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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  generally  to  fibers  exhibiting  improved  resilient  bulking  and  absorbent  proper- 
ties.  More  particularly,  this  invention  relates  to  an  improved  method  of  preparing  resilient  bulking  fibers  by 
crosslinking  wood  pulp  fibers  with  polycarboxylic  acids. 

Description  of  the  Related  Art 
10 

It  is  known  in  the  art  that  resilient  bulking  fibers  are  useful  for  the  preparation  of  bulkier  and  more  absorbent 
paper  structures.  Such  paper  structures  are  useful  for  the  manufacture  of  products  such  as  handsheets,  towels, 
tissues,  filters,  paperboard,  diapers,  sanitary  napkins,  hospital  dressings  and  the  like.  One  method  for  obtaining 
resilient  bulking  fibers  is  by  crosslinking  cellulose  fibers  by  treatment  with  a  chemical  compound.  U.S.  Patent 

15  No.  3,81  9,470  discloses  modified  cellulosic  fibers  characterized  by  reduced  swellability  and  a  reduced  capabi- 
lity  of  natural  fiber-to-fiber  bonding  when  compared  to  unmodified  cellulosic  fibers  and  having  a  substantive 
polymeric  compound  reacted  with  and  attached  to  the  fibers.  U.S.  Patent  No.  4,431  ,481  discloses  modified  cel- 
lulosic  fibers  produced  by  treating  the  fibers  with  copolymers  of  maleamic  acid.  Other  known  techniques  include 
treatment  of  fibers  with  cationic  urea  formaldehyde  resins,  (U.S.  Patent  No.  3,756,913),  methylol  ureas  and 

20  melamines  (U.S.  Patent  No.  3,440,1  35),  formaldehyde  (U.S.  Patent  No.  3,224,926),  with  the  condensation  pro- 
duct  of  acrolein  and  formaldehyde,  (U.S.  Patent  No.  3,183,054),  bis-acrylamides  (Eur.  Patent  No.  0,213,415), 
and  treatment  with  glyoxal  orglutaric  dialdehyde  (WO  88104704,  U.S.  Patent  No.  4,822,453  and  U.S.  Patent 
No.  4,853,086). 

The  crosslinking  methods  of  the  prior  art,  however,  tend  to  suffer  from  the  disadvantages  of  toxicity,  high 
25  coat,  or  poor  effectiveness.  Of  these,  toxicity  is  especially  disadvantageous  in  view  of  the  mounting  concerns 

over  the  environment  and  safety  of  the  workers.  Because  of  these  concerns,  most  currently  available  bulking 
fibers  and  the  methods  for  making  them  are  not  commercially  acceptable  or  will  be  challenged. 

Thus,  crosslinkers  such  as  epichlorohydrin,  divinyl-sulfone,  bisacrylamides,  formaldehyde,  and  formal- 
dehyde-based  reagents  such  as  4,5-dihydroxy-1  ,2-dimethylol-ethylene  urea  (common  textile  finish)  present 

30  serious  hazards  to  workers  and  consumers.  Formaldehyde-free  reagents  such  as  4,5-dihydroxy-1  ,  2-dimethyl- 
ethylene  urea,  while  safer,  are  very  expensive.  Other  formaldehyde-free  reagents  such  as  glyoxal,  glutaric  dial- 
dehyde,  and  various  resins,  while  generally  considered  non-hazardous  and  reasonably  priced,  are  less 
effective  at  producing  bulking  resilient  fibers.  For  example,  treatment  of  cellulosic  fibers  with  maleamic  copolym- 
ers  or  other  resins,  as  taught  in  U.S.  Patent  No.  4,431,481,  results  in  fibers  having  equivalent  bulk  to  fibers 

35  without  chemical  treatment  that  were  heated  to  the  same  elevated  temperatures  as  utilized  with  the  resin  treat- 
ment 

The  formation  of  nits  and  knots  is  a  common  problem  in  the  preparation  of  bulking  resilient  fibers  through 
chemical  crosslinking.  Nit  formation  is  particularly  prevalent  when  faster  reacting  agents,  such  as  aldehydic 
compounds,  or  when  polymeric  agents  are  used.  Practitioners  of  the  art  usually  employ  debonding  agents, 

40  mechanical  defibration  such  as  hammermilling,  and  screening  to  reduce  the  nit  and  knot  contents  of  treated 
fibers.  Such  measures  tend  to  be  costly  and  can  be  deleterious  to  fiber  and  paper  quality. 

The  prior  art  does  not  disclose  the  use  of  polycarboxylic  acids  as  crosslinkers  or  coreactants  with  other 
crosslinking  systems  for  the  production  of  bulking  absorbent  fibers,  although  the  textile  industry  has  demon- 
strated  the  use  of  polycarboxylic  acids  as  crosslinkers  or  coreactants  with  other  crosslinkers  for  the  enhance- 

45  ment  of  wrinkle-resistance  and  durable-press  properties  in  cotton  fabrics  (U.S.  Patents  Nos.  3,526,048  and 
4,820,307,  and  Text.  Res.  J.  (1  967),  37,  933  and  (1  972),  42,  274).  Also  cellulosic  fibers  and  powders  have  been 
crosslinked  with  citric  acid  to  produce  ion  exchange  materials  (U.S.  Patent  No.  2,759,787). 

The  present  invention  overcomes  the  problems  and  disadvantages  of  the  prior  art  directed  to  papermaking 
by  providing  high  bulking  resilient  fibers  with  little  or  no  nits  or  knots  obtained  through  crosslinking  of  wood  pulp 

so  fibers  with  polycarboxylic  acids  such  as  citric  acid. 
It  is  an  object  of  the  present  invention  to  provide  such  resilient  bulking  fibers  in  a  manner  which  will  minimize 

the  cost  and  increase  the  effectiveness  of  the  fibers  produced. 
It  is  an  additional  object  of  the  present  invention  to  minimize  the  hazards  to  workers  and  the  environment 

during  preparation  of  these  fibers. 
55  Another  object  of  the  present  invention  is  to  increase  the  anionicity  of  the  fibers  such  that  the  fibers  are 

more  receptive  to  specific  additives  and  are  themselves  more  conducive  to  making  acceptable  paper  subs- 
trates. 

Additional  objects  and  advantages  of  the  invention  will  be  set  forth  in  the  description  which  follows,  and  in 



EP  0  440  472  A1 

part  will  be  apparent  from  the  description,  or  may  be  learned  by  practice  of  the  invention.  The  objects  and  advan- 
tages  of  the  invention  may  be  realized  and  obtained  by  means  of  the  instrumentalities  and  combinations  par- 

5  ticularly  pointed  out  in  the  appended  claims. 

SUMMARY  OF  THE  INVENTION 

To  achieve  the  foregoing  objects,  and  in  accordance  with  the  purposes  of  the  invention  as  embodied  and 

w  broadly  described  herein,  there  is  provided  a  resilient  bulking  fiber  comprising  individualized  wood  pulp  cel- 
lulosic  fibers  crosslinked  by  a  polycarboxylic  acid,  wherein  the  degree  of  crosslinking  is  at  least  that  sufficient 
to  induce  twisting  and  curling  and/or  resilient  bulking  tendency  in  said  individualized  fibers. 

There  is  also  provided  a  method  for  preparing  resilient  bulking  fibers  comprising  individualized  cellulosic 
fibers  crosslinked  by  a  polycarboxylic  acid  comprising  the  steps  of  treating  wood  pulp  celiulosic  fibers  by  contact 

15  with  a  polycarboxylic  acid  ;  individualizing  the  cellulosic  fibers  so  treated  ;  and  heating  individualized  cellulosic 
fibers  to  effect  individualized  crosslinking  of  the  cellulosic  fibers  by  the  polycarboxylic  acid.  Individualizing  the 
treated  fibers  prior  to  heating  them  to  effect  crosslinking  ensures  that  the  crosslinking  is  intra-fiber  ;  that  is,  the 
crosslink  bonds  are  primarily  between  cellulose  molecules  of  a  single  fiber.  This  is  in  contrast  to  inter-fiber 
crosslinking  where  the  bonds  are  formed  between  cellulose  molecules  of  different  fibers.  The  resulting  dry  bulk- 

20  ing  fibers  can  be  incorporated  into  products  through  conventional  papermaking  techniques.  These  fibers  resist 
relaxation  during  papermaking,  retaining  their  bulking  behaviour  throughout  the  papermaking  process. 

The  invention  also  includes  an  improved  paper  product  comprising  on  a  weight  basis  a  majority  of  wood 
pulp  fiber  and  sufficient  crosslinked  wood  pulp  fiber  to  impart  improved  bulk  and  absorbency  properties. 

25  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  graphically  depicts  the  Attenuated  Total  Reflectance  (ATR)  of  CAFC  fibers  (cf  Example  4). 
Fig.  2  graphically  depicts  the  ATR  spectrum  of  TC  fibers  (cf  Example  2). 
Fig.  3  graphically  depicts  the  ATR  spectrum  of  CA  fibers  (cf  Example  6). 

30  Fig.  4  is  a  microphotograph  of  fibers  that  were  oven  dried  and  cured  without  citric  acid. 
Fig.  5  is  a  microphotograph  of  fibers  that  were  oven  dried  and  cured  with  citric  acid. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

35  Reference  will  now  be  made  in  detail  to  the  present  preferred  embodiment  of  the  invention.  In  accordance 
with  the  present  invention  there  is  provided  resilient  bulking  fibers  and  a  method  for  their  preparation  by 
crosslinking  individualized  wood  pulp  cellulose  fibers  with  polycarboxylic  acids.  The  terminology  "individualized 
crosslinked  fibers"  as  used  herein,  refers  to  cellulosic  fibers  that  have  primarily  intrafiber  chemical  crosslink 
bonds.  That  is,  the  crosslink  bonds  are  primarily  between  cellulose  molecules  of  a  single  fiber,  rather  than  be- 

40  tween  cellulose  molecules  of  separate  fibers. 
The  cellulose  fibers  are  treated  with  an  aqueous  solution  comprising  a  polycarboxylic  acid  and,  if  desired, 

an  additional  agent  such  as  sodium  hydroxide  or  other  caustic  agent  or  a  coreactant/accelerator.  It  is  preferable 
to  select  the  coreactant/accelerator  from  the  class  of  inorganic  phosphorus  compounds.  It  is  more  preferable 
to  select  the  coreactant/accelerator  from  the  group  consisting  of  phosphates,  phosphites,  hypophosphites, 

45  pyrophosphates  and  metaphosphates.  It  is  most  preferable  to  use  an  inorganic  phosphorus  compound  such 

as  monosodium  phosphate. 
Dry  lap  or  never  dried  wood  pulp  fibers  can  be  used,  although  it  is  preferable  to  use  never  dried  fibers.  It 

is  our  experience  that  starting  with  the  never-dried  fiber  results  in  maximum  bulking  levels  after  crosslinking 
regardless  of  the  type  of  cellulose  crosslinker  used.  Not  wishing  to  be  bound  by  any  theory,  it  is  believed  that 

so  never-dried  fibers  allow  for  homogeneous  distribution  of  crosslinking  chemical  in  the  cell  wall,  remain  in  a  more 
individualized  state  during  the  crosslinking  process,  and  more  readily  adopt  twisted  and  curled  configurations 
than  do  predried  fibers. 

Any  wood  pulp  fibers  may  be  used,  although  it  is  preferable  to  use  chemical  thermal  mechanical  pulps, 
Southern  and  Northern  softwood  bleached  kraft  pulps,  and  secondary  fibers. 

55  According  to  the  present  invention,  individualized  wood  pulp  cellulosic  fibers  are  crosslinked  by  a  polycar- 
boxylic  acid.  The  degree  of  crosslinking  is  at  least  that  sufficient  to  induce  twisting  and  curling  and/or  resilient 

bulking  tendency  in  said  individualized  fibers.  The  upper  limit  would  be  reached  when  the  degree  of  crosslinking 
renders  the  fibers  unfit  for  the  intended  use. 

Individualized  crosslinked  fibers  according  to  this  invention  thus  include  those  crosslinked  by  from  less  than 
1  mole  %  to  more  than  25  mole  %,  calculated  on  a  cellulosic  anhydroglucose  molar  basis,  of  a  polycarboxylic 
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acid  crosslinking  agent 
Any  polycarboxylic  acid  known  to  crosslink  cellulose  may  be  used  to  crosslink  the  fibers  according  to  the 

5  present  invention.  Preferred  polycarboxylic  acids  include  citric  acid,  propane  tricarboxylic  acid,  maleic  acid, 
butanetetracarboxylic  acid,  cyclopentanetetracarboxylic  acid  and  benzene  tetracarboxylic  acid.  It  is  also  con- 
templated  to  use  polycarboxylic  acid  precursors  and  derivatives  that  will  produce  the  polycarboxylic  acid  under 
the  reaction  conditions  utilized  to  crosslink  the  fibers,  as  well  as  homopolymers  and  copolymers  of  polycar- 
boxylic  acids.  The  most  preferred  polycarboxylic  acid  is  citric  acid  because  it  is  an  inexpensive,  nontoxic, 

10  environmentally  safe,  readily  available,  naturally  occurring  polycarboxylic  acid. 
The  polycarboxylic  acid  may  be  present  in  any  concentration  in  the  aqueous  solution  to  allowfor  a  sufficient 

number  of  crosslinks.  It  is  advantageous  to  use  in  the  range  of  a  3-10%  aqueous  solution  of  polycarboxylic 
acid,  with  about  a  5%  aqueous  solution  being  most  preferred. 

A  caustic  agent  may  be  used,  if  desired,  including  sodium  hydroxide. 
15  After  the  fibers  are  treated  with  the  aqueous  solution,  the  fibers  may  be  dewatered  by  conventional  paper- 

making  techniques,  for  example,  through  the  use  of  a  screw  press.  The  dewatering  is  done  to  any  consistency, 
although  higher  consistencies  are  desirable  for  economical  drying.  Preferably,  the  fibers  are  dewatered  to  a 
consistency  of  at  least  30%.  In  order  to  maximize  the  bulking  and  resilient  characteristics  of  the  crosslinked 
fibers,  it  is  important  to  minimize  compression  forces  experienced  by  the  fibers  prior  to  crosslinking  and  par- 

20  ticularly  during  dewatering. 
The  dewatered  fibers  may  be  dried  by  any  method  that  allows  individualization  of  fibers  (i.e.,  minimizes 

nits,  knots,  fisheyes,  etc.).  For  example  the  fibers  may  be  azeotropically  dried  in  a  solvent,  preferably  toluene. 
Alternatively,  the  filtered  fibers  may  be  fluff  dried  using  a  hot  gas  such  as  air  or  superheated  steam. 

After  the  fibers  have  been  dried  to  an  individualized  state,  they  are  then  cured  by  conventionally  known 
25  means  to  bring  about  the  crosslinking  reaction.  For  example,  the  fibers  may  be  cured  by  heating  them  at  a  tem- 

perature  in  the  range  of  from  about  150°C  to  about  180°C  for  in  the  range  of  about  one-half  of  a  minute  to  about 
ten  minutes. 

Drying  and  curing  can  be  accomplished  either  separately  or  concurrently  in  either  batch  or  continuous  oper- 
ations. 

30  In  order  to  maximize  the  bulking  and  resilient  characteristics  of  the  fibers  prepared  according  to  the  present 
invention  it  is  desirable  to  conduct  drying  at  a  lower  temperature  than  that  used  for  curing. 

Drying  and  curing  of  the  treated  fibers  can  be  achieved  by  any  means  that  allows  heating  of  the  fibers  to 
elevated  temperatures,  for  example,  ovens,  or  heating  in  hot  gas  streams  such  as  air,  steam,  superheated 
steam,  or  inert  gases  such  as  argon  or  nitrogen.  It  is  preferred  to  use  reducing  atmospheres  during  drying  and 

35  curing,  such  as  is  achievable  with  systems  like  superheated  steam  or  inert  gases  like  nitrogen  and  argon,  to 
minimize  charring,  darkening,  and  degradation  of  the  fibers. 

The  cured  fibers  thus  prepared  can  then  be  dispersed  for  use.  Preferably,  the  dispersion  step  involves  con- 
tacting  the  cured  fibers  with  water  at  an  elevated  temperature. 

These  bulking  fibers  may  then  be  used  -  alone  or  in  blends  -  to  prepare  products  that  exhibit  improved 
40  bulking  and  absorbent  properties.  The  improvement  in  absorbency  relates  both  to  faster  rate  of  absorbency 

and  to  increased  fluid-holding  capacity.  The  amounts  of  crosslinked  fibers  used  to  prepare  the  products  are 
readily  determinable  by  those  skilled  in  the  art  For  instance,  filtration  and  absorbent  product  applications  will 
often  be  made  100%  from  the  fibers  of  the  present  invention.  On  the  other  hand,  towel  and  tissue  paper  products 
may  be  made  by  blending  fibers  according  to  the  present  invention  with  a  majority  of  conventional  wood  pulp 

45  fibers.  In  such  applications,  it  may  be  preferable  to  use  crosslinked  fibers  in  an  amount  of  about  25%  or  less 
by  weight  of  the  paper  product 

Additional  advantages  and  modifications  will  readily  occur  to  those  skilled  in  the  art.  The  invention  in  its 
broader  aspects  is,  therefore,  not  limited  to  the  specific  details  and  illustrative  examples  shown  and  described. 
Accordingly,  departures  may  be  made  from  such  details  without  departing  from  the  spirit  or  scope  of  the  general 

50  inventive  concept  as  defined  by  the  appended  claims  and  their  equivalents. 
The  following  examples  further  illustrate  preferred  embodiments  of  the  present  invention.  The  examples 

should  in  no  way  be  considered  limiting,  but  are  merely  illustrative  of  the  various  features  of  the  present  inven- 
tion. 

55  Example  1  : 

Never  dried  Northern  bleached  softwood  kraft  fibers  (NSWK)  were  dispersed  in  a  10%  aqueous  solution 
of  citric  acid,  to  which  0.03  equivalents  of  sodium  hydroxide  (based  on  equivalents  citric  acid)  had  been  added. 
The  resultant  fibers  were  filtered  to  approximately  30%  consistency,  azeotropically  dried  in  toluene,  filtered, 
and  heated  in  an  oven  at  160°C  for  10  min.  The  cured  fibers  were  then  disintegrated  in  100°C  water  for  30  min. 
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(the  water  temperature  drops  to  45°C  during  this  time).  The  resultant  fibers  are  hereafter  referred  to  as  "CATC". 

5  Exampla  2  : 

Example  1  was  repeated  without  citric  acid  to  produce  fibers  hereafter  referred  to  as  TC". 

Example  3  : 
10 

The  fibers  described  in  Examples  1  and  2  were  made  into  pressed  British  handsheets  according  to  standard 
methods  using  the  furnish  compositions  described  in  Table  1.  As  can  be  seen  from  the  data  provided  in  Table 
1  ,  sheets  made  with  the  furnish  containing  the  CATC  fibers  had  the  highest  bulk  after  pressing.  Thus,  for  every 
1%  incorporation  of  CATC  fibers  in  a  furnish  containing  NSWK  fibers,  a  2.5%  increase  in  dry  sheet  bulk  was 

15  seen  after  pressing. 

Example  4  : 

Example  1  was  repeated  except  that  no  sodium  hydroxide  was  added  to  the  citric  acid  solution  the  fibers 
20  were  fluff  dried  with  hot  air  in  lieu  of  azeotrope  drying  in  toluene,  and  curing  was  done  at  1  80°C  for  2.8  minutes. 

The  resultant  fibers  are  hereafter  referred  to  as  "CAFC". 

Example  5  : 

25  Example  4  was  repeated  without  citric  acid  to  generate  fibers  hereafter  referred  to  as  "FC". 

Example  6  : 

Example  4  was  repeated  without  the  oven  curing  step  to  generate  fibers  hereafter  referred  to  as  "CA". 
30 

Example  7  : 

Example  4  was  repeated  without  citric  acid  and  without  the  oven  curing  step  to  generate  fibers  hereafter 
referred  to  as  "FD". 

35 
Example  8  : 

The  fibers  obtained  in  Examples  4-7  were  used  to  prepare  British  handsheets  as  described  in  Example  3. 
The  pressed  bulk  data  for  the  resultant  sheets  are  provided  in  Table  2. 

40  The  crosslinking  presumably  occurs  by  the  formation  of  diester  bonds  between  cellulose  chains.  The  exist- 
ence  of  ester  linkages  in  the  CATC  and  CAFC  fibers  is  clearly  evident  from  the  band  at  1728  cm  ~1  obtained 
by  IR  spectroscopy  (for  example  see  Figure  1).  Such  ester  linkages  are  absent  in  the  untreated  or  uncured 
fibers  (for  examples  see  Figures  2  and  3).  The  percent  covalently  bound  citric  acid  was  measured  in  the  CAFC 
fibers  by  titration  according  to  the  method  described  in  Text  Res.  J.  (1967),  37  :933  and  found  to  be  7  wt% 

45  (based  on  weight  of  oven  dried  fiber).  This  means  that  23%  of  the  available  citric  acid  had  actually  reacted  with 
the  fiber. 

The  citric  acid  crosslinking  reaction  appeared  to  impart  additional  kink  and  curl  to  the  fibers  that  were  other- 
wise  not  achieved  by  the  heat  treatments  alone.  This  suggestion  was  supported  by  comparison  of  microphoto- 
graphs  of  fibers  that  were  oven  dried  and  cured  without  citric  acid  (Figure  4)  with  microphotographs  of  fibers 

so  that  were  oven  dried  and  cured  with  citric  acid  (Figure  5). 
The  citric  acid  crosslinking  reaction  rendered  the  NSWK  fiber  more  anionic.  This  was  readily  apparent  by 

treating  the  crosslinked  fibers  with  methylene  blue.  A  deep  blue  color  was  retained  in  the  crosslinked  fibers, 
whereas  little  dye  was  taken  up  by  the  untreated  NSWK  fibers.  The  total  charge  of  citric  acid  crosslinked  fibers, 
made  according  to  Example  4,  was  76  meq/100  g.  The  total  charge  of  untreated  fibers  was  4  meq/100  g.  This 

55  anionicity  is  a  further  advantage  of  the  fibers  of  the  present  invention  over  those  prepared  according  to  the  past 
art,  as  the  polycarboxylic  acid  crosslinked  fibers  should  be  more  receptive  to  cationic  additives  important  to 
papermaking.  For  example,  the  strength  of  sheets  made  from  the  corsslinked  fibers  should  be  recoverable  with- 
out  compromising  the  bulk  enhancement  by  incorporation  of  a  cationic  strength  resin. 

The  polycarboxylic  acid  crosslinking  reaction  did  not  appear  to  damage  the  NSWK  fibers.  Thus,  the  average 
fiber  length  was  not  changed  by  the  crosslinking  reaction.  Furthermore,  the  integrity  of  the  fibers  was 
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unchanged  by  the  crosslinking  reaction  as  evidenced  by  microscopic  examination  (compare  Figures  4  and  5). 
There  was  some  brightness  reduction  due  to  the  crosslinking  reaction  (see  Table  1). 

5 
Example  9  : 

The  successful  achievement  of  bulking  fibers  is  by  no  means  limited  to  crosslinking  with  citric  acid.  Any 
polycarboxylic  acid  known  to  crosslink  cellulose  will  work.  To  demonstrate  this,  NSWK  fibers  were  crosslinked 

10  with  butanetetracarboxylic  acid  according  to  the  method  described  in  Example  1.  The  resultant  fibers,  hereafter 
referred  to  as  "BTATC",  were  then  made  into  handsheets  according  to  the  method  described  in  Example  3. 
The  physical  data  on  these  sheets  are  provided  in  Table  3.  The  existence  of  ester  bonds  between  cellulose 
and  butanetetracarboxylic  acid  was  verified  by  IR  spectroscopy.  As  can  be  calculated  from  the  data  in  Table 
3,  a  25%  incorporation  of  the  BTATC  fibers  in  the  NSWK  furnish  results  in  a  92%  increase  in  pressed  sheet 

15  bulk.  Furthermore,  there  was  no  brightness  loss  seen  in  the  preparation  of  the  BTATC  fibers. 

Example  10  : 

Partial  neutralization  of  the  citric  acid  prior  to  fiber  treatment  is  not  necessary  (See  Example  4)  for  the  suc- 
20  cessful  preparation  of  high  bulking  resilient  fibers  as  described  above.  Thus,  Examples  1-3  were  repeated  with- 

out  the  use  of  sodium  hydroxide  in  the  preparation  of  the  treatment  solution,  and  the  resultant  fibers  (i.e.  CAT 
fibers)  had  equivalent  performance  to  that  of  the  CATC  fibers  (compare  data  in  Table  4  with  that  in  Table  1). 
Since  the  citric  acid  treated  fibers  were  at  25%  consistency  prior  to  drying,  39%  of  available  citric  acid  (i.e.  that 
acid  contained  in  the  dry  fiber  prior  to  curing)  had  reacted  with  the  NSWK  fibers  to  produce  the  CAT  fibers  des- 

25  cribed  in  this  example. 

Example  11  : 

Example  10  was  repeated  except  a  treatment  solution  containing  only  5  wt%  citric  acid  was  used.  As  can 
30  be  seen  in  Table  4,  comparable  bulking  performance  is  observed  with  the  resultant  CAT  fibers  relative  to  those 

prepared  with  solutions  having  twice  the  level  of  citric  acid.  Furthermore,  there  is  a  marked  improvement  in 
brightness  accompanying  the  reduction  of  citric  acid  in  the  treatment  bath.  It  should  also  be  noted  that  53%  of 
the  available  citric  acid  had  reacted  with  the  NSWK  fibers  to  produce  the  CAT  fibers  described  in  this  example. 

35  Example  12  : 

Example  10  was  repeated  except  a  3  wt%  aqueous  solution  of  citric  acid  was  used  for  the  treatment.  As 
can  be  seen  in  Table  4,  there  was  a  slight  reduction  in  the  bulking  ability  realized  with  the  CAT  fiber  prepared 
under  these  conditions.  Nevertheless,  a  2%  bulk  enhancement  is  predicted  for  every  1%  incorporation  of  these 

40  fibers  in  a  NSWK  furnish.  Furthermore,  essentially  no  reduction  in  brightness  was  observed  with  these  fibers 
relative  to  the  control.  As  was  the  case  with  the  CAT  fibers  prepared  according  to  Example  10,  about  39%  of 
the  available  citric  acid  had  reacted  with  the  NSWK  fibers  to  produce  the  CAT  fibers  described  in  this  example. 

The  percent  bound  citric  acid  levels  as  determined  by  titration  (7)  are  consistently  lower  than  those  deter- 
mined  by  ion  chromatography.  The  latter  method  is  considered  to  be  more  reliable  as  it  is  not  predicated  on 

45  an  assumption  of  the  number  of  active  equivalents  of  carboxyl  functionality  during  base  hydrolysis. 
The  results  of  the  above  examples  suggest  that  the  bulking  resilient  fibers  can  be  obtained  using  dilute 

solutions  of  polycarboxylic  acids  without  the  involvement  of  other  chemical  additives.  Such  a  simple  treatment 
chemistry  greatly  enhances  the  attractiveness  of  the  present  invention.  Nevertheless,  it  has  been  demonstrated 
by  others  that  certain  additives,  such  as  sodium  dihydrogen  phosphate  or  sodium  hypophosphite,  can  appa- 

50  rently  accelerate  the  reaction  of  polycarboxylic  acids  with  cotton  fibers.  Text.  Chem.  Color.  (1989),  21.,  2,13. 
Such  acceleration  is  useful  for  the  present  invention,  as  shown  in  Example  13. 

Example  13 

55  NSWK  fibers  were  dispersed  in  an  aqueous  solution  that  contains  5%  citric  acid  and  5%  monosodium  phos- 
phate,  filtered  to  about  25%  consistency,  fluff  dried,  and  cured  at  1  80°  for  90  seconds.  As  can  be  seen  in  Table 
5,  the  resultant  fibers  (PCAT)  are  extremely  bulking.  The  amount  of  bound  citric  acid  reached  in  this  catalyzed 
system  was  69%  of  that  available.  The  effectiveness  of  the  monosodium  phosphate  to  accelerate  reaction  of 
citric  acid  with  fiber  is  further  exemplified  by  the  observation  of  1%  bound  citric  acid  after  fluff  drying  alone 
(PCATU).  No  bound  citric  acid  has  been  observed  during  fluff  drying  of  fibers  treated  with  only  citric  acid.  Some 
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covalently  bound  phosphate  was  also  detected  by  ion  chromatographic  analysis  of  hydrosylate  of  PCAT  fibers. 
Thus,  phosphate  appears  to  be  coreacting  along  with  citric  acid,  with  the  cellulose, 

s 
Example  14 

The  citric  acid  crosslinking  treatment  is  effective  at  producing  bulk  and  resiliency  enhancement  in  a  wide 
variety  of  wood  pulps.  Different  wood  pulps  were  treated  according  to  Example  13,  unless  otherwise  stated, 

10  and  made  into  pressed  65  g/m2  handsheets.  The  bulk  data  is  provided  in  Table  6. 
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Tible  <i  C i t r i c   acid  c r o s a l i a k i n g   o f  
5  d i f f e r e n t   veod  p u l p s  

Furnish*  Bulft  fCffVq) 

100*  Husuab  (p red r i ed )   1 . 8  
10  loo*  Husua*  (never  dr ied)   1 . 6  

100*  SSWlf  (never  dried}  1 . 8  

100*  Secondary  f ibers*   1 . 8  

15  25*  Treated  Husum  (predr ied)1   2.3k 

25%  Treated  Husua  (never  d r i ed ) '   2 .6k 

25*  Treated  sswk*1'  2 . 4  
20  25*  Treated  secondary  f ibe r s"   2 .3k 

25*  Treated  CTOP1-"  2.8k 
25%  CTMP  (never  dried)  ,  2 . 2  
100*  NSWX  (never  dr ied)   s  1 . 6  

25 

a)  Made  into  p ressed   65  g/m*  B r i t i s h   h a n d s h e e t s  

b)  Scand inav ian   bleached  spruce  fcraft  pulp  ( u n t r e a t e d )  

c)  Southern  pine  bleached  k ra f t   pulp  ( u n t r e a t e d )  

d)  Long  f i b e r   f r a c t i o n   of  Ponder  os  a  secondary   f i b e r s   ( u n t r e a t e d )  

e)  75*  u n t r e a t e d   p redr ied   Husua 
35 

f)  75*  u n t r e a t e d   never  dried  Husua 

g)  75*  u n t r e a t e d   SSWK 

h)  75*  u n t r e a t e d   secondary  f i b e r s  
40 

i)  75*  NSWX 

j)  Never  d r i ed   Northern  softwood  bleached  k r a f t   pulp  ( u n t r e a t e d )  

k)  Soae  n i t s   p r e s e n t  

1)  Dried  and  cured  with  superheated   steam  at  180*  C  for  3  0  s e c o n d s  

m)  S t a r t i n g   CTHP  was  never  d r i e d  

50 

Claims 

1.  Individualized  wood  pulp  cellulosic  fibers  crosslinked  by  a  polycarboxylic  acid,  wherein  the  degree  of 

55  crosslinking  is  at  least  that  sufficient  to  induce  in  said  individualized  fibers  at  least  one  of  the  following, 
namely  twisting,  curling  and  resilient  bulking  tendency. 

2.  Individualized  wood  pulp  cellulosic  fibers  as  claimed  in  claim  1  crosslinked  byfrom  about  1  mole  %  to  about 
25  mole  %,  calculated  on  a  cellulosic  anhydroglucose  molar  basis,  of  a  polycarboxylic  acid  crosslinking 
agent. 

13 
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3.  Individualized  crosslinked  wood  pulp  cellulosic  fibers  as  claimed  in  claim  1  or  claim  2  in  which  the  polycar- 
boxylic  acid  crosslinking  agent  is  selected  from  citric  acid  and  butanetetracarboxylic  acid. 

5 
4.  A  resilient  bulking  fiber  comprising  individualized  crosslinked  wood  pulp  cellulosic  fibers  as  claimed  in  any 

one  of  claims  1  to  3. 

5.  A  method  for  preparing  resilient  bulking  fibers  comprising  the  steps  of  : 
10  (a)  contacting  wood  pulp  cellulosic  fibers  with  a  polycarboxylic  acid  ; 

(b)  individualizing  the  cellulosic  fibers  ;  and 
(c)  curing  the  individualized  cellulosic  fibers  to  effect  crosslinking  of  the  cellulosic  fibers  by  the  polycar- 
boxylic  acid. 

15  6.  A  method  for  preparing  resilient  bulking  fibers  comprising  the  steps  of  : 
(a)  mixing  wood  pulp  cellulosic  fibers  with  an  aqueous  solution  of  polycarboxylic  acid  ; 
(b)  individualizing  said  cellulosic  fibers  of  step  (a)  ; 
(c)  curing  said  cellulosic  fibers  of  step  (b)  to  effect  crosslinking  of  said  fibers. 

20  7.  A  method  for  preparing  resilient  bulking  fibers  comprising  the  steps  of  : 
(a)  mixing  wood  pulp  cellulosic  fibers  with  an  aqueous  solution  of  polycarboxylic  acid  ; 
(b)  dewatering  said  cellulosic  fibers  of  step  (a)  ; 
(c)  drying  said  cellulosic  fibers  of  step  (b)  ;  and 
(d)  curing  said  cellulosic  fibers  of  step  (c)  to  effect  crosslinking  of  said  fibers. 

25 
8.  The  method  of  claim  7  wherein  said  dewatering  process  comprises  pressing  said  cellulosic  fibers  through 

a  screw  press. 

9.  The  method  of  claim  7  wherein  said  dewatering  process  comprises  azeotropically  drying  said  fibers  in  a 
30  solvent. 

10.  The  method  of  any  one  of  claims  7  to  9  wherein  said  fibers  are  dewatered  to  a  consistency  of  at  least  30%. 

11.  The  method  of  any  one  of  claims  7  to  10  wherein  said  drying  step  (c)  comprises  fluff  drying  the  dewatered 
35  fibers  with  hot  gases. 

12.  The  method  of  any  one  of  claims  7  to  1  1  wherein  said  drying  step  (c)  is  performed  at  a  temperature  lower 
than  that  used  for  curing  in  step  (d). 

40  13.  The  method  of  any  one  of  claims  6  to  12  wherein  said  aqueous  solution  is  about  3-10%  aqueous  solution 
of  a  polycarboxylic  acid. 

14.  The  method  of  any  one  of  claims  6  to  13  wherein  the  aqueous  solution  includes  a  caustic  agent 

45  15.  The  method  of  any  one  of  claims  6  to  13  wherein  said  aqueous  solution  comprises  citric  acid  and  a  coreac- 
tant/accelerator. 

16.  The  method  of  claim  15  wherein  said  coreactant/accelerator  is  selected  from  phosphates,  phosphites, 
hypophosphites,  pyrophosphates  and  metaphosphates. 

50 
17.  The  method  of  claim  15  wherein  the  coreactant/accelerator  is  monosodium  phosphate. 

18.  The  method  of  any  one  of  claims  5  to  17  wherein  said  polycarboxylic  acid  is  selected  from  citric  acid  and 
butanetetracarboxylic  acid. 

55 
19.  The  method  of  any  one  of  claims  5  to  18  wherein  the  curing  step  comprises  heating  the  fibers  at  a  tem- 

perature  in  the  range  of  from  about  1  50  to  about  1  80°C  for  a  time  period  in  the  range  of  from  about  0.5  to 
about  10  minutes. 

20.  The  method  of  any  one  of  claims  5  to  19  wherein  said  wood  pulp  fibers  are  selected  from  chemical  thermal 

14 
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mechanical  pulps,  Southern  and  Northern  softwood  bleached  kraft  pulps,  and  secondary  fibers. 

5  21.  The  method  of  any  one  of  claims  5  to  20  wherein  said  wood  pulp  fibers  are  never-dried  fibers. 

22.  An  improved  resilient  bulking  and  absorbent  paper  product  comprising  crosslinked  wood  pulp  cellulose  fib- 
ers  to  provide  improved  bulking  and  absorbent  properties. 

10  23.  A  paper  product  as  claimed  in  claim  22  wherein  said  crosslinked  wood  pulp  cellulose  fibers  are  indivi- 
dualized. 

24.  A  paper  product  as  claimed  in  claim  22  or  claim  23  wherein  said  crosslinked  wood  pulp  cellulose  fibers 
contain  interfiber  bonds. 

15 
25.  A  paper  product  as  claimed  in  any  one  of  claims  22  to  24  wherein  the  crosslinked  wood  pulp  cellulose  fibers 

are  as  claimed  in  any  one  of  claims  1  to  3  or  are  made  by  a  method  as  claimed  in  any  one  of  claims  5  to 
21. 

20  26.  The  paper  product  of  any  one  of  claims  22  to  25  further  comprising  non-crosslinked  fibers. 

27.  The  paper  product  of  claim  26  wherein  said  non-crosslinked  fibers  comprise  the  majority  of  said  product, 
on  a  weight  basis. 

25  28.  The  paper  product  of  claim  26  or  claim  27  wherein  said  non-crosslinked  fibers  are  wood  fibers. 

29.  The  paper  product  of  any  one  of  claims  22  to  28  wherein  said  paper  product  is  selected  from  handsheets, 
towels,  tissues,  filters,  paperboard,  diapers,  sanitary  napkins,  and  hospital  dressings. 
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