  used  together  with 

is  the  cationic  starch  and  the  inorganic  material. 
An  embodiment  of  the  invention  will  be  de- 

scribed  in  more  detail  below,  reference  being  had 
to  the  accompanying  drawings,  in  which 

Fig.  1  is  a  basic  outline  of  a  dissolution  device; 
20  Fig.  2  is  a  lateral  section,  and  Fig.  3  is  an  axial 

section  of  a  preferred  beater;  and 
Fig.  4  is  a  plan  view  of  a  rotor  disc  employed  in 
the  beater  of  Figs  2  and  3. 

It  goes  without  saying  that  the  invention  is  not 
25  restricted  to  the  embodiment  shown,  and  that  the 

scope  of  the  appended  claims  embraces  a  mul- 
titude  of  embodiments. 

Fig.  1  shows  a  silo  1  for  starch  powder,  which 
is  connected  to  a  screw  conveyor  2  ending  above 

30  a  funnel  3.  The  upper  part  of  the  funnel  3  has  a 
tangential  inlet  4  for  water,  while  the  lower  part 
merges  with  a  water  conduit  14  from  a  levelling 
tank  7  which  has  a  float  8  for  controlling  the  water 
level.  The  water  conduit  14  extends,  via  a  beater  5 

35  and  a  pump  6,  preferably  an  eccentric  screw 
pump,  to  a  jet  boiler  10  which  is  fed  with  water 
vapour  from  the  vapour  conduit  15.  The  outlet  11  of 
the  jet  boiler  10  merges  with  a  conduit  12  for 
excess  water  to  form  an  outlet  conduit  13.  If  the 

40  beater  5  is  a  rotating  displacement  pump,  the 
pump  6  can  be  dispensed  with. 

Figs  2,  3  and  4  illustrate  a  suitable  beater  5.  An 
axial  inlet  21  communicates  with  a  substantially 
cylindrical  housing  20  whose  inner  surface  area  is 

45  formed  with  longitudinal  grooves  27  and  transverse 
grooves  28,  and  has  a  tangential  outlet  27.  In  the 
housing  is  arranged  an  inclined  and  substantially 
flat  rotor  disc  24  whose  central  portion  is  fixed  to  a 
driving  shaft  25  connected  to  a  motor.  The  rotor 

50  disc  24  extends  substantially  along  the  entire  axial 
length  of  the  housing  and  is  substantially  elliptical 
in  the  plane,  such  that  the  distance  between  the 
periphery  of  the  disc  24  and  the  surface  area  of  the 
housing  20  is  essentially  constant  when  the  disc 

55  rotates.  Further,  the  periphery  of  the  rotor  disc  24 
has  teeth  29  which  fit  in  the  transverse  grooves  28 
of  the  housing  20,  but  which  do  not  come  into 
contact  with  the  housing  wall.  The  outlet  22  is 

4 
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formed  with  a  segment  26  having  holes  or  slits  to 
prevent  the  passage  of  too-large  lumps.  Fig.  4 
shows  the  essentially  elliptical  extension  of  the 
toothed  rotor  disc  24  in  the  plane. 

In  a  method  for  dissolving  starch  powder  ac- 
cording  to  the  invention,  the  powder  is  fed  from  the 
silo  1  through  the  screw  conveyor  2  to  the  funnel  3, 
where  it  is  mixed  with  water  supplied  tangentially 
through  the  inlet  4,  whereby  a  vortex  is  formed. 
The  mixture  is  then  further  diluted  with  water  from 
the  levelling  tank  7.  Preferably,  about  15-60%  of 
the  water  is  received  from  the  funnel,  the  remain- 
der  coming  from  the  levelling  tank.  Then,  the  mix- 
ture  is  conducted  through  the  inlet  21  to  the  beater 
5,  where  it  is  subjected  to  strong  shear  forces  in 
the  housing  20  with  the  rotating  disc  24,  whereby 
any  agglomerates  are  broken  up  and  the  particles 
are  wetted  before  leaving  the  beater  through  the 
outlet  22.  The  beater  thus  contributes  to  the  pump- 
ing  action,  but  not  as  much  as  the  pump  6  forward- 
ing  the  mixture  to  the  jet  boiler  10  into  which  it  is 
injected  together  with  water  vapour  from  the  vapour 
conduit  15.  The  pressure  in  the  jet  boiler  10  is 
sufficiently  high  to  prevent  boiling  at  the  working 
temperature  which  suitably  is  from  about  60  to 
about  130°C.  At  the  outlet  11,  all  the  starch  has 
been  dissolved,  and  the  solution  is  mixed  with 
excess  water  from  the  conduit  12  before  the  posi- 
tive  pressure,  if  any,  is  released,  thus  preventing 
the  solution  from  boiling. 

EXAMPLE  1:  In  the  device  of  Figs  1-3,  starch 
solution  was  continuously  prepared  from  high- 
cationised  starch  having  a  degree  of  substitution  of 
0.18  and  containing  2%  by  weight  of  sodium  alu- 
minate.  Thus,  62.4  kg  of  starch  powder  and  1.350 
m3  of  cold  water  (about  16-17°C)  per  hour  were 
mixed  in  the  funnel  3,  diluted  with  0.050  m3  cold 
water  per  hour,  and  pumped  through  a  beater  5 
type  Gorator(R)  (1435  rpm)  and  the  pump  6  to  the 
jet  boiler  10  where  about  5  kg  of  vapour  per  kg  of 
starch  was  added.  The  temperature  in  the  boiler 
was  87  °C,  and  the  dry  content  was  3.5%  by 
weight.  After  the  jet  boiler,  the  solution  was  diluted 
with  1.400  m3  of  water  per  hour.  The  mixture  of 
starch  and  water  took  about  15  seconds  to  pass 
the  beater,  about  26  seconds  to  reach  the  jet 
boiler,  and  spent  about  90  seconds  in  the  jet  boiler. 
The  starch  solution  prepared  was  essentially  free  of 
unswelled  starch  grains. 

EXAMPLE  2:  The  same  starch  quality  and  the 
same  equipment  as  in  Example  1  were  employed. 
Thus,  52  kg  of  starch  powder  per  hour  was  mixed 
with  1  .350  m3  of  cold  water  (about  2-3  °  C)  per  hour 
in  the  funnel,  and  diluted  with  0.350  m3  of  cold 
water  per  hour.  About  5  kg  of  vapour  per  kg  of 
starch  was  added  to  the  jet  boiler,  resulting  in  a 
temperature  of  110°C  and  a  dry  content  of  2.4% 
by  weight.  After  the  jet  boiler,  the  solution  was 

diluted  with  2100  m3  of  water  per  hour.  The  mixture 
of  starch  and  water  took  about  1  3  seconds  to  pass 
the  beater,  about  21  seconds  to  reach  the  jet 
boiler,  and  spent  about  80  seconds  in  the  jet  boiler. 

5  The  starch  solution  prepared  was  essentially  free  of 
unswelled  starch  grains. 

Claims 

io  1.  A  method  for  preparing  a  starch  solution, 
characterised  in  that  particles  containing 
starch  are  mixed  with  cold  water  and  subjected 
to  shear  forces,  such  that  any  agglomerates 
formed  are  broken  up  and  each  individual  par- 

15  tide  is  wetted,  whereupon  the  mixture  is  heat- 
ed  to  at  least  about  60  °  C  and  maintained  in 
the  heated  state  until  the  viscosity  maximum  of 
the  solution  has  been  passed,  and  that  said 
wetting  and  said  heating  take  place  before  a 

20  viscosity  that  is  unacceptable  from  the  point  of 
view  of  handling  has  been  reached. 

2.  A  method  as  claimed  in  claim  1,  charac- 
terised  in  that  the  temperature  of  the  cold 

25  water  is  from  about  0  to  about  35  °  C. 

3.  A  method  as  claimed  in  claim  1  or  2,  charac- 
terised  in  that  substantially  all  the  starch  par- 
ticles  have  been  wetted  within  about  5  minutes 

30  after  they  have  been  contacted  with  the  water. 

4.  A  method  as  claimed  in  any  one  of  claims  1-3, 
characterised  in  that  the  mixture  of  starch 
particles  and  cold  water  is  subjected  to  shear 

35  forces  in  a  device  where  it  is  continuously 
conducted  through  a  housing  (20)  in  which  is 
arranged  a  rotating  means  (24),  any  agglomer- 
ates  and  lumps  present  being  broken  up  at  the 
same  time  as  the  starch  particles  are  wetted. 

40 
5.  A  method  as  claimed  in  any  one  of  claims  1-4, 

characterised  in  that  the  starch  is  highly 
cationised  and  has  a  degree  of  substitution  of 
at  least  about  0.07,  and  is  added  in  such  an 

45  amount  that  the  dry  content  exceeds  about  2% 
by  weight  during  heating. 

6.  A  device  for  implementing  the  method  of  any 
one  of  the  preceding  claims,  characterised 

50  by  means  (3)  for  mixing  particles  with  water, 
means  (5)  for  generating  shear  forces  suffi- 
ciently  strong  to  break  up  any  agglomerates 
present  and  to  thoroughly  wet  each  individual 
particle,  as  well  as  means  (10)  for  heating  the 

55  mixture. 

7.  A  device  as  claimed  in  claim  6,  characterised 
in  that  said  means  (5)  for  generating  shear 

5 
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forces  include  a  housing  (20)  in  which  is  ar- 
ranged  a  rotating  means  (24). 

8.  A  starch  solution  substantially  free  of  unswel- 
led  starch  grains  and  prepared  in  accordance  5 
with  the  method  of  any  one  of  claims  1-5. 

9.  Use  of  the  starch  solution  of  claim  8  for  mak- 
ing  paper  or  pulp  sheets. 

10 
10.  Use  as  claimed  in  claim  9,  characterised  in 

that  the  starch  solution  is  employed  together 
with  anionic,  inorganic  particles. 
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