
Europaisches  Patentamt 

European  Patent  Office  @  Publication  number:  0 1 8 6   9 5 6  
A ?  Office  europeen  des  brevets  ryc- 

EUROPEAN  PATENT  APPLICATION 

Application  number:  85308223.8  ®  Int.  CI  ":  D  21  D  3 / 0 0  

Date  of  filing:  12.11.85 

(g)  Priority:  26.12.84  US  686305  @  Applicant:  UNITED  STATES  GYPSUM  COMPANY, 
101  South  Wacker  Drive,  Chicago,  Illinois  60606  (US) 

@  Inventor:  Johnstone,  Norman  E.,  312  Pochet  Court, 
Schaumburg  Illinois  601  93  (US) 

@  Date  of  publication  of  application  :  09.07.86  Inventor:  Amdall,  Kenneth  H.,  24  W.  61  0  Parkview  Court, 
Bulletin  86/28  Napervflle  Illinois  60540  (US) 

Inventor:  Gullick,  Jerry  Wayne,  1412  Bains,  Albertsville 
Alabama  35950  (US) 

@)  Representative  :  Seaborn,  George  Stephen  et  al,  c/o 
@  Designated  Contracting  States  :  AT  BE  CH  DE  FR  IT  LI  Edward  Evans  &  Co.  Chancery  House  53-64  Chancery 

LU  NL  SE  Lane,  London  WC2A  1  SD  (GB) 

@  Paper  machine  polymer  systems  and  methods  for  their  use. 

@  A  process  for  the  preparation  of  paper  suitable  for  use  as 
cover  sheets  for  the  production  of  gypsum  wallboard  which 
comprises  forming  a  suitable  aqueous  slurry  of  paper  pulp, 
passing  the  slurry  through  papermaking  apparatus  wherein  suc- 
cessively  are  added  a  neutral  size  material  and  a  retention  aid, 
and  wherein  the  slurry  is  additionnally  passed  through  a  machine 
chest,  a  plurality  of  fan  pumps,  apparatus  for  forming  the  paper 
and  subsequently  drying  the  paper,  the  improvement  which 
comprises  the  step  of  introducing  a  high  molecular  weight  low 
cationic  charge  density  retention  aid  polymer  into  the  slurry 
immediately  at  the  discharge  situs  of  the  fan  pumps,  whereby 
contaminants  present  in  the  slurry  are  retained  and  are  not 
deposited  on  the  surfaces  of  the  papermaking  apparatus.  In  a 
improved  embodiment,  a  small  amount  of  the  high  molecular 
weight  low  charge  density  polymer  is  utilized  to  replace  cationic 
starch  to  act  as  a  retention  aid  for  the  neutral  size  material,  and  a 
low  molecular  weight  high  charge  density  polymer  is  introduced 
into  the  machine  chest  as  a  coagulant  to  further  promote  the 
retention  of  contaminants  present  in  the  slurry  to  avoid  their  being 
deposited  on  the  surfaces  of  the  paper-making  machine. 



BACKGROUND  OF  THE  INVENTION 

Field  of  the  Inven t ion  

The  present  invention  re la tes   to  a  system  for  making paper  to  be  used 

as  cover  sheets  for  gypsum  wallboard,  and  more  p a r t i c u l a r l y   refers   to  a 

polymer  system  for  use  in  making  such  paper  and  to  a  novel  method  for  a p p l y -  

ing  the  system. 
Description  of  the  Prior  Art  

Gypsum  wallboard  is  conventionally  fabricated  by  deposi t ing  an  aqueous 
slurry  between  two  paper  cover  sheets,  se t t ing  the  slurry  and  drying  the  
f inished  product.  In  the  past,  paper  for  u t i l i z a t i o n   as  paper  cover  shee t s  

was  prepared  by  u t i l i z i n g   an  acid  size,  alum  and  rosin.  This  sizing  system 
was  s a t i s f a c t o r y   and  produced  suitable  paper  for  cover  sheets.   It  was 
subsequently  found,  however,  that  when  a  neutral   size  mater ial   was 
u t i l i z ed   together  with  a  ca t ionic   starch,  a  paper  having  greater   s t r e n g t h  
was  produced.  However,  when  the  system  was  u t i l i zed   with  waste  paper  
furnish,   it  was  found  that  contaminated  material   was  deposited  on  the 
paper-making  machine. 

SUMMARY  OF  THE  INVENTION 
It  is  an  object  of  the  present  invention  to  provide  a  paper  s u i t a b l e  

for  use  in  the  production  of  gypsum  wallboard  having  great  s t r e n g t h .  
It  is  a  further  object  to  provide  a  paper  of  the  type  described  which 

is  produced  by  using  a  neutral   sizing  m a t e r i a l .  



It  is  s t i l l   further  an  object  to  provide  a  paper  suitable  for  use 

in  making  gypsum  wallboard  with  waste  paper  furnish  which  does  not  

resul t   in  deposition  of  contaminants  in  the  paper-making  machine. 

It  is  an  addit ional   object  to  provide  such  a  paper  in  which  some  or 

all  of  the  expensive  cationic  starch  commonly  u t i l i zed   is  e l i m i n a t e d .  

These  and  other  objects,   advantages  and  functions  of  the  invent ion  

will  be  apparent  on  reference  to  the  s p e c i f i c a t i o n .  

According  to  the  invent ion ,  paper   sui table  for  use  in  the  product ion  
of  gypsum  wallboard  is  prepared  from  waste  paper  furnish  and  u t i l i z i n g   a 
neutral   size  such  as  an  alkenyl  succinic  anhydride  by  eliminating  a 

portion  or  all  of  the  cationic  starch  conventionally  used  with  such 

neutral   sizes  by  incorporat ing  into  the  pulp  furnish  slurry  one  or  more 

cationic  polymers  at  p a r t i c u l a r l y   selected  places  of  the  paper-making 

apparatus.  Through  the  use  of  the  present  system  and  process  e x c e l l e n t  

paper  is  provided  and  contamination  of  the  paper-making  machine  i s  

avoided.  

Waste  paper  such  as  waste  news,  sections,   mixed  waste  or  old  co r ru -  

gated  paper  conventionally  contain  contaminants  such  as  wax,  a s p h a l t ,  
hotmelt  glues  and  adhesives.  When  pulp  furnish  prepared  from  these  

mater ials   is  u t i l i zed   to  form  paper,  they  often  deposit  at  va r ious  

places  of  the  paper-making  machine  and  cause  contamination  that  must  be 

per iod ica l ly   removed.  This  resul ts   in  an  added  expense  to  the  paper -  
making  process.  Moreover,  the  cationic  starch  conventionally  used 

together  with  alkenyl  succinic  anhydride  neutral   sizes  is  quite  ex- 
pensive  and  a  considerable  reduction  in  cost  could  be  achieved  if  the 

use  of  these  materials   was  reduced  or  discontinued  completely.  
The  alkenyl  succinic  anhydride  neutral   size  conventionally  used  f o r  

sizing  gypsum  wallboard  paper  is  disclosed  in  U.S.  Patent  No.  3 ,102,064,  
which  also  discloses  the  use  of  a  cationic  starch  as  a  re tent ion  aid.  The 

general  formula  of  the  material   is  as  fo l lows:  



wherein  R  is  selected  from  the  group  consist ing  of  dimethylene  and  t r i -  

methylene  rad ica l s ,   and  wherein  R'  is  a  hydrophobic  group  conta in ing 

more  than  5  carbon  atoms  selected  from  the  group  consist ing  of  a l k y l ,  

alkenyl,  aralkyl  and  aralkenyl  groups.  
Newslined  paper  is  paper  that  is  put  on  the  back  face  of  the  gypsum 

wallboard  which  is  mounted  on  the  inside  of  the  wall  in  contact  with  the 

supporting  frame  members.  Consequently,  it  need  not  have  the  high  grade 
surface  required  on  the  facing  side  of  the  wallboard.  Newslined  paper  i s  

typica l ly   comprised  of  low  grade  materials   which  are  unsuitable  for  paper 
which  is  applied  to  the  face  of  the  wallboard.  The  low  grade  c o n s t i t u e n t s  

are  old  corrugated  container  stock  which  contains  many  p l a s t i c s ,   hotmel t  

adhesives,  wax  and  other  contaminants  which  may  cause  bleed-through  and 

are  unsuitable  for  the  outer  or  front  face  of  the  wallbaord.  The  newslined 

is  also  comprised  of  sections  which  are  highly  coated,  thereby  c r e a t i n g  

contamination  problems.  Newslined  can  also  be  inser ts   cut  out  of  news- 

papers  that  are  highly  coated  or  printed  with  ro togravure .  
A  subs tan t i a l   cost  savings  may  be  accomplished  by  replacing  all  or  

part  of  the  cat ionic  starch.  According  to  the  invention  the  replacement 

is  made  by  adding  a  cat ionic  polymer.  Basically  the  cat ionic  density  of 

the  material   r e la tes   to  a  number  of  react ive  groups  on  a  given  length  of 

a  molecule.  The  greater   the  number,  the  greater  is  the  cat ionic  d e n s i t y  
and  the  greater   will  be  the  cat ionic  charge  on  the  re tent ion   aid  molecule ,  
and  this  will  increase  what  is  known  as  its  coagulating  effect .   In  the 

present  invention  the  preferred  cationic  polymer  a  material   of  low 
cat ionic  charge  density  is  preferred.   This  means  that  the  frequency  of 
cat ionic  charges  on  a  molecule  is  lower  and,  therefore ,   it  has  a  lower 
overall   charge  density.   The  material   used  in  connection  with  a  high 
molecular  weight  molecule  creates  f loccula t ing   condi t ions,   where  the 
cat ionic  charge  causes  the  molecule  to  be  a t t rac ted   to  anionic  groups.  
However,  the  process  does  not  require  a  very  high  charge  density  in  
order  to  accomplish  the  present  purpose,  but  the  process  depends  more  on 
the  length  of  the  molecule,  and  under  these  conditions  the  effect   which  i s  
achieved  is  f loccu la t ion .   The  cationic  charge  density  is  given  herein  in  

terms  of  mole  pe rcen t .  



The  present  invention  may  be  practiced  in  ei ther   one  of  two  embodi- 

ments.  In  the  f i r s t   embodiment  a  high  molecular  weight  cationic  polymer 

having  a  low  charge  density  is  introduced  into  the  paper-making  process 
at  the  discharge  of  the  fan  pumps  in  highly  dilute  form  (for  example 
0.1%  concent ra t ion) .   A  portion  of  the  cationic  starch  solution  conven- 

t iona l ly   u t i l i z ed   as  a  retention  aid  is  eliminated,  and  only  the  primary 

starch  or  the  starch  going  through  the  emulsif ier   for  the  purpose  of 

providing  a  ca t ionic   charge  to  retain  the  neutral   size  is  u t i l i zed .   By 

inser t ing   the  re ten t ion   aid  polymer  only  at  the  discharge  of  the  fan 

pumps,  contamination  of  the  paper-making  apparatus  is  avoided.  Addi t iona l ly  

a  savings  in  the  cost  of  the  eliminated  cationic  starch  is  r e a l i z e d .  

In  a  second  embodiment  of  the  invention,  the  two  polymer  system,  in  

addi t ion  to  adding  a  high  molecular  weight  low  charge  cationic  polymer 

to  the  discharges  of  the  fan  pumps,  the  entire  cationic  s tarch  add i t i on  

is  replaced  with  a  primary  solution  of  the  same  high  molecular  weight 
low  charge  density  cat ionic  polymer  applied  through  the  emulsif ier ,   and 

an  addi t iona l   d i lu te   solution  of  a  low  molecular  weight,  high  charged 
density  ca t ionic   polymer  is  applied  to  the  machine  chest.  This  r e s u l t s  

in  a  subs t an t i a l   savings  by  eliminating  the  expensive  cationic  s t a r c h ,  
and  resu l t s   in  a  clean  operating  paper-making  machine  system.  Because 
contamination  is  avoided,  it  is  not  necessary  to  use  a  l iner  s tock 

system  sometimes  u t i l i z e d   to  keep  the  top  press  rol ls   from  becoming 
f i l l e d   with  contaminants.  The  use  of  the  second  polymer,  a  low  molecular  

weight  high  charge  density  cationic  polymer  coagulant  in  the  machine 
chest  provides  cations  to  counter  the  anionic  trash  present  in  the 

s l u r r y .  

Although  the  following  discussion  is  not  intended  to  be  l imiting  in  

any  manner,  it  is  believed  that  what  happens  with  regard  to  the  a d d i t i o n  
of  second  polymer  to  the  machine  chest  is  that  the  strong  coagula t ing 

power  of  the  polymer  causes  contaminant  pa r t i c l e s   to  coagulate  and 

agglomerate  into  large  par t ic les   with  eventually  considerably  reduced 
tackiness .   These  larger  pa r t i c les   are  bet ter   retained  in  the  forming 
web  and  hence  are  carr ied  away  in  the  sheet  rather  than  becoming  de- 

posited  on  the  paper  machine  surfaces.  It  is  believed  to  be  f o r t u i t o u s  

that  the  coagulating  action  occurs  in  the  machine  chest,  because  here 

the  t i l e   surfaces  of  the  machine  chest  are  far  less  prone  to  have  con- 



taminant  p la te-out   than  the  rubber  coverings  of  the  press  ro l l s ,   the 

wire  mesh  of  the  cylinders  or  the  fabric  of  the  press  f e l t s .  

It  is  believed  that  in  the  single  cationic  polymer  system  e x c e l l e n t  

performance  is  accomplished  because  the  high  molecular  weight  low  c a t i o n i c  

charge  polymer  introduced  at  the  discharges  of  the  fan  pumps  ties  the 

contaminant  pa r t i c l e s   into  the  forming  web  without  causing  them  to 

p la te-out   on  the  paper  machine  equipment.  In  this  bridging  type  a c t i on  

where  the  charge  density  of  the  polymer  is  not  great,  increasing  molecular  

weight  of  the  polymer  (more  bridging)  in  close  proximity  to  the  forming 

cylinders  (after  the  fan  pumps)  is  important  in  tying  the  contaminants 

into  the  forming  web  without  causing  them  to  coagulate  and  p l a t e - o u t .  
The  following  examples  are  provided  to  i l l u s t r a t e   general  paper-making 

processes,  and  including  prior  process  as  well  as  improved  processes  of  the 

present  invent ion , .   They  are  provided  for  i l l u s t r a t i v e   purposes  and  a re  

not  intended  to  be  l imit ing  in  any  manner. 

EXAMPLE  1 

GENERAL  PROCESS  FOR  MAKING  PAPER  FOR  GYPSUM  WALLBOARD  USE 

A  blend  of  varying  rat ios  of  hard  and  soft  stocks,  such  as  old 

corrugated  stock  and  sections,   r espec t ive ly ,   on  newslined  paper,  i s  

pulped,  cleaned  and  refined,   and  then  discharged  into  a  25,000  ga l lon  
t i l e - l i n e d   machine  chest.  A  low  molecular  weight,  high  charge  dens i ty  
cat ionic  coagulant  polymer  is  added  to  the  paper  stock  in  the  machine 

chest,  where  appl icable ,   at  the  rate  of  about  0.15  to  0.45  dry  lb.  of 

polymer  per  ton  of  paper.  This  coagulant  serves  to  coagglomerate  f i ne  

contaminant  p a r t i c l e s   into  larger ,   more  readily  retained  pa r t i c l e s   at  a 
point  where  the  agglomeration  would  not  cause  plating  out  of  the  contamin- 
ant  on  the  paper  machine  surfaces.   The  resu l t ing   stock  called  "machine 
furnish"  is  then  pumped  at  3-1/2%  oven  dry  consistency  to  the  fan  pump 
in le t s   of  the  forming  section  of  the  paper  machine  where  the  furnish  i s  
divided  into  7  separate  flows  corresponding  to  their   in t roduct ion  to  7 

separate  fan  pumps. 
A  neutral  size  emulsion,  comprising  an  ASA  (alkenyl  succinic  anhydride)  

size  emulsified  in  ei ther   a  cat ionic  starch  or  a  cationic  polymer  s o l u t i o n ,  
is  added  to  the  machine  furnish  in  the  thick  stock  down  legs  just  prior  to 



entering  the  inlet  piping  to  the  fan  pumps.  The  function  of  the  c a t i o n i c  
starch  or  the  cationic  polymer  is  to  cause  the  size  to  adhere  to  the 

anionical ly-charged  cel lulose  f ibers  of  the  machine  furnish  in  order  to  

provide  sizing  after   subsequent  heat  curing.  The  ASA  size  is  added  a t  
rates  varying  between  2.5  and  5.5  dry  lb/ton  of  paper  depending  on 
sizing  propensity  of  the  furnish  and  e f fec t iveness   of  size  r e t e n t i o n  

on  the  paper  machine.  The  flows  of  machine  furnish  mixed  with  s i z e  
emulsion  is  diluted  to  approximately  0.5  to  1.5%  consistency  with 

recycled  white  water  from  the  paper  machine,  and  are  then  pumped  by  the 
fan  pumps  to  the  continuously  moving  forming  cylinders  of  the  paper 
machine.  According  to  the  invention,  into  the  discharges  of  the  fan 

pumps  a  high  high  molecular  weight,  low  charge  density  cationic  f l o c c u -  
lant  polymer  is  pumped  at  the  rate  of  0.40  to  1.35  dry  lb/ton  of  paper  
for  use  as  a  re tent ion  aid.  The  re tent ion   aid  is  mixed  with  the  d i l u t e  

machine  furnish  by  means  of  turbulence  created  by  elbows  in  the  approach 

piping  from  the  discharges  of  the  fan  pumps  to  the  forming  c y l i n d e r s .  
The  re ten t ion   aid  serves  to  improve  the  re tent ion   of  cellulose  fines  and 

agglomerated  contaminant  pa r t i c l e s   which,  if  poorly  retained  in  the  s h e e t ,  
could  become  embedded  in  paper  machine  surfaces  such  as  carrying  and  p r e s s  
f e l t s ,   forming  wires  and  press  rol l   covers .  

The  machine  furnish  is  formed  on  the  forming  cylinders  into  s e p a r a t e  
pl ies   which  are  joined  together  on  a  continuously  moving  carrying  f e l t .  
The  water  drained  through  the  wire  covers  of  the  cylinders  is  caused 

to  flow  back  to  the  separate  fan  pumps  for  d i lut ion  of  the  pulp.  A 
seven  ply  sheet  is  formed  at  23-25%  solids  consistency  and  is  carried  on 
continuously  moving  fe l t s   through  the  press  section  of  the  paper  machine, 
where  the  solids  content  of  the  sheet  is  increased  to  40-45%.  The  s h e e t  
by  i t s e l f   is  then  passed  into  the  dryer  section  where  it  is  dried  to 
1.0-2.5%  moisture  content  on  continuously  turning  drying  cy l i nde r s  
loaded  to  a  minimum  steam  pressure  of  25  psig  for  proper  curing  of  the  
ASA  s i z e .  

The  dried  sheet  of  paper,  af ter   leaving  the  dryer  section,  passes  
through  a  wet  calender  stack  where  water  is  applied  to  both  faces  of 

the  sheet  for  f inish  by  water  addition  to  the  rol ls   at  the  ca lender  

stack  via  water  boxes  attached  to  the  calender  stack  ro l l s .   The  shee t  



of  paper  then  passes  through  a  following  dry  calender  stack  where  the 

cal iper   or  thickness  uniformity  is  improved.  After  leaving  the  dry 
stack  the  sheet  of  paper  is  wound  into  a  set  of  paper  on  a  r e e l .  

Later  the  set  is  s l i t   and  wound  on  a  winder  into  separate  rol ls   fo r  

la ter   conversion  to  gypsum  board. 

When  the  type  of  paper  produced  or  the  furnish  conditions  make 

it  necessary,  a  pa r a l l e l   stock  system  to  the  f i l l e r   stock  system, 
called  the  l iner  system  is  run  to  provide  a  two-ply  l iner  on  top  of 

the  f i l l e r   stock.  Two  of  the  afore-mentioned  cylinders  are  u t i l i z e d  

for  this  purpose.  The  f i l l e r   portion  of  the  paper,  as  a  r e s u l t ,  
consits  of  five  pl ies .   Where  the  contaminant  level  in  the  paper  s tock 

furnish  causes  a  high  level  of  contaminant  deposit ion  on  the  paper 
machine  press  ro l l s   and  carrying  and  press  f e l t s ,   the  l iner   system 
is  run  u t i l i z i n g   paper  stock  from  clean,  cut-up  rol ls   of  paper .  
The  l iner  so  formed  a l l ev i a t e s   the  press  roll   deposition  problem  and 

allows  continued  operat ion  of  the  paper  machine.  Without  this  modi- 

f i ca t ion ,   the  press  ro l l s   would  soon  be  covered  with  sticky  contaminant 

causing  picking  of  the  sheet  and  eventual  sheet  b reaks .  

The  problems  encountered  with  contaminant  deposit ion  as  described  ,  
above  are  very  typical   and  frequent  while  a  cat ionic  starch  is  being 
added  through  the  ASA  size  emulsif ier   and  no  re tent ion  aid  is  being 
u t i l i z e d   in  the  fan  pump  discharges,  and  no  coagulant  is  being  added  to 
the  machine  chest.  For  this  reason,  under  the  above  conditions  the 
l iner   system  is  u t i l i z e d   continuously.  Applying  the  re tent ion   aid  a f t e r  
the  fan  pumps,  according  to  the  invention  eliminates  the  deposit  pro-  
blem,  as  will  be  discussed  below,  and  permits  a  s ign i f i can t   reduction  in  
the  rate  of  total  cat ionic   starch  usage. 

When  the  high  molecular  weight,  low  charge  density  f l o c c u l a n t  

polymer  is  added  through  the  emulsif ier   in  place  of  the  remaining 
cat ionic   starch,  the  paper  machine  deposits  again  begin  to  occur .  
Adding  the  low  molecular  weight  high  charge  density  cat ionic  coagulant  
polymer  to  the  machine  chest,  as  in  the  two  polymer  embodiment,  helps  
to  a l l e v i a t e   the  contaminant  deposition  when  the  cationic  starch  i s  

completely  replaced  with  the  f locculant ,   as  is  discussed  below.  When 

e i ther   the  one  polymer  system  method  or  the  two  polymer  system  method 

are  run,  the  l iner  system  is  not  r equ i red .  



The  following  example  i l l u s t r a t e s   a  process  where  no  r e t e n t i o n  

aid  polymer  was  used,  as  in  prior  art  processes .  

EXAMPLE  2 

PAPER  PRODUCED  WITHOUT  ADDITION  OF  POLYMER  AFTER  FAN  PUMPS 

(PRIOR  ART) 

Paper  was  produced  without  the  addition  of  any  cat ionic   polymer 
after   the  fan  pumps  and  had  the  composition  shown  below  in  Table  I.  The 
cationic  starch  solut ion  was  pumped  through  the  emuls i f ier   with  the  ASA 

size,  and  was  mixed  with  addi t ional   starch  solution  af ter   the  e m u l s i f i e r .  

The  di lute  ASA  size  emulsion  was  then  pumped  to  the  thick  stock  lines  to 
the  fan  pump  in l e t s .   Under  these  process  conditions  and  with  the  r e s u l t i n g  
contaminated  condition  of  the  furnish  a  total   of  12.5  lb/ ton  of  c a t i o n i c  

starch  and  5.0  lb/ ton  of  ASA  size  were  required  to  provide  adequa te  

paper  sizing,  and  the  l iner   system  had  to  be  run  u t i l i z i n g   cut  up  c lean  

rol ls   of  the  same  approximate  fiber  composition  as  run  in  the  f i l l e r  

s tock.  

EXAMPLE  3 
PAPER  PRODUCED  WITH  ONE  CATIONIC  POLYMER 

RETENTION  AID  ADDED  AFTER  FAN  PUMPS 

Paper  was  prepared  by  the  use  of  one  cat ionic  polymer  re ten t ion   a i d  

applied  immediately  after   the  fan  pumps  and  had  the  composition  shown  in  

Table  II  below.  In  this  example,  the  cat ionic  starch  solution  added  to 



the  ASA-starch  emulsion  af ter   the  emuls i f ier   was  shut  off  and  was  r ep l aced  
with  c la r i f i ed   process  water.  A  high  molecular  weight,  low  charge  d e n s i t y  
cationic  polymer  was  added  at  the  rate  of  0.5  dry  lb/ton  paper  to  the  d i s -  

charge  of  the  fan  pumps  pumping  di lute  machine  furnish  to  the  forming 

cylinders.   The  resu l t s   of  this  mode  of  paper  manufacture  were  that  c a t i o n i c  

starch  usage,  was  decreased  by  9.0  lb/ton  or  72%  of  the  usage  of  Example  2 

above.  The  neutral   sizing  rate  was  reduced  by  0.5  lb/ton  or  10%  of  Example 
2's  usage  and  use  of  the  l iner   system  with  its  at tendant  e l e c t r i c a l  

power  consumption  was  el iminated.   The  paper  machine  press  rol ls   remained 

clean  with  no  ass is tance  from  the  l iner  system. 

The  following  Example  4  i l l u s t r a t e s   the  preparat ion  of  a  two  polymer 

system  using  newslined  paper  according  to  a  fur ther   embodiment  of  the  
inven t ion .  

EXAMPLE  4 
TWO  POLYMER  SYSTEM  NEWSLINED  PAPER 

Paper  produced  with  the  two  cationic  polymers  had  the  composi t ion 
i l l u s t r a t e d   in  Table  III  below.  In  this  example,  in  addit ion  to  the 

polymer  added  to  the  fan  pump  discharge  as  in  Example  3  above,  0.25  dry 
lb/ ton  of  a  low  molecular  weight,  high  charge  density  cationic  coagulan t  

polymer  was  added  to  the  f i l l e r   system  machine  chest.  I n i t i a l l y ,   the 

primary  purpose  of  the  coagulant  addition  was  to  trap  anionic  t r a s h  



which  consumed  a  disproport ionate   share  of  the  cationic  size  emulsion 

and  reduced  the  eff iciency  of  sizing.  It  was  discovered  that  its  e f f e c t  

on  coagulating  furnish  contaminant  p a r t i c l e s   was  benef ic ia l .   This 

discovery  permitted  using  the  afore-mentioned  high  molecular  weight  low 

charge  density  cationic  f locculant  polymer  in  place  of  the  ca t ion ic  

starch  in  the  ASA  size  emulsifier.   It  was  found  that  ear l ier   r ep lace -  

ment  of  the  cationic  starch  by  this  polymer  without  prior  addition  of 

the  coagulant  into  the  machine  chests  caused  deposition  of  contaminant 

on  the  paper  machine. 

In  this  example  all  of  the  remaining  cat ionic  starch  u t i l i zed   in  

the  one  polymer  system  was  replaced  with  only  0.15  lb/ton  of  the  polymer 

f loccu lan t ,   thus  saving  an  addi t ional   3.5  lb/ ton  of  cationic  starch.  As 

in  the  one  polymer  system,  the  high  molecular  weight,  low  charge  dens i ty  

cat ionic  f locculant   was  added  to  the  fan  pump  discharges.  The  b e n e f i c i a l  

resul t s   of  this  mode  of  operation  was  in  the  elimination  of  the  use  of 

the  expensive  cat ionic  starch  while  s t i l l   avoiding  contaminant  depos i t ion .  

Addi t ional ly ,   a  further  reduction  in  ASA  sizing  rate  of  0.5  lb/ton  was 
obtained.  Use  of  the  l iner  system  with  i t s   s ign i f i can t   e l e c t r i c a l   consumption 

was  also  e l imina ted .  



The  following  examples  i l l u s t r a t e   the  preparat ion  of  the  va r ious  

ingredients   used  in  the  present  invent ion .  

EXAMPLE  5 

PREPARATION  OF  CATIONIC  STARCH -  ASA  EMULSION 

A  pregelled  powdered  or  flaked  cationic  potato  starch  was  wetted  out 
with  fresh  water  in  a  hopper-type  eductor  and  was  discharged  into  an 

agi ta ted  mixing  tank  where  full  so lub i l i ty   of  the  the  starch  was  achieved 

over  30-60  minutes,  and  the  starch  solution  concentrat ion  was  adjusted  to  

3%.  The  completed  batch  of  starch  solution  was  t rans fe r red   to  the  holding 
tank  and  was  pumped  at  a  rate  of  3.5  to  4.0  dry  lb/ton  of  paper  through  a 
turbine  pump  size  emuls i f ie r ,   where  it  served  as  the  size  emulsifying 
medium.  An  oily  ASA  (alkenyl  succinic  anhydride)  sizing  agent  was  added 

at  a  rate  of  3.5  to  5.0  lb/ton  of  paper  to  the  starch  solution  just  p r i o r  
to  the  emuls i f ie r .   After  emuls i f ica t ion ,   the  solids  content  of  the  emul- 

sion  was  6.0%  including  starch  s o l i d s .  
The  th ick-s ize   starch  emulsion  flowed  to  the  inlet   of  an  eductor  

where  the  emulsion  was  di luted  with  c l a r i f i ed   water  at  a  rate  s u f f i c i e n t  

to  lower  the  solids  content  of  the  emulsion  to  0.35%  sol ids.   The  d i l u t e  
emulsion  was  then  metered  through  o r i f i ces   and  was  then  injected  into  the 

thick  paper  machine  stock  s lurry  just  prior  to  its  entry  into  the  s u c t i o n  
of  the  fan  pumps.  Subsequently,  the  thick  stock  was  mixed  and  d i l u t e d  
with  white  water  drainings  from  the  forming  cylinders  in  the  fan  pumps. 

EXAMPLE  6 

PREPARaTION  OF  RETENTION  AID  POLYMER  OF  INVENTION 
The  high  molecular  weight  low  charge  density  cat ionic  emulsion  po ly -  

mer,  designated  hereinas  polymer  "A",  consist ing  of  28-31%  polymer  s o l i d s ,  
40-43%  water  and  23-26%  hydrocarbon  oil  was  inverted  to  a  1-3%  s o l i d s  

aqueous  solut ion  in  agi tated  mixing  and  holding  tanks.  The  polymer 
solids  consisted  of  a  copolymerization  product  of  acrylamide  monomer  and 
cat ionic  tr imethyl  ammonium  chloride  methacrylate  where  the  c a t i o n i c  

charge  density  of  7.5  mol  percent  was  provided  by  quaternary  amide 

groups  attached  to  the  polymer.  The  mean  average  molecular  weight  of 
the  polymer  was  2,000,000.  Wetting  out  of  the  polymer  was  accomplished 



in  hopper-type  eductors  with  fresh  water .  
The  moderately  d i lu te   aqueous  polymer  solution  was  pumped  through  a 

rotameter  and  thence  to  a  mixing  eductor  with  a  variable  speed,  non- 

pulsing  type  constant  displacement  gear  pump.  Mill  c l a r i f i ed   water  was 
used  as  the  motivating  fluid  in  the  eductor  to  raise  the  d i lute   polymer 

line  pressure  to  approximately  60  psig  pressure  and  to  lower  the  polymer 
solids  concentrat ion  to  approximately  0.1%  s o l i d s .  

For  addition  to  paper,  the  dilute  polymer  was  metered  at  the  r a t e  

of  0.40  to  1.35  dry  lb/  ton  into  the  dilute  paper  machine  stock  s l u r r y  

just  before  the  forming  cyl inders   at  the  discharges  of  the  forming 

cylinder  fan  pumps.  The  metering  was  accomplished  through  o r i f i c e s ,   and 

in t roduct ion  of  the  polymer  into  the  dilute  machine  stock  slurry  was 

done  through  in le t   qu i l l s   set  into  the  fan  pumps  discharge  p ip ing .  
The  dilute  polymer  was  mixed  with  the  dilute  machine  stock  s l u r r y  

in  the  turbulence  that  occurs  af ter   each  bend  in  the  piping  before  the  

machine  stock  reaches  the  forming  cylinders.   The  dilute  machine  s tock  

slurry  was  then  formed  by  drainage  through  the  forming  cylinder  wi res  

into  plies  which  were  co-joined  onto  a  carrying  fe l t .   The  joined  p l i e s  

were  t ransfer red   as  a  web  onto  another  carrying  fe l t ,   and  the  web  was 
then  pressed  between  press  ro l l s   and  contacted  by  several  hot  dryer  r o l l s  

in  a  dryer  section  to  remove  all   but  the  last  2-5%  of  the  moisture  from 

the  web. 

The  sheet  was  run  between  steel  rol ls   to  provide  smoothness  and 
uniform  thickness.   The  paper  was  wound  on  a  reel  and  was  l a te r   s l i t  
and  rewound  on  a  reel  into  ro l l s   that  were  shipped  to  the  market  o r  
to  the  converting  stage  for  making  gypsum  board.  

The  following  example  i l l u s t r a t e s   the  preparat ion  and  use  of  the  
addi t ional   mater ia ls   for  the  two  polymer  system. 

EXAMPLE  #7 
PREPARATION  OF  CATIONIC  POLYMER  COAGULANT  FOR  TWO  POLYMER  SYSTEM 

A  cationic  quaternary  amine  polymer,  designated  herein  as  polymer 
"B",  of  very  high  charge  density  of  100  mol  percent  and  a  low  mean 

average  molecular  weight  of  approximately  200,000  was  added  at  the  r a t e  
of  0.15-0.45  dry  lb/ ton  of  paper  to  the  machine  chest  dilute  at  10%  of 



the  as-received  concentrat ion.   This  polymer  was  added  to  the  machine 

chest  and  u t i l i zed   to  neu t ra l i ze   co l lo ida l   anionic  furnish  components 
that  would  have  consumed  d i spropor t iona te   amounts  of  c a t i o n i c a l l y  

charged  size.  The  polymer  served  to  coagulate  dispersed  contaminant 

pa r t i c l e s   in  the  machine  chest.  If  such  coagulation  were  to  have 

occurred  on  the  paper  machine  proper,  subs tan t ia l   deposits  of  contaminants  

would  have  been  prone  to  occur  on  the  paper  machine  components  such  as 

the  top  press  ro l l s ,   cylinder  wires  and  press  f e l t s .  

EXAMPLE  8 

PREPARATION  OF  CATIONIC -  SIZE  EMULSION  FOR  TWO  POLYMER  SYSTEM 

Emulsion  polymer,  termed  "A"  in  Example  6  related  to  the  one  polymer 

system,  was  adjusted  to  a  0.18%  solids  content  solution  d i rect ly   by 

wetting  the  polymer  with  fresh  water  in  a  hopper  eductor  followed  by 

strong  ag i ta t ion   in  a  mix  tank.  The  di lute  polymer  was  t ransferred  to  a 

holding  tank  and  was  then  pumped  through  a  variable  speed  gear  pump  to  a 
turbine  pump  size  emulsif ier   at  a  rate  of  0.10-0.15  dry  lb/ton  of  paper  
where  it  served  as  the  size  emulsif ier   medium.  An  oily  ASA  (a lkenyl  
succinic  anhydride)  sizing  agent  was  added  to  the  polymer  solution  at  a 
rate  of  2.5-5.0  lb/ ton  just   prior  to  the  emuls i f ier .   After  e m u l s i f i c a t i o n  

the  solids  content  of  the  emulsion  was  6.2%  including  polymer  s o l i d s .  
The  thick  size-polymer  emulsion  flowed  to  the  inlet   of  an  educ tor  

where  the  emulsion  was  mixed  with  a  volume  of  c l a r i f i ed   process  water  
equal  in  volume  to  30  times  the  volume  of  the  emulsion,  thus  p rov id ing  
a  di lute  emulsion  of  0.19%  solids  concentrat ion.   This  dilute  emulsion 
under  approximately  60  psig  pressure  was  metered  to  the  thick  s tock 

slurry  lines  ahead  of  the  forming  cylinder  fan  pumps  through  o r i f i c e s .  
The  di lute  emulsion  was  added  to  the  thick  stock  slurry  through  i n j e c t i o n  
qui l l s   set  into  the  thick  stock  slurry  l ines.   The  thick  stock  s l u r r y  
was  di luted  with  recycled  white  water  drainage  from  the  forming  c y l i n d e r s  
and  then  was  pumped  to  the  forming  cylinders  as  dilute  machine  s tock 

s l u r r y .  



EXAMPLE  9 

PREPARATION  AND  USE  OF  RETENTION  AID  POLYMER 

This  polymer  was  formed  and  introduced  in  the  same  manner  as  in  

Example  6  above. 

EXAMPLE  10 

STARCH -  SIZE  EMULSIFYING  SYSTEM 

A  pregelled  powdered  or  flaked  cationic  potato  starch  was  wetted 

out  with  fresh  water  in  a  hopper  type  eductor  and  was  discharged  in to  

an  agitated  mixing  tank  where  full  so lub i l i za t ion   of  the  starch  was 

permitted  to  occur  over  30-60  minutes,  and  the  starch  solution  con- 

centrat ion  was  adjusted  to  3%.  The  completed  batch  of  starch  so lu t ion  

was  t ransfer red   to  the  holding  tank  and  was  pumped  with  a  c e n t r i f u g a l  

pump  to  a  turbine  pump  emulsifier  at  a  rate  of  2.5-5.0  lb/ ton.   ASA 

size  as  previously  discussed  was  added  at  a  rate  of  4.5  to  5.5  l b / t o n  

to  the  starch  solution  before  emulsif icat ion  in  the  starch  solution  as 

emulsifying  medium. 

The  size  emulsion  concentration  leaving  the  emulsif ier   was  6%. 

The  size  emulsion  was  mixed  with  a  continuous  flow  of  more  s t a r c h  

solution  equal  to  a  rate  of  6  to  11.5  dry  lb/ ton  of  starch  in  an 
eductor  to  provide  a  dilute  emulsion  solids  concentrat ion  of  4%.  The 

di lute   size  emulsion  was  then  metered  to  separate  forming  cy l inde r s  

through  separate  rotameters  for  each  forming  cylinder.   The  s t a r c h - s i z e  

emulsion  then  flowed  to  inject ion  qui l ls   in  the  thick  stock  lines  to  the 

fan  pump  suctions  where  it  was  added  to  the  thick  stock.  The  sheet  of 

paper  was  then  formed  as  described  above. 



DESCRIPTION  OF  MATERIALS  USED  IN  THE  PRESENT  INVENTION 

IN  BOTH  THE  ONE  POLYMER  AND  TWO  POLYMER  EMBODIMENTS 

The  re tent ion  aid  polymer  added  to  the  discharge  of  the  fan  pumps 

according  to  the  invention  is  a  copolymerization  product  of  acrylamide 

monomer  and  cationic  trimethyl  ammonium  chloride  methacrylate.   The 

material  has  a  cationic  charge  density  of  7.5  mol  percent.  Mate r i a l s  

having  a  mean  average  molecular  weight  of  from  2,000,000  to  4,000,000 

may  be  u t i l i zed .   The  s t ructure   of  the  polymer  is  as  fo l lows:  

The  formula  product  above  is  furnished  commercially  by  the  manufac- 

turer  Dow  Chemical  Company,  Midland,  Michigan  in  the  following  form: 

28-31%  Polymer  Solids 
40-43%  Water 
23-26%  Hydrocarbon  Oil 

Other  materials   that  may  be  u t i l ized   are  Betz  1260  or  1264  which 

are  copolymers  of  a  quaternary  amine  and  acrylamide  with  a  mean  average 
molecular  weight  of  5  x  106.  The  polymer  has  a  cat ionic  charge  d e n s i t y  
of  20  mol  percent.  The  amine  provides  the  c a t i o n i c i t y .  

1260  is  a  dry  material  and  1264  is  an  emulsion  polymer  of  30%  a c t i v e  

polymer  solids  con ten t .  
Another  material   which  may  be  u t i l ized  is  Hercules  Reten  210  which 

is  an  acrylamide/quaternary  ammonium  salt  monomer  copolymerization  p ro-  
duct  which  has  a  molecular  weight  in  the  range  of  9-10  x  106,  a  c a t i o n i c  

charge  density  7.5  Mol  percent,  and  is  supplied  as  a  dry  powder. 



With  respect  to  the  two  polymer  system  embodiment,  the  c a t i on i c  

polymer  coagulant  is  a  cationic  quaternary  amine  polymer  of  200,000 

mean  average  moleculer  weight  and  100  Mol  percent  charge  density.  It  i s  

supplied  at  low  solids  in  solution  under  the  trademark  Nalco  7625,  and 

supplied  by  Nalco  Chemical  Co.,  Oak  Brook,  I l l i n o i s .  

Al ternat ively   a  Dow  coagulant  under  the  trademark  Polymeric  PC 

Copolymer  formed  of  acrylamide  and  cat ionic   monomer  50/50  by  weight ,  

can  be  used.  The  cationic  monomer  is  a  quaternary  methyl  ammonium 

chloride  salt  with  the  monomer  part  cyclic  in  s t ruc ture .   The  c a t i o n i c  

charge  density  is  7  mol  percent,  the  range  of  molecular  weight  i s  

1.0-1.5  x  106.  It  is  supplied  as  an  8%  aqueous  so lu t ion .  

S t i l l   another  coagulant  which  may  be  used  is  sold  under  the  trademark 

Quaker  3015  and  has  a  basic  s t ructure  of  polyamino/amide  with  a  molecular  

weight  range  of  from  200,000-300,000  and  a  cationic  charge  density  of  50 

mol  percent.  It  is  supplied  as  a  liquid  solut ion  containing  38X  s o l i d s .  

The  gypsum  board  paper  produced  above  u t i l i z i n g   the  two-polymer 

system  processes  was  subjected  to  a  number  of  quality  control  tes ts   to  

make  sure  t h a t  i t   met  minimum  standards  required  for  proper  conversion 

to  wallboard.  Table  IV  below  provides  test  data  obtained  by  t e s t i n g  
wallboard  produced  by  using  the  paper  produced  by  the  methods  descr ibed  
above.  In  the  table,  tests  of  both  manila  and  newslined  gypsum  board 

paper  met  the  indicated  standards  per  test .   The  sizing  or  water  r e -  
s is tance  of  both  papers  as  indicated  by  the  saturat ions  and  cobb  water  
res i s tance   tests  was  good.  Sheet  strength  in  terms  of  ply  bond  and 
t ens i l e   strength  were  also  good.  The  manila  paper  tested  above  was 
made  up  of  2  plies  of  a  f lyleaf  l iner   s tock appl ied  to  5  plies  of  a 
f i l l e r   stock  consisting  of  box  plant  kraft   cutt ings  and  waste  news. 
The  newslined  paper  was  made  up  of  7  plies  of  a  blend  of  old  cor rugated  
container  stock  and  waste  s tock.  

The  gypsum  board  papers  described  above  were  converted  into  gypsum 
board  on  a  conventional  board  line  where  stucco  slurry  was  spread  onto 
the  inside  face  of  the  manila  where  the  f ly leaf   topliner  was  face  down. 



a  forming  rol l   or  forming  plate  on  a  continuously  moving  forming  b e l t .  

The  board  when  fully  set  was  cut  into  8  foot  lengths,   inverted  and  con- 

veyed  to  a  drying  kiln  where  it  was  dried  by  forced  convection  drying.  
The  board  af ter   leaving  the  drying  kiln  was  inspected  and  tested,  and 

then  made  into  bundles  and  shipped. 
Gypsum  board  produced  as  discussed  above  must  meet  a  variety  of 

quali ty  tes ts   in  order  to  reach  the  market.  The  covering  papers  must 
bond  well  to  the  gypsum  board  core,  and  the  board  must  possess  adequate 

t ransverse   s t rengths .   The  dry  bond  test  is  conducted  by  f i r s t   drying 
the  f inished  board  for  one  hour  at  110°F  in  a  forced  convection  oven, 
and  then  subjecting  the  board  to  a  force  su f f i c i en t   to  break  the  bond 

between  the  paper  and  the  board  core.  The  applied  force  or  weight  a t  

f a i lu re   is  the  measure  of  bond  strength.   The  bond  fa i lure   is  des ignated 

as  the  percentage  of  the  tested  board  surface  that  becomes  exposed  or 
has  no  f iber  covering  after   the  bond  has  been  broken.  In  reference  to 
Table  IV  it  is  apparent  that  both  manila  and  newslined  paper  bonded  wel l  

to  the  gypsum  core  because  the  bond  strengths  fa l l   within  the  des i red  

range  and  the  bond  fa i lure   test  shows  zero  bond  fa i lu re   for  both  papers .  
Transverse  strength  tests  were  conducted  by  f i r s t   conditioning  the 

f inished  board  for  16  hours  in  a  70°F  and  50%  r e l a t i v e   humidity  envi ron-  

ment,  and  then  applying  a  downward  force  in  the  center  of  the  specimen 
supported  at  its  opposing  outer  edges.  The  face  posit ioned  downward  i s  
the  face  which  is  tested.   Force  applied  at  fa i lu re   is  the  measurement 
of  t ransverse   s t r e n g t h .  

Referring  to  Table  IV  it  is  evident  that  the  gypsum  board  met  both 
machine-di rec t ion   and  ac ross -d i rec t ion   minimum  t ransverse  s t r e n g t h  
standards  on  the  sides  faced  with  the  manila  and  newslined  paper.  

The  various  paper  and  board  tests  indicate  that  the  po lymer- t rea ted  
paper,  as  produced  in  the  two-polymer  system  processes,   makes  accep tab le  
gypsum  board.  Addit ional ly,   it  permits  the  el imination  of  expensive 
cat ionic   s t a r c h .  



The  method  of  the  present  invention  offers  several  advantages  over 
prior  art  methods  u t i l i z i n g   a  neutral  size  for  making  paper  su i table   f o r  

gypsum  wallboard.  In  the  one-polymer  method,  a high  molecular  weight  low 

charge  density  re tent ion   aid  polymer  is  added  immediately  af ter   the  fan 

pumps  instead  of  at  a  prior  position.  This  resul t s   in  the  prevention  of 
the  deposition  of  contaminants  on  the  cylinder  wires,  press  and  ca r ry ing  
fe l t s   and  for  press  rol ls   of  the  paper-making  machine.  Addit ional ly,   i t  

permits  a  reduction  in  the  use  of  a  cationic  starch  re ten t ion   aid,  a 
mater ia l   which  is  considerably  more  expensive  on  a  total   use  basis  than 
the  polymers  u t i l i zed .   In  the  two-polymer  method,  a  high  molecular  low 

charge  density  polymer  of  the  same  type  is  added  immediately  af ter   the 

fan  pumps,  obtaining  the  benefits   described  with  regard  to  the  one- 
polymer  method. 



Addit ional ly,   a  small  amount  of  the  same  polymer  is  introduced  into  the 

emuls i f ier ,   thereby  completely  replacing  the  use  of  the  cat ionic  s t a r c h .  

Addit ional ly,   a  low  molecular  weight  high  charge  density  polymer  i s  

added  to  the  machine  chest  in  order  to  further  cause  agglomeration  of 

contaminant  products  present  in  the  slurry.  As  a  result   of  the  use  of 

the  two-polymer  system,  contamination  is  avoided  and  the  use  of  the  c a t i o n i c  

starch  is  completely  el iminated.   Addit ionally,   because  the  apparatus  i s  

maintained  in  clean  condit ion  and  the  resul t ing  paper  is  clean,  a  paper  l i n e r  

need  not  be  applied  to  the  surfaces  of  the  paper.  
It  is  to  be  understood  that  the  invention  is  not  to  be  limited  to  the 

exact  de ta i l s   of  operation  or  materials   described,  as  obvious  m o d i f i c a t i o n s  

and  equi lvalents   will  be  apparent  to  one  skil led  in  the  a r t .  



1.  In  a  process  for  producing  paper  in  a  paper-making  appara tus  
sui table   for  use  in  the  production  of  gypsum  wallboard,  the  process  com- 

prising  preparing  a  pulp  s lurry,   introducing  a  neutral   size  material   and 

a  cationic  re tent ion  material   into  the  s lurry,   passing  the  slurry  through 

a  p lu ra l i ty   of  fan  pumps  and  forming  and  drying  the  paper,  the  improve- 

ment  which  comprises  the  step  of  introducing  a  high  molecular  weight  low 

cationic  charge  density  re tent ion  aid  polymer  into  the  slurry  immediately 

at  the  discharge  si tus  of  the  fan  pumps,  whereby  any  contaminants  p r e s e n t  
in  this  slurry  are  retained  therein  and  do  not  deposit  out  on  the  walls  of 

the  paper-making  appa ra tus .  
2.  A  process  according  to  Claim  1,  when  said  neutral  size  m a t e r i a l  

has  the  s t ruc tu ra l   formula:  

wherein  R  i s - se lec ted   from  the  group  consist ing  of  dimethylene  and  t r i -  

methylene  rad ica ls ,   and  wherein  R'  is  a  hydrophobic  group  conta in ing  

more  than  5  carbon  atoms  selected  from  the  group  consist ing  of  a l k y l ,  

alkenyl,  aralkyl  and  aralkenyl  groups.  
3.  A  process  according  to  Claim  2,  wherein  said  cationic  r e t e n t i o n  

material   is  a  cat ionic  s t a r c h .  

4.  A  process  according  to  Claim  2,  wherein  said  high  molecular  

weight  low  cationic  charge  density  re tent ion  aid  polymer  is  a  copoly- 
merization  product  of  acrylamide  monomer  and  cationic  trimethyl  ammonium 
chloride  methacrylate,   having  a  mean  average  molecular  weight  of  from 
about  2,000,000  to  about  4,000,000,  and  a  cationic  charge  density  of  7.5 
mol  pe rcen t .  

5.  A  process  according  to  Claim  4,  wherein  said  high  molecular  

weight  low  charge  density  polymer  is  added  in  an  amount  of  from  0 .40-1 .35 .  



6.  A  process  according  to  Claim  1,  wherein  said  cationic  s t a r c h  

for  the  neutral  size  is  added  in  an  amount  of  2.5-4.0  dry  l b . / t o n .  

7.  A  process  according  to  Claim  1,  which  add i t iona l ly   comprises 

passing  said  slurry  into  a  machine  chest,  wherein  a  low  molecular  weight 

high  cationic  charge  density  polymer  coagulant  is  introduced  in  sa id  

machine  ches t .  

8.  A  process  according  to  Claim  7,  wherein  add i t iona l ly   a  p o r t i o n  
of  said  high  molecular  weight  low  cat ionic   charge  density  polymer  is  i n t r o -  

duced  into  an  emuls i f ier   and  then  into  said  aqueous  slurry  to  replace  sa id  

cat ionic  starch  as  a  re ten t ion   a i d .  

9.  A  process  according  to  Claim  7,  wherein  said  low  molecular  weight  

high  density  cat ionic  charge  polymer  is  a  cat ionic  quaternary  amine  polymer 

having  a  mean  average  molecular  weight  of  about  200,000  and  a  charge  dens i ty  

of  about  100  mol  p e r c e n t .  
10.  A  process  according  to  Claim  9,  wherein  said  cat ionic  coagulant  

polymer  added  to  said  machine  chest  in  the  amount  of  about  0 .15-0 .45  

dry  l b . / t o n .  
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