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Description 

BACKGROUND  OF  THE  INVENTION 

5  [0001]  The  present  invention  is  directed  to  a  method  of  making  a  sheeted  crosslinked  cellulose  and  the  product 
resulting  from  the  process.  The  invention  is  especially  directed  toward  a  crosslinked  cellulose  sheet  which  can  later 
be  easily  reslurried  in  water  without  excessive  fiber  breakage. 
[0002]  Crosslinked  cellulose  products  have  been  described  in  the  chemical  literature  for  many  years.  These  products 
are  normally  made  by  reacting  a  material,  usually  bifunctional,  that  will  tie  together  hydroxyl  groups  on  neighboring 

10  cellulose  chains.  Formaldehyde  and  various  derivatives  of  urea  have  been  the  crosslinking  agents  which  have  received 
the  greatest  study.  However,  many  other  materials  which  have  actual  or  latent  bifunctional  reactive  groups  have  also 
been  reported. 
[0003]  Crosslinked  celluloses  are  of  great  commercial  importance  in  the  textile  industry  where  they  are  widely  used 
for  the  production  of  wash-and-wear  and  other  wrinkle-resistant  types  of  fabrics.  Crosslinked  cellulose  fluff  has  also 

is  been  described  for  use  in  disposable  absorbent  products  such  as  diapers.  Here  advantage  is  taken  of  the  fact  that 
crosslinked  fibers  are  normally  stiffer  than  their  untreated  counterparts.  The  fluff  products  formed  from  these  fibers  are 
of  somewhat  lower  density  (or  greater  bulk)  and  tend  to  hold  retained  liquid  better  under  compressive  forces  encoun- 
tered  during  use  of  the  product. 
[0004]  While  the  advantages  contributed  to  disposable  absorbent  products  by  crosslinked  cellulose  fibers  are  real, 

20  products  using  these  crosslinked  fibers  have  never  become  commercially  important.  This  is  apparently  because  of  the 
difficulty  of  making  a  sheeted  crosslinked  fiber  product  that  can  be  later  refiberized  at  the  point  of  use  without  creation 
of  an  excessive  amount  of  fines.  Unfortunately,  crosslinking  also  results  in  considerable  fiber  embrittlement.  Addition- 
ally,  most  of  the  crosslinking  agents  which  have  been  used  serve  to  give  both  chemical  and  physical  bonding  between 
adjacent  fibers  in  the  sheets.  This,  in  addition  to  the  increased  fiber  brittleness,  has  made  mechanical  wet  or  dry 

25  defiberization  of  sheeted  crosslinked  pulps  impractical.  In  an  effort  to  overcome  this  problem,  various  workers  have 
considered  treating  sheeted  pulp  with  a  latent  crosslinking  material,  fluffing,  and  then  carrying  out  the  crosslinking 
reaction  by  heating  the  cellulose  fluff.  An  example  of  this  is  seen  in  Bernardin,  US-A-3,224,926.  Van  Haaften,  C-A-A- 
806,352  treats  loose  fibers  with  a  crosslinking  material  and  catalyst.  These  moist  fibers  are  then  expanded  into  a  loose 
fluffy  condition  and  cured. 

30  [0005]  The  stiffness  of  crosslinked  cellulose  fibers  can  add  desirable  properties  to  certain  sheeted  pulp  products. 
Here  it  is  typical  to  use  only  a  portion  of  crosslinked  fibers  in  the  ultimate  product.  Attempts  to  do  this  have  encountered 
the  same  problems  mentioned  earlier.  If  a  product  is  crosslinked  in  sheeted  form,  it  becomes  very  difficult  to  redisperse 
without  serious  fiber  breakage  by  normal  wet  repulping  processes  employed  in  paper  mills.  As  noted  before,  there  are 
two  apparent  reasons  for  this.  The  strength  of  a  sheeted  cellulose  product  is  developed  in  part  by  mechanical  entan- 

35  glement  of  the  fibers  but,  much  more  so,  by  hydrogen  bonding  in  those  areas  where  fibers  overlap  are  in  intimate 
contact  with  each  other.  This  hydrogen  bonding  develops  only  when  the  fibers  are  dry.  In  a  crosslinked  sheeted  product, 
when  the  crosslinking  reaction  is  normally  carried  out  by  heating  after  the  sheet  has  been  fully  dried,  two  phenomena 
can  occur.  One  of  these  is  interfiber  crosslinking.  The  reaction  occurs  in  areas  of  intimate  fiber-to-fiber  contact  and 
serves  to  chemically  bind  the  fibers  together.  Perhaps  of  even  greater  importance,  many  of  the  crosslinking  materials 

40  used  also  form  thermosetting  adhesives  under  the  heated  conditions  used  in  the  crosslinking  reaction.  Scanning  elec- 
tron  micrographs  of  heated  dimethylolurea  treated  fibers  show  many  small  spherical  nodules  of  ureaformaldehyde 
resin  on  the  surface  and  within  the  fiber  lumen.  These  nodules  serve  to  adhesively  bond  adjacent  fibers  so  that  it  is 
very  difficult  to  separate  them  under  any  conditions  without  considerable  fiber  breakage.  Because  the  crosslinked  fibers 
tend  to  be  so  brittle,  the  fibers  themselves  will  often  break  leaving  the  bonded  areas  between  adjacent  fibers  intact. 

45  There  is  a  related  side  issue  to  this  phenomenon.  It  is  still  an  unresolved  question  as  to  how  much  of  the  crosslinking 
reaction  is  a  surface  phenomenon  as  opposed  to  an  internal  one. 
[0006]  Earlier  workers  in  the  field  have  also  tried  to  deal  with  the  problem  of  making  a  sheeted  cellulose  pulp  product 
containing  only  a  portion  of  crosslinked  fibers.  As  one  example,  Bernardin,  in  US-A-3,434,918,  treats  sheeted  fiber 
with  a  crosslinking  agent  and  catalyst.  This  is  then  wet  aged  to  insolublize  the  crosslinker,  so-called  "wet  fixation."  This 

so  wet  aged  fiber  is  then  redispersed  before  curing.  The  redispersed  fiber  can  be  mixed  with  untreated  fiber  and  the 
mixture  sheeted.  The  final  product  is  then  heat  cured.  In  a  variation  of  this  process  the  same  inventor,  in  C-A-A-813,616, 
heat  cures  crosslinked  fibers  as  a  fluff  and  then  mixes  this  product  with  conventional  papermaking  fibers. 
[0007]  These  mixtures  of  crosslinked  fibers  with  untreated  fibers  are  potentially  useful  for  making  products  such  as 
filter  media,  tissues,  and  toweling  where  high  bulk  and  good  water  absorbency  are  desired  without  excessive  stiffness 

55  in  the  product.  Freimark  et  al,  in  US-A-3,755,220,  describe  making  a  soft,  high  wet  strength  sheet,  although  this  does 
not  use  crosslinked  fibers.  These  inventors  utilize  well  known  debonders  or  softeners  with  cationic  wet  strength  resins 
to  gain  an  increase  in  the  ratio  of  wet  to  dry  tensile  strength,  usually  without  serious  loss  in  absolute  values  of  wet 
tensile  strength.  The  debonder  itself  can  be  cationic  or  anionic  and  may  be  added  to  the  papermaking  stock  prior  to 
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or  following  the  addition  of  the  wet  strength  resin. 
[0008]  In  US-A-4,204,054,  Lesas  et  al  describe  spraying  unsheeted  bulk  fibers  with  a  solution  of  formaldehyde, 
formic  acid  and  hydrochloric  acid.  These  fibers  are  then  immediately  dispersed  in  a  hot  air  stream  at  about  1  70-200°C 
for  1  -20  seconds.  This  appears  to  give  primarily  surface  area  crosslinking  without  serious  affect  on  fiber  flexibility.  The 

5  inventors  note  that  10-40%  of  these  fibers  can  be  mixed  with  conventional  fibers  to  give  a  sheeted  product  with  good 
flexibility  anc  water  absorbency. 
[0009]  Unfortunately,  the  problems  encountered  handling  bulk  fibers;  i.e.,  those  in  individual  loose  form  as  opposed 
to  a  sheeted  product,  have  been  so  great  as  to  be  commercially  nearly  insurmountable  to  the  present  time.  The  fiber 
must  be  dried  by  flash  drying  or  some  similar  procedure  where  it  is  usually  suspended  in  a  hot  air  stream.  The  dried 

10  fiber  is  then  baled  or  bagged.  Because  of  the  very  short  fiber  length,  compactly  packaging  a  loose  fiber  form  of  wood 
pulp  is  technically  very  difficult  and  expensive.  An  alternative  procedure,  where  the  loose  fibrous  product  might  be 
prepared  at  the  ultimate  point  of  consumption,  has  been  even  more  unattractive  and  has  met  with  a  wall  of  resistance 
by  potential  consumers. 
[0010]  The  reader  who  might  be  interested  in  learning  more  detail  of  the  chemistry  of  cellulose  crosslinking  can  refer 

is  to  any  of  the  standard  texts  on  cellulose.  One  resource  which  treats  the  subject  quite  thoroughly  is  by  Tesoro  and 
Willard  in  Cellulose  and  Cellulose  Derivatives,  Bikales  and  Segal,  eds.,  Part  V,  Wiley-lnterscience,  New  York  (1971), 
pp.  835-875. 
[0011]  Reference  was  made  to  use  of  fiber  debonders,  also  called  sheet  softeners  in  the  earlier  comments  relating 
to  US-A-3,755,220.  These  materials  can  be  generally  classified  as  surfactants  which  are  applied  to  the  fiber  while  it  is 

20  still  wet,  before  any  hydrogen  bonding  has  occurred.  Most  typically  they  are  cationic  in  nature,  based  on  quaternary 
ammonium  compounds  which  have  one  or  more  fatty  substituents.  Although  not  as  commonly  used,  nonionic  and 
anionic  types  are  also  commercially  available.  Frequently  a  combination  of  a  cationic  and  nonionic  type  may  be  em- 
ployed.  These  products  are  widely  used  within  the  pulp  and  paper  industry  and  are  commercially  available  from  a 
number  of  suppliers.  Similar  products  are  used  in  the  textile  industry. 

25  [0012]  Debonders  serve  to  make  a  softer  sheet  by  virtue  of  the  fatty  portion  of  the  molecule  which  interferes  with  the 
normal  hydrogen  bonding.  They  are  quite  commonly  used  in  the  manufacture  of  fluff  pulps  which  will  be  later  converted 
into  absorbent  products  such  as  disposable  diapers.  The  use  of  a  debonder  can  reduce  the  energy  required  to  produce 
a  fluff  to  half  or  even  less  than  that  required  for  a  nontreated  pulp.  This  advantage  is  not  obtained  without  a  price, 
however.  Many  debonders  tend  to  reduce  water  absorbency  as  a  result  of  hydrophobicity  caused  by  the  same  fatty 

30  long  chain  portion  which  gives  the  product  its  effectiveness.  In  order  to  overcome  this  problem,  some  manufacturers 
have  formed  adducts  of  ethylene  or  propylene  oxide  in  order  to  make  the  products  somewhat  more  hydrophilic.  Those 
interested  in  the  chemistry  of  debonders  will  find  them  widely  described  in  the  patent  literature.  The  following  list  of  U. 
S.  patents  provides  a  fair  sampling,  although  it  is  not  intended  to  be  exhaustive:  Hervey  et  al,  3,395,708  and  3,554,862; 
Forssblad  et  al,  3,677,886;  Emanuelsson  et  al,  4,144,122;  Osborne,  III,  4,351,699;  and  Hellsten  et  al,  4,476,323.  All 

35  of  the  aforementioned  patents  describe  cationic  debonders.  Laursen,  in  US-A-4,303,471  ,  describes  what  might  be 
considered  a  representative  nonanionic  debonder. 
[0013]  US-A-3,844,880  to  Melsel,  Jr.  et  al  describes  the  use  of  deposition  aid  (generally  cationic),  an  anionic  resin 
emulsion,  and  a  softening  agent  which  are  added  sequentially  to  a  pulp  furnish  to  produce  a  soft  product  having  high 
wet  and  dry  tensile  strength.  The  opposite  situation;  i.e.,  low  wet  tensile  strength,  is  preferred  for  a  pulp  which  is  to  be 

40  later  reslurried  for  some  other  use. 
[0014]  Croon  et  al,  in  US-A-3,700,549,  describe  a  cellulose  fiber  product  crosslinked  with  a  polyhalide,  polyepoxide, 
or  epoxyhalide  under  strongly  alkaline  conditions.  Epichlorohydrin  is  a  preferred  material.  In  their  examples  Croon  et 
al  teach  the  use  of  their  treated  fiber  in  absorbent  products  such  as  diapers  and  sanitary  napkins.  All  of  the  crosslinking 
materials  are  insoluble  in  water.  Croon  et  al  teach  three  methods  to  overcome  this  problem.  The  first  is  the  use  of 

45  vigorous  agitation  to  maintain  the  crosslinking  agent  in  a  fine  droplet-size  suspension.  Second  is  the  use  of  a  polar 
cosolvent  such  as  acetone  or  dialkylsulfoxides.  Third  is  the  use  of  a  neutral  (in  terms  of  being  a  nonreactant)  water 
soluble  salt  such  as  magnesium  chloride.  In  a  variation  of  the  first  method  a  surfactant  may  be  added  to  enhance  the 
dispersion  of  the  reactant  phase.  After  reaction  the  resulting  product  must  be  exhaustively  washed  to  remove  the 
necessary  high  concentration  of  alkali  and  any  unrelated  crosslinking  material,  salts,  or  solvents.  The  method  is  suitable 

so  only  for  cellulosic  products  having  a  relatively  high  hemicellulose  content.  A  serious  deficiency  is  the  need  for  subse- 
quent  disposal  of  the  toxic  materials  washed  from  the  reacted  product.  The  Croon  et  al  material  would  also  be  expected 
to  have  all  other  well  known  disadvantages  incurred  with  trying  to  sheet  a  stiff,  brittle  crosslinked  fiber. 
[0015]  Steiger,  in  US-A-3,658,613,  teaches  a  method  for  "wet"  crosslinking  a  sheeted  pulp  product  so  that  it  can 
later  be  defiberized  dry  with  reduced  fiber  breakage  and  knot  content.  The  reaction  is  carried  out  with  a  crosslinker 

55  such  as  formaldehyde,  ureaforms,  glyoxal,  and  halohydrins  under  very  strongly  acidic  conditions;  e.g.,  in  a  reaction 
medium  containing  50%  by  volume  of  35%  hydrochloric  acid,  for  about  30  minutes.  The  pulp  after  reaction  must  be 
neutralized  by  a  mild  alkali  and  washed  prior  to  drying.  The  strongly  acidic  reaction  conditions  and  difficulty  of  supporting 
a  saturated  wet  sheet  for  the  necessary  operations  over  the  required  period  of  time  would  pose  almost  insuperable 
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barriers  against  commercial  production. 
[0016]  US-A-3,  81  9,470,  Shaw  et  al.  teach  the  reaction  of  a  "substantive  compound"  with  cellulose  to  form  a  pulp 
product  which  can  later  be  refiberized  in  water.  A  debonder  may  be  used  at  various  points  of  addition  in  the  process. 
The  substantive  compound  is  apparently  a  cationic  polymer,  such  as  a  cationic  ureaform  wet  strength  agent.  The 

5  inventors  clearly  teach  against  the  use  of  crosslinking  agents  and  offer  a  number  of  reasons  why  their  use  would  not 
be  suitable  in  the  process.  Low  retention  of  the  polymer,  only  about  50%,  would  seriously  affect  the  economics  of  the 
process  and  create  a  serious  waste  disposal  problem. 
[0017]  Chung,  in  US-A-3,440,135,  teaches  the  manufacture  of  a  crosslinked  cellulose  product  which  is  then  later 
dried  in  loose  fiber  from.  Sheeted  pulp  is  treated  in  a  bath  of  a  crosslinking  agent  such  as  dimethylolurea.  A  surfactant 

10  may  optionally  be  included  to  improve  wet  dispersion  of  the  pulp  before  the  drying  step.  The  inventor  notes  the  criticality 
of  wet  aging  the  treated  product  in  the  range  of  16-48  hours  before  it  is  refiberized  and  dried  in  a  hot  air  suspension. 
This  aging  requirement  would  virtually  doom  the  commercial  possibilities  for  the  process  since  it  would  impose  on  the 
mill  the  requirement  for  keeping  a  large  inventory  of  wet  sheeted  pulp.  The  additional  process  expense  and  space 
requirements  would  make  the  cost  of  the  product  prohibitively  high. 

15  [0018]  To  the  knowledge  of  the  present  inventor,  no  one  except  Chung  as  noted  used  a  debonder  with  a  cellulose 
pulp  which  is  also  treated  with  a  crosslinking  agent.  One  skilled  in  the  art  would  not  expect  this  to  be  an  effective 
combination,  i.e.,  they  would  expect  the  interfiber  bonding  propensities  of  the  crosslinking  agents  to  completely  over- 
power  any  advantage  in  the  reduction  of  wet  or  dry  strength  that  might  be  contributed  by  the  debonding  agent.  The 
deficiencies  that  make  the  Chung  process  commercially  impractical  have  already  been  noted. 

20 
SUMMARY  OF  THE  INVENTION 

[0019]  The  present  invention  is  a  method  of  making  wet  formed,  sheeted  crosslinked  cellulose  and  the  products 
produced  thereby  which  can  be  easily  reslurried  to  a  free  fiber  condition  without  excessive  fiber  breakage.  The  method 

25  as  disclosed  in  claim  9  comprises  including  within  the  sheet  while  still  wet  a  debonding  agent  and  water  soluble  or 
water  dispersable  latent  cellulose  crosslinking  agent.  The  sheet  thus  treated  is  dried  and,  during  or  after  drying  the 
crosslinking  agent  reacts  with  the  cellulose.  In  the  most  preferred  form  of  the  invention,  the  debonding  agent  is  added 
to  an  aqueous  slurry  of  cellulose  fibers  prior  to  sheet  formation  and  a  latent  crosslinking  agent  is  added  subsequent 
to  sheet  formation.  This  can  be  readily  accomplished  by  spraying  an  aqueous  solution  or  dispersion  of  the  crosslinking 

30  agent  onto  the  sheet  while  it  is  still  on  the  forming  wire  or  in  the  press  section  of  the  paper  machine.  However,  it  is 
within  the  scope  of  the  invention  to  add  both  the  debonding  agent  and  the  latent  crosslinking  agent  to  the  wet  sheet 
following  sheet  formation.  In  this  case  it  is  preferable  to  add  the  debonding  agent  to  the  wet  sheet  prior  to  the  addition 
of  the  latent  crosslinking  agent.  The  latent  crosslinking  agent  should  be  added  to  sheeted  cellulose  while  it  is  at  a 
moisture  content  greater  than  about  10%,  preferably  greater  than  about  30%.  Immediately  after  sheet  formation  the 

35  sheet  is  conventionally  dried  using  standard  papermill  equipment. 
[0020]  The  process  of  the  invention  is  carried  out  at  a  pH  generally  above  4.  It  is  not  necessary  to  carry  out  the 
crosslinking  reaction  or  to  handle  the  product  under  highly  acidic  conditions. 
[0021]  It  is  within  the  scope  of  the  invention  to  use  a  cationic  debonding  agent. 
[0022]  The  latent  crosslinking  agent  may  be  selected  from  any  of  the  following  well  known  materials  which  serve  this 

40  function.  Preferred  types  as  disclosed  in  claim  9  are  selected  from  urea  derivatives  such  as  methylolated  urea,  meth- 
ylolated  cyclic  ureas,  methylolated  lower  alkyl  substituted  cyclic  ureas,  dihydroxy  cyclic  ureas,  lower  alkyl  substituted 
dihydroxy  cyclic  ureas,  methylolated  dihydroxy  cyclic  ureas,  and  mixtures  of  any  of  these  types.  A  presently  preferred 
latent  crosslinking  material  is  dimethyloldihydroxyethyleneurea(DMDHEU,1  ,3-dihydroxymethyl-4,5-dihydroxy-2-imi- 
dazolidinone).  This  material  is  readily  commercially  available  in  a  stable  form.  Other  urea-based  materials  which  are 

45  eminently  suitable  include  dimethylol  urea  (DMU,  Bis[N-hydroxymethyl)]urea),  dihydroxyethyleneurea  (DHEU,  4,5-di- 
hydroxy-2-imidazolidinone),  dimethylolethylene  urea  (DMEU,  1  ,3-dihydroxymethyl-2-imidazolidinone),  and  4,5-dihy- 
droxy-1  ,3-dimethyl-2-imidazolidinone  (DDI,  dimethyldihydroxy-ethyleneurea). 
[0023]  In  addition  to  those  latent  crosslinking  agents  based  on  urea,  other  materials  that  are  suitable  are  polycar- 
boxylic  organic  acids.  Among  these  1  ,2,3,4-butanetetracarboxylic  acid  is  a  presently  preferred  material. 

so  [0024]  All  of  the  crosslinking  agents  just  described  may  be  reacted  with  the  cellulose  either  during  normal  drying  of 
the  sheeted  material  or  subsequent  to  this  time  by  raising  the  dried  sheet  to  an  elevated  temperature,  preferably  above 
100°C. 
[0025]  A  neutral  or  acidic  catalyst  may  be  included  with  the  latent  crosslinking  agent  to  increase  the  reaction  rate 
between  the  crosslinker  and  the  cellulose.  Acidic  salts  are  particularly  useful  as  catalysts  when  the  urea-based  materials 

55  are  employed.  These  salts  may  typically  be  ammonium  chloride  or  sulfate,  aluminum  chloride,  magnesium  chloride  or 
mixtures  of  these  or  many  other  similar  materials.  Alkali  metal  salts  of  phosphorous-containing  acids,  such  as  sodium 
hexametaphosphate  and  sodium  hypophosphite,  with  or  without  additional  oxalic  acid,  are  useful  catalysts  for 
1  ,2,3,4-butane  carboxylic  acid. 
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[0026]  The  crosslinking  agent  is  present  in  an  amount  in  the  range  of  0.1-200  kg/t,  preferably  of  2-200  kg/t,  more 
preferably  20-100  kg/t,  of  cellulose  fiber.  Similarly,  the  debonding  agent  is  present  in  an  amount  of  about  0.1-200  kg/ 
t,  preferably  1-10  kg/t,  of  cellulose  fiber. 
[0027]  A  particular  advantage  of  the  new  process  is  found  in  the  lack  of  any  need  for  washing  the  sheeted  crosslinked 

5  product  after  the  crosslinking  reaction  is  completed. 
[0028]  It  is  an  object  of  the  present  invention  to  provide  a  sheeted  crosslinked  cellulose  product  which  can  be  readily 
reslurried  in  water  to  a  free  fiber  condition  without  excessive  fiber  breakage  or  energy  input. 
[0029]  It  is  a  further  object  of  the  invention  to  provide  a  method  of  manufacturing  such  a  product. 
[0030]  It  is  another  object  to  provide  a  method  and  product  as  described  which  can  be  conveniently  and  readily  made 

10  on  conventional  papermaking  equipment. 
[0031]  It  is  yet  another  object  to  provide  a  product  of  the  types  described  which  can  be  readily  redispersed  in  water 
and  mixed  with  other  types  of  fibers,  which  mixtures  can  be  resheeted  to  give  products  having  novel  and  useful  prop- 
erties. 
[0032]  It  is  an  additional  object  to  provide  a  sheeted  crosslinked  cellulose  paper  product  that  can  be  manufactured 

is  on  standard  unmodified  papermaking  equipment  in  a  wholly  conventional  manner. 
[0033]  It  is  also  an  object  to  manufacture  a  crosslinked  cellulose  product  under  neutral  or  acidic  conditions  in  which 
the  pH  is  not  below  about  4. 
[0034]  These  and  many  other  objects  will  become  readily  apparent  to  those  skilled  in  the  art  upon  reading  the  fol- 
lowing  detailed  description. 

20  [0035]  Said  objects  are  achieved  by  a  product  according  to  claim  1  or  30  and  a  method  according  to  claim  9. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

[0036]  The  sheeted  crosslinked  cellulose  products  of  the  present  invention  are  intended  for  use  as  manufactured, 
25  or  for  remanufacture  by  a  process  that  involves  redispersing  the  product  in  water,  usually  for  admixture  with  other 

fibers,  followed  by  resheeting.  It  is  not  a  primary  goal  or  intention  of  the  invention  to  produce  sheeted  products  useful 
in  processes  that  involve  dry  mechanical  defibering,  even  though  some  species  may  perform  satisfactorily  under  these 
conditions.  The  present  invention  provides  a  sheeted  crosslinked  cellulosic  product  that  contributes  good  bulk  and 
absorbency  to  a  reman  ufactu  red  sheet  with  little  or  no  loss  of  fiber  integrity  or  length  during  the  remanufacturing  proc- 

30  ess. 
[0037]  While  the  individual  use  of  debonding  agents  and  crosslinking  reagents  have  been  both  known  for  some  time 
in  the  pulp  and  paper  industry,  these  have  never  before  been  used  in  combination  in  a  sheeted  pulp  product,  to  the 
knowledge  of  the  present  inventor.  It  was  totally  unexpected  that  the  debonders  would  continue  to  function  as  such 
after  treatment  of  and  reaction  of  the  fibers  with  crosslinking  materials.  This  is  especially  the  case  since  many  crosslink- 

's  ing  agents  will,  at  least  to  some  extent,  form  polymers  as  a  side  reaction  while  reacting  with  the  cellulose.  In  many 
cases  these  polymeric  side  reaction  products  serve  as  powerful  adhesive  materials.  As  one  example,  the  efficiency  of 
urea-based  polymers  as  bonding  agents  for  cellulosic  materials  is  well  known.  Many  of  the  precursors  of  these  urea 
adhesives  are  the  identical  materials  that  are  also  highly  effective  cellulose  crosslinking  agents. 
[0038]  To  the  inventors  best  knowledge,  any  latent  cellulose  crosslinking  composition  is  effective  in  the  present  in- 

40  vention.  Those  that  can  be  reacted  at  relatively  low  temperatures  in  short  periods  of  time  during  or  after  normal  drying 
are  preferred  from  a  technical  and  economic  standpoint.  The  urea-based  crosslinking  materials  seem  to  fill  this  re- 
quirement  well  since  their  reaction  speed  can  be  greatly  accelerated  with  small  amounts  of  inexpensive  acidic  salt 
catalysts.  Other  classes  of  crosslinking  agents  can  probably  be  similarly  accelerated  as  well.  No  representation  is 
made  here  that  any  of  the  processes  described  in  the  following  examples  have  been  optimized. 

45  [0039]  Cationic  debonders  are  most  usually  based  on  quaternary  ammonium  salts  having  one  or  two  lower  alkyl 
substituents  and  one  or  two  substituents  that  are  or  contain  a  fatty,  relatively  long  chain  hydrocarbon.  Most  of  these 
fall  into  one  of  four  general  types  as  follows: 

50 

I 
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where  R-,  and  R2  are  methyl,  ethyl,  or  hydroxyethyl,  R3  is  a  hydrocarbon  having  1  -40  carbon  atoms,  R4  is  a  hydrocarbon 
40  having  10-40  carbon  atoms,  E  is  an  oxyalkylene  group  having  2  or  3  carbon  atoms,  m  is  an  integer  from  1-20,  n  is  an 

integer  from  0-20,  and  X  is  CI  or  S04,  said  hydrocarbon  substituents  being  selected  from  linear  and  branched  alkyl  or 
alkenyl  groups,  and  branched  and  linear  alkyl  and  alkenyl  substituted  phenyl  groups.  Most  typically  R3  will  have  from 
1-22  carbon  atoms  and  R4  from  10-22. 
[0040]  Originally  most  debonders  were  Type  1  fattyalkyl  di-  or  trimethyl  ammonium  compounds.  These  have  now 

45  been  superseded  in  many  cases  by  the  other  types  since  they  may  induce  an  undesirable  hydrophobicity. 
[0041]  The  Type  2  debonders,  diamidoamine  types,  are  quite  inexpensive  and  are  widely  used  as  fabric  softeners. 
[0042]  Dialkyl  alkoxylated  quaternary  ammonium  compounds  (Type  3)  are  widely  used  in  making  fluff  pulps  for  dis- 
posable  diapers  since  the  polyethylene  or  propylene  oxide  chains  give  better  hydrophilicity  and  cause  less  degradation 
of  absorbency,  especially  when  compared  with  Type  1  compositions. 

so  [0043]  The  imidazoline  materials  that  comprise  Type  4  materials  are  somewhat  newer  materials.  However,  they  are 
also  now  widely  used. 
[0044]  In  the  most  preferred  practice  of  the  invention  the  debonder  will  be  added  to  the  cellulose  fiber  stock  at  some 
point  before  the  headbox  of  the  paper  machine.  It  is  within  the  scope  of  the  invention  to  add  both  the  softener  and 
latent  crosslinking  agent  after  formation  of  the  sheet. 

55  [0045]  The  following  examples  will  illustrate  the  best  modes  presently  known  to  the  inventor  for  carrying  out  the 
present  process  and  making  the  resulting  products. 
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Example  1 

[0046]  The  following  procedure  was  used  to  make  laboratory  handsheets  for  evaluation.  A  25  g  (dry  weight)  sample 
of  unrefined  cellulose  pulp  was  reslurried  in  a  Waring  Blender  at  about  2  percent  consistency  for  20  seconds.  After  5 

5  seconds  of  agitation,  one  of  the  commercially  available  softening  agents  was  added  to  the  blender  in  amounts  ranging 
from  0%  (for  control  samples)  to  2%  based  on  dry  pulp.  Most  typical  usage  was  about  0.5%  (5  kg/t),  on  an  as  received 
basis.  The  reslurried,  softener  treated  pulp  was  further  diluted  to  a  volume  of  about  6800  ml_  with  water.  This  slurry 
was  formed  into  a  sheet  on  a  standard  8x8  inch  (203  x  203  mm)  Noble  and  Wood  laboratory  sheet  mold,  using  a  150 
mesh  stainless  steel  screen.  The  sheet  was  removed  from  the  former  and  pressed  between  synthetic  fiber  felts  so  that 

10  the  moisture  content  was  reduced  to  about  50%. 
[0047]  The  moist  sheet  prepared  as  above  was  then  immersed  into  a  bath  containing  a  known  concentration  of  a 
latent  crosslinking  agent  and  catalyst,  if  the  latter  component  was  used.  After  immersion  the  sheet  picked  up  sufficient 
treating  liquid  so  that  its  consistency  was  reduced  to  about  13.5%.  It  was  again  pressed  between  felts  to  about  50% 
fiber  content.  It  can  be  readily  calculated  to  show  that  the  final  pickup  of  latent  crosslinking  agent  and  catalyst,  based 

is  on  pulp,  was  about  84%  of  the  concentration  in  the  bath.  The  handsheet  was  then  drum  dried  to  about  5%  moisture 
content. 
[0048]  Depending  on  the  particular  crosslinking  agent  and/or  catalyst  used,  the  crosslinking  reaction  with  the  cellu- 
lose  occurred  either  during  the  drying  step  or  in  an  oven  curing  stage  following  drying. 

20  Example  2 

[0049]  The  bulk  density  of  a  crosslinked  pulp  sheet  is  dependent  on  a  number  of  interacting  factors:  the  physical 
nature  of  the  cellulose,  the  type  and  amount  of  softener  used,  the  type  and  amount  of  crosslinking  agent  and/or  catalyst 
used,  and  the  time  and  temperature  of  the  crosslinking  reaction.  The  effect  of  time-temperature  relationship  for  one 

25  set  of  conditions  can  be  seen  in  the  following  example  using  laboratory  handsheet  samples. 
[0050]  A  bleached  Douglas-fir  kraft  pulp  was  reslurried  as  described  in  Example  1  and  treated  with  0.5%  as  received 
of  Berocell  584  softener.  This  material  is  a  quaternary  ammonium  based  softener  believed  to  be  principally  a  fatty 
substituted  oxyalkylatedphenol  dialkyl  quaternary  ammonium  chloride  (see  the  Type  3  quaternary  formula  noted  ear- 
lier).  This  is  compounded  using  30  percent  of  the  quaternary  compound  with  7  percent  of  a  nonionic  polyoxyalkylene 

30  composition.  It  is  available  from  Berol  Chemical  Co.,  Reserve,  Louisiana.  After  sheeting  and  pressing,  the  handsheets 
were  treated  with  a  10  percent,  as  received  basis,  aqueous  solution  of  Aerotex  900  latent  crosslinking  agent.  Aerotex 
is  a  registered  trademark  of  and  is  available  from  American  Cyanamid  Company,  Wayne,  New  Jersey.  It  is  believed  to 
be  a  dimethyloldihydroxyethyleneurea  product  and  is  sold  as  an  aqueous  solution  at  about  45%  solids  concentration. 
For  every  100  parts  of  the  Arotex  900  solution,  30  parts  by  weight  of  Arotex  Accelerator  9  catalyst  solution  were  used. 

35  This  is  a  30%  by  weight  solution  of  acidic  salts  believed  to  be  aluminum  and  magnesium  chlorides.  Retention  of  the 
latent  crosslinking  agent,  on  a  100%  solids  basis,  was  calculated  to  be  3.78%  of  the  dry  cellulose  present.  The  dried 
sheets  were  cured  at  150°C  for  3  minutes. 
[0051]  In  order  to  determine  the  reslurrying  and  bulking  properties  of  the  treated  fiber  a  3.5  g,  dry  weight,  sample 
was  torn  into  small  pieces  and  reslurried  in  about  2  L  of  water  in  a  British  Disintegrator.  Agitation  was  continued  until 

40  the  slurry  was  smooth  and  free  of  obvious  knots  or  fiber  bundles.  The  number  of  revolutions  to  this  point  was  counted 
and  is  an  indicator  of  the  ease  with  which  the  material  can  be  redispersed.  The  slurry  was  then  sheeted  in  a  standard 
6-1/4  in.  (159  mm)  TAPPI  sheet  mold.  After  draining  it  was  vacuum  couched  but  was  then  drum  dried  without  pressing. 
Bulk  density  was  measured  on  the  dried  samples.  High  bulk  values  are  generally  an  indication  of  high  fiber  stiffness. 
However,  high  bulk  values  cannot  be  obtained  if  there  has  been  any  significant  amount  of  fiber  breakage  during  res- 

45  lurrying.  For  this  reason,  bulk  density  is  also  strongly  indicative  of  fiber  length  and  of  any  fiber  damage  during  reslurrying. 

Table  I 
Crosslinked  Pulp 

Control  (Untreated)  No  Debonder  Debonded 

Disintegration  Energy,  revs.  15,000  125,000  20,000 
Handsheet  Bulk  Density,  cm3/g  3.1  9.5  16.5 

Example  3 

[0052]  The  reaction  conditions;  i.e.,  time,  temperature,  and  catalyst  concentration,  between  the  potential  crosslinking 
agent  and  the  cellulose  affect  the  bulking  potential  and  ease  of  reslurrying  of  the  sheeted  product.  A  series  of  hand- 
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sheets  was  made  according  to  the  procedures  outlined  in  Examples  1  and  2.  However,  this  time  the  amount  of  as 
received  Arotex  900  in  the  treatment  bath  was  varied  in  5%  steps  between  0%  and  20%,  resulting  in  pickups  by  the 
fiber  varying  between  1  .9  and  7.6%,  as  calculated  on  a  dry  materials  basis.  A  constant  weight  ratio  of  10:3  between 
as  received  crosslinker  and  catalyst  was  maintained  for  all  samples.  This  ratio  may  be  expressed  as  5:1  on  a  dry  solids 

5  basis.  The  resulting  203  X  203  mm  Noble  and  Wood  handsheets  were  resheeted  as  in  Example  2  in  the  TAPPI  sheet 
mold  to  obtain  samples  for  bulk  densities.  Results  were  as  follows: 

Table  II 
Effect  of  Curing  Conditions  on  Handsheet  Bulk  Density  TAPPI  Handsheet  Bulk  Densities,  cm3/g 

Reaction  Temperature 
Crosslinker  Solids  Based  on  Pulp,  120°C  140°C  160°C 

% 

1  min  3  min  5  min  1  min  3  min  5  min  1  min  3  min  5  min 

0  3.2 

1.89  3.8  6.7  5.2  7.6  9.5  10.5  10.3  14.1  15.8 

3.78  9.7  13.2  16.0  15.3  15.7  17.7  19.3  14.6  14.5 

5.67  6.7  16.8  20.4  18.6  17.7  16.7  20.0  14.8  14.8 

7,56  9.0  19.3  19.7  19.6  16.1  17.4  20.0 

[0053]  It  is  readily  apparent  that  with  the  present  crosslinker  system,  TAPPI  sheet  bulk  density  increased  directly 
25  with  increases  in  crosslinker  usage,  reaction  time,  and  reaction  temperature.  However,  little  change  was  seen  in  sheet 

bulk  with  increase  in  reaction  time  from  3  to  6  minutes,  especially  at  the  two  higher  curing  temperatures.  Likewise, 
there  does  not  appear  to  great  advantage  at  reacting  at  the  higher  temperature  of  160°C  compared  with  140°C.  In 
fact,  at  higher  crosslinker  usages  the  higher  temperature  may  cause  undesirable  fiber  embrittlement. 

30  Example  4 

[0054]  A  series  of  samples  was  made  using  a  1  0%  Arotex  900  bath  treatment  and  comparing  the  Berol  584  softener, 
used  in  Examples  2  and  3,  with  a  nonionic  softener  and  a  nonionic/cationic  softener  combination.  The  nonionic  material 
was  Triton  X-100,  a  nonylphenol  type.  Triton  is  a  registered  trademark  of  and  the  product  is  available  from  Rohm  and 

35  Haas  Co.,  Philadelphia,  Pennsylvania.  The  samples  without  softener  and  with  the  cationic  softener  were  made  as  in 
Example  2.  In  the  case  where  the  nonionic  softener  by  itself  was  used  in  combination  with  the  crosslinking  agent,  both 
were  included  in  the  crosslinker  bath  and  no  softener  was  added  prior  to  sheet  formation.  Estimated  concentration  of 
nonionic  material  solids  incorporated  into  the  final  product,  based  on  dry  cellulose,  is  0.8  percent.  When  the  cationic/ 
nonionic  combination  was  used,  the  cationic  was  added  as  in  Example  2,  prior  to  sheeting,  and  the  nonionic  was 

40  included  with  the  crosslinking  agent  as  just  described.  In  addition  to  sheet  bulk  density  values,  disintegration  energy 
was  estimated  by  noting  the  number  of  British  Disintegrator  revolutions  necessary  to  give  a  uniform  fiber  dispersion 
without  knots  or  fiber  clumps.  Results  were  obtained  as  shown  in  Table  III. 

Table  III 
45 

50 

Sample  Disintegration  Energy,  revs  Handsheet  Bulk  Density,  cm3/g 
No  debonder  120,000  11.9 

Cationic  debonder  22,500  24.7 

Nonionic  debonder  62,500  16.9 

Cationic/nonionic  62,500  18.4 

[0055]  The  nonionic  softener  significantly  improves  ease  of  dispersibility  and  increases  bulk  value.  However,  it  is  not 
as  effective  here  as  the  cationic  debonder  and,  when  used  in  combination  under  these  conditions,  reduces  the  effec- 
tiveness  of  the  cationic  material. 
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Example  5 

[0056]  A  major  use  of  the  products  of  the  invention  is  expected  to  be  in  filtration  medium.  Here  some  portion  of  the 
crosslinked  fiber  would  normally  be  repulped,  blended  with  untreated  fiber,  and  resheeted.  A  major  contribution  of  the 

5  crosslinked  fiber  is  porosity  control  and,  in  some  cases,  it  can  make  higher  porosities  possible  than  can  now  be  readily 
attained.  One  common  measure  of  the  expected  behavior  of  a  filter  medium  is  air  porosity.  A  number  of  test  procedures 
are  employed.  The  particular  one  chosen  is  in  part  dependent  on  the  expected  air  resistance  of  the  sheet.  The  tests 
on  the  present  product  were  conducted  on  sheets  having  a  basis  weight  of  160+5  g/m2  by  measuring  the  pressure 
drop  caused  by  an  air  flow  of  0.085  m3/min. 

10  [0057]  Sheets  were  formed  using  3.5  g,  dry  weight,  of  pulp  dispersed  in  a  British  Disintegrator  in  about  2  L  of  water 
until  a  uniform  slurry  was  produced.  Sheets  were  formed  in  a  standard  laboratory  British  Sheet  Mold,  couched  at  68.9 
kPa,  drum  dried  between  blotters,  and  heated  for  1.5  minutes  at  150°C  to  react  the  cellulose  and  crosslinker.  Before 
testing  sheets  were  conditioned  to  equilibrium  at  50%  RH  at  23°C. 
[0058]  For  the  tests  reported  below  in  Table  IV,  Arotex  900  was  used  in  bath  concentrations  of  1  ,  3,  5,  10,  and  15% 

is  and  the  fiber  was  treated  before  sheeting  with  0.5%  Berocell  584  debonding  agent. 

Table  IV 
Bulk  and  Air  Resistance  of  Crosslinked  Fiber 

Crosslinker  Solids  Based  on  Pulp,  %  Handsheet  Bulk  Density,  cm3/g  Air  Resistance  Pressure  Drop,  mm 
0  3.7  37 

0.38  -  19 

1.13  8  4.3 

1.89  10  3.0 

3.78  21  0.5 

5.67  23  0.5 

Untreated  ControK1)  5.5  3.3 

(1  )  A  commercially  available  prehydrolyzed,  cold  caustic  extracted  southern  pine  kraft  pulp  widely  used  in  filter  media. 

[0059]  The  desirable  air  resistance  properties  contributed  by  the  readily  redispersible  crosslinked  cellulose  pulp  are 
immediately  apparent. 

35 
Example  6 

[0060]  Another  expected  major  use  of  the  products  of  the  present  invention  is  in  tissues  and  toweling  in  order  to 
maintain  high  bulk  and  softness  with  good  water  absorbency.  To  show  the  effectiveness  of  the  crosslinked  material,  a 

40  sample  was  prepared  as  in  Example  3  using  a  bath  concentration  of  15%  Arotex  900.  This  resulted  in  a  pickup  of 
crosslinker  solids  based  on  dry  pulp  of  about  5.7%.  Varying  amounts  of  this  product  were  reslurried  and  added  to  fiber 
obtained  by  reslurrying  two  popular  brands  of  toilet  tissue.  One  of  these,  Tissue  A,  was  a  conventional  hot  drum  dried 
product  while  the  other,  Tissue  B,  was  originally  dried  using  heated  air  passed  through  the  tissue  to  maintain  softness. 
[0061]  Sheets  were  formed  in  a  standard  laboratory  British  Sheet  Mold  as  described  in  the  previous  example  using 

45  0.44  g,  dry  weight,  of  fiber  to  give  a  final  sheet  having  a  basis  weight  of  about  24  g/m2.  In  addition  to  the  bulk  density 
value,  softening  efficiency  of  the  crosslinked  pulp  in  the  ultimate  sheet  was  estimated.  This  was  calculated  by  taking 
the  ratio  (%  increase  in  bulk  density  over  a  control  sample)  divided  by  (%  treated  pulp  used  in  the  sample).  Results 
are  given  in  the  following  table: 

so  Table  V 
Addition  of  Crosslinked  Pulp  into  Tissue  Furnish 

Tissue  A  Tissue  B 

Treated  Pulp  Used  in  Furnish,  %  Bulk,  cm3/g  Efficiency  Bulk,  cm3/g  Efficiency 
0  4.0  -  3.5 

10  4.5  1.2  4.9  3.7 
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Table  V  (continued) 
Addition  of  Crosslinked  Pulp  into  Tissue  Furnish 

Tissue  A  Tissue  B 

Treated  Pulp  Used  in  Furnish,  %  Bulk,  cm3/g  Efficiency  Bulk,  cm3/g  Efficiency 
20  5.4  1.7  5.8  3.1 

40  7.7  2.3  8.4  3.0 

60  11.2  3.0  13.0  4.5 

[0062]  The  effectiveness  of  the  crosslinked  pulp  at  increasing  bulk  is  immediately  apparent.  It  was  unexpected  that 
the  bulking  efficiency  would  increase  as  higher  levels  of  crosslinked  pulp  were  used. 

15  Example  7 

[0063]  In  order  to  compare  different  cyclic  urea  compositions  a  supply  of  dihydroxyethyleneurea  (DHEU)  was  pre- 
pared  by  reacting  equimolar  portions  of  glyoxal  and  urea,  generally  as  taught  in  British  Patent  717,287.  This  was 
compared  with  the  Arotex  900  dimethyloldihydroxyethyleneurea  (DMDHEU)  used  in  the  previous  examples.  Using 

20  15%  of  each  compound  in  respective  treatment  baths,  samples  were  made  up  as  described  in  Example  2.  30%  of 
Arotex  Accelerator  9  was  used  with  the  Arotex  900  in  the  treatment  bath  while  30%  of  a  10  g/L  zinc  nitrate  solution 
was  used  with  the  DHEU.  After  drying,  reaction  times  between  the  crosslinking  agent  and  cellulose  of  1-3  minutes 
were  used  at  a  temperature  of  140°C.  Table  VI  shows  that  nearly  identical  bulk  values  were  obtained  with  the  two 
compounds. 

25 
Table  VI 
Handsheet  Bulk  Density  cm3/g 

Reaction  Time,  min  DMDHEU  DHEU 

1  25  24 

3  28  29 

5  26  25 

[0064]  The  two  compounds  appear  to  be  about  equally  effective  and  there  appears  to  be  no  advantage  for  using 
longer  reaction  times. 

Example  8 

[0065]  The  following  tests  were  made  to  show  the  effectiveness  of  other  generic  classes  of  chemical  crosslinking 
agents  for  cellulose. 
[0066]  A  20  g  (oven  dried  weight)  sample  of  never  dried  Northwest  bleached  kraft  softwood  pulp  at  35%  consistency 
was  weighed  out  and  placed  in  a  British  Disintegrator,  made  up  to  2  L  with  deionized  water,  and  agitated  for  5  min  at 
600  rpm.  The  reslurried  fiber  was  then  dumped  into  an  203  X  203  mm  (8"  X  8")  Noble  and  Wood  laboratory  sheet  mold 
containing  4  L  of  deionized  water.  More  water  was  added  up  to  50.8  mm  (2")  below  the  top  of  the  mold  to  give  a  total 
of  about  6.3  L.  A  perforated  stainless  steel  plate  somewhat  less  than  the  cross  sectional  size  of  the  sheet  mold,  with 
a  305  mm  (12")  handle,  was  inserted  into  the  sheet  mold  and  moved  up  and  down  three  times  in  rapid  succession  and 
1  time  slowly.  The  valve  on  the  bottom  of  the  sheet  mold  was  opened  and  the  stock  drained  through  the  screen.  The 
pad  of  pulp  remaining  on  the  screen  was  removed,  placed  between  synthetic  fiber  felts,  and  squeezed  very  gently 
through  press  rolls.  The  final  weight  of  the  pad  was  65  g  (45  g  water  and  20  g  pulp). 
[0067]  A  1%  solution  of  as  received  Berocell  541  (Berol  Chemical  Company,  Reserve,  Louisiana)  was  made  up  and 
sprayed  onto  both  sides  of  the  pulp  pad  (approximately  equal  distribution)  to  obtain  an  uptake  of  1%  softener  based 
on  OD  pulp.  After  3  min  a  15%  solution  of  maleic  anhydride  (MA)  in  water  was  sprayed  onto  the  pulp  pad  in  the  same 
manner  for  a  15%  (based  on  OD  pulp)  material  uptake.  The  pad  was  then  placed  between  2  dry  203x203  mm  (8"  X 
8")  pulp  blotters  and  fed  through  the  drum  dryer  until  the  pad  was  completely  dry.  It  was  then  transferred  to  a  watch 
glass  and  placed  in  a  160°C  oven  for  15  minutes.  A  3.5  g  sample  was  torn  off  the  pad  and  reslurried  in  the  British 
Disintegrator  (using  2  L  of  deionized  water)  for  5  min  at  600  rpm.  The  slurry  was  passed  into  a  159  mm  (6  1/4")  TAPPI 
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sheet  mold  and  processed  to  a  hand  sheet.  The  pad  was  drum  dried  without  pressing,  conditioned  at  50%  RH  and 
23°C,  and  measured  for  bulk  density. 
[0068]  In  like  manner,  additional  samples  were  treated  with  1  ,2,3,4-butanetetracarboxylic  acid  (BTCA),  4,5-dihy- 
droxyl-1  ,3-dimethyl-2-imidazolidinone  (DDI),  with  and  without  softener.  The  samples  made  with  DDI  included  1% 

5  (based  on  pulp)  of  a  mixed  AICI3*rv1gCI2  catalyst.  All  samples  were  run  in  duplicate.  Results  are  given  in  Table  VII. 
Sheet  formation  was  graded  relatively  as  follows: 

1  -  uniform  good  formation 
2  -  fairly  good  formation  without  nits  (undispersed  fiber  clumps) 

10  3  -  fair  formation  with  some  knots  or  floes  present 
4  -  very  poor  formation  with  original  sample  not  completely  redispersed. 

Table  VII 
Bulk  Values  Using  Various  Cellulose  Crosslinking  Agents 
Treatment  Bulk  Value  cm3/g  Relative  Dispersibility 

Untreated  4.90  2 

1%  Softener  4.87  1 

15%  MA  5.38  3 

1  5%  MA  +  1  %  Softener  6.51  1 

15%  DDI  5.82  2 

15%  DDI  +  1%  Softener  7.73  1 

15%  BTCA  6.3<1)  4 

1  5%  BTCA  +  1  %  Softener  10.17 

(1)  Best  estimate  attainable  due  to  very  poor  formation 
30 

[0069]  In  all  cases,  except  with  glyoxal,  the  bulk  value  was  improved  when  a  softener  was  incorporated  into  the 
cellulose  prior  to  addition  and  reaction  of  the  crosslinking  agent.  Tests  made  under  other  conditions  have  shown  glyoxal 
to  be  an  effective  material  in  the  application.  All  of  the  softened  samples  reslurried  more  readily  than  those  without  the 
softener. 

35 
Example  9 

[0070]  The  work  described  in  Example  2  was  repeated  in  order  to  make  a  fiber  length  measurement  study  on  res- 
lurried  sheets.  One  difference  this  time  was  an  increase  in  the  concentration  of  Arotex  900  from  10%  to  15%  on  an  as 

40  received  basis  in  the  treatment  bath.  A  second  difference  was  the  use  of  0.5%  Varisoft  727  as  the  debonding  material. 
Varisoft  is  a  registered  trademark  of  Sherex  Chemical  Company,  Dublin,  Ohio.  Varisoft  727  is  a  formulated  alkyl  diami- 
doamine  type  quaternary  compound  in  which  the  alkyl  substituents  are  typically  oleyl  or  tallow  based.  The  composition 
contains  about  30%  quaternary  material. 
[0071]  The  higher  concentration  used  here,  as  compared  with  Example  2,  would  be  expected  to  increase  the  ultimate 

45  concentration  of  the  latent  crosslinking  material  in  the  cellulose  fiber  from  about  3.8%  to  5.7%  and  also  to  increase  the 
brittleness  of  the  crosslinked  fibers.  Fiber  length  determinations  were  made  using  a  Kajanni  Type  FS-100  automatic 
fiber  length  analyzer,  available  from  Kajanni  Electronics  Co.,  Kajanni,  Finland.  As  before,  the  samples  were  dispersed 
in  the  British  Disintegrator  until  smooth,  knot  free  slurries  were  attained.  Results  are  given  below. 

so  Table  VIII 
Crosslinked  Pulp 

Control  (Untreated)  No  Debonder  Debonded 

Disintegration  Energy,  revs  15,000  138,000  25,000 
Handsheet  Bulk  Density,  cm3/g  3.1  7.9  20.9 

Weighted  Ave.  Fiber  Length,  mm  3.0  1.3  2.4 
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[0072]  The  debonded  crosslinked  pulp  retained  80%  of  the  fiber  length  of  the  control  sample  with  very  little  more 
disintegration  energy  being  required  to  redisperse  the  sheets  in  water.  The  crosslinked  samples  without  debonder  had 
only  43%  of  the  average  fiber  length  of  the  control  samples.  This  major  reduction  is  probably  due  to  the  very  much 
higher  energy  required  to  obtain  a  smooth,  knot-free  fiber  slurry. 

Example  10 

[0073]  A  set  of  experiments  was  made  to  show  the  relative  effectiveness  of  other  types  of  quaternary  debonding 
agents  when  used  in  conjunction  with  the  Arotex  900  dimethyloldihydroxyethyleneurea  (DMDHEU)  latent  crosslinking 

10  agent.  The  type  numbers  listed  below  refer  to  those  noted  earlier  in  the  description  of  preferred  embodiments. 
[0074]  Variquat  and  Adogen  are  registered  trademarks  of  Sherex  Chemical  Company.  Variquat  638  is  described  as 
a  methyl  bis  (2-hydroxyethyl)  coco  ammonium  chloride  having  74-75  %  quaternary  material.  Adogen  471  is  a  tallow 
trimethyl  ammonium  chloride  with  49-52%  quaternary  material.  Varisoft  222-90%  is  a  methyl  bis(tallow  amidoethyl) 
2-hydroxyethyl  ammonium  methyl  sulfate  with  89-91%  solids.  Quaker  2006  is  an  imidazoline  type  debonder  available 

is  from  Quaker  Chemical  Co.,  Conshohocken,  Pennsylvania. 

Table  IX 
Effect  of  Quaternary  Debonder  Type  with  DMDHEU  Crosslinking  Agent 

Type  Disintegration  Energy,  revs  Bulk  Density,  cm3/g 

Variquat  638<1)  1  125,000  10.5 

Adogen  471  1  30,000  14.6 

Varisoft  222-90%  2  30,000  19.9 

Varisoft  727  2  30,000  18.3 

Quaker  2006  4  30,000  19.5 

(1  )  This  is  a  modified  Type  1  material  in  that  R2  and  R3  are  2-hydroxyethyl  or  polyoxyethanol. 

[0075]  Representatives  of  all  the  general  types  of  quaternary  debonders  worked  well,  although  the  modified  Type  1 
material  does  not  seem  as  effective  under  the  conditions  used  as  the  other  materials. 

Example  11 

[0076]  Nonionic  and  anionic  material  additives  are  not  substantive  to  cellulose  fibers  in  an  aqueous  slurry  unless  the 
electrical  charge  on  the  fiber  surface  is  made  more  compatible.  This  is  normally  done  by  adding  one  of  the  class  of 
papermaking  chemicals  generally  called  retention  aids  prior  to  the  addition  of  the  nonionic  or  anionic  composition. 
These  are  most  typically  cationic  materials  that  are  substantive  to  the  fibers  and  make  the  surface  charge  more  positive. 
When  anionic  or  nonionic  debonders  are  used  for  the  purpose  of  comparison  they  can  be  added  at  the  wet  end,  prior 
to  sheeting,  or  after  the  sheet  is  formed.  When  wet  end  addition  is  chosen  a  cationic  retention  aid  is  normally  required. 
If  a  shower  over  the  forming  wire  or  press  section,  or  a  pad  bath,  is  used  the  retention  aid  is  normally  not  necessary 
since  most  of  the  debonder  remains  with  the  water  entrapped  in  the  sheet. 
[0077]  A  series  of  experiments  was  made  to  show  disintegration  energy  and  bulk  values  with  the  two  modes  of 
addition  using  cationic,  anionic  and  nonionic  debonding  agents.  For  the  wet  end  addition  of  the  nonionic  and  anionic 
materials,  0.5%  (5  kg/t)  of  the  retention  aid  Reten  210  was  added  to  the  fiber  slurry  prior  to  the  addition  of  the  debonder. 
Reten  is  a  registered  trademark  of  Hercules,  Inc.,  Wilmington,  Delaware,  for  a  very  high  molecular  weight  polyacryla- 
mide  having  approximately  2-4  mol  percent  cationic  sites.  No  retention  aid  was  used  with  the  cationic  material.  The 
cationic  debonder  was  Varisoft  727,  described  in  Example  10;  the  nonionic  material  was  Triton  X-100,  described  in 
Example  4;  and  the  anionic  was  a  sodium  linear  alkyl  sulfonate  composition  with  26.8%  active  material  obtained  from 
Chemithon  Corp.,  Seattle,  Washington.  These  were  all  used  in  dosages  of  5  kg/t  of  the  as  received  material.  Those 
samples  in  which  the  debonder  and  latent  crosslinking  agent  were  added  after  sheet  formation  were  prepared  according 
to  the  procedure  of  Example  4,  with  the  two  materials  being  mixed  in  the  same  treating  solution.  All  samples  were 
made  using  15  kg/t  as  received  of  Arotex  900  crosslinking  agent  in  the  treating  bath.  Relative  dispersibility  was  eval- 
uated  by  the  criteria  set  forth  in  Example  8,  with  the  exception  that  here  the  samples  were  retained  in  the  British 
Disintegrator  for  a  sufficient  number  of  revolutions  to  obtain  a  relatively  smooth  slurry.  Results  were  as  follows. 

12 



EP  0  656  969  B1 

Table  X 
Point  of  Addition  of  Debonding  Agent 

Debonder  Class  Point  Addition  Disintegration  Energy,  revs  Bulk  Density  cm3/g  Relative  Dispersibility 
Cationic  Wet  End  30,000  17.9  1 

Pad  Bath  30,000  18.3  1 

Nonionic  Wet  End  138,000  11.9  3 
Pad  Bath  62,500  16.9  2 

Anionic  Wet  End  175,000  11.0  3 
Pad  Bath  112,500  13.0  3 

[0078]  Under  the  conditions  of  the  present  test  the  cationic  debonder  was  the  most  efficient  class  of  material.  Pad 
bath  addition  was  more  efficient  for  the  nonionic  and  anionic  debonders  than  wet  end  addition.  This  may  be  due  to  an 
incompatibility  or  zeta  potential  unbalance  between  the  particular  type  or  concentration  of  retention  aid  and  debonder. 
It  is  expected  that  with  additional  experimentation  similar  results  would  be  obtained  for  wet  end  and  pad  bath  addition. 
The  particular  anionic  system  chosen  for  these  samples  was  not  particularly  efficient. 

20 
Example  12 

[0079]  Wet  tensile  strength  is  believed  to  be  one  measure  of  the  ease  of  reslurrying  a  sheeted  material.  An  additional 
set  of  samples  was  made  in  similar  fashion  to  those  of  Example  9.  Wet  tensile  strength  was  measured  on  specimens 

2S  taken  from  the  Noble  and  Wood  handsheets.  Measurements  were  made  using  horizontal  specimens  100  mm  wide 
and  80  mm  between  grips,  with  a  head  speed  of  1/3  mm/sec.  Values  were  as  noted  in  Table  XI. 

Table  XI 
Wet  Tensile  Strength  Values 

Treatment  Tensile  Strength,  kN/m 

None  8 

Crosslinked,  no  softener  89 

Crosslinked,  with  softener  30 

[0080]  The  combination  of  softener  with  the  crosslinked  pulp  reduced  wet  tensile  strength  to  1/3  of  that  without 
softener. 

Example  13 

[0081]  While  some  latent  crosslinking  reagents  require  additional  heating  at  elevated  temperatures  after  the  sheet 
is  normally  dried,  in  order  to  effect  reasonably  complete  reaction  with  the  cellulose,  others  will  react  sufficiently  under 
normal  drying  conditions.  The  use  of  urea  nitrate  as  a  catalyst  for  the  urea-based  latent  crosslinking  materials  generally 
eliminates  the  need  for  post-drying  heating.  This  material  appears  to  be  more  active  than  the  normally  used  inorganic 
salts  or  salt  mixtures.  Urea  nitrate  can  be  made  with  equimolar  portions  of  urea  and  nitric  acid  under  aqueous  reaction 
conditions,  using  the  method  of  Hebeish  and  Ibraham,  Textile  Res  Jour.,  52  (2):1  1  6-1  22  (1982). 
[0082]  A  series  of  samples  was  made  following  the  procedure  of  Example  5.  Arotex  900  DMDHEC  latent  crosslinker 
was  used  in  pad  bath  percentages  varying  between  2.5%  and  20%  with  urea  nitrate  present  in  the  bath  equivalent  to 
3.3%  of  the  DMDHEC,  as  calculated  on  a  dry  materials  basis.  Samples  for  testing  were  dried  to  about  4%  moisture 
content  without  any  additional  post  drying  heating.  The  sample  temperatures  probably  did  not  exceed  about  90°C  at 
any  time.  Bulk  densities  and  air  resistance  values  are  given  in  the  following  table. 

55 
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Table  XII 
Bulk  Density  and  Air  Resistance  of  Low  Temperature  Crosslinked  Sheets 

As  Received  Crosslinker  Crosslinker  Solids  Based  Handsheet  Bulk  Density,  Air  Resistance  Pressure 
in  Pad  Bath,  %  on  Pulp,  %  cm3/g  Drop,  mm 

0  0  3.0  47.2 

2.5  1.0  6.3  17.8 

5.0  1.9  10.0  13.2 

10.0  3.8  15.4  3.1 

15.0  5.7  20.5  1.8 

20.0  7.6  22.5  1.5 

[0083]  Bulk  and  air  resistance  results  are  generally  comparable  with  those  reported  in  Table  VI  where  a  post  drying 
reaction  period  of  1.5  minutes  at  150°C  was  used. 

Example  14 

[0084]  Urea  nitrate  was  used  as  in  the  previous  example  as  the  catalyst  for  Aerotex  900  DMDHEU  latent  crosslinker 
solution.  The  urea  nitrate  was  made  by  dissolving  23.1  g  of  urea  in  462  mL  of  water.  To  this  was  added  33  mL  of  70% 
nitric  acid  (containing  32.7  g  HN03).  A  sufficient  time  was  allowed  for  the  reaction  to  go  to  completion.  A  solution  was 
then  made  of  923  mL  of  as  received  Aerotex  900  in  4615  mL  water.  To  this  was  added  the  above  catalyst  solution. 
[0085]  A  bleached  southern  pine  kraft  pulp  previously  treated  with  a  debonding  agent  and  at  about  5%  moisture 
content  was  treated  with  the  above  solution  on  a  basis  of  about  1  mL  latent  crosslinker  solution  per  gram  of  pulp.  The 
treated  pulp  was  crosslinked  in  a  drying  oven.  Samples  of  the  untreated  pulp,  pulp  immediately  after  the  application 
of  the  crosslinking  agent,  and  crosslinked  pulp  were  slurried  in  distilled  water  and  pH  measured  immediately,  after  10 
minutes  and  after  25  minutes  with  the  following  results. 

Table  XIII 

pH  Value  After  Mixing 

Sample  <  1  min.  10  min.  25  min. 

Untreated  pulp  4.68  4.85  4.86 

Treated  pulp,  wet  crosslinked  4.70  4.84  4.90 

Treated  pulp,  dried  crosslinked  5.07  5.20  5.30 

[0086]  It  is  evident  that  the  pH  of  the  system  is  not  reduced  below  a  value  commonly  experienced  on  a  conventional 
paper  machine. 

Example  15 

[0087]  In  a  test  similar  to  the  above,  a  solution  of  Aerotex  900  DMDMEC  latent  crosslinking  agent  was  mixed  with 
Aerotex  Accelerator  9  catalyst  solution.  As  was  noted  earlier,  this  is  a  solution  of  acidic  salts  believed  to  be  a  mixture 
of  aluminum  and  magnesium  chlorides.  Two  parts  of  the  Aerotex  900  were  used  with  one  part  Accelerator  9  on  a  solids 
basis.  The  latent  crosslinking  solution  was  applied  as  above  to  a  debonder  treated  bleached  southern  pine  kraft  similar 
to  that  of  the  previous  example  but  from  a  different  mill  lot  having  higher  initial  pH.  As  above,  pH  was  measured  on 
the  untreated  pulp,  the  wet  treated  but  uncrosslinked  pulp,  and  the  dried  crosslinked  pulp.  The  results  are  given  in  the 
following  table. 

14 
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Table  XIV 

pH  Value  After  Mixing 

Sample  <  1  min.  10  min.  25  min. 

Untreated  pulp  6.40  5.77  6.42 

Treated  pulp,  wet  crosslinked  4.22  4.25  4.20 

Treated  pulp,  dried  crosslinked  4.05  4.30  4.25 

[0088]  As  before  the  pH  of  the  system  was  above  4  at  all  times.  This  is  a  level  quite  compatible  with  modern  paper- 
making  practice. 

Claims 

1.  A  chemically  crosslinked  cellulosic  product,  comprising  cellulose  fibers; 

a  cationic  debonding  agent  in  an  amount  of  from  about  0.1  kg/ton  to  about  200  kg/ton  of  fiber;  and 

a  cured  crosslinking  agent  which  was  added  to  the  fibers  in  an  amount  from  about  0.1  kg/ton  to  about  200  kg/ 
ton  and  thereafter  cured  to  crosslink  the  fibers. 

2.  The  product  according  to  claim  1  wherein  the  cellulose  fibers  are  unrefined  fibers. 

3.  The  product  according  to  claim  1  wherein  the  crosslinking  agent  derives  from  a  polycarboxylic  acid  or  derives  from 
a  selection  from  the  group  of  urea  derivatives  consisting  of  methylolated  urea,  methylolated  cyclic  ureas,  methy- 
lolated  lower  alkyl  substituted  cyclic  ureas,  dihydroxy  cyclic  ureas,  lower  alkyl  substituted  dihydroxy  cyclic  ureas, 
and  methylolated  dihydroxy  cyclic  ureas;  and  mixtures  thereof. 

4.  The  product  according  to  claim  1  wherein  the  debonding  agent  is  a  quaternary  ammonium  salt. 

5.  The  product  according  to  claim  4  wherein  the  debonding  agent  is  selected  from  the  group  consisting  of 

(1) 
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O H  
I 

R r O - S   - C H X H C H ,   R^ 
\ i  

(3)  N '  
I  \  

R - O - E   - C H X H C H .   R, 

I 

and 

N - C H .  

(4) 
N ' - C H ,  

/I I! 

^   C H J Z H Z - X H - C - R X  

where  R1  and  R2  are  methyl,  ethyl,  or  hydroxyethyl,  R3  is  a  hydrocarbon  having  1-40  carbon  atoms,  R4  is  a  hy- 
drocarbon  having  1  0-40  carbon  atoms,  E  is  an  oxyalkylene  group  having  2  or  3  carbon  atoms,  m  is  an  integer  from 
1-20,  n  is  an  integer  from  0-20,  and  X  is  CI  or  S04,  said  hydrocarbon  substituents  being  selected  from  linear  and 
branched  alkyl  or  alkenyl  groups,  and  branched  and-linear  alkyl  and  alkenyl  substituted  phenyl  groups. 

The  product  according  to  claim  1  and  further  including  a  cationic  retention  aid. 

The  product  according  to  claim  1  wherein  the  crosslinking  agent  derives  from  a  selection  from  dimethylol  urea, 
dimethylol  dihydroxyethyleneurea,  dihydroxyethyleneurea,  dimethyldihydroxyethyleneurea,  polycarboxylic  acid, 
1  ,2,3,4-butanetetracarboxylic  acid. 

The  product  according  to  claim  1  wherein  the  product  has  a  bulk  greater  than  about  20  cm3/g. 

A  method  of  making  a  crosslinked  cellulose  product  of  claim  1  which  comprises  the  steps  of: 

providing  wet,  unrefined  cellulose  fibers  having  a  moisture  content  greater  than  30%; 

providing  within  said  fibers  a  cationic  debonding  agent  and  a  water  soluble  or  water  dispersible  latent  cellulose 
crosslinking  agent,  wherein  the  crosslinking  agent  is  a  polycarboxylic  acid  or  is  selected  from  the  group  of 
urea  derivatives  consisting  of  methylolated  urea,  methylolated  cyclic  ureas,  methylolated  lower  alkyl  substi- 
tuted  cyclic  ureas,  dihydroxy  cyclic  ureas,  lower  alkyl  substituted  dihydroxy  cyclic  ureas,  and  methylolated 
dihydroxy  cyclic  ureas;  and  mixtures  thereof; 

immediately  after  providing  the  crosslinking  agent,  drying  the  fibers  at  an  elevated  temperature  to  simultane- 
ously  dry  the  fibers  and  dry  crosslink  the  fibers  with  the  crosslinking  agent; 

in  which  the  debonding  agent  is  present  in  an  amount  of  about  0.  1  to  200kg/t  of  cellulose  fiber  and  the  crosslink- 
ing  agent  is  present  in  an  amount  of  about  2-200  kg/t  of  cellulose  fiber. 
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10.  The  method  of  claim  9  in  which  the  debonding  agent  is  added  to  an  aqueous  slurry  of  cellulosic  fibers  prior  to 
formation  of  the  cellulose  product,  and  the  latent  crosslinking  agent  is  added  subsequent  to  said  formation. 

11.  The  method  of  claim  9  in  which  the  debonding  agent  and  latent  crosslinking  agent  are  both  added  following  said 
formation. 

12.  The  method  of  claim  11  in  which  the  debonding  agent  is  added  prior  to  the  addition  of  the  latent  crosslinking  agent. 

13.  The  method  of  claim  9  in  which  the  debonding  agent  is  a  cationic  material  selected  from  the  group 

(1) R t - t r — R t   •  x - ,  

(2)  O  \  I  o  
3  \  /  I 
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O H  
I 

R4  -O  -EK  ~CH2CHCH.  R^ 

(3)  
X  1 

(i)  N'   - X -  
l \  

R 4 - 0 - E H - C H X H C H 2   R2 

O H  

and 

R , - C  
(4) \  1 

N ' - C H ^   O 

l\  
'  

II 
R,  C H . C H . - H H - C - R ,  
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where  R-,  and  R2  are  methyl,  ethyl,  or  hydroxyethyl,  R3  is  a  hydrocarbon  having  140  carbon  atoms,  R4  is  a  hydro- 
carbon  having  10-40  carbon  atoms,  E  is  an  oxyalkylene  group  having  2  or  3  carbon  atoms,  m  is  an  integer  from 
1-20,  n  is  an  integer  from  0-20,  and  X  is  CI  or  S04,  said  hydrocarbon  substituents  being  selected  from  linear  and 
branched  alkyl  or  alkenyl  groups,  and  branched  and  linear  alkyl  and  alkenyl  substituted  phenyl  groups. 

14.  The  method  of  claim  9  which  includes  adding  the  latent  crosslinking  agent  to  the  cellulosic  sheet  in  the  wet  press 
section  of  a  paper  machine. 

15.  The  method  of  claim  9  in  which  the  latent  crosslinking  agent  is  selected  from  the  group  consisting  of  methylolated 
urea,  methylolated  cyclic  ureas,  methylolated  lower  alkyl  substituted  cyclic  ureas,  dihydroxy  cyclic  ureas,  lower 
alkyl  substituted  dihydroxy  cyclic  ureas,  methylolated  dihydroxy  cyclic  ureas,  and  mixtures  thereof. 

16.  The  method  of  claim  15  in  which  the  latent  crosslinking  agent  is  selected  from  dimethylol  urea,  dimethylol  dihy- 
droxyethyleneurea,  dihydroxyethyleneurea,  dimethylolethylene  urea  and  4,5-dihydroxy-1  ,3-dimethyl-2-  imidazo- 
lidinone. 

17.  The  method  of  claim  15  which  further  includes  adding  an  effective  amount  of  an  acidic  catalyst  to  increase  the 
reaction  rate  between  the  cellulose  and  crosslinking  agent. 

18.  The  method  of  claim  17  in  which  the  acidic  catalyst  is  urea  nitrate. 

19.  The  method  of  claim  17  in  which  the  pH  of  the  treated  product  remains  above  about  4  after  addition  of  the  catalyst. 

20.  The  method  of  claim  9  in  which  the  latent  crosslinking  agent  is  a  polycarboxylic  acid. 

21  .  The  method  of  claim  20  which  includes  a  catalyst  selected  from  alkali  metal  salts  of  phosphorous-containing  acids. 

22.  The  method  of  claim  20  wherein  the  crosslinking  agent  is  butanecarboxylic  acid. 

23.  The  method  of  claim  9  in  which  the  debonding  agent  is  present  in  an  amount  of  about  0.1-20  kg/t  of  cellulose  fiber. 

24.  The  method  of  claim  23  in  which  the  debonding  agent  is  present  in  an  amount  of  about  1-10  kg/t  of  cellulose  fiber. 

25.  The  method  of  claim  9  in  which  the  debonding  agent  is  present  in  an  amount  of  about  20-200  kg/t  of  cellulose  fiber. 

26.  The  method  of  claim  9  further  comprising  the  step  of  adding  an  effective  amount  of  an  acid  catalyst  to  increase 
the  reaction  rate  between  the  cellulosic  and  crosslinking  agent. 

27.  The  method  of  claim  26  wherein  the  pH  of  the  treated  product  remains  above  about  4  after  addition  of  the  catalyst. 

28.  The  method  of  claim  1  0  wherein  the  debonding  agent  is  added  to  the  pulp  slurry  in  an  amount  of  about  0.  1  -20  kg/ton; 

a  wet  sheet  is  formed  from  the  pulp  slurry; 

about  0.1  to  20  kg/ton  of  the  crosslinking  agent  is  added  to  the  wet  sheet  and 

the  product  is  dried  for  a  period  of  time  of  from  about  1  to  about  5  min.  at  a  temperature  above  100°C. 

29.  The  crosslinked  cellulosic  pulp  product  obtainable  by  the  method  of  any  of  claims  9  to  28. 

30.  A  cellulosic  product,  the  product  comprising: 

(1  )  a  first,  chemically  crosslinked  cellulosic  fiber  fraction  comprising  (a)  unrefined  cellulose  fiber;  (b)  a  cationic 
debonding  agent  in  an  amount  of  from  about  0.1  kg/ton  to  about  200  kg/ton  of  fiber;  and  (c)  a  water  soluble 
or  water  dispersible  latent  cellulose  crosslinking  agent,  wherein  the  crosslinking  agent  derives  from  a  polycar- 
boxylic  acid  or  derives  from  a  selection  from  the  group  of  urea  derivatives  consisting  of  methylolated  urea, 
methylolated  cyclic  ureas,  methylolated  lower  alkyl  substituted  cyclic  ureas,  dihydroxy  cyclic  ureas,  lower  alkyl 
substituted  dihydroxy  cyclic  ureas,  and  methylolated  dihydroxy  cyclic  ureas;  and  mixtures  thereof,  the 
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crosslinking  agent  being  added  in  an  amount  of  from  about  0.1  kg/ton  to  about  200  kg/ton  of  fiber;  and 

(2)  a  second  fiber  fraction  comprising  conventional  fiber  furnish. 

Patentanspriiche 

1.  Chemisch  vernetztes  Zelluloseprodukt,  umfassend  Zellulosefasern; 

einen  kationischen  Debonder  in  einer  Menge  von  etwa  0,1  kg/t  bis  etwa  200  kg/t  Fasern;  und 
ein  gehartetes  Vernetzungsmittel,  das  zu  den  Fasern  in  einer  Menge  von  etwa  0,1  kg/t  bis  etwa  200  kg/t 
gegeben  wurde,  und  danach  zur  Vernetzung  der  Fasern  gehartet  wurde. 

2.  Produkt  nach  Anspruch  1,  wobei  die  Zellulosefasern  unvermahlene  Fasern  sind. 

3.  Produkt  nach  Anspruch  1  ,  wobei  das  Vernetzungsmittel  von  einer  Polycarbonsaurestammt  oder  von  einer  Auswahl 
aus  der  Gruppe  von  Harnstoffderivaten,  bestehend  aus  methyloliertem  Harnstoff,  methylolierten  cyclischen  Harn- 
stoffen,  methylolierten,  mit  Niederalkyl  substituierten,  cyclischen  Harnstoffen,  cyclischen  Dihydroxyharnstoffen, 
mit  Niederalkyl  substituierten  cyclischen  Dihydroxyharnstoffen  und  methylolierten  cyclischen  Dihydroxyharnstof- 
fen  und  Gemischen  davon  stammt. 

4.  Produkt  nach  Anspruch  1  ,  wobei  der  Debonder  ein  quaternares  Ammoniumsalz  ist. 

5.  Produkt  nach  Anspruch  4,  wobei  der  Debonder  ausgewahlt  ist  aus  der  Gruppe,  bestehend  aus 

(1) 
I 

(2) 0  \  I  o  
1  \  /  I 

OH 
I 

RrO-EH-CHtCHCHt  *, 
w  

(3)  AT  ■  X 
/  \ 

R4-0-Em-CH£UCH7  *j 
I 

OH 

und 
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20 

(4) 

10  'M  ^"j^"2  ~  "* 

worin  R1  und  R2  Methyl,  Ethyl  oder  Hydroxyethyl  bedeuten,  R3  einen  Kohlenwasserstoffrest  mit  1  bis  40 
Kohlenstoffatomen  darstellt,  R4  einen  Kohlenwasserstoffrest  mit  10  bis  40  Kohlenstoffatomen  darstellt,  E  eine 
Oxyalkylengruppe  mit  2  oder  3  Kohlenstoffatomen  bedeutet,  m  eine  ganze  Zahl  von  1  bis  20  ist,  n  eine  ganze  Zahl 

is  von  0  bis  20  ist  und  X  CI  oder  S04  bedeutet,  wobei  die  Kohlenwasserstoffsubstituenten  aus  linearen  und  verzweig- 
ten  Alkyl-  oder  Alkenylgruppen,  und  mit  verzweigtem  und  linearem  Alkyl  und  Alkenyl  substituierten  Phenylgruppen 
ausgewahlt  sind. 

6.  Produkt  nach  Anspruch  1  und  auBerdem  eine  kationische  Retentionshilfe  einschlieBend. 
20 

7.  Produkt  nach  Anspruch  1,  wobei  das  Vernetzungsmittel  von  einer  Auswahl  aus  Dimethylolharnstoff,  Dimethylol- 
dihydroxyethylenharnstoff,  Dihydroxyethylenharnstoff,  Dimethyldihydroxyethylenharnstoff,  Polycarbonsaure, 
1  ,2,3,4-Butantetracarbonsaure  stammt. 

25  8.  Produkt  nach  Anspruch  1  ,  wobei  das  Produkt  eine  Voluminositat  groBer  als  etwa  20  cm3/g  aufweist. 

9.  Verfahren  zur  Herstellung  eines  vernetzten  Zelluloseprodukts  nach  Anspruch  1  ,  umfassend  die  Schritte: 

Bereitstellen  von  nassen,  unvermahlenen  Zellulosefasern  mit  einem  Feuchtigkeitsgehalt  groBer  30  %, 
30  Bereitstellen  innerhalb  der  Fasern  eines  kationischen  Debonders  und  eines  wasserloslichen  oder  in  Wasser 

dispergierbaren  latenten  Zellulosevernetzungsmittels,  wobei  das  Vernetzungsmittel  eine  Polycarbonsaure  ist 
oder  aus  der  Gruppe  von  Harnstoffderivaten,  bestehend  aus  methyloliertem  Harnstoff,  methylolierten  cycli- 
schen  Harnstoffen,  methylolierten,  mit  Niederalkyl  substituierten,  cyclischen  Harnstoffen,  cyclischen  Dihydro- 
xyharnstoffen,  mit  Niederalkyl  substituierten  cyclischen  Dihydroxyharnstoffen  und  methylolierten  cyclischen 

35  Dihydroxyharnstoffen  und  Gemischen  davon  ausgewahlt  ist, 
unmittelbar  nach  Bereitstellen  des  Vernetzungsmittels  Trocknen  der  Fasern  bei  einer  hoheren  Temperatur, 
urn  gleichzeitig  die  Fasern  zu  trocknen  und  die  Fasern  mit  dem  Vernetzungsmittel  trocken  zu  vernetzen, 
wobei  der  Debonder  in  einer  Menge  von  etwa  0,1  bis  200  kg/t  Zellulosefasern  vorliegt  und  das  Vernetzungs- 
mittel  in  einer  Menge  von  etwa  2  bis  200  kg/t  Zellulosefaser  vorliegt. 

40 
10.  Verfahren  nach  Anspruch  9,  wobei  der  Debonder  zu  einer  waBrigen  Aufschlammung  von  Zellulosefasern  vor  der 

Formation  des  Zelluloseprodukts  zugegeben  wird  und  das  latente  Vernetzungsmittel  anschlieBend  an  die  Forma- 
tion  zugegeben  wird. 

45  11.  Verfahren  nach  Anspruch  9,  wobei  der  Debonder  und  das  latente  Vernetzungsmittel  beide  nach  der  Formation 
zugegeben  werden. 

12.  Verfahren  nach  Anspruch  11,  wobei  der  Debonder  vor  der  Zugabe  des  latenten  Vernetzungsmittels  zugegeben 
wird. 

50 
13.  Verfahren  nach  Anspruch  9,  wobei  der  Debonder  ein  kationisches  Material  ist,  ausgewahlt  aus  der  Gruppe 

55 
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worin  R1  und  R2  Methyl,  Ethyl  oder  Hydroxyethyl  bedeuten,  R3  einen  Kohlenwasserstoffrest  mit  1  bis  40 
Kohlenstoffatomen  darstellt,  R4  einen  Kohlenwasserstoffrest  mit  10  bis  40  Kohlenstoffatomen  darstellt,  E  eine 
Oxyalkylengruppe  mit  2  oder  3  Kohlenstoffatomen  bedeutet,  m  eine  ganze  Zahl  von  1  bis  20  ist,  n  eine  ganze  Zahl 
von  0  bis  20  ist  und  X  CI  oder  S04  bedeutet,  wobei  die  Kohlenwasserstoffsubstituenten  ausgewahlt  sind  aus 
linearen  und  verzweigten  Alkyl-  oder  Alkenylgruppen,  und  mit  verzweigtem  und  linearem  Alkyl  und  Alkenyl  sub- 
stituierten  Phenylgruppen. 

14.  Verfahren  nach  Anspruch  9,  dasZugabedes  latenten  Vernetzungsmittels  zu  demZelluloseblatt  im  NaBpreBbereich 
einer  Papiermaschine  einschlieBt. 

15.  Verfahren  nach  Anspruch  9,  wobei  das  latente  Vernetzungsmittel  aus  der  Gruppe,  bestehend  aus  methyloliertem 
Harnstoff,  methylolierten  cyclischen  Harnstoffen,  methylolierten,  mit  Niederalkyl  substituierten,  cyclischen  Harn- 
stoffen,  cyclischen  Dihydroxyharnstoffen,  mit  Niederalkyl  substituierten  cyclischen  Dihydroxyharnstoffen,  methy- 
lolierten  cyclischen  Dihydroxyharnstoffen  und  Gemischen  davon,  ausgewahlt  ist. 

16.  Verfahren  nach  Anspruch  15,  wobei  das  latente  Vernetzungsmittel  ausgewahlt  ist  aus  Dimethylolharnstoff,  Dime- 
thyloldihydroxyethylenharnstoff,  Dihydroxyethylenharnstoff,  Dimethylolethylenharnstoff  und  4,5-Dihydroxy-1  ,3-di- 
methyl-2-imidazolidinon. 
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10 

15 

17.  Verfahren  nach  Anspruch  15,  das  auBerdem  die  Zugabe  einer  wirksamen  Menge  eines  sauren  Katalysators  zur 
Erhohung  der  Reaktionsgeschwindigkeit  zwischen  der  Zellulose  und  dem  Vernetzungsmittel  einschlieBt. 

18.  Verfahren  nach  Anspruch  17,  wobei  der  saure  Katalysator  Harnstoffnitrat  ist. 
5 

19.  Verfahren  nach  Anspruch  17,  wobei  der  pH-Wert  des  behandelten  Produkts  nach  Zugabe  des  Katalysators  ober- 
halb  etwa  4  bleibt. 

20.  Verfahren  nach  Anspruch  9,  wobei  das  latente  Vernetzungsmittel  eine  Polycarbonsaure  ist. 
10 

21  .  Verfahren  nach  Anspruch  20,  das  einen  Katalysator,  ausgewahlt  aus  Alkalimetallsalzen  von  phosphorenthaltenden 
Sauren,  einschlieBt. 

22.  Verfahren  nach  Anspruch  20,  wobei  das  Vernetzungsmittel  Butancarbonsaure  ist. 
15 

23.  Verfahren  nach  Anspruch  9,  wobei  der  Debonder  in  einer  Menge  von  etwa  0,  1  bis  20  kg/t  Zellulosefaser  vorliegt. 

24.  Verfahren  nach  Anspruch  23,  wobei  der  Debonder  in  einer  Menge  von  etwa  1  bis  10  kg/t  Zellulosefaser  vorliegt. 

20  25.  Verfahren  nach  Anspruch  9,  wobei  der  Debonder  in  einer  Menge  von  etwa  20  bis  200  kg/t  Zellulosefasern  vorliegt. 

26.  Verfahren  nach  Anspruch  9,  das  auBerdem  den  Schritt  der  Zugabe  einer  wirksamen  Menge  eines  sauren  Kataly- 
sators  zur  Erhohung  der  Reaktionsgeschwindigkeit  zwischen  dem  Zellulosestoff  und  dem  Vernetzungsmittel  um- 
faBt. 

25 
27.  Verfahren  nach  Anspruch  26,  wobei  der  pH-Wert  des  behandelten  Produkts  nach  Zugabe  des  Katalysators  ober- 

halb  etwa  4  verbleibt. 

28.  Verfahren  nach  Anspruch  10,  wobei  der  Debonder  zu  der  Zellstoffaufschlammung  in  einer  Menge  von  etwa  0,1 
30  bis  20  kg/t  zugegeben  wird, 

ein  nasses  Blatt  aus  der  Zellstoffaufschlammung  geformt  wird, 
etwa  0,1  bis  20  kg/t  des  Vernetzungsmittels  zu  dem  nassen  Blatt  gegeben  werden  und 
das  Produkt  fur  einen  Zeitraum  von  etwa  1  bis  etwa  5  Minuten  bei  einer  Temperatur  oberhalb  1  00°C  getrocknet 

35  wird. 

29.  Vernetztes  Zellulose-Zellstoff-Produkt,  erhaltlich  durch  das  Verfahren  nach  einem  der  Anspruche  9  bis  28. 

30.  Zelluloseprodukt,  wobei  das  Produkt  umfaBt: 
40 

(1)  eine  erste  chemisch  vernetzte  Zellulosefaserfraktion,  umfassend  (a)  unvermahlene  Zellulosefaser;  (b)  ei- 
nen  kationischen  Debonder  in  einer  Menge  von  etwa  0,1  kg/t  bis  etwa  200  kg/t  Faser,  und  (c)  ein  wasserlos- 
liches  oder  im  Wasser  dispergierbares  latentes  Zellulosevernetzungsmittel,  wobei  das  Vernetzungsmittel  von 
einer  Polycarbonsaure  stammt  oder  von  einer  Auswahl  aus  der  Gruppe  von  Harnstoffderivaten,  bestehend 

45  aus  methyloliertem  Harnstoff,  methylolierten  cyclischen  Harnstoffen,  methylolierten,  mit  Niederalkyl  substitu- 
ierten,  cyclischen  Harnstoffen,  cyclischen  Dihydroxyharnstoffen,  mit  Niederalkyl  substituierten  cyclischen  Di- 
hydroxyharnstoffen  und  methylolierten  cyclischen  Dihydroxyharnstoffen  und  Gemischen  davon  stammt,  wobei 
das  Vernetzungsmittel  in  einer  Menge  von  etwa  0,1  kg/t  bis  etwa  200  kg/t  Fasern  zugegeben  wird,  und 
(2)  eine  zweite  Faserfraktion,  umfassend  ublichen  Faserstoffeintrag. 

50 

Revendications 

1.  Produit  cellulosique  chimiquement  reticule,  comprenant  des  fibres  de  cellulose  ; 
55 

un  agent  de  deliaison  cationique  en  une  quantite  d'environ  0,1  kg/tonne  a  environ  200  kg/tonne  de  fibre  ;  et 
un  agent  de  reticulation  durci  qui  a  ete  ajoute  aux  fibres  en  une  quantite  d'environ  0,1  kg/tonne  a  environ  200 
kg/tonne  et  ensuite  durci  pour  reticuler  les  fibres. 

55 
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Produit  selon  la  revendication  1  ,  dans  lequel  les  fibres  de  cellulose  sont  des  fibres  non  raffinees. 

Produit  selon  la  revendication  1,  dans  lequel  I'agent  de  reticulation  derive  d'un  acide  polycarboxylique  ou  derive 
d'une  selection  dans  le  groupe  des  derives  de  I'uree  comprenant  I'uree  methylolee,  les  urees  cycliques  methylo- 
lees,  les  urees  cycliques  substitutes  par  un  alkyle  inferieur  methylolees,  les  urees  cycliques  dihydroxylees,  les 
urees  cycliques  dihydroxylees  substitutes  par  un  alkyle  inferieur,  et  les  urees  cycliques  dihydroxylees 
methylolees  ;  et  leurs  melanges. 

Produit  selon  la  revendication  1,  dans  lequel  I'agent  de  deliaison  est  un  sel  d'ammonium  quaternaire. 

Produit  selon  la  revendication  4,  dans  lequel  I'agent  de  deliaison  est  choisi  dans  le  groupe  comprenant 

*1 

(1) R2—Nt—RA  ■  X \  

E - H  

(2) O  \  I  o  
»  \  /  I 

Rj-C  -NH-CH2CH2-N~  - C ^ C H ^ N H - C - R ^  

O H  

RrO-EH-CH2CHCH2  Rl 
\ l  

(3)  AT  X 
l \  

RA-0-EH-CH2CHCH2 
I 

O H  

et 
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10 

(4) 

/ /  
R ^ - C  

\  \ 

N*-CH2  O 

/i  II 

R,  C H , C H 2 - N H - C - R ,  

ou  R-|  et  R2  sont  des  groupes  methyle,  ethyle,  ou  hydroxyethyle,  R3  est  un  groupe  hydrocarbone  ayant  1  a  40 
is  atomes  de  carbone,  R4  est  un  groupe  hydrocarbone  ayant  1  0  a  40  atomes  de  carbone,  E  est  un  groupe  oxyalkylene 

ayant  2  ou  3  atomes  de  carbone,  m  est  un  entier  de  1  a  20,  n  est  un  entier  de  0  a  20,  et  X  est  CI  ou  S04,  lesdits 
substituants  hydrocarbones  ttant  choisis  parmi  les  groupes  alkyles  ou  alcenyles  lineaires  et  ramifies,  et  les  groupes 
phenyles  a  substitution  alkyle  et  alcenyle  lineaire  ou  ramifie. 

20  6.  Produit  selon  la  revendication  1  ,  et  comprenant  en  outre  un  agent  de  retention  cationique. 

7.  Produit  selon  la  revendication  1  ,  dans  lequel  I'agent  de  reticulation  derive  d'une  selection  parmi  la  dimethyloluree, 
la  dimethyloldihydroxyethyleneuree,  la  dihydroxyethyleneuree,  la  dimethyldihydroxyethyleneuree,  un  acide  poly- 
carboxylique,  I'acide  1  ,2,3,4-butanetetracarboxylique. 

25 
8.  Produit  selon  la  revendication  1  ,  dans  lequel  le  produit  a  un  volume  superieur  a  environ  20  cm3/g. 

9.  Proctdt  de  preparation  d'un  produit  de  cellulose  reticule  selon  la  revendication  1  ,  qui  comprend  les  etapes  con- 
sistent  a  : 

30 
fournir  des  fibres  de  cellulose  non  raffinees,  humides,  ayant  une  teneur  en  eau  superieure  a  30%  ; 
introduire  dans  lesdites  fibres  un  agent  de  deliaison  cationique  et  un  agent  de  reticulation  de  la  cellulose  latent 
soluble  ou  dispersable  dans  I'eau,  ou  I'agent  de  reticulation  est  un  acide  polycarboxylique  ou  est  choisi  dans 
le  groupe  des  derives  de  I'uree  comprenant  I'uree  methylolee,  les  urees  cycliques  methylolees,  les  urees 

35  cycliques  substitutes  par  un  alkyle  inferieur  methylolees,  les  urees  cycliques  dihydroxylees,  les  urees  cycli- 
ques  dihydroxylees  substitutes  par  un  alkyle  inftrieur,  et  les  urtes  cycliques  dihydroxyltes  methyloltes  ;  et 
leurs  mtlanges  ; 
immtdiatement  apres  avoir  introduit  I'agent  de  rtticulation,  stcher  les  fibres  a  une  temptrature  tlevte  pour 
simultantment  stcher  les  fibres  et  rtticuler  les  fibres  a  sec  avec  I'agent  de  rtticulation  ; 

40  I'agent  de  dtliaison  ttant  prtsent  en  une  quantitt  d'environ  0,1  a  200  kg/t  de  fibre  de  cellulose  et  I'agent  de 
rtticulation  ttant  prtsent  en  une  quantitt  d'environ  2  a  200  kg/t  de  fibre  de  cellulose. 

10.  Proctdt  selon  la  revendication  9,  dans  lequel  I'agent  de  dtliaison  est  ajoutt  a  une  suspension  aqueuse  de  fibres 
cellulosiques  avant  la  formation  du  produit  de  cellulose,  et  I'agent  de  rtticulation  latent  est  ajoutt  apres  ladite 

45  formation. 

11.  Proctdt  selon  la  revendication  9,  dans  lequel  I'agent  de  dtliaison  et  I'agent  de  rtticulation  latent  sont  tous  les 
deux  ajoutts  a  la  suite  de  ladite  formation. 

so  12.  Proctdt  selon  la  revendication  11  ,  dans  lequel  I'agent  de  dtliaison  est  ajoutt  avant  I'ajout  de  I'agent  de  rtticulation 
latent. 

13.  Proctdt  selon  la  revendication  9,  dans  lequel  I'agent  de  dtliaison  est  une  substance  cationique  choisie  dans  le 
groupe  comprenant 

55 
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I 
(I)  R  ̂ —  tf°  —  RA  ■  X- ,  

(2)  O  \  /  O 
I  \  I  I 

R j - C - N H - C H 2 C H 2 - M ' - C H 2 C H 2 - N H - C - R 4   •  X'  , 

O H  

R r O - E n - C H 2 C H C H 2   Rx 
\ l  

(3)  N '   ■  X 
I  \  

R r O - E n - C H 2 C H C H 2   R2 

O H  

et 

N-CH^  

II 
R ^ - C  

(4)  

\ �  

N ' -CH2  O  

l\  II 

CH2CH2-NH-C-RA 

ou  R1  et  R2  sont  des  groupes  methyle,  ethyle,  ou  hydroxyethyle,  R3  est  un  groupe  hydrocarbone  ayant  1  a  40 
atomes  de  carbone,  R4  est  un  groupe  hydrocarbone  ayant  1  0  a  40  atomes  de  carbone,  E  est  un  groupe  oxyalkylene 
ayant  2  ou  3  atomes  de  carbone,  m  est  un  entier  de  1  a  20,  n  est  un  entier  de  0  a  20,  et  X  est  CI  ou  S04,  lesdits 
substituants  hydrocarbones  etant  choisis  parmi  les  groupes  alkyles  ou  alcenyles  lineaires  et  ramifies,  et  les  groupes 
phenyles  a  substitution  alkyle  et  alcenyle  lineaire  et  ramifie. 

14.  Procede  selon  la  revendication  9,  qui  comprend  I'ajout  de  I'agent  de  reticulation  latent  a  lafeuille  cellulosique  dans 
la  section  de  presse  humide  d'une  machine  a  papier. 

15.  Procede  selon  la  revendication  9,  dans  lequel  I'agent  de  reticulation  latent  est  choisi  dans  le  groupe  comprenant 
I'uree  methylolee,  les  urees  cycliques  methylolees,  les  urees  cycliques  substitutes  par  un  alkyle  inferieur  methy- 
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lolees,  les  urees  cycliques  dihydroxylees,  les  urees  cycliques  dihydroxylees  substitutes  par  un  alkyle  inferieur,  et 
les  urees  cycliques  dihydroxylees  methylolees  ;  et  leurs  melanges. 

16.  Procede  selon  la  revendication  15,  dans  lequel  I'agent  de  reticulation  latent  est  choisi  parmi  la  dimethyloluree,  la 
dimethyloldihydroxyethyleneuree,  la  dihydroxyethyleneuree,  la  dimethylolethyleneuree  et  la  4,5-dihydroxy-1  ,3-di- 
methyl-2-imidazolidinone. 

17.  Procede  selon  la  revendication  15,  qui  comprend  en  outre  I'ajout  d'une  quantite  efficace  d'un  catalyseur  acide  pour 
augmenter  la  vitesse  de  reaction  entre  la  cellulose  et  I'agent  de  reticulation. 

18.  Procede  selon  la  revendication  17,  dans  lequel  le  catalyseur  acide  est  le  nitrate  d'uree. 

19.  Procede  selon  la  revendication  17,  dans  lequel  le  pH  du  produit  traite  reste  au-dessus  d'environ  4  apres  I'ajout  du 
catalyseur. 

20.  Procede  selon  la  revendication  9,  dans  lequel  I'agent  de  reticulation  latent  est  un  acide  polycarboxylique. 

21.  Procede  selon  la  revendication  20,  qui  comprend  un  catalyseur  choisi  parmi  les  sels  de  metaux  alcalins  d'acides 
phosphores. 

22.  Procede  selon  la  revendication  20,  dans  lequel  I'agent  de  reticulation  est  I'acide  butanecarboxylique. 

23.  Procede  selon  la  revendication  9,  dans  lequel  I'agent  de  deliaison  est  present  en  une  quantite  d'environ  0,1  a  20 
kg/t  de  fibre  de  cellulose. 

24.  Procede  selon  la  revendication  23,  dans  lequel  I'agent  de  deliaison  est  present  en  une  quantite  d'environ  1  a  10 
kg/t  de  fibre  de  cellulose. 

25.  Procede  selon  la  revendication  9,  dans  lequel  I'agent  de  deliaison  est  present  en  une  quantite  d'environ  20  a  200 
kg/t  de  fibre  de  cellulose. 

26.  Procede  selon  la  revendication  9,  comprenant  en  outre  I'etape  consistant  a  ajouter  une  quantite  efficace  d'un 
catalyseur  acide  pour  augmenter  la  vitesse  de  reaction  entre  la  cellulose  et  I'agent  de  reticulation. 

27.  Procede  selon  la  revendication  26,  dans  lequel  le  pH  du  produit  traite  reste  au-dessus  d'environ  4  apres  I'ajout  du 
catalyseur. 

28.  Procede  selon  la  revendication  10,  dans  lequel  I'agent  de  deliaison  est  ajoutt  a  la  suspension  de  pate  en  une 
quantite  d'environ  0,1  a  20  kg/tonne; 

une  feuille  humide  est  formee  a  partir  de  la  suspension  de  pate  ; 
environ  0,1  a  20  kg/tonne  de  I'agent  de  reticulation  est  ajoute  a  la  feuille  humide  et 
le  produit  est  seche  pendant  une  duree  d'environ  1  a  environ  5  minutes  a  une  temperature  superieure  a  1  00°C. 

29.  Produit  a  base  de  pate  cellulosique  reticulee  pouvant  etre  obtenu  par  le  procede  selon  I'une  quelconque  des 
revendications  9  a  28. 

30.  Produit  cellulosique,  le  produit  comprenant  : 

(1  )  une  premiere  fraction,  de  fibre  cellulosique  chimiquement  reticulee,  comprenant  (a)  de  la  fibre  de  cellulose 
non  raffinee  ;  (b)  un  agent  de  deliaison  cationique  en  une  quantite  d'environ  0,1  kg/tonne  a  environ  200  kg/ 
tonne  de  fibre  ;  et  (c)  un  agent  de  reticulation  de  la  cellulose,  latent,  soluble  ou  dispersable  dans  I'eau,  ou 
I'agent  de  reticulation  derive  d'un  acide  polycarboxylique  ou  derive  d'une  selection  dans  le  groupe  des  derives 
de  I'uree  comprenant  I'uree  methylolee,  les  urees  cycliques  methylolees,  les  urees  cycliques  substitutes  par 
un  alkyle  inftrieur  methyloltes,  les  urtes  cycliques  dihydroxyltes,  les  urtes  cycliques  dihydroxyltes  substi- 
tutes  par  un  alkyle  inftrieur,  et  les  urtes  cycliques  dihydroxyltes  methyloltes  ;  et  leurs  mtlanges  ;  I'agent  de 
rtticulation  ttant  ajoutt  en  une  quantitt  d'environ  0,1  kg/tonne  a  environ  200  kg/tonne  de  fibre  ;  et 
(2)  une  seconde  fraction  de  fibre  comprenant  une  composition  classique  de  fabrication  de  fibre. 
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