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ABSTRACT 

T i ssue products made w i th fi bers hav i ng a l ow Coarseness I ndex 

have i mproved softness rel at i ve to t i s s ue  products made wi th 

conven t i onal papermaki ng f i bers . 
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PATENT 

T I SSUE PRODUCTS MADE FROM LOW-COARSENESS F I BERS 

Background of the I nvent i on 

I n  the manufacture of t i s sue products ,  such as fac i al t i ssue  

and  bath  t i s sue , cont i nual atten t i on has been g i ven to ways to 

i mprove softness  of the  product as perce i ved by t he consumer .  For 

exampl e ,  i t  has l ong been known that the use of f i bers from certa i n  

spec i es of hardwoods ,  such as eucalyptus ,  i mproves the  perce i ved 

1 0  softness  of  t i s sue products and such f i bers have been i ncorporated 

i nto commerc i al l y avai l abl e products for years . Other efforts to 

i mprove softne s s  have focused on the crep i ng step and 

adhes i on of  the uncreped web to the crep i ng cyl i nder . 

al so  rece i ved cons i derabl e attent i o n ,  part i cul arl y by 

the attendant 

Layeri ng has  

pl ac i ng the 

1 5  eucalyptus f i bers i n  the outer l ayers t o  max i m i ze the t act i l e  

response . Al l of these approaches have the i r  pl ace i n  i mprov i ng the  

percei ved s oftness  of  t i ssue products ,  but there are other factors to  

con s i der wh i ch ,  unt i l  now, h ave not  been ful l y  apprec i ated . 

20 Summary of the I n vent i on 

I t  has now been d i scovered that a key to ach i ev i ng softne ss  i n  

t i s s ue products l i es i n  the Coarseness  I ndex of the speci es of f i bers  

used to form the sheet or ,  v i ewed another way, the  Coarseness  I ndex 

of the fi bers of the furn i sh used to form the sheet when a m i xture of 

25 fi ber spec i es i s  used . The Coarseness I ndex of convent i onal softwood 

fi bers ranges from about 1 1  to about 2 0 .  The Coarseness  I ndex of  

convent i onal hardwood fi bers al so var i e s  con s i derabl y ,  eucalyptus 

be i ng about 8 and northern hardwood kraft f i bers be i ng about 1 2 . 

However ,  by subs t i tu t i ng l ower - coarsene s s  f i bers  for one or more 

30 fi ber spec i es of a convent i onal  t i ssue  maki ng furn i sh ,  the softness 

of  the  resul t i ng product can be i mproved compared to the same product 

made the same way but wi thout the l ower coarseness f i bers . 

For purposes here i n ,  i mprovements i n  t i ssue softness can be 

expressed i n  terms of a panel softne s s  number ,  the Tens i l e/Modu l us 
35 Rat i o ,  wh i ch wi l l  here i nafter be descri bed , or Profi l e  I ndex , wh i ch  

wi l l  al so be  here i n after descri bed . The  Ten s i l e/Modul u s  Rat i o  and 
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the Profi l e  I ndex are advantageous for asses s i ng softness 
i mprovements in that they are object i ve measurements as compared to a 
panel softness  eval uat i on ,  wh i ch i s  subject i ve .  I t  must be kept i n  
m i n d ,  however ,  that percei ved softness i s  compri sed o f  many d i fferent 

5 factors , not al l o f  wh i ch are accounted for by any s i ng l e object i ve 
test . Neverthel ess  i t  has been found that_ the two major i n fl uences 
on percei ved softness are st i ffness and surface depth . The 
Ten s i l e/Modul us Rat i o  i s  a measurement of the sti ffness of the t i s sue 
and the Profi l e  I ndex i s  a measure of the surface depth . Therefore 

1 0  both of these object i ve measurements c a n  b e  used i n  t h e  appropri ate 
c i rcumstances to be i nd i cati ve of softness i mprovements . 

Furthermore , the softnes s i mprovements i mparted by th i s 
i nvent i on can be ach i eved wi thout any l os s  of strength ( after 
correct i on to constant tens i l e  strength e i ther mathemat i cal l y  or by 

1 5  man i pul ati on o f  furn i sh or proces s i ng ) . I n  al l aspects of th i s  
i nvent i on ,  the t i s sue product can have a geometri c mean tens i l e  
strength o f  about 500 grams or greater and an i ncreased 
Tens i l e/Modul u s  Rat i o  or an i ncreased Profi l e  I ndex compared to the 
same t i ssue product wi thout any of the l ow-coarseness f i ber spec i es 

20 descri bed . l n  add i t i on ,  the absorbent c apac i ty of the t i ssue 
products made with cert a i n  l ower-coarseness  fi bers , such as mi l kweed 
seed fl oss  fi bers , c an surpri s i ng l y  be i ncreased compared to the same 
t i s sue product made wi thout the l ower coarseness fi bers . 

Hence , i n  one aspect the i nvent i on res i des i n  a t i ssue product 
25 compr i s i ng from about 5 to about 50 dry we i ght percent f i bers of a 

nonwoody spec i e s  havi ng an average Coarseness  I ndex of 9 . 0  or l e s s , 
preferably 8 . 0  or l es s ,  and most preferabl y 7 . 0  or l e s s . 

I n  another aspect , the i nvent i on res i de s  i n  a t i ssue product 
formed from a f i ber furn i sh hav i ng a Furn i sh Coarseness I ndex of 7 . 5  

30 or l es s ,  preferably 7 . 0  or l es s . 
I n  another aspect , the i nvent i on res i des  i n  a t i ssue product 

compr i s i ng fi rst and second f i ber spec i e s ,  where i n  the fi rst fi ber 
spec i es has an average fi ber l ength greater than 1 mi l l i meter ( l ong 
fi ber)  and a second fi ber spec i es has an average fi ber l ength l es s  

3 5  than I mi l l i meter ( short f i ber ) , and where i n  the f irst  fi ber spec i es 
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has a Coarsene s s  I ndex of 1 0  or l es s ,  preferab l y  9 or l e s s , and mo s t  

preferabl y 8 or l es s . 

I n  another aspect , the i nvent ion res i des  i n  a t i s sue product 

compr i s i ng fi rst and second fi ber s pec i es ,  where i n  the fi rst fi ber 

5 spec i es has  an average fi ber l ength greater than 1 m i l l i meter and the 

s econd f i ber spec i es has an average f i ber l ength l es s  t han 1 

m i l l i meter ,  and where i n  the second fi ber spec i es has a Coarsenes s  

I ndex of  7 o r  l es s .  

I n  another aspect , the i nvent i on res i des  i n  a t i s sue product 
1 0  compri s i ng fi bers o f  a t  l east two d i fferent fi ber spec i es ,  where i n  a 

f i r st  f i ber s pec i e s  has  an average fi ber l ength greater than 1 

m i l l i meter and a second fi ber spec i es has  an average fi ber l ength 

l es s  than 1 m i l l i meter ,  wherei n  the f i rst fi ber spec i es has a 

Coarseness I ndex of 1 0  or l e s s  and the second fi ber spec i e s  has a 

1 5  Coarseness  I ndex of 7 or l e s s . 

I n  another aspect , the i nvent i on res i des  i n  a t i s s u e  product 

compri s i ng a fi brous sheet havi ng f i rst and second l ayers , s a i d  fi rst 

l ayer bei ng the outer surface . of the t i s s ue product , s a i d  f irst  l ayer 

compr i s i ng at l east about 5 dry wei ght percent f i bers of  a nonwoody 

20  speci es havi ng an average Coarsene s s  I ndex of about 7 . 5  or  l e s s , 

preferabl y about 7 . 0  or l es s .  When formi ng l ayered t i s sue sheet s ,  i t  

i s  adv antageous t o  i ncorporate the softness propert i es of the l ow­

coarseness fi bers in the outer l ayers of the t i s sue product . The 

l ow - coarseness  f i bers in the outer { fi rst ) l ayer can have an average 

2 5  fi ber l ength o f  about 1 . 5  mi l l i meters o r  greater . Especi al l y  

s u i tabl e f i bers for th i s  purpose are mi l kweed seed fl o s s  fi bers , 

wh i ch prov i de s i gn i fi cant i mprovements  i n  s u rface depth . Other l ow ­

coarseness  f i bers ,  i ncl ud i ng l ow- coarseness  fi bers hav i ng an  average 

fi ber l ength of about 1 . 5  m i l l i meter or greater , can be u sed in any 

30 l ayer ,  i ncl udi ng the i nner l ayers , to i mprove ( l es sen ) the s t i ffness  

of  the  sheet . The  net  res ul t i s  i mproved softness  at  constant 

tens i l e  s trength by two d i fferent mechan i sms ( s urface depth and 

st i ffnes s ) . The l ow-coarsenes s  f i bers i n  the outer l ayer can have a 

fi ber l ength of about 1 . 5 mi l l i meter or greater .  

35 Those s ki l l ed i n  the art of mak i ng t i s sue wi l l  a pprec i ate that 

there are many other factors wh i ch i nfl uence t i s sue softness bes i des  
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the Coarsenes s I ndex , i nc l ud i ng  fi ber l ength , fi ber bond i ng ,  fi ber 
col l apse ,  fi ber chemi stry ,  crep i ng ,  etc . However ,  Coarseness  I ndex 
has been d i scovered to be a domi nant factor among fi ber 
characteri st i cs .  In  al l aspects of th i s  i nvent i on ,  i t  i s  preferabl e 

5 that the fi bers have a numeri cal average fi ber l ength of l es s  than 6 
mi l l i meter s ,  most preferabl y l ess than 4 mi l l imeter s ,  as i t  has been 
found that l onger fi bers cause unacceptably poor format i on u s i ng 
convent i onal form i ng apparatus .  

For purposes here i n ,  " t i s sue product " means a product hav i ng 
1 0  one o r  more fi brous s heets , preferabl y creped , each s heet hav i ng a 

dry bas i s  wei ght of from about 5 to about 40 pounds per 2880 square 
feet ,  preferably from about 5 to about 25 pounds per 2880 square 
feet , and most preferabl y from about 5 to about 10 pounds per 2880 

square feet . Bul k dens i t i es for t i ssue products are typ i cal l y  l es s  
1 5  than about 0 . 2  grams per cubi c centi meter and often are l e ss than 

about 0 . 1 5  grams per cubi c centimeter . The fi brous sheets c an be 
l ayered or not l ayered ( bl ended ) . For l ayered sheets , i t  i s  
preferabl e to prov i de an outer l ayer , wh i ch i s  the outwardly fac i ng 
surface of the t i ssue product , w i th a l ong l ow- coarseness  fi ber such 

20 as m i l kweed seed fl oss fi bers to i mp art a softness resul t i ng from 
s i gn i fi cant surface depth , and prov i de an i nner l ayer wi th fi bers 
wh i ch can prov ide strength , such as  softwood fi bers , or other l ow­
coarseness fi bers wh i ch prov i de i mproved tens i l e/modul us  rat i o s ,  s uch 
as abaca fi bers , p i neappl e fi bers , and synthet i c  fi bers . Products 

25 such as fac i al t i ssue ,  bath t i ssue , paper towel s ,  and d i nner napki n s  
are spec i f i c  exampl es  o f  t i ssue products w i th i n  the mean i ng o f  thi s 
i nvent i on ,  i ncl ud i ng s i ng l e - pl y ,  two - p ly ,  three -p ly  or other 
mul t i pl e - p ly  forms . 

The Coarseness I ndex for any g i ven spec i e s  of fi ber or any 
30 f i ber furn i s h i s  the wei ght per un i t  l ength of fi ber ( e . g .  m i l l i grams 

per 1 00 meters ) and i s  defi ned as fol l ows : 

35  

Coarseness I ndex = 1 00 
( F/G ) ( L ) 

where i n  ( F/G) = m i l l i on s  of fi bers per gram of f i ber ;  and 
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For purposes here i n ,  the " F urn i sh Coarseness I ndex "  i s  the 

Coarsenes s  I ndex of the furn i sh used to produce a part i cul ar t i ssue 

5 product i n  accordance w ith  the forego i ng formul a .  I t  i s  useful when 

two or more fi ber spec i e s  are used to make up the furn i sh .  I t  shoul d 

be noted that the proper val ue for the Furn i sh Coarseness  I ndex i s  

not s i mp ly  the wei ghted averages of the Coarseness I nd i ces of  the 

i nd i v i dual fi ber spec i es of the furn i sh .  I n stead , the Furn i sh 

1 0  Coarseness I ndex i s  cal cul ated in  accordance wi th the fol l owi ng 

formul a :  

1 5  

we ight % component # 1  
Coarseness  I ndex 
of component # 1  

100 

+ we ight % component #2 
Coarseness I ndex 
of  component #2 

+ 

For exampl e ,  i f  two fi ber spec i es are bl ended i n  equal we i ght 

percent amounts { 50 we i g ht percent ) with one fi ber spec i es hav i ng a 

Coarseness  I ndex of 1 1 . 2  and the other f i ber spec i e s  hav i ng a 

20  Coarseness  I ndex of 7 . 8 ,  the Furn i sh Coarseness  I ndex of the bl end i s  

cal cul ated to be 9 . 2  as fol l ows : 

2 5  

1 0 0  
-2.Q_ + -2.Q_ 1 1 . 2  7 . 8  

= 9 . 2  

Measur i ng the Coarseness I ndex for a g i ven f i ber spec i es can 

y i el d d i fferent val ues depend i ng upon the measurement method . The 

trad i t i onal  method ( d i rect wei gh i ng}  i nvol ves m i croscop i c  sel ect i on 

and measur i ng the l ength of  the sel ected fi bers fol l owed by wei g h i ng 

30 the known fi ber or fi bers u s i ng a quartz tors i on ul trami crobal ance . 

Th i s  method i s  ted i ous  and i s  general l y  b i ased toward mea suri ng the 

coarseness  of  true fi bers as  opposed to other non - fi brous el ements 

and debri s wh i ch are commonl y present in many natural f i ber sampl es . 

I n  such cases , the Coarseness val ue i s  not real i st i cal l y  

3 5  representat i ve of  t h e  actual mater i al be i ng used to manufacture the 

t i s sue product . 

Unl e s s  otherwi se  i nd i cated , the Coarseness I ndex val ues 

reported here i n  were obta i ned by us i ng a Kaj aani  Model F S - 1 00 fi ber  

anal yzer commerc i al l y ava i l abl e from Kaj aan i I nc . Automat i on ,  
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Atl ant a ,  Georg i a .  For a g i ven sampl e ,  the FS- 100 measures the number 
of f i bers and other el ements present and thei r average l ength . W i th 
these measurements , and knowi ng the we i ght of the sampl e ( 0 . 00 1  grams 
a i r  dry ) , the Coarseness I ndex can be read i l y  cal cul ated . A more 

5 advanced i nstrument , the model FS- 200 , automati cal l y  cal cul ates the 
Coarsenes s I ndex , el im i nati ng the need for manual cal c�l ati on .  
E i ther of these two i n struments o r  the i r  equi val ents can be used for 
measuri ng the Coarseness I ndex for purposes here i n ,  al though the 
Coarseness  I ndex val ues from each may be sl i ght l y  d i fferent i n  some 

10  i n stances . These i nstruments do not d i scr im i n ate between f i bers and 
other part i c l es i n  the s ampl e .  Al l part i cl es are counted and 
measured . L im i ted experi ence to date has shown Coarseness I ndex 
val ues obta i ned u s i ng the Kaj aan i i nstruments to be about 35 percent 
l ower than those val ues obtai ned by us i ng the trad i t i onal d i rect 

1 5  we i gh i ng method . For exampl e ,  the Coarseness  I ndex o f  abaca l eaf 
f i bers was found to be 8 . 5  v i a the Kajaani FS - 1 00 versus a val ue of 
1 1 . 2  by d i rect wei g h i n g .  S im i l arl y ,  t h e  Coarseness  I ndex for a rayon 
synthet i c  fi ber was measured to be 1 1 . 5  v i a the Kajaan i  FS - 1 00 versus 
16 by d i rect we i gh i ng .  

20 When Us i ng the FS - 1 00 ,  s ampl e preparat i on was conducted by 
i n i t i al ly cal cul at i ng and we i g h i ng out a s ampl e to y i e l d  
approximate ly  1 0  oven -dri ed grams of the mater i al bei ng tested . The 
s ampl e was d i l uted to a cons i stency of 1 . 67  percent and d i spersed at 
the sl owest speed of an Osteri zer househol d bl ender for 30 seconds . 

2 5  The bl ended s l urry was poured i nto a pl ast i c  conta i ner , r i n s i ng the 
bl ender wel l , and d i l uted to 8000 mi l l i l i ters u s i ng d i st i l l ed water . 
The con s i stency of the d i l uted sl urry was cal cul ated and the amount 
of the s l urry requi red to g i ve 1 . 00 grams of oven -dr i ed fi ber was 

30 
determi ned . 
graduate . 

Th i s  amount of sampl e was poured i nto a one l i ter 
To th i s  was added d i st i l l ed water to bri ng the total 

vol ume to 1 000 mi l l i l i ters (con s i stency equal l ed 0 . 001  grams per 
cubi c cent i meter ) . Th i s  sampl e was then poured i nto a two - l i ter 
beaker . Us i ng a magnet i c  st i rr i ng bar , the d i l uted sl urry was gently 
ag i tated wh i l e  wi thdrawi ng a 25 m i l l i l i ter sampl e with a pi pette . 

3 5  The 25 m i l l i l i ter sampl e was  transferred to a 250  mi l l i l i ter 
graduate ,  the p i pette was ri nsed , and the sampl e further di l uted to 
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250 m i l l i l i ters w i th d i st i l l ed water .  The d i st i l l ed sampl e was then 
pl aced i n  a 600 mi l l i l i ter beaker . Aga i n  us i ng a magnet i c  st i rri ng 
bar , the s l urry was gentl y  ag i tated wh i l e  w i thdrawi ng  a 10 mi l l i l i ter  
samp l e  w ith  a p i pette . The 1 0  m i l l i l i ter sampl e was  transferred to a 

5 1 00 m i l l i l i ter beaker and the p i pette contents were r i n sed i nto the 
beaker wi th d i st i l l ed water . Thi s was the sampl e i n troduced i nto the 
FS- 1 00 .  It conta i ned 0 . 00 1  grams of fi ber . When maki ng the 
measurement , it i s  es sent i al to count every fi ber or other 
part i cul ates i n  the s ampl e .  Hence the beaker conta i n i ng the sampl e 

1 0  was r i n sed i nto the cap i l l ary funnel o f  the FS- 1 00 three t i mes . For 
each  sampl e ,  three spec imens were tested and the i r  average val ues 
were used in the Coarseness I ndex cal cul at i ons . 

I t  wi l l  be apprec i ated that not al l f i bers are wetabl e and 
hence some mod i f i cat i on to the standard procedure may be necessary to 

1 5  measure the Coarseness  I ndex o f  such f i bers . For exampl e ,  i t  may be 
necessary to treat the surface of the fi bers wi th a surfactant i n  
order t o  render them suffi c i ently wetabl e t o  be s l urri ed w ith  water . 
Al ternat i vel y ,  some fi bers such as polyesters c an be measured by 
us i ng denatured al cohol i n stead of water as the vehi cl e for prepari ng 

20 the s ampl e .  I n  add i t i on ,  more d i l ute samp le s  may be necessary .  

2 5  

Those fami l i ar w i th  the operat i on o f  the Kaj aani FS- 1 00 wi l l  
apprec i ate the need for depart i ng from the standard procedure from 
t i me to t i me depend i ng upon the n ature of the part i cu l ar fi ber bei ng 
measured . 

To ful l y  understand the mean i ng of the Coarseness I ndex , i t  i s  
important to d i s t i ngu i sh coarseness from s l endernes s ,  wh i ch i s  a 
d i fferent parameter . F i ber sl enderness i s  the rat i o  of fi ber l ength 
to fi ber d i ameter . Th i s  concept doe s not take i nto account the 
dens i ty of  the fi ber mater i al or the th i ckness of the fi ber wal l for 

30 hol l ow fi bers . Hence two fi bers of the same l ength and out s i de 
d i ameter , but d i fferi ng i n  wal l th i cknes s ,  wi l l  h ave the same 
s l enderness but d i fferent coarsenesses . At the same t i me ,  a very 
l ong fi ber hav i ng a th i ck d i ameter may have a h i gh sl enderness but 
may al so have a h i g h  coarseness . The d i fference between coars eness 

35 and s l enderness  can be s i gn i f i cant and can be the d i fference between 
a soft s heet and a st i ff sheet . I t  i s  al so  i mportant t o  note that 
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coarseness  i s  not d i rectl y a funct i o n  of  fi ber l ength . A fi ber 

hav i ng a g i ven Coarseness I ndex w i l l  st i l l  have the s ame Coarseness 

I ndex after be i ng shortened because the fi bers per gram of fi ber wi l l  

be i n creased i n  the same proport i on as the l ength reduct i on ,  thereby 
5 nett i ng no change . Th i s  of course i s  not the case wi th sl endernes s ,  

i n  wh i ch case t h e  sl enderness o f  the fi ber i s  reduced i n  proport i on 

to the  l ength reduct i o n .  

F i ber  spec i es havi ng an average Coarseness I ndex bel ow 9 . 0  and 

u seful for purposes of th i s  i nventi on i ncl ude natural fi bers , 

1 0  synthet i c  fi bers and comb i nat i on s  thereof .  A s  used here i n ,  " s p ec i es " 

i s  a term to  be broad ly  i nterpreted to des i gnate a source of  fi ber 

wh ich  i s  d i fferent from other fi ber sources .  I t  can be a pl ant 

spec i e s ,  a part i cul ar part of a pl ant spec i es , such as the l eaves , or 

a chem i cal spec i e s .  A nonwoody fi ber spec i es i s  any fi ber spec i e s ,  

1 5  i ncl udi ng synthet i cs ,  that i s  not a woody pl ant spec i es .  To 

d i st i ngu i sh woody from nonwoody pl ants , there are four cri teri a :  ( 1 )  

Woody pl ants must be vascul ar pl ant s ;  i . e . ,  they must possess 

spec i al i zed conduct i ng t i s sues  con s i st i ng of xyl em (wood ) and phl oem 

( i nner bark) . The xyl em i s  l i gn i f i ed and i s  the wood of the mature 
20 pl ant . Pl ants devo i d  of vascu l ar t i s s ue cannot produce wood . ( 2 )  

Woody pl ants must be perenn i al pl ants ; i . e . , they must l i ve for a 

number of years . ( 3 )  Woody p l ants must possess a stem that pers i sts  

from year to year .  Many perenn i al s fai l  t o  be  c l as sed as  woody 

pl ants because thei r stems d i e  back to the ground each aut�mn , the 

2 5  roots pers i st i ng through the wi nter and produc i ng a new stem the 

fol l ow i ng spri ng . Some pl ants possess  pers i stent creep ing  stems and 

hence fal l i nto the category of  woody p l ant s ,  even though they · appear 

to be herbaceous .  ( 4 )  Typ i cal  woody pl ants , wh i ch i ncl ude al l the 

commerc i al l y  i mportant t i mber tree s ,  exh i bi t  secondary thi cken i ng ;  

30 i . e . , they have a means of th i cken i ng the i r  stems by subsequent 

growth i n  d i ameter, not traceabl e to term ina l  growi ng po i nts . Th i s  

i s  ach i eved through the act i v i t i es of a growi ng l ayer , cal l ed 

cambi um, wh i ch i s  s i tuated just outs i de the l ast - formed l ayer of wood 

and beneath the i nner bark ( ph l oem) ; new wood and new phl oem are thus  
35 produced yearl y and are devel oped between the prev i ous ly  formed wood 

and bark . 
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Preferred natural fi bers w ith i n  the scope of th i s  i nvent i on 
( average f i ber l engths i n  mi l l i meters i n  parenthes i s ) i ncl ude , 
wi thout l i m i tat i on ,  seed h a i r fi bers from m i l kweed and rel ated 
spec i e s ,  abaca l eaf fi ber ( 2 . 87 ) ( al so  known as Man i l a  hemp ) , 

5 p i neappl e l eaf fi bers ( 0 . 82 ) , sabai gra s s  ( 0 . 57 ) , esparto grass 
( 0 . 55 ) , r i ce straw ( 0 . 40 ) , banana l eaf f i ber ( 1 . 25 ) , and bast ( bark) 
f i bers from paper mul berry ( 0 . 42 ) . Su i tabl e synthet i c  fi bers i nc l ude 
rayons ,  acryl i c s ,  polyesters , acetates , and pol yol efi ns of su i tabl e 
coarseness . I t  i s  wi t h i n  the scope of th i s  i nvent i on to prov i de 

1 0  t i ssue products that compri se mi xtures of one o r  more l ow-Coarseness 
I ndex f i bers , s uch  as  comb i n i ng m i l kweed seed fl os s  f i bers wi th abaca 
f i bers to ach i eve h i gh surface depth ( Prof i l e  I ndex ) and i mproved 
s t i ffness (Tens i l e/Modul us Rat i o ) . 

The amount of l ow- coarseness fi bers ( f i bers hav i ng an average 
1 5  Coarsenes s  I ndex o f  about 9 . 0  o r  l e s s )  wh i ch can be uti l i zed to make 

a t i s sue product can be any amount depend i ng upon the f i ber cost and 
the format i on character i st i c s  of the resul t i ng furn i s h .  I n  many 
i nstances ,  the amount can be about 5 dry we i ght percent or more , more 
spec i f i ca l l y  from about 5 to about 50 dry we i ght percent , more 

20 spec i f i c al l y  from about 5 to about 30 dry wei ght percent , and st i l l  
more spec i f i cal l y  from about 5 t o  about 1 5  dry we i ght percent . The 
amount of l ow coarseness fi bers can be concentrated i n  the outer 
l ayers of t he t i ssue product by formi ng the t i ssue wi th a l ayered 
headbox , i n  wh i ch up to 1 00 dry we i ght percent of the outer l ayer can 

25 be made up of  the l ow coarsenes s  f i ber s ,  even though the percentage 
amount i s  s i gn i fi cant ly  l es s  i n  terms of the ent i re t i s sue product 
we i ght . 

30 

35 

Bri ef Descri pt i on of the Drawi ng 
F i g ures lA ,  1 B ,  l C ,  1 0 ,  2 ,  3 ,  and 4 a l l  perta i n to the 

determi nat i on of the Profi l e  I ndex and are descri bed bel ow i n  
connect i on w i t h  the descri pt i on o f  the Profi l e  I ndex . 

Deta i l ed Descr i pt i on of the I nvent i on 
Before descr i bi ng spec i f i c  exampl es of the product s  of  th i s  

i nvent i on ,  i t  i s  appropri ate to f i rst bri efl y descri be the means by 
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wh i ch softne s s  val ues have been determi ned for i l l ustrat i ng the 

benef i ts  of the products of th i s  i nvent i on .  I t  i s  empha s i zed that 

the softness  val ues reported here i n  are onl y  i ntended for compa r i ng 

softness rel ati ve to other samp l e s  w i th i n  a part i cul ar experi ment and 

5 are not to be i nterpreted as absol ute val ues . Those s ki l l ed i n  the 

art w i l l  apprec i ate that there are other methods of  asses s i ng 

re l at i ve softness val ues ,  i ncl ud i ng objecti ve test i ng of certa i n  

propert i es s uch as  t h e  rat i o  of t he  tens i l e  strength to  t he  spec i fi c  

modul us  or the surface depth of the t i ssue or ,  ul t i matel y ,  consumer 

1 0  test i ng .  I n  some o f  t h e  Tabl es set forth here i n ,  the rat i o  of 

tens i l e  strength to the spec i fi c  modul us ( Tens i l e/Modul us Rat i o }  has 
been used as  an i nd i cati on of softne ss where sensory panel softness 

was l ack i ng . Al though the Tens i l e/Modu l u s Rat i o  i s  a rel i abl e 
i nd i cator for softness i n  most  i nstance s ,  i t  does not ho l d  i n  the 

1 5  case of mi l kweed seed fl oss  fi bers becau se the add i t i on of m i l kweed 

f i bers s i gn i fi cantly i ncreases the cal i per of the t i s sue , thereby 

i ncreas i ng the st i ffness  ( speci f i c modul u s } . The substant i al and 

surpr i s i ng i mpact of m i l kweed seed fl oss  f i bers on softness  i s  

i n stead attri butabl e to the  l arge i ncrease i n  the surface depth of 

20 the t i s sue as measured by the Profi l e  I ndex here i nafter def i ned . 

For purposes here i n ,  product softness was determi ned by a 

trai ned sen sory panel . Each panel i st had been trai ned to  feel and 

compare each test sampl e aga i nst  mul t i pl e  standards for each one of 

three characteri st i cs : st i ffness , surface depth , and abras i veness . 

25 The test s ampl e recei ved a numeri cal rat i ng for each of the three 

characteri s t i c s ,  and the numeri cal  rat i ngs were factored i nto a 

formul a wh i ch y i el ded a softness number for the test sampl e .  

Softness  numbers general l y  run from 1 to about 1 2 ,  al though h i gher 

and l ower ( i ncl ud i ng negat ive  val ues )  are pos s i bl e .  The h i gher 

30 val ues refl ect greater softness and l ower val ues correspond i ngly  

refl ect l ower softness .  {The 9 5  percent conf i dence i nt erval i s  about 

±0 . 5  softnes s  po i nts . }  Di rect i onal ch anges i n  the softness  n umbers 

generated by the sensory panel correl ate w i th consumer preferences i n  

actual consumer test i ng ,  i . e .  a t i s sue havi ng a sensory panel 

35 softness  val ue of 8 woul d be preferred for softness  by actual 
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consumers when compared to another samp l e  hav i ng a sensory panel 
softness of 6 .  
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Tens i l e  strengths and spec i fi c  modul us  were measured u s i ng an 
I nstron Model 1 1 30 , i nc l u d i ng a recorder and M i crocon I I  al ong wi t h  

5 Modu l us and Y i e l d  Opt i on and stackabl e speed reducer , avai l abl e from 
I n stron Corporat i on ,  C anton , Massachusett s ,  or a S i ntech 2 ,  ava i l abl e 
from MTS S i ntec h ,  Eden Pra i r i e ,  M i nnesota , wi th  an I BM PC . Tens i l e  
strengths are expressed i n  grams . Spec i fi c  modul us val ues ( a l s o  
referred t o  here i n  a s  "modul us " )  are expressed a s  k i l ometers and are 

10  cal cul ated accord i ng to the fol l owi ng formul a :  

1 5  

Spec i fi c  Modul us = El asti c Modul us x TMI Bul k Thi ckness x 1 50 . 04 
Bas i s  We i ght 

where i n  Spec i fi c  Modul u s i s  expressed a s  k i l ometers ; 
El asti c Modul us  i s  expressed as ki l ograms per squ are 
cent i meter ; 
TMI Bul k Th i cknes s i s  expres sed as i nches ; and 
Bas i s  We i ght i s  expressed as pounds per 2880 square 
feet . 

For t i s sue sheets , el ast i c  modu l us val ues , expressed as 
20 k i l ograms per square cent i meter , were cal cul ated from s l ope read i ngs  

t aken between 50 and 1 00 grams and between 100 and 200 grams on the 
stress/strai n  curve , wi th the h i gher of the two val ues be i ng 
reported . For handsheet s ,  the two read i ngs  were taken between 100  
and  200  grams and  between 400  and  500 grams because of  the  h i gher 

25 tens i l e  strengths .  
Absorbency (absorbent capac i ty )  of t i ssues  for purposes here i n  

i s  determi ned by measuri ng the amount of water absorbed by the t i ssue 
after bei ng pl aced fl at on the surface of a water bath at 30 ° C .  and 
al l owed to ful l y  wet out over i t s ent i re surface . More spec i fi cal l y ,  

3 0  the absorbency can b e  determ i ned by fi rst we i g h i ng a t i ssue speci men 
to be eval uated . Th i s  i s  recorded as W1 • A wi re basket constructed 
of standard grade re i nforced sta i nl ess  steel wi re cl ot h ,  used to 
conta i n the s ampl e duri ng test i ng ,  i s  l owered i nto the water bath to 
ful ly  wet the bas ket . The bas ket i s  approx i matel y 5 . 5  i n ches x 5 . 5  

35  i nches x 1 . 5 i nches ( 1 40 mm . x 1 40  mm . x 38 mm . )  a nd  has a w i re 
d i ameter of 0 . 0055 i nch , an 80 x 80 mes h ,  and a 3 1 . 4  percent open 
area . The basket i s  removed from the bath and al l owed to dra i n for 
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exactly 30 seconds . The wet bas ket i s  pl aced on a pan scal e and 
wei ghed to determi ne the combi ned wei ght of the bas ket and the amount 
of water adhered to the basket duri ng the procedure . Th i s  we i ght i s  
recorded a s  W2 . The w i re basket i s  then pl aced i nto  the water bath 

5 aga i n  and the t i s s ue test spec i men i s  pl aced onto the s urface of the 
water bath above the w i re basket . The t i ssue i s  al l owed to wet out 
over i ts ent i re s urface . The basket  contai n i ng the t i s sue sampl e i s  
removed from the water bath and al l owed to dra i n for exact l y  30  

second s .  The  dra i ned basket conta i n i ng the  s ampl e i s  pl aced onto a 
io  pan  scal e and we i ghed . Th i s  we i ght i s  recorded as W3 . The 

absorbency , expressed as  grams of water per gram of t i s sue , i s  
determi ned by the fol l ow i ng formu l a :  

{W3 - w2 - w, )/W, 
The Profi l e  I ndex i s  a measure of the degree of surface 

1 5  i rregul ari ty present i n  the form of protrud i ng fi bers and fi ber 
structures . As s uch it i s  i nd i cat i ve of the surface depth or 
cush i on i ness of the t i s sue and hence the softness . More 
speci fi cal l y ,  the Profi l e  I ndex i s  an i ndex that quant i fi e s  the 
i maged s i l houette of fi brous mater i a l  protrud i ng from the x-y pl ane 

20 of a t i ssue samp l e .  
The Profi l e  I ndex i s  measured u s i ng a d i g i tal i mage analyzer . 

The use of the Model Q- 1 0  i mage analyzer , prev i ousl y sol d by Olympus 
Corporat i on ,  Lake Succes s ,  New York , i n  conjuncti on w i th Cambri dge 
I n strument Corporat i on ,  Cambri dge , Engl and , i s  descri bed herei n ,  

25  al t hough other i mage anal yzers can  al so be adapted to measure the  
Profi l e  I ndex . The Q - 1 0  d i g i t i zes a v i deo i mage i nto a 5 1 2  
(hori zontal ) by 480 ( vert i cal ) p i xel d i spl ay . The Q - 1 0  has a 6 bi t 
anal og/d i g i ta l  converter whi ch permi ts  the bri ghtness of each p i xel 
to  be resol ved i nto 64 d i screte shades of gray . I nput to the Q - 1 0  i s  

30 a Dage Seri es  65 monochrome v i deo camera ut i l i z i ng an RS - 1 70 output . 

35 

Th i s  camera uses a v i d i con sens i ng tube and i s  operated w i t h  
automat i c  ga i n ,  pedestal and target vol tage adj ustments . T he  camera 
has a resol ut i on of greater than 250 l i ne pa i r s .  The Q - 1 0  i s  al so 
equ i pped w i t h  an opt i onal shad i ng corrector . 

The v i deo camera i s  mounted on an Ol ympus BHS mi croscope wi th 
a stereo v i ewi ng port . The measurement i s  made w i th a 4X object i ve 
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and a 3 . 3X i ntermed i ate l ens  such that the  fi el d s i ze i s  
approx i mately 2 . 6  m i l l i meters w ide and 2 . 4  m i l l i meters h i gh  when the 
s i gnal  i s  d i g i t i zed by the Q - 1 0  i nto 5 1 2  X 480 p i xe l s .  

When measuri ng the Profi l e  I ndex , sampl es  are i l l umi nated i n  a 
5 transmi s s i on mode wi th a semi - d i ffused l i ght source obta ined by 

pl ac i ng a d i ffuser d i rectl y on the m i croscope i l l umi nat i on col l imator 
l ens . For ease  of u se ,  a c l ear g l ass stage i s  used to set prepared 
s ampl e s .  The Ol ympus m i croscope uses an el ectron i c  stage control l ed 
by a j oyst i ck .  The auto -stage i s  not essent i al to the  measurement , 

1 0  but  i t  does a l l ow more rap i d  spec i men pos i t i on i ng and test i ng . 
Referri ng to F i gures lA - 1 D ,  2 ,  3 and 4 ,  the s ampl e 

preparat i on procedure for measuri ng the Profi l e  I ndex wi l l  be 
descri bed . I n  order to measure the Profi l e  I ndex of a t i ssue , a 
sampl e 60 i s  cut to a d i mens i on of one i nch (mach i ne d i rect i on )  by 

1 5  three i nches ( cross-mac h i ne d i rect i on )  and adhered to the s i de o f  a 
0 . 1 mm t h i c k ,  2 2  x 40  mm gl ass  coversl i p  6 1  (No . 1 ,  Corn i ng Gl ass 
Works ) us i ng a stri p of tape 62 as  shown in F i gure IA .  The sampl e i s  
then draped over the l ong edge of the gl ass s l i de suc h that the 
mach i ne d i rect i on of the s ampl e i s  perpend i cul ar  to the edge of the 

20 g l a s s  s l i de .  Th� other end of the t i ssue  s ampl e i s  then adhered to 
the  other s i de of the g l a s s  s l i de w i t h  a second stri p of tape 63 as 
i l l ustrated in cross - sect i on in F i gure 1 B .  Bendi ng the t i ssue over 
the s l i de exposes  protrud i ng fi bers 64 ( fi ber s i ze i s  greatl y 
exaggerated for purposes of i l l ustrat i on )  wh i ch are to be measured by 

25  the Profi l e  I ndex . Two pl a i n mi crosl i des  65 and 66 ( 1  mm  thi ck ,  2 5  x 
75  mm) are t hen pl aced on both s i des of the U - fol ded sampl e .  The 
f i rst m i cros l i de 65 i s  taped onto one s i de of the sampl e wi th tape 67 
as s hown i n  F i gure I C . The second mi crosl i de 66 i s  taped to the 
s ampl e and the fi rst mi crosl i de w i th add i t i onal tape 68 as shown i n  

30 F i gure 1 D .  Th i s  compo s i t e  " s andw ich "  arrangement exposes protrud i ng 
fi bers a l ong a l i near edge of the t i ssue  s urface at the fol d l i ne of 
the s ampl e .  The compos i te i s  pl aced on a m i croscope stage in the 
path of transmi tted l i ght to v i ew the exposed fol d  edge of the samp l e 
from the s i de . The prepared sampl e and resul t i ng i mage appears 

35 general l y  a s  i l l ustrated in F i gure 2 .  The i mage i s  then i nput to the 
Q - 10 through the vi deo camera . An actual photograph as  v i ewed by the 
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Q - 1 0 ,  magn i f i ed about 40x , i s  shown i n  F i gure 3 .  The area defi ned by 
the wh ite  box wi th i n  the photograph i s  the mea surement frame . F i g ure 
4 i s  the same a s  F i gure 3 ,  except that the actual area detected by 
the Q - 10 for measuri ng the Profi l e  I ndex i s  h i ghl i ghted i n  wh i te .  

5 I n  c arry i ng out the Profi l e  Index measurement ,  the spec imen 
s l i de i s  pl aced on the mi croscop i c  stage s uch that the top of the 
f i e l d  i s  cl ear and the bottom of the f i e l d  i s  bl ocked by the s ampl e 
on the s l i de .  A measurement frame wi th d i mens i ons of 1 . 2  mm i n  
he i ght  and 2 . 6  mm i n  w i dth  are el ectron i cal l y  pl aced around the i mage 

1 0  such that t h e  t i s s ue edge separat i ng t h e  s l i de from t h e  cl ear fi el d 
i s  very near to the bottom of  th i s  frame . The mi croscope i s  focused 
manual l y  to g i ve the sharpes t  contrast at the surface of  the t i s sue 
edge . I nd i v i dua l  fi bers protrud i ng from the edge are i gnored duri ng 
focus i ng to avo i d  bi a s i ng resul t s .  Next , the mi croscope i l l umi nat i on 

1 5  i s  adj usted s o  that the bri ght port i ons of the i mage ( the c l ear part 
of  the f i e l d )  exh i bi t  gray l evel s i n  the range of  52 to 56 ( br i ght 
wh i te has  a gray l evel of  63 ) . At th i s  po i nt ,  the sol i d  dark reg i on s  
of the i mage s hou l d  b e  perfectl y  bl ack (gray l evel zero ) . I f  th i s  i s  
not the case ,  the gai n and offset of the anal og -to-d i g i tal  converter 

20 must be adj usted unt i l  both the dark and l i ght grey l evel s are met . 
The test i s  then started over .  (On t he  part i cul ar Q - 1 0  i mage 
analyzer used for the Exampl es , the ga i n  and offset were set to 1 5  
and zero respect i vel y .  Thi s equates t o  maxi mum g a i n  and mi n i mum 
offset . It must be noted that not a l l Q- 1 0  i mage anal yzers use the 

25 s ame anal og -to -d i gi tal converter .  These must be set to ach i eve the 
des i red grey l evel range . Once the proper ga i n and offset are found , 
they wi l l  not need to be reset ) .  F i nal l y ,  the i mage i s  shade ­
corrected . 

I n  order to ca lcu l ate the Profi l e  Index , several common i mage 
30 analys i s  funct i on s  are performed on the detected i mage . F i rst , the 

i mage i s  threshol ded or segmented . Th i s  step causes  al l p i xe l s that 
have gray l evel s between approx imately 2 and 45  to be i dent i fi ed .  
Al l other p i xel s are i gnored . Fol l ow i ng detect i on ,  al l features 
( obj ects composed of cont i guous i dent i fi ed p i xel s )  l es s  than three 

35 p i xel s in total width are el im i nated . If done proper l y ,  these steps 
l eave a s i ng l e feature bounded by the outl i ne of the  s pec i men surface 
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wi th al l protrud i ng fi bers . The computer next measures the area of 

the feature ( s )  by count i ng the number of p i xel s i dent i fi ed .  Th i s  
area i s  composed o f  al l p i xel s around the boundary of the spec i men , 

up to the meas urement and i mage frames . The area of  al l i dent i f i ed 
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5 fi bers/fi bri l s  protrudi ng away from the edge of the spec i men i n  the 

pl ane of  focus i s  i ncl uded . When properl y i maged and segmented , the 

i mage wi l l  appear as shown in F i gure 4 .  

The Profi l e  I ndex i s  cal cul ated a s  the d i fference between the 

i dent i fi ed area , as measured above , and the number of  p i xel s a 

1 0  perfectl y  straight edge woul d  form , d i v i ded b y  the number o f  p i xel s 

on s a i d  edge . An i d eal i mag i ng system woul d create a boundary of 5 1 2  

p i xel s for such a n  edge . Experimentati on h a s  shown that the 

equ i pment used for th i s  measurement doubl es some p i xel s in a perfect 
boundary so  that a sharp edge , on average ,  g i ves an area of about 650 

1 5  p i xel s for a t i s sue web . To account for th i s ,  the Profi l e  I ndex i s  

cal cul ated i n  accordance wi th the formul a :  

Profi l e  I ndex = (AREA - 650 ) / 650 . 

where i n  AREA i s  the p i xel area i dent i fi ed by the Q - 1 0 .  I n  order to 

accuratel y character i ze a part i cul ar t i ssue sampl e ,  52 d i fferent 

20 i mages are measured for i nd i v i dual Profi l e  I ndex val ues and the 52 

d i fferent Profi l e  I ndex measurements are averaged . 

25  

Exampl es 

Exampl e 1 :  Mi l kweed Fl oss F i bers 

In order to i l l ustrate the i mproved softness obtai ned u s i ng 

l ow coarsene s s  fi bers , t i s sue sheets were made us i ng the seed ha i rs 

or fl os s  of the common mi l kweed pl ant (Ascl epi as syri aca ) .  These 

fi bers are the wh i t e ,  gl ossy fi bers found w i th i n  the mi l kweed seed 

pod wh i ch devel ops i n  l ate summer . These fi bers have an extremel y 

30 l ow Coarseness I ndex of  about 3 or l ess due to the i r  l i ghtwe i ght , 

hol l ow ,  th i n -wal l ed morphol ogy . Because these f i bers are n atural l y  

hydrophobi c ,  sl urry i ng them for papermak i ng requi red pri or surface 

treatment wi th a non i on i c  surfactant (a 1% aqueous sol ut i on of Tri ton 

XlOO) . 

35  The  surface- treated mi l kweed fl oss  fi bers were cut to an 

average l ength of about 1 . 5  mm and bl ended wi th hardwood or softwood 
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kraft papermak i ng f i bers to form an aqueous sl urry . A t i s s ue  

basesheet hav i ng a dry bas i s  we i ght of 7 . 5  pounds per  2880 square 

feet was then made i n  a conventi onal manner on a l aboratory scal e 

cont i nuous t i ssue -mak i ng mach i ne operat i ng at a speed of about 60 

5 feet per m i n ute . More speci f i ca l l y ,  the fi ber furn i s h was wet l a i d  

onto a form i ng w ire ,  dewatered , adhered to a Yankee dryer,  dr i ed ,  

creped and wound onto a rol l . The rol l ed t i ssue basesheet was then 

converted i nto two - pl y  t i s sue sampl es  for test i ng .  The res u l ts are 

i l l ustrated in Tabl e 1 bel ow . 

TABLE  1 

F i ber 
Spec i es Furn i sh 
Coarseness Coarseness Ten s i  l e < 1 > Profi l e  

1 5  Furn i sh I ndex I ndex (GMT} Softness I ndex Absorbency 
( 2 )  

1 00% NSK 1 1 . 2  

85% NSK 1 1 .  2m 
20 1 5% Mi l kweed 2 . 3  

70% NSK 
30% M i l kweed 

2 5  50% NSK 
50% Eucal yptus 

50% NSK 
50% NHK(S) 

30  
50% NSK 
3 5% NHK 
1 5% Mi l kweed 
-

3 5  ( 1 )  

- - - - . -

1 1 .  2 
2 . 3  

1 1 .  2 
7 . 8 

1 1 .  2 
1 0 . 0  

1 1 .  2 
1 0 . 0  
2 . 3  

- - - - - . 

1 1 .  2 650 7 . 0  

7 . 1  650 9 . 6  

5 . 2  560 1 0 . 2  
( 9 . 9 ) (4) 

9 . 2  650 8 . 2  

1 0 . 6  640 8 . 2  

6 . 9  500 1 0 . 2  
9 .  7<6> 

- - . - . - - - - . - . -

GMT ( Geometr i c  Mean Tens i l e )  = VMDT x CDT 

2 . 33 8 . 7  

5 . 26 1 1 . 3 1  

5 . 1 6 1 2 . 2 4 

3 . 2 1 8 . 8  

3 . 76 8 . 4  

4 . 88 1 1 . 04 

- . - - - - -

where MDT = the  tens i l e  strength ( grams )  of the web i n  the mach i ne 
d i rect i on (MD )  and C DT = the  tens i l e  strength ( grams)  of the  web i n  

40 the cros s -mac h i ne d i rect i on ( CO) , expressed as  g rams . 
( 2 )  

Northern softwood kraft fi bers ( average f i ber  l ength of  1 . 5 mm . 
us i ng the Kaj aan i FS - 1 00)  
( 3 )  

45  Est i mated val ue based on a Coarseness I ndex measurement of 3 . 6  
obta i ned by the d i rect we i g h i ng method . 
( 4 )  

Softness  corrected to  650 GMT 
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<5 l Northern hardwood kraft fi bers ( average fi ber l ength of 0 . 6  mm . 
u s i ng the Kaj aani  FS - 100)  

<6 > Softness  corrected to 640 GMT 

These resul ts show the s i gn i fi cant ly  i ncreased softnes s ,  
surface depth , and absorbency imparted to a t i s s ue by the add i t i on of 
m i l kweed fl oss  fi bers . As shown , it  i s  not necessary to ut i l i ze 
l arge amounts of l ow coarseness fi bers . I n  fact , because of cost 

1 0  con s i derat i on s ,  bl end s w i th convent i onal furn i sh fi bers are 
preferred . As i l l ustrated by Tabl e 1 ,  the use of mi l kweed fl oss 
fi bers at a l evel of only 1 5% prov i ded a substant i al softness  
i mprovement over a furn i sh bl end conta i n i ng 50% eucalyptus , whi ch i s  
the hardwood f i ber spec i es currentl y  be i ng u sed on a commerc i al bas i s  

1 5  t o  i mprove t i s sue softness over conventi onal hardwood/softwood 
bl ends . Preferred l evel s of  mi l kweed fl oss  f i ber content are from 
about 5 to about 40 dry wei ght percent of the t i s sue  product , more 
speci f i cal l y  from about 5 to about 30 dry we i ght percent , and sti l l  
more spec i fi cal l y  from about 5 to about 1 5  dry we i ght percent . 

20  

25 

30 

35 

40 

In the s ame manner as descri bed i n  connect i on w i th the 
forego i ng exampl e ,  s i ng l e - p l y  creped t i s sue hav i ng a dry bas i s  we ig h t  
of 1 4 . 5  pounds per 2880 square feet was  made w i t h  two d i fferent 
furn i shes , i nc l ud i ng 1 5  we i ght percent mi l kweed fl oss  fi ber . The 
resu l t s  are as fol l ows : 

TABLE 2 

F i ber 
Spec i e s  Furn i sh 

Coarseness Coarseness  Ten s i l e  Prof i l e  
Furn i s h  I ndex Index {GMT}  Softness  I ndex 

50% NSK 1 1 .  2 9 . 2  880 - 0 . 2  3 . 6 7 
50% Eucal yptus 7 . 8  

85% NSK 1 1 .  2 7 .  1 875 4 . 5  4 . 6 1  
1 5% M i l kweed 2 . 3  

Al though Ascl epi as syri aca i 5  a preferred seed h a i r  fi ber 
sourc e ,  other seed ha i r-bear i ng m i l kweed spec i es are al so s u i tabl e 
l ow coarseness f i ber sources , i ncl ud i ng ,  wi thout l i m i t at i on ,  
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A . i ncarnata , A . curassav i c a ,  A . frut i cosa ,  A . gl aucophyl l a ,  
A . semi l unata , and A . subul ata . 

Exampl e 2 :  Abaca Fi bers 

2 0 7 6 6 1 5  

5 As an exampl e of a d i fferent l ow Coarseness  I ndex f i ber , two-
p l y  t i s sue samples  havi ng a dry bas i s  weight of 7 . 5  pounds per 
2880 square feet per ply were prepared w ith  abaca l eaf f i bers i n  a 
conventi onal manner on the l aboratory scal e t i ssue mach i ne as 
descri bed i n  Exampl e 1 ,  except that a prel im i nary surface treatment 

1 0  o f  the abaca fi bers w i th surfactant was not necessary . The 

1 5  

20 

2 5  

propert i es of the resul t i ng two -pl y  t i ssue products are summari zed i n  
Tabl e 3 bel ow : 

TABLE 3 

F i ber 
Spec i es Furn i sh 

Coarsenes s  Coarsenes s  Tens i l e  
Furn i sh  I ndex I ndex {GMT) Softne ss 

50% NSK 1 1 . 2 1 0 . 6  1 250 6 . 2  
50% NHK< 1 > 10 . 0  

20% Abaca 8 . 4  9 . 2 1 250 6 . 7  
40% NSK 1 1 . 2 
40% NHK 10 . 0  

( 1 )  

Northern hardwood kraft fi bers ( average f i ber l ength of 0 . 6  mm . 
30 us i ng the Kaj aan i  FS- 100 )  

As i l l ustrated , subst i tuti ng abaca f i bers  for 1 0% of the 
hardwood fi bers and 1 0% of the softwood f i bers i mproved the softness 
from 6 . 2  to 6 . 7  at equal strength s .  

3 5  I n  order t o  further i l l ustrate the advantage of u s i ng abaca 
fi bers , a handsheet study was conducted to measure the rat i o  between 
the dry ten s i l e  strength ( GMT ) and the spec i fi c  modul us  as an 
i nd i cator of softness . I n  prepari ng handsheets for purposes of 
demonstrati ng the advantage of us i ng l ow Coarseness  I ndex f i bers , i t  

40 i s  necess ary to avo i d  degradat i on of the fi b8rs , p art i cu l arl y the 
grasses s uch as abaca . Hence the beat i ng t i me and i nten s i ty of the 
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20 

25 

2 0 7 6 6 1 5  

furn i sh must be on l y  as  neces sary to ach i eve good f i ber di s t r i but i on .  

The resul t s  are set forth bel ow i n  Tabl e 4 .  

TABLE 4 

Furn i sh Tens i l e/ 
Coarseness  Coarseness  Modul us 

Furn i sh I ndex I ndex Tens i l e < 1 ' Modul us Rat i o  

100% NSK 1 1 .  2 1 1 .  2 1 1 92 1 46 . 5  8 . 1 4 

7 5% NSK 1 1 .  2 10 . 3  1 590 1 7 7 . 9  8 . 94 
2 5% Abaca 8 . 4  

50% NSK 1 1 .  2 9 . 6  1 959 1 98 . 4  9 . 87 
50% Abaca 8 . 4  

25% NSK 1 1 . 2  8 . 9  1 976 1 99 . 4  9 . 9 1 
7 5% Abaca 8 . 4  

1 00% Abaca 8 . 4  8 . 4  2309 230 . 2  1 0 . 03 

( 1 )  

Tens i l e strength for handsheets was on l y  measured i n  one 
d i rect i on .  Al l d i recti ons are expected to exhi b i t  the same 
propert i es s i nce there i s  no mach i n e  d i rect i on or cross -mach ine 

30 d i rect i on for handsheets . The same i s  true for the speci f i c  modul us . 

The resul t s  of the handsheet study i l l ustrate i ncreas i ng 

Tens i l e/Modul us  Rati o ,  and hence softness ,  w i th i ncreas i ng abaca 

content . Al l of the forego i ng data support the concl us i on that the 

35 add i t i on of l ow-Coarseness  I ndex f i bers ( abaca fi bers ) to a furn i sh 

can provi de measurabl e object i ve and s ubj ect i ve i mprovements to the 

softne s s  of  t i ssue  products .  

To further i l l ustrate the advantage o f  us i ng l ow -Coarsene s s  

I ndex f i bers , add i t i onal two-pl y t i ssue s ampl es ( 7 . 5  pounds per 2880 

40 square feet per p ly )  were prepared as descri bed above . The resul ts  

are  summari zed in  Tabl e 5 .  

- 1 9  -

Kimberly Clark EX1002, p. 1108
PGR2026-00078



2 0 7 6 6 1 5  

TABLE 5 

5 F i ber 
Speci es  Furn i sh CD Tens i l e/ 

Coarseness Coarseness Tens i l e  CD CD Modul us 
Furn i sh Index Index (GMT) Modul us Rat i o  Softness  

1 0  40% NSK 1 I .  2 8 . 9  426' 1 > 3 . 1 0 1 05 . 2  

1 5  

20 

60% Eucalyptus 

40% NSK 
60% Eucalyptus 

20% NSK 
20% Abaca 
60% Eucalyptus 

7 . 8  

1 1 .  2 8 . 9  
7 . 8  

1 1 .  2 8 . 4  
8 . 4  
7 . 8  

en MD Tens i l e  557 ; CD Tens i l e  = 326 
( 2 )  

( 1 )  

601  4 . 30 1 0 1 . 4  

(3) 

496 1 . 93 1 63 . 7  

25  ( 3 )  

MD Tens i l e  828 ; CD Tens i l e  436 

MD Ten s i l e  7 7 9 ;  CD Tens i l e  3 1 6  

The f i rst and second s ampl es o f  Tabl e 5 are control 
30 s ampl es  represent i ng convent i onal t i s s ue products hav i ng the 

s ame furn i s h  but d i fferi ng strength s ,  due in part to d i fferi ng 
l evel s of refi n i ng and wet strength add i t i ves . The th i rd s ampl e 
represents a t i ssue product i n  accordance w ith  th i s  i nvent i on ,  
i n  wh i ch h al f o f  t h e  NSK fi bers were repl aced w i th abaca fi ber s .  

3 5  T h e  data i l l ustrate a n  i ncrease i n  softness  attri butabl e to  the 
add i t i on of the abaca fi bers . The data a l so confi rm the 
correl ati on between softness and the Tens i l e/Modul u s  Rat i o  for 
t i s sue . 

40 Exampl e 4 :  P i neappl e Leaf F i bers 
In order to further i l l ustrate the softne ss  benefi t of 

us i ng fi bers of a spec i es h av i ng a l ow average Coarseness I ndex , 
handsheets were prepared wi th d i fferent furn i shes , i nc l ud i ng 
abaca and p i neapp l e  l eaf fi bers ( average fi ber l ength of about l 

45 to 2 m i l l i meters ) ,  as  s et forth bel ow in Tabl e 6 .  I n  prepar i ng 

- 20 -
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handsheets for purposes of demonstrat i ng the advantages of us i ng 

l ow - Coarseness I ndex f i bers for purposes of  t h i s i nvent i on ,  i t  

i s  necessary t o  avo i d  degradat i on o f  the fi bers , part i cul arl y 

the grasses such as abac a .  Hence the beat i ng t i me and i ntens i ty 

5 of the furn i sh must be only as necessary to ach i eve good fi ber 

d i stri but i on .  

TABLE 6 

F i ber 
1 0  Spec i es Furn i sh Tens i l e/ 

Coarsene s s  Coarseness Modul us 
Furn i s h I ndex I ndex Tens i l e< 1 > Modu l u s  Rat i o  

50% Eucalyptus 7 . 8 9 . 2  1 649 174 9 . 5  
1 5  50% NSK 1 1 .  2 

50% Eucal yptus 7 . 8 8 . 1  2243 204 1 1 . 0 
50% Abaca 8 . 4  

20  50% Eucalyptus  7 . 8 5 . 4  2 1 93 1 75  1 2 . 6  
50% P i neappl e 4 . 1  

- - - - - - - - - - - - - - - - - - - - - - - - � 
< 1 > Tens i l e  strength for handsheets was onl y measured i n  one 

2 5  . d i rect i on .  Al l d i rect i ons  are expected t o  exh i bi t t h e  same 
propert i es s i nce there i s  no mach i ne d i rect i on or cro s s -mach i ne 
d i rect i on for handsheets .  The same i s  true for the e l ast i c  
modul us . 

30 These resul t s  cl earl y s how a correl at i on of i ncreas i ng 

Tens i l e/Modul us Rat i o  ( softnes s )  w i th  decreas i ng Furn i sh 

Coarseness  I ndex . 

Exampl e 5 :  Synthet i c  F i bers 

35 I n  order to i l l ustrate the useful ness of synthet i c  

f i bers i n  connect i on w i th th i s  i nvent i o n ,  handsheets hav i ng a 

bas i s wei ght  of  1 1  pounds per 2880 square feet were prepared 

wi th  a m i xture of NSK fi bers and synthet i c  f i bers . The 

synthet i c  fi bers were pol y ( ethyl ene terephthal ate)  ( PET} fi bers 

40 hav i ng a den i er of 0 . 5  and a f i ber l ength of 5 m i l l i meters . The 

resul ts  are summari zed bel ow : 
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TABLE 7 

F i ber 
5 Spec ies  Furn i sh Ten s i l e/ 

Coarseness  Coarseness  Modu l u s  

1 0  

1 5  

Furn i sh 

1 00% NSK 

7 5% NSK 
2 5% PET 

- - - -

I ndex 

1 1 . 2 

1 1 . 2(2) 
1 . 4 

- - - -

I ndex 

1 1 .  2 

4 . 3  

( 1 ) Standard dev i at i on = 63 . 76 

Tens i l e  

63 1 

1 023 

Modul us  
( 1 )  

203 . 0  

55 . 9  
- - - -

Rat i o  

3 . 1 1 

1 8 . 3  

- - -

< 2 > Meas urement of the Coarseness  I ndex on the Kaj aan i FS- 1 00 
requ i red the use  of denatured al cohol for al l sampl e 

d i l ut i on s . I n  add i t i o n ,  the sampl e was d i l uted more than 
20 that used i n  the typ i cal procedure - the fi nal sampl e run on 

the Kaj aani  FS- 100 was 0 . 00025 grams versus 0 . 00 1  grams . 

-

These resul ts further i l l ustrate the i mprovement i n  
s oftness achi eved w i th synthet i c  fi bers hav i ng a l ow Coarseness 

25  I ndex . 

I t  wi l l . be appreci ated that the foregoi ng exampl e s ,  
shown for purposes o f  i l l ustrat i on ,  are not t o  b e  construed as 
n arrowi ng the scope of th i s i nvent i on ,  wh i ch i s  defi ned by the 

30 fol l ow i ng cl a ims . 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUS IVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS : 

2 0 7 6 6 1 5  

l .  A t i s sue product compr i s i ng from about 5 to about 50 dry 

we i ght  percent fi bers of a nonwoody spec i e s  havi ng an 
average Coarseness I ndex of  9 . 0  or l es s ,  s a i d  t i s sue 

product hav i ng a geometr i c  mean tens i l e  strength of 

about 500 grams or greater and an i ncreased 

Tens i l e/Modul us Rat i o  compared to the s ame t i ssue 

product w i thout any of sa i d f i bers . 

2 .  The t i ssue product of C l a i m  1 where i n al l spec i es of 

f i bers compr i si ng the t i s sue product have a Coarseness  

I ndex of  9 . 0  or l es s . 

3 .  The t i ssue  product of Cl a i m  1 where i n  the fi bers have an 

average fi ber l ength l ess than 6 m i l l i meters . 

4 .  The t i ssue  product o f  Cl a i m  1 where i n  the f i ber  spec i es 

i s  sel ected from the  group cons i st i ng of s abai  grass , 

r i ce straw ,  banana l eaf  f i ber , and bast fi bers from 

paper mul berry . 

5 .  The t i s sue product of Cl a i m  1 where i n  the  f i be r  spec i es 

i s  abaca l eaf  fi bers . 

6 .  The t i s sue p roduct of Cl a i m  1 where i n  the fi ber spec i es 

i s  p i neappl e l eaf fi bers . 

7 .  T he t i ssue  product of Cl a i m  1 where i n  the f i ber spec i es 

i s  esparto gras s f i bers .  

8 .  A t i s sue  product compr i s i ng from about 5 t o  about 3 0  

we i gh t  percent seed fl oss fi bers o f  t h e  genus Ascl ep i as ,  

where i n  the absorbent capac i ty o f  the t i ssue product i s  

greater than  the  absorbent capaci ty of the same t i s sue  

product w i thout sa i d f i bers . 
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9 .  The t i s sue product of Cl a im  8 where i n  the amount of seed 

f loss  fi bers i s  from about 5 to about 15 we ig ht percent 
of the t i s sue product . 

1 0 .  The t i ssue product o f  C l a i m  8 where i n  the Ascl epi as 

spec i es i s  Asc l epi as syr i ac a .  

1 2 .  

A t i ssue product formed from a fi ber furn i sh havi ng a 

Furni sh Coarseness I ndex of 7 . 5  or l es s .  

A t i ssue product compri s i ng fi rst and second fi ber 

spec i es and hav i ng from about 5 to about 50 dry we i ght 

percent of the fi rst fi ber spec i e s ,  where i n  the fi rst 

fi ber spec i es has an average fi ber l ength greater than 1 

m i l l i meter and a Coarseness I ndex of 1 0  or l es s  and 

where i n  the second fi ber spec i e s  has  an average fi ber 

l ength l es s  than 1 mi l l i meter . 

1 3 .  The t i s sue product o f  C l a i m  1 2  where i n  the fi rst fi ber 

spec i es i s  a nonwoody fi ber spec i e s .  

1 4 . The t i s sue product of  Cl a i m  1 2  where i n  the fi rst fi ber 

spec i es has a Coarseness I ndex of 9 or l es s . 

1 5 .  The t i s sue product o f  Cl a i m  1 2  where i n  the fi rst fi ber 

spec i es has a Coarseness I ndex of 8 or l e s s . 

1 6 .  The t i s sue product of Cl a i m  1 2  where i n  the fi rst fi ber 

spec i es has a Coarseness I ndex of 7 or l e s s . 

1 7 .  The t i ssue product o f  Cl a i m  1 2  where i n  the second f i ber  

spec i es has a Coarseness I ndex of 7 or l e s s . 

18 . The t i s sue product of Cl a i m  1 2  wherei n the second fi ber 

spec ies  i s  sel ected from the group cons i s t i ng of sabai 
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grass f i bers , r i ce straw fi bers , p i neappl e l eaf f i bers , 

esparto grass fi bers and bast f i bers from paper 

mul berry , and mi xtures thereof .  

1 9 .  The t i ssue  product o f  Cl a i m  1 2  where i n  the fi rst fi b�r 

spec i es i s  sel ected from the group con s i s t i ng of abaca 

l eaf fi bers , banana l eaf fi bers , mi l kweed seed fl oss 

fi bers , and m i xtures t hereof .  

2 0 .  A t i s sue product compri s i ng from about 5 t o  about 30 

we i ght  percent seed fl oss f i bers of the genus Ascl ep i as ,  

where i n  the Profi l e  I ndex i s  about 4 . 0  or greater . 

2 1 . The t i ssue  product of  Cl a i m  20  where i n  the Profi l e  I ndex 

i s  about 5 or greater . 

2 2 .  The t i ssue  product o f  Cl a i m  20  further compri s i ng abaca 

l eaf fi bers . 

2 3 .  A t i s sue product compr i s i ng a l ayered f i brous sheet 

h av i ng f i rst and second l ayer s ,  s a i d  f i rst l ayer be i ng 

the  outer surface of  the t i s sue product , s a i d f i rst 

l ayer compri s i ng at l east about 5 dry wei ght  percent 

f i bers of  a nonwoody spec i es hav i ng an average 

Coarseness  I ndex of 7 . 5  or l e s s . 

2 4 .  The t i ssue product o f  Cl a i m  2 3  where i n  the nonwoody 

f i ber spec i e s  i s  m i l kweed seed fl oss fi bers . 

2 5 .  The t i ssue product o f  Cl a i m  23  where i n  the nonwoody 

f i ber spec i e s  i s  p i neappl e l eaf fi bers . 

2 6 .  The t i s sue product o f  Cl a i m  23  where i n  the fi rst or 

second l ayer compr i ses abaca l eaf f i bers . 
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-JLIV!'i 0. 05 % -0. 1 0% , ii1±.* E 0. 05 % -0. 3 % ,  
-,, � m .&x ;nz: o. 10  % - 1 .  o % , tr � � 
0. 005 % -0. 1 5 % , � /i'i i'-7k 9 1 .  4 5 %  -98. 995 % 0  
;;t��-tJt� i'r-J �fil rtJ ;@M�fil rtJ �#ITT��illfi 
�ill. � � T ���* 9'1 � ff i'r-J � � � m ( �­
't't , !PH1I't'i:W:.'r'Jf:!H1� ) , JA ITTJ � A 1r'J BIJ El �mia 
-tJt 1� -fUt IE� 1': 5i::ll ITT 1� rtJ o 

( 1 0) $ iw0fil� CN 1041 16454 A 
(43) $ iw0:m- a 20 14 _  1 0. 29 

�fy:ki/, ,  J:t�tJ!:i'j-�:£-,8'<,Y.t;t.li'):t°y,r. ;&¼Ji,JJt#J!J :t) 
, 1.lf:f•J ,f, -;,{.f;-� 

J. 
t'f �;t,t -ti',-1:ic.rt.illJ �-ft.n4.SJ..M-., 4'-�Li1.ili-, t/1.13,E 
. P4"tVfll .. ituoA:f'l -¼ /.!\ -t,J<.-4' , -mH· Hi :ti ,  1:f:i'l*  

�f  J'Jr:d'..2(, _;:.;ll,f;-ifk.;&c,Ai1J J'Jr:d'..;f, -ill.¼;t;,. 'f' , j,(U:f;,t. 
$J ,  *ii,{i:ho#if,e;t, �<f;lt.'1f§f; ..::.;f,A,--:kM1 � -;fe.i;-i!k. 

�'JpHi)l] .f.5 .0-7.0, ./H1J& 1' �#-

*M�Z 1' :k#-�� �;t_�t½�� � � ���Z1' 
;$.. J-$.. !€, '51 cit €1, 'It, ./H>J 5K ,j, 

...- 101  

,- 102 

� 103 

,- 1 04 
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1 .  -lhi rtJ , JAif fil tE -=f , '§ 151M rtJ * 1* ;J;P Offiji tE pfi 5& 1M rtJ * 1* _t ii :I:; A pfi 5& 1M rtJ 
*1* 2-3 12; A11M r1J i&1* ; 

Jt � , Pi: Jffi :I: _;_  8 ft� it , tE pfi :i£ 1M rtJ 1,& 1* � , Jt tll 15f '§ 15 '¥ 1t o. 1 o % - 1 .  o % , :l'.ft 
¥ If it o. 60 % -6. o % , J'l � pg ¥�/lJlI o. 10  % -o. 30 % , :¥: tL Jl tt: o. os % -o. 10  % , it 4. 
� E o. 05 % -o. 3 % , P � m ltX 1,& o. 1 o % - 1 . o % , IT ti �  o. 005 % -o. 1 5  % , � � -=f 7]( 
9 1 . 15 % -98. 995 % 0 

2. tltlitJZ.iil� * I pfij£ A11M rtJ ' Jttif filtE + '  pfij£ '¥1t fAtiHl?iJ�J](* � m.1tx �1� 0 

3. tlHAstJZ.%1J�* 1 � 2 J5fi:i£011M rtJ 81 tlJ� ,  Jttiffiltt -=f ,  J5fi:i£:l'.ft¥ffi1f J-X:E*�tll!l-=f im 
rt, -H'l Ffv cl ' · :1B 
' I  ' lXE-'tA -2ft: 1-v o 

4. t�1riHJZ.5fiJ�* 3 pfiJ£ 011M rtJ 01t1J� ,  Jtti' filtt-=f ,  J5fiJiift�mf 1f A$� I ��iJmf 

5. t�:jj;i)tJZ.5f1J�* 4 J5fi:i£011M: rtJ , JtttfiltE-=f ,  J5fi:i£1M: rtJ *1*A7-K!JilJjdJJ::ftJ o 
6. -t�t�ffltl(;;J;IJ�* 1 Pfi:i£011M rtJ 01t1J� 1J1t ,  Jttiffiltt-=f ,  '§15t:J T tv¥t : 
( 1  ) , JJlic ii: iM rtJ 11S:d-t ; 
(2) , i� pfi:i£1M rtJ 115:Z f:f Ei: AA e;E55.:: 01:ffi:; t�r)J0] 81 ¥lffi¥itEiM rtJ * ff  };j -� i'J'§�,  1� ilJ iM 

7. t�ffltx5f1J�* 6 J5fi:I£ 011ilf'. rtJ 01 iu� 1J1t ,  Jttiffiltt r ,  tttv¥t o)  � ,  �1*'§15 = 
i� '¥ it , iftJHJ§ tr Ei: � e;E IE 811lti. t� 1fe � J§ :F§U'F J>j 0J , 1� f lj m - 1fe� 1W ; 
i� �5E55.:::t:;�c t� A1J'l�pg¥�/W , �tLt(:t'.k , it"±.� E , J5�m�i,&JJDAilJ� �-=f-1]( � ,  

1'.9.tt'FJ>./0] , 1�JIJ;g=1fil�1,& ; 
i:if l1fi:i£% = 1fil�1,& JJ□ AilJ ftfi:i£% -1fil�1,& ,ti , 1'.9.tt'F ifil 0J ,  H1t,ij JJ□trti � ,  i:if ifil 1f % =1fil 

�1,& 81%-ifil�1,&81 pH  i)ii]� 5. 0-7. 0 , 1�ilJ1M rtJ 1,& 1* 0 
8. +� :!JiHJZ.llJ � * 7 J5fi:i£ 011R rtJ 81 tlJ � 1J1t ,  Jttif fil tE -=f ,  tEJ5fi:i£ i� <'Fit , :l'.ft¥ffitf Ei: � 

�5£55.:: A1:!:; tUfE� Fnn.tt'fr>J0J , 1�ilJ5B-ifE�i,& A1tv¥t �  : 
J5fi:i£ifil�ITT811flill!tA 20-3o'C o 
9. t�ffltJZ.;;J;IJ �* 8 ftfi:i£011M rtJ 01t1J� 1J1t ,  Jtt#filti: -=f ,  tI:ftfi:i£i:if <'Ftt:l'.ft¥ffiittJi: Jffi 

e;E55.:: 01:t:; lUfil� J§f9itt'fr>j0] , 1�iiJ%-Yfil�i,& 81&#t �  : 
J5fi:i£1'.9.tt'F 81�t!A 1500-2000 � I 5J\.'f:� , ft-t i'BJA 10-20 5J\.'f:� o 
10 . t�ffltJZ.liJ�* 6-9 1f-J_mf5fi:i£011M rtJ 01t1J� 1J1t ,  JtttfiltE T ,  tEJ5fi:i£i�Pfi:i£% �. 

ifil� 1,& :/Jo A ilJ J5fi5&% -ifil �1,& � , 1'.9.tt'F ifil 0J , H ii JJ□ IT ti� , i� ifil 1f % = ifil �i,& 81 %-ifil� 
1W01 pH i)ii] _¥ 5. o-7 . o , 1�¥1J1M rtJ iW1*81tv#t� : 

J5fi:i£1'.9itt'F 01ttt!)1 1000- 1 500 tt / 5J\.'f:� , ft-t i'BJ)1 10-20 5J\.'f:� o 

2 
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t�#:�m±t 
[0001 ] Jfs:R i:!A� & B m 1:i�1Dfr� , Jl:1;$:rm 8 ,  � &-frfiilnUtJ &Jt mU4.t 1nto 

=llc...§.-f-± --,1.!­� � 1.X./1'-

1 /6 :or 

[0002] iiir: rtJ ft jJ-,frfii� iar &Ir c�rilk:1iz. 81@ffl 81 A 1fJ 81 B '*' 1:it c:r o -BJ!:rm 8 ,  Jt'B 
�� rtJ Jfs:1*���ft� rtJ Jfs:1*k�rn��ffiAA 0 Ymxt Trn�� , Jt-���mmm . �oom 
turn . � & Jl: � * m rw im' tJc� 811-t $: ii tu ffijj'JG o 
[ooo3J ftt� �ttit c:r ,  %!r±f igiff �F r:fp ( 'fil t�t� AAiiir: rtJ 81 1¢3 •1-& ) $ 11 pH fJl L�J.¥-�ttEOC 
5$ 1lfitX tt r r:fp ' ILi llt'  -!t ft 1iJ§ 81 j1 t'f c:p xt &Mt 81 WU i%Jdi ti 5$ ' �A� t:t A 81 im' ti 'Ji O xt T � 
tflmtu ' A� jJ � tflil-AA?fr1� ' -!t � /i} jJ 511 IP] st xttm r:fp WU ilv: ' � ti 'ti A O  Ji A� m tu��. 
tt 0 -!tmm tt���-�&�ill���' *Mffiti, *%MA1*•�r"t���� . xtr'tf. 
OO it ·titU ,  t§�ttit +i �  ffl � im¥'tf.OOit'titU ,  i�'tf.ffiit ·titUfttr AA B½rlf¥ 4-1 xi%t'"t� 
ilJ rtm - -= ¥Jm. :Et ¥1. z. mEOCIE 1i� E�� ; KJtJHtffl st , xt %xt A 1i 81 fttmtr 1: +iU 81 ,i oruJ ; 
yj fJr , J2itr/1 �¥Bl¥$-. TID ittl tU-!t x�-fQ ll-* m A� -;E 81 im' ti ti: , [:s] JJt , it:ffl Jt *1A �mfQ'f4 * ® st , # xt fQ '¥-t# ® r 1:-;E tfi-l 1JJ o xt r Jl3f � iMr rw im' �!z * 011-t "¥: ii tu , § mr ,m, m DMDM 
Z. p{@JcEFJc , EJ3 ¥:H£Pir!tfliJ / EJ3¥.:H£PirltfliJ ( -t;tt ) . �  �1Bz $ ,  IPBC Ex:�1El�@��� ; 
�mj, OMDM Z, r:k} @;\:/l!1<� EJ3MlfJJJf:f ,  EJ3¥H£PiritfliJ I EJ3¥.H£PiritfliJ C -ttt ) 13. , � 
�t� WU ]%!£&�JC .;ffT:'711Bz $ � �t� � f�jjJ!tm mt IE 1i�E� 81 % AA .  r PBC ft ftm 81 rlf¥ c:r � �t� 
�¥J11�t!A ,£1a�@��1t�*:Ef , Jtfti* r:k1 �it J§ , �JJ,t�:/Joft:·ti .�1Lit1! 81mJi o 
[ 0004] tj; r_ ' t� A tt ,,{( � � _m 01 iiir: rjJ ' Jt rn • 11�Jii AA ff ft -;E 01 � � !fit -� ( J=l-ff WIJ 1� tL 
im'ti·tiwtf1J! Hi� ) : [:s]llt , 1J A1i'J 81 B �iFlia C )g:f J%iFl ia , 1tl�iFlia , %¾1Fl ia ) Wd�-,fr/1 
���-�� rtJ �Jfs:��ttitA � �fflM��-1'ttit �ao  

� �jj l1'.J� 
[ 0005] * :& � A1 � A1 ft+ m 1� -,frp iiir: rjJ ' � �n:k: L ;ii A1 tt * lr=il a O *:&�A A1 yj -1' � A1 
ft rtJt1�-,frp k:iirM rjJ 81ffiU'f} ts1t 0 

[ooo6J 11:Jfs::& �A 81 '#; fffil11u rr 1£1� J 1M rjJ , 'filtr'"iiM rjJ Jfs:f;,f:,;fu UIJt 1izj11:J1fr:iiiM rjJ Jfs: #k FL� 
_S_ 11 J5fr ;ii iM rtJ Jfs: 1* 2-3 1if 81 iiir: rtJ if 1;$: ; Jt 9'=l , � AA � _S_ a 0-� i I· , tE J5fr ;ii iiir: rtJ i-& 1;$: 9'=l , Jt 
m 15:i1_� -rr'"i?#\j o. 10 % - 1 .  o ¾ . m¥�tf o. 60 % -6. o ¾ . ,�� � ¥xxllJ1I o. 1 0  % -o. 30 % . 
*=tL•tt o. 05 % -o. 1 0 % , fl "t� E o. 05 % -o. 3 % , J5�M::!+JU-& o .  1 0 % - 1 .  0 % , rrtR� 
0 .  005 % -0. 1 5% '� ��7}( 9 1 .  45 % -98. 995 % 0 

[0001J Jfs: :& � �1� D1J2itr/11M rtJ , -!t Fl==! iiir: rtJ Jfs: 1;$:,;f P �� 11 Jt 2-3 1if 011iir: rtJ i,& 1;$:�iiAA , Jt 9'=1 ,  
-f-. 'S r+, -�J+ rh -H-- h  A-- J  +-t--p< ,IA' -t:r '¥tli: ft  Nx -- m i:::r  cJTT Rllf ++- -J;L -- le"-' '·1± 1+- �  E +-t-- ::zt: tR Hu -.� J_,;£;_ U:i-'11'. '  I" iiJl 1/l' T , � t3 � TJ-tfi , J,JL±1/i'i l=l • 1/f<. � l/'J ±/\All)�h * 1  � i:J!; ,  ';� ':::!::: �  � . }--'--'  � -v:E'-!A tiJl .--, 

� �'!zfll fol_ 
o 

[ 0008] ):j_ 1;$: 81 ' ? ti �-,frp tJkB :Ef ii mtu ' ):j_ � tiH� 813f 7Y j: �% ' 1w] ut � � t:t 5$ ITT�¥� �!z 
* ·  £1.Jl_��� 81� ffi1'1=ffl , �� . x� . x0�o  ffl Jt�1� § M"1iffl 81 �,f�� tfliBtU , rJi:� 
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ffl�tl*� ��I��1ffi1f��A1f�- tt��-� tt��M�o  
cooo9J :J1c¥:ffll'1r1iil�JrJ n �.ffi , � 1'1 n �.ffi , 1�1** i'� ni,  x:ey , x�,  xt wH1exwU i%!z , 1:tm P4'= 

MIB��� . �00 �0����"��" �� tl*ffim ttm 0 ffl�ff��1f�M¥*ffim tt 
iu , ::f *� � irJ r � = �:11c, .Ef � z.. :!1cln _I[[ �/1,J n�� ,  ll £5 �*4 iu pi � q� ff 81 t§ 4:t-tt ,  ill rm 5l 
ij[i T l1 lHi * � dJ T � 1Hl ¥* 00 it 'J't ffLl1f :ey _g_JZ � a t11 tt l:J R. 19-! 1:95 'W *"� % lE 81 tt * {fr)!J6 0 

[001 0] }',!2 � p;j £,xxijj[R_�:j:Llf. ti IJft�* ffi if* '  M P>G7J\J)j ,� � F� 1t·t1* m-nu ' .illbi:li'!J �[ri] 
t'iJl1:tm�J@81&m'ffi'  1t� J@ijJH&'.� , t&%UP �7j( '  })\ rm it:JU* If 811tffl O Jt:� ' Jl�]AJ£)(£ 
mA-ffi�ffl:ey*ffi@�m, xt�ffi , M�lf�•lfA1fr*��lfm tt 0 �A1f�� �* 
r!.Him , PJ m -F tr'i Hj�� t5§lHWotr'i Hjr PQ

P O rm �=rLlt. 'fi }1-1t�JE m �* m-nu , xt� m•m� 
ri'llf 81 tLJHM1tffl O v};Ji'.l'l ,fu\JJft�J§ '  it:JIJt,JJ, [P]:l:�;j[81 1tffl ' tI:���illtr* ffiit��iWIJ ' Jt:xt 
:f::HMHlf,  ��i�//wFiJB]\lf,  �iH:&Hffi , ij$ ik5l�1s ffi�ffii'r/t , fii;fusrlt�A 5mi n ,  Jt:* If $it: 
99 .  99 % ' [8] � xt � lHl �1f f[]Jlf 1t m ; � .t1t nJ l:J 1f ;j[ 811t A 4: Ff it 81YiuUtn,& 14� 811W  1W * If 
m$ri:Ll o 
[001 1 ]  .tlt9r ' �5EJ£:ffi:_£ 8 5H&Mt"t.� E /�--�iiiliJ &R1e 81i!z* '  ::f1:95-¥ '  �-i:x:ey ;P�:J:lt 
lt:hf?:U=l i'r tE &H1e :zt 00 % mm'� 1!,1Hf Hj; , $£ tt f,� � 5Hffi 1'7 � xt-¥ iffl 011t � , 1� ia fPJ � , A i'f 11 
&H1el/J1j , m;dfib., 1irM,  1� ik �r}J;f ,  rm �5E5E:l:�s n\� 81 rrtJ�Jt:PJ l2J, 1tfij��1M rtJ 1,& 
1* 81 pH �iM:tt 5. 0-7. o z. 1'13] ( ¥�� �tt ) , itm [E ��:ilrA 1:t&H1e 81 pH, ill rm 1t:!t::f1:95� & 
H1e1i1f1 H� , � fwJ it:JU �ilJtf )(£ _cf 81 ;j[ :5JL 
[001 2] �.tlt.  -E5l1lf :li*t§ tt ' * $i�811M rtJ ;ii;dxt1M rtJ i,&1* 81!lt:1Jilltrr&ill,  :B=i&5Etif 
J£ ��ffi�� . ���m�m rtJ 5l■T �1ftt* � �i'E��-i:�� ( �• tt , �� tt�tt 
$ di� ) ,  })\rm }1 A 1fJ 81 B Mi� ia OrL�i�ia ,ID�1�15 ,%�1�?S ) m1�-;fr/t�iE}(-i:X� 
81r,1w rtJ o 
[ oo 1 3 J PT :i& B1 , Pfi :i£ '¥ ;t:r,UJJtt t� � 7}( * � t& ItZ � fij o 
[001 4J PJ � 81 ,  Pfi:i£:!1c¥:ffll'1f }J\-=E*�i-llll-=t-¥m � mIJX�f� o 
coo1 5J PJ�81 , Pfi:i£:!1c¥'fl!1rA$¥ / *¥im'fl!1f" 
coo1 6J PJ � 81 , Pfi:J£1M rn * 1t J-J Jtwu xtn � 0 

[001 7] */'Z l3fl �fr'ili1J��m1� T -trrtltWi _tj£1,W, rtJ 81miJ� 1J1t '  {,JJ5 l:J T ##l : 
[001 sJ ( 1 )  , � :'iUM r1J i,&1t ; 
coo1 9J (2)  , *If PfiJ£1M , 11 1,& 1iw AAe5EJ£ s½ _i:_;_ tt:t>J� s½ 1®1001'E1M , 11 * 1i J§1f #§�, f� rlJ 
'le, rt, i-'11'. 1 1, a 

[ 0020 J PJ � 81 , 1'E # #l O)  � , A 1t � t5 : i:/f '¥ #iL :J1c £ ffiif 1f W AA �5£ 5E 81 :I:_;_ tt 1fil � J§ Iv.t 
14'::t)J� , f�i,1m-1filii"-1i:l ; 
[0021 J i% �5E5E:I:�� tt 81 Jl� p;5 £)(£HJ[ ,  *=rLlt.'fi ,  tilt.� E ,  P�mI:fXi,&;/JQAflJ�  � -1-
,i., rt-i -1,;', +ili- +b / J  /.□ ;(;,, l kk - 'S L'-. '� 

lJ,, T , lYi'.1,JC�J � , 1-v::i:��-irt. r=i 11Jl ; 
[0022] i:/f Pfi:J£m -- 1filB1,&;/JQA¥UPfi:J£m-1filB1,&� ' Iv.t14':1fil� ' :#1001.mtttf�, i%1fil1f% 
=1filii"- 1,&81m-1fil�1,& 81 pH  i,Jr,J� 5. 0-7.  o . f�JU1M rtJ i,&1t o 
coo23J PJ � 81 , i'EPfi:i£i:lf '¥1t ,  :11c¥mt1rwAAe5EJ£ 81m:_;_ tt1fil1i"-J§tv.t:t4'::t)J� , f_l;}¥1J�-1fil 
�¥15:l81##l� : ?fi:i£1fil�� 811_i\!liJJ 20-30 "C o 
coo24J PJ � 81 , 1'f Pfi:J£i:lf 71-m >'.J:%:¥;fflf 1ftii AA e;E;E 81• _;_ tt 1filii"-J§ tv.t:t4'::t)J� , f� ium-1fil 
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ii" i,& B1 !V �J � : 

[0025J J5fi:IB-tv.1:1-'F B1ttijD1J 1 500-2000 tt / 5J"-i:rJi , a,Jrf3JA 1 0-20 5J"-i:rfi o 

3/6 §[ 

[0026J PJ m; B1 , 1:EJ5fi:i£i:/t J5fi:i£�=1fil1\-1,&JJ0A¥1JJ5kii� -1fil1\-1,& � ,  tv.t:t-'J':ifil� , H1i'IITJJ□tr 
ff�, i%1fil1L�=1fili\-1iB1�-1fili\-1,&B1 pH  u�� 5.  0-7. 0 , 1i¥iJ1M rn il1:tB1!V�J � : 

[0021J J5fi:i£I9.t:ti'= B1$&'J!A 1000- 1 500 $&' I 5J"-i:r)i , a,trf3JA 10-20 5J"-i:4i o 

�f11I!i.R.�� 

coo28J A T  J�jg:Jlt& i3?. � Jfs:1t�JL�1*�JJlli:1J:i'tEJxJ_ffilHi*� B1ti*:n�,  Trffii:/tx1 Jl-1* 

�JJlli:
n
:rt���tt*m±£�M���m � m !?Il*M ��*m , ���m�, room±£ � �  

m oo�Jts:1t � �-®��:n:rt, x-tfJts:���wtt*A� *m, 1:E�ttm�@ tl���� 

m T ,  �PJL;,J,t�ffl�®�t!?Il$t1iJt't B1 �t !?II  0 

coo29J !?II 1 A 4:1t s}j � JJlli 11u 1ZY m1# e11R rn e11tu %r1JiEtv1�:@: !?II 0 

� f* � �ifjj" it 

[0030] A 11Jfs:1t8tl 01 El 01 ' ii*:1J;$;;fPfjt ,9-�jJ01�:Jl ,  TOOi:/tx1Jfs:1t B}j 01tt*:n;$;:i1.Hf 

1fj Jl - :Jc� B1 m ±£ ,  � f * 1t Q)j � B1 � 1* � }Jlli]J A ,  Jfs:@i�j� 5A ii* A� ft 19: 1f 1t!Hl:l fi1J@·1i 

;� i)J B1 Mm T J5fi :fij JU B1 J5fi 1f Jt 't * JJlli :n :rt , t� Ji f Jfs: 1t B}j ?fi 1�Hf1 B1 W Hl�l o 

[0031 ] ;,,fs:;t Btl m1# B1�1NM rn ,  § 151M rn * 1*,f P Offi-100 {Epfi±£1M rn * 1* LH£fil A pfi±£1M 

rfJ Jfs:1* 2-3 1trB11M rtJ i{Hf ; 

[0032J Jt � ,  E,; Jffi:m:.m Fl 5J"- �it ,  1:EJ5fi±£1M rtJ 1,& 1* � ,  Jttll fol.§ tr1i?Jt o. 1 0  % -1 . o % , 
:lft£;jr,if tf o. 60 % -6. o % , �l � r;J ¥�Ml o. 10  % -o. 30 % , * tlll.tt;; o. 05 % -o. 10  % , it 

1±.:w;: E o. 05 % -o. 3 % , p�:rJlP+)U,& o. 10  % - 1 .  o % , trtf� o. 005 % -o. 1 5  % , * � -1-7}( 

9 1 .  45 % -9s. 995 % ; :1J jr , f'!= A 1t:i2t s11J � ,  J5fi±£ ?'.i:t1U,J\tttt��7}( * � mIPz$t1ij ; ,to _gJZJ5fi±£ 

:lft¥ffitf Jkli*�tllll-1-im �ml!X$t1i ; :1J jr ,  :lft¥ffitf1!:m;Ac¥-¥ / �¥iJffitf O * JL ?fi 

±£� rn Jts:�JJ7}(���� , �A���m������E,;il� ��m1\-�M� , •m£:m: 

)J 30-150 £ / m2 
0 

[0033] Jltjr , ;,,fs:;t BJj ��i\-L:i£B1 17-J � ,  x•HW, rn B1tFlmm1# J L;), T Jl.1* B1��17U : 

coo34J �JJlli11u-

coo35J **hi 11U B{JiM I IJ , § tr'iYM I IJ * 1:t;f P ll�til 1:EJ5fi±£1M I IJ * 1* _t H�.m A pfi±£1M I I J  * 1* 

2-3 1ir e11M rn 1,& 1* ;Jt  � ,  wr�£; ·s 5}�it ,  1:Efofi±£1M rn i,& 1*� , Jttll fol.§tJ5?t� o. 1 % , 
c¥-¥ I �£iJ;jr,iftf o. 6 % , 3.'R�r;J£�HJ1l o. l % , *tLiltt;; o. l % , fl:':t:w;: E o. 05 % , P2m 

IPzii:l: 1 .  o % , rrtf� o. 0 1  % , * �-1-7}( 98. 04 % 0 

coo36J �JJlli11u= 

[0037] ** JJlli 11U B11M rn ,  § ttiM rn * 1:t;f P Offi-100 tt?fi:i£1M rn * 1* _t _§_]tm. A pfi±£1M rn * 1* 

2-3 1ir B11M rfJ 1,& 1* ;Jt  � ,  Wlffi£fil s 5J"-�it , iE?fi:i£1M rfJ i,& 1*� ,  Jttll 1:n'§15?t� 0. 5 % , 
c¥-¥ I �¥iJffitf 3. 3 %  , �l��¥�HJ1l o. 2 %  , *tLJM;;: o. 07 %  , Mt1:� E o. 2 %  , P�m 

IfX i,& o. 5 5 % , tr�� o. o 7 % , :t � -1-1.K 9 5. 1 1  % 0 

[oo38J �JJlliWu � 

coo39J *� till 11u e11,1T: rn ,  EL tr'i1,W, rn * 1*,to Offi-1001:EJ5fi±£1,1T: rn * 1* _t _§_ 1t; A J5fi±£1,1T: rn * 1* 
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2-3 1if B1iM rfJ 1,W: ff ; Jt � ,  Ez Jf'� £; ·s �}�it , ft?Jr:iiiM rfJ i,W: 1;$: � ,  Jt i.13. ,ful.§ ti5 '¥ 11Jj 1 .  o % , 
c'p£ I �¥iJ@1f 6. 0 %  , �l�]A]£)(£ij}[ o. 3 % ,�:rLIL'ft o. 05 % , ML!::� E o. 3 % , p�-r£ 
�1,W: o. 1 0% , trttz� o. 1 % , 1: �i'-7}( 92 . 1 5% 0 
[0040J :jjJr ,  ¥f ..t:iifoJrtf�WIWLl � , ff }1 :i!-�PJf§f\ B11J·� ,  $¥ I �¥if{f.ll'1f PJ lJ­
d:! �£.m.B11m:J:1c¥�1f�1� , tm APG08 1 4 ,  APG08 1 6 ,  APG1 2 1 4 ,  APG1 2 1 6 �filHiH.13.5f.1G-s1:m 
¥ffi Tl�� ID it tt -nu O JJt Jr ' _t j£ ?Jr ;g � JJili 1fU � ' 17tm B1 ' ? 11Jj Mi� fA ttt ,tri, �7}( * � m ltx � 
1� , fA tH fff,i � 7}( � � -r£Ifx � 1� '¥ it Jt JI_ ;g ttt m B1 3f 1i w Pi lnJ aJ JI_ ;gt( �lfi B1 � 1'5 }";_� ,  Ji JI_ 
;g'Jc� B1 *  ffi1tffl , 'Jc� , x=&, xi�* 0 ft ll  �;f_t t::if&iA5EfJttrPrii1rf4i�:/Jo11U , fJ�OO *rPri 
1H'fr4m�J!� (FDA) B1 :9c.t&r pr::l

p ,  ��·ti r'§'J ;J%¥{f.ll'1f J-X::E:*lntl!lli'-11±l � -r£1tx�1� ;"=Is.** 
� t.x: � , PJ fJ Jt mlJ � ttlH� ft n" B11,1U�L 
[0041 ] jJ T 1t1�2Js::& S)j _tj£�WI1JU B11� rfJ 1� ¥1J��t B1Bffl ' �1Jo;g1.1z@ffl ¥IJ%JH�:1r1rm 
� ITT�� � , �:&: S}j �ft..t:ii�WI� ITT¥��_t-J=£� T �WI� � , *WI� ��� T ..t:i£* 
WI 1fu R1 i1!f'. rfJ A1 fM 1t 1J it , £ JM/jfv'f: � A1 1'¥11 :ii lP �� ;ff , i.J � � 00 1 : 

[0042J *WI1fu � 
coo43J i.��� 00 1 ,  ft2Js:* WI111J � ,  i1!f'. rfJ 01 fM� 1Jit§:tt lJ-T �#l : 
[0044] �#J 10 1  : tij'f 1t , t'c¥{f.ll'1fEz Jffi �5E5E B1 £ .i: t� 1fil� J§n.1:t'f:l:>J � ,  1.@flj � - ifil� 
i,& ; 
[ 0045] EB T? it jJ m�· m ·ti tm mt ' 9,:q; Jt B m ¥1J 7K li:Hi 1;$: * ( J§ �f � �. 1fil --8- i,& ) � ' fflf 1� 
¥1J O /W � #Lit 1* * , 2js:); WI 1JU * ffl * Jt * il±l ..if iHi (HLB) it , i211� HLB {!'[ fJ 1 4- 16 B1 'Jc� 
APG ( :J:1c¥�1f ) fl: fl #L1t31U , � 'f 11Jj lJ- 6 :  1 B1 m:.m. tt ifil1t , n.1:t'F ifil � J§1� ¥1J� -iEE?ti,& o 

[ 0046 J ft� #l 1 o 1 � , JJ T � IY�A� '¥ 1t 1L1t ft 5t , J1 ·r9( :il}fil � B1 ti� ,  foJr :ii ifil� S1 B1 iEliJi 
fl 20-30 °C ( fti.¾diWtJim[E p;J ,  EB f:J:%:¥mf1f HLB ffit.x: r'§'J ,  ft 20-30 °C mtlfil p;J ,  ffiPPJ�JfJtit 
t.L i:it Jt � 1::: tJHi � 1�'114! I ii J 7}( t§ , � I:: tJHi 81 � � � 13i tA 183 t§ , �i 1[ Jt J1T-mHJ.(;J , % fJlZ -� 1.i 
t? Hi , i� P-1 � im fc±§tlfil�*' %fJt O/W #U,& o 1{�JE#L1tr rPri IJ!rJm:�ft 75 °C -85 °C ITTmtlfil P-1 
#Lit ,  2js:f'= rPri#L1t T z:fij � ,  ft-r£ r'§'J 1:tr 7i'>Z$ B1 IPJ a-t �i1f£ T 1:tr }J\Z:zjs: ) ; ?Jr:iin.1:t'F B1 tt:i!fJ 
1 500-2000 tt / 51"4:rJi , S1 i'BJ JJ 1 0-20 51"4:rJi o 
[0041J �#J 102 : i� e5EJE1t ; �  b� 81Yl��:¥)(;{HJ[ , �:}Lil 'ri , Ml=.1:t� E ,  J5�-r£ltlil:/JoA 
¥U� � i'-7.K � , n.1:J'J'::l:>Jq , 1�¥1J�=ifil*1,W: ; 
[004sJ J!_ f;t s½ , im.J.1-t-tN5t�;g � � i'-7.K s½ ��,  � J§ n"11U i�fl �  �¥)(£HJ[ ,  *:rL� 
J;-" ftli: l-l-- $ E -H- +.r tJcJ H ,� .i, " � Hc ' B A-1 ' r== /.ccJ 4'1l ""1r � • a L"- '� t3( ' ;tf'.. '.::t:. }f':  ' p  #VE-'tX t/Yl;Jn /\. ' lJi'.11 /t:io �J Z1r::1 ' 1v ;t: IJ .ffi - it:io r=i ;;,& 0 

[0049] � #l 1 03 : �� PJT:ii� = 1fil�1,W: :/JoA ¥1JPJT:i£ � -ifil*i,W: � ,  n.1:t'F ifil � ,  :ff 100:/J□ tr:tf 
� '  i�ifilif�=ifil�i1?:z: □1�-ifil�11S:LD1 p H  iro]� 5. 0-7. 0 ,  1�¥1J11!f'. rfJ 1i:L1:t ; 
[0050] ft##J 103 � , J3/r:iin.1:t'F B1ff:i!fJ 1000- 1 500 tt / 51"4:rJi , fl't i'BJfJ 10-20 51"4:rji o 
coo51  J � #f 104 : it foJr�i!rr: rtJ i,W: 1:tw � e15E 01 �.m tt ±>J�J 01 1® 100 tO!rr: rtJ 2Js: 1:t J§ �M'r1 
;tr; /.B �11-'H rh c& , {v;t:�till'. 1 1 ' o  
[0052] Ai:f B1 ' ft1® 100 B1 ul� � ' i!rr: rfJ i,& 1:t B1£.m. fli1!f'. rfJ * 1* B1 2-3 1if O :1j !Jr ' *  tz 8Jl � 

-r£1� T _tj£�WI17U-r£1� B1i1!f'. rfJ B1 1: 1'5�tn imHi , * ffitf:5f!:imHi ,  � f!B�ffi[W)#?;fytr1i:Mi1mHi , 
�mw��r= rPr1t§�·ti1mHi ;A 1:ts1 ,  JJ :i!-#i3l aJJ *:&: aJJ s1� r11'1tffl tt� ,  *ffl JL1Yu Jj!J_�ii 
��1JU:itr1ii.3l ajj : 
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coo53J 1 ,  :t1'J��n1mh:i\ = 
[0054J ii\�- : )ti:i\tZlJ J-., Bt &Fet1i1z±ffl� lJ-&::kl!::S i:i' ID , �  c:p liimf; ,  J=W� JJfilWu-:J=Jl!d# 81 
� � mttmm�#�� lJ-&::k�::S i:i' ID . mtt�*· mm�#�� lJ-&::k�::S i:i'IDx��.  
=ti1f;jltw:ilif:x1 &E:KxWU1JtHi 0 

[ 0055] i:iUI� = : )t ii\ tm 14 7'1 l1z � 5k JL ' [J_ & �U§ E:§. � ( l;j( f°i:J ' E:§. t� :tJL ) >' r � ' ff!@: �J 5k � [J_ 

&11t€ , J:W�JJfil1!iu=m1+t R11� � :tftt)tittm1*zJ. oo .  mtt3'c*,  5km lJ-&11±;g3'c�itz1� �i , 
=ti 11: 1't � :ilif:x1 &H:K xWU 1Jtjji 0 

coo56J ii\� �· = �i:i\tm :n 1ft'� �u1z±@� lJ-&JJJ-a-19: � ,  �- .1,�: ±;g , 7J<:11g , A 1*i'J±;g , m * JJfil 1!iu 
� m1+t 811� � mtt:tm 1* , mtt:ft * J§ ,  11r�1m '5! lJ-&Jl re 19: �i'J ±;g �*ii1ll �i , =ti 11: ;jlt w :ilif:M 
EzE:kxWU i%Jd1 .  
coo57J 2 , *ift!dl!iYlh:i\ : 
coo5sJ m *JJfil1!iu-:fP � m1+t 81t1 fp , *�H!fic:n : }gf@1� iam=ll1� � r n ,  }gf@1� iam=ll 
1� � 2#. g�� � 1J:txmJZt&imutJLtJ;Jt1R1Nl GB 1 s979;2002 «-,jd11tffl 11 1:tm fp 11.1t:t1F,t» □1t1F 
,t , x1::k�H if '  ��51ffi%Jliif' tiE:&H if '  Erti �£� 1B if :itt1T* ifimUi:i\ 0 x1 � r!B 1iif :itt1T 
�h � f;Jt r1ii tt imu ii\ . 1mu ii\ rit�urn T = 
coo59J « 1 *1:z S}j ,e-�JJlli1!iu 811� � x1 � FwJ ffil� 81 * ffiti*1mu 1:i\ 
[0060] 

�mu iiti� 1t tm fl= ffl at i'sJ 

��'Bm��m 5min 
ATCC6538 
::k�Hffi 5min 

ATCC8739 

tiE:&Hif 5min 
ATCC9027 

E$ �:R:�1sffi 5min 
ATCC4352 

[0061  ] 3 _lij'l_ rt+, ,:r, � r1t ITT!' -blv r-l'c M+ -'!TIii '=1'- . , "" W1 4±f � 1:/J }� 1Jl:PX, 1-r. tY,� l,J.\ • 

� JJlli 1!iu -
>99.99% 

>99.99% 

>99.99% 

>99.99% 

[0062J zJ. 2 *1:z S}j -e-�JJfil1!iu 81i� � x1 � r!B.liif lW �imh:i\ 
[0063] 

48 +Bi 7 �  

f}J �3 if 1:&li ±-:f:lt¥ 7.50 X 10E4 2.00 X 10E4 

itffi�.m *Mfif71j- < 1 00 < 1 00 

�Jmi171J � <100 <100 

[oo64J 4 , -½�E��t"fr1ifB� tbmUi:i\ : 

*if$ 

14 � 

l.20 X 10E4 

<100 

< 1 00 

� JJfil 1!iu � 
>99.99% 

>99.99% 

>99.99% 

>99.99% 

28 � 

6.00 X 1 0E3 

< 1 00 

< 1 00 

[0065] ½t:=tf-:l;k:c:p i'sJHff �tJHRliWH ( MmJfjJ ) 81 �:¥4 ( ,� Ej3 ¥ p;j ttrMUt' 11N� ) 1mu 1:i\� '  
-fij:� �Ji BJ i's] & A 1� 1mu �{H!?:L -k BJ i's] J§ x� � imu ii\� 81 -�j OL o W {t-W: f)fn'-:n : x � 1.t ; M fJX:� 
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t� . SI-I Ice! 9.rJ t� . W<i::: 1f.1J ...-:)± , 1/:J .. �.LI!.�.-J± , l1;/ I � o 

coo66J '1!f.. 3 *�sJH5-::,(hffifJu s11M rn  �m���r=�-t§:&·tiimH,i 

[0067] 
4 /J\ B1 3 :7( 7 :7( 1 4  :7( 

�m!lwu� £�1t £�1t £�1t £�1t 

�iill1Jrj_=:: x3z:1t £3z:1t x3z:1t x3z:1t 

6/6 §[ 

[0068] � _1J5Jr�1x:1/v *� Sf! B1 1i�� J1t!i 1JU Ym B '  Jt� ffl T fi[R fM;zjs:� Sf! '  X'JT ;zjs:@1�-:Jl 81 tt 

#A�*� , ;zjs:��� ���#�����o �a;zjs:�� ������z � , M��ffW• 

r13i: , � rRJ�t� , r!zill� , J>J@§13a4:� s] s11�HJ'1ffiffilz fAJ o 
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�-+ ¥ 1;/fi �£*��AA ����½�£¼�&#� � 
' 1,,.-o jl� r,r- 'r?:,A�- '  "'T j;p -:,i, p '  

�-if !lJG� 1t .i iffic, H: a'-J �-ft..� ,£..n..�, �-i G ltA�, 
' ? �;J)t_Jfst)ffe_:J;o AJtl � � -J- 7j<_ tf7 , ttA-t-:i:51 � 

.::::..�ff.¼)ffe_ 
i 

�-if P)f i!.$ .::::.. Wi;;¼ )ffe_j;o Af U P)f :i!_ � -'i?b¼ )ffe_ o/ , 

if! !:E -;f-E 
1-'1-lU � 

4;;!.�f, ;0 
J/l, /J;b 

� '  , _, 'iij' j; ;i; ' 1"" j!)j,t... Jr, ·  a T � -3(,  �?f 'i&if $ -==-'i&¼ )ffe_ a{J % --i&¼ )ffe_ 
a'-] pH ift) .f..5. 0-7. 0 ,  ,,.o j � ·e rp , - � 1-sr I i� � 

i 
�-+ rt i£. iJi rr � *�� ,�« I!JG � a'-J 1t -1: 1;r, :1:51 � a'-J i� 5� ;(£ iJi rr 

4'--1f.l6 �-it �:R, ,l.'E7 jJ '8 rp 1-sr 1 i-'1£. 
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Wet tissue and preparation method thereof 

Abiitract 

Th'.' invem:on m=atei.i tn th'.' f:ell:I of dair1 Ii;;,, in �articalar tn a wet tissue ;.;nd a prep;.;raticn meth'1d 
af tt"11:, wm ti;.;f;;u�. rh� wB"t t:ss�:e. r;c:mprif::1::s a we.t tif.:�Vfl b.;dy and w1::t :.if:SVfl !:q:jid f:l,Vflylf:d n:-: t�'la 
ww. ti::;suci body, �:ld th2 wejght uf tha wat tissuci !iquld :r:, 2 times-3 ti�:a::m �bat uf :.:;a wm: ti.o.sue 
body. T�,e w»� tissu;, liquid comp:ises, by we:g>,t, 0.1-1.0% of limo�&n<i, 0.64i.0% of alkyl ,;Jlymside, 
0. 1 -0.3% ot polymeincpr,:,pyl bigoar.i,je, G.05-G.1 % oi bmz�lkm0i'1m chi<:<r'de, 0.05-0.3% of vitamin E, 
0.1-1.0% nt an aio'.' ertractisg sol'1tiM, 0.005-D.1 5% cf �itric a�id 2nd 91 .4.5-91!.g95% of d'.'icn=zed 
wa:.icr. Acc:xr:i:-ig tc H1e \rV�t ti'.:>sui:.:, thic fr,rrr:uln af :.:-:e wm ti:;;;.su� !iquk� ·:s impmv-!'d, 5:-, th9t r,1.1tentlal 
r:m.fr::.y ho1-an.i::; (�u'..:h �s i: :·i:.otion. cum:i::;lv:ty o.nd c�:"d::Qgerih·;:ity} �xi.�ti::g in th!! prk,r a�t OJ(:: 
elin1iMt&d, &nd tii,; ,·e�li-/ s�fe �nd no11tDx:c wet tissue :s suppli<id :o people :or d�ily cl��aness. 

Other languages: Ch:n-:se 

2014--08 .. 15 l,p::,):c:"�tk.a:n ��k:x: b1·· �3H;:NzH::)� HU.�N��H;:N-2. 
:-!OU�3E��-..-!Jff Ci') Ud 

1 a wet tisst,-., :s charert-.riNd i .. that, comprises th�t w<'I: tis5ue bl)dy end spray drvp on described wr;t t:ss,:e body end wr;igh, is �escribed wet tis5,;e bndy 2--:1 we; tiss1;e 
!:qllid doubly; 

W�:ersi�, Bcco;dinQ t<J percet&g<i by w<iight m&:er, :n d8sccibed ,-;,t tissue l:qaid, its �Dmprn;;,nt a�o Kuo limo11en<i 0:1 0%·1 .0%, APG 0.60%-5.0%, polr�mi�opropyl bi�cB�ide 
O.': 0%-0.30%, be�zslkonium chlcri-:le 0.05%-0.'' 0'>,, vi1�min E 0.05%-C.3%, e:<trnc\ solction f,o'" &lo� D.': D%·1.D%, ,:i:ric acid s.()()5%-0.' 5%, deic,niwd wate, g1 .45'.,;.~?3.995'.t. 

(1 ), oorfigm,tion we! tissu" l•qcid; 

(2), described w�t tis5ue =iqu=d is sp:tt uniformly ar:er dmp�i�g in wet tissue body and pac�ed acc,;rding to S'-'l weigh, ratio, obta=n wet ti.,su'.'. 

The poiysmlm:,pro�y! bigLI�fllde at set we1gM prnponion, ber:�alkonh.1� ::=hloride1 vltarr:i� i:, ex1rnct s.::i!utlo� from a;oe �ffe jolne.J in �eto�ized waifX1 sti?'1 cbtair: t�e se:::orid 
mixed lieu�,; 

QeG�ribed tl1e secm1d ,r;ix�d li0,uor i� jn,11ed in desc1:b8d the t:mt mixed liquot; �tic and evmly m:x, ar.d dri;i citric �cid, th� ;iH of l�,e iirnt m:;:�d l!qcar lha� i� :,,iimd with 
1:ie se{jor,d �ix�d lir,:uor is m:ljusted to S.{l-7.Q, obtain we! tis2u� !lq:..:id. 

R !he prepHatlcri mfilh,:.d cf w2't tlss•.Je a�ccrdl�g to clalm /, is cha?'2c!:eri:n�d in that .stirs t,f:;,:r lirnonerie. APG mix acc.-Jrd!ng t,:, set w,eight ratio ci.::scribed. obt2!ns In the 
ater, of the ;,rs; mixed !:qcnr: 
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9. the w�p2mt:on m�hod of w� ilsm_m aGcc,rdlng to clalm a. l& charnctNiZ{='d iri ihat, Etirn �t::er llmcn�ne APG �ix.12& BG[:ord;ng to &et weight mtEo d12scribed, abta!11s ;n 
the step of the ti:-st mbmiJ liquor: 

1 0. according to thz prnpa,;,;tioo cr,meod nt th<l wc-t tis,ue a0s-:ribe,j in daim 6-!) any on<l, it is ,:harn,:t0riw:: in teat, d<l&c,itmd, d0scritrnd th<l sernod mix<ld liquor is jo'ned 
an deac,i�ed the firnt mi�ed liq�m, star and even:y cr,i�, and drap citric acid. lee pH ni th,e tirst ,r.ixed liquor that is mixed with the secoc.d mixed liqu,;;r is adjciated to 5.0•7.Q, 
vbtaina in the atep of w�t t:saue licu:d; 

Tcchn:cal neld 

�f1 th� da:ly llfo 1::-;:it W!!t ti:::Bu� ha::: been wlde�':' :JBe:J £:JS z kind :;f dei:!.:!ing :"!n,:,d:..ict:1.Gen2rnl�'r ::::";leo.ldn�. j� com;;ri:1e::: w«i ti::::::ue body a:�cl the Bprayed com:nG 11�irnen.>:::£:J: 
c0mpcrs!t!on on w�t tlssue bo'1y.A.fld for thinwrcrscJ.t 11 ifb ;;;e�eral!y made up of 0rgan!c rK4V!:!n1, :1mfactrm1 afld -:;he d�!:!m!ci:-J! reBgem \\':th s-::er!!tzm!v� and 11ntic-:ir�-::ls:ori 
effoct 

Ill oorre!cJ.tlc!l tec;-mJqu-n,l ;-ious-:-ho!d c�cJ.�i�g sNi�s prndm::is (c,;,mprisi�g the th\m0ro�a11;-iat forrr.G W-3t i:ls5ue} E!"!O&tfy is pH v�!:..:e a�d ls ;-ii�hi)• Gc-:d 0r gtro!lg ba�icity 
prm;-;uGt, and theref.:,m, !t is s-:::-ar:gm -::a th� eJtcitB11t of sk:n i� th►:: pro,:esfi :..:sing, and a!so hBs !13rgEff c-:,rr�,stviiy.Fcr o�gcJ.�i-:· so!vef'!t, b� �ost� org3r1\c s�mth�sif gBlned. its 
s\rv�g d�terge'!cy simultan�o�sly to article stim"l�te, corrosavit]f is la,g�.Ar.d large mu�i-scl,ent contains toxici;y. lls fot-scM,le can absorplicn raoidly tsmugh com�lf!te 
sk:n. Lu:--:g rcrm Con1-s.ct �F:ls: a r:€gf.5Hve i:-np�d �.o he.aHh :;n?.�;oldt1b!y. Fnr surfodm,t t::n:1ve:-:H�'1f.5! pfffm!e.i;m ba�e. s::rfac�a.nt i" cu:-rn!f.5t:a:--: f�cr.n:q:..ie, ��is: s:�rfac�;sni is 
ll'•�v:.>irl�bl<, 1t>xic byµrod,,c1-;;k,x�oe,. ox:rn::<, '" ,,,,, 11:trr;$�mine "'�- cf r,mdu�:11;; in ,;y::tJ,,,ti� r,roto,,$,; Wl1<,n lorrg-ter::i ,,s,,_ urre.vci<!�bly ti,,, l1<,e.�l1 r,f hu,r:�11 '-'<Jrly is 
p:-odu�ed to sdversf! :nfluence; �n a�di-::1o�, it f1ss certa;n cm�os:vity to p!rils-:::� �o�serio!d 1�is p1:11:-v!eum b!!se s:..:rfsct�m. therefo!!i!, whi!� UBing its longuterE!"! wip:!lg 
pla,tics hcu,eh<J!d, can produrn wrtain damage to pla,tics hou,eh<J!rl.For the -chemical rnsgmt with ,l0ril'zati<:m Bed aeticono,ion ,offoct, cmveetior.a! DMDMH, t�e 
rliiiere,-t olui;; awle� or m<.'thyl qui�oli,-e kfrtone/m�thyl chlr>ride diffe,em plog awles quinol=ne �e,cn� (K8thvn CG), Brnc.opol, IPBC '-'' parabens etc. at present; :J"t, 
l)MDMH is that fmm;;lce:,y,1<! rnl,aser. \!11; difforeot plug ;;1.cl1;s of mfJ\hyl quir.ulioe ket,ir1e/methyl �hlmide Mflirent plug ;;1.t1les quin:.>lir.e ke,'.'rre (K;;thfl� GG) ,rli 
chlori<le, may r.:,a%, llmm,pol m;;y ea::si; formm:r,n, tire ll"llG r,f r.orcin<>ger. r:i tmsornin<l ir. ,::e p:uc"s� u,ir.g, rr.oy r.;;us" that :r,di:11; is ·,aklin ir:, µ;;rnh<ln� �r,otairr� pirenyl 
ring� !1 t'!39ily incrn8s�s t�i� dm1;.3er 1hm worne:1 suffers -from brns21 cancer r:ft�r &dd!ng �p f:1 vivo" 

·r 0 :::um up. t;r;mrr.u:: WQr fa;���e i� t;!Jfff:!!a\:on te(;hn:que, ·rhe:� l$ r�erta:n pu\-.;rsfai! �afo�y ha;.ard {r.heri�:(J a:� *Kcita:;t._ t�VHV!;ivlty Of cQ.�(;Jnugf:!rc/(;Jfy f:!1c,) m i\.:, thip:f!:"0$91 
compcBition; Th"refore �e, thos" s,:ilied in the 1:r!'s 1ech�icBI prcbler.rn ur�entl)I 1il be resowed eunily for peo�ie's d1:ily c�aoing (k,tcee� cleaning, bathrno;;-; cleaner, 
fumlture deG�) pmvidef s �ir:d of we1 -::1Bs:..:e ot s:1foty ?!o:-: .. tm::lc. 

Srnl"!t11ary of-::he jr,v�ntiot1 

·r he object of 111" �re�<,n1 :rrvlin\iu:, is t.c pmvice a kind of wet tissue, !fl sr.,1'11;; allo,e-m,,11tiorred ter.lmir.ol �rablem Ancther object of the pre,er.t :r1Verr!'o>1 is ,o r,rr.vice a 
kind -:,f p:-8p�ra1lcn rnethct1 cf f!lbo-..,�--:--:ie�Ho�ed "t.!e1 �:r:,s:..:e. 

W!:t 1l��U'.; [$ p�!."Nided l:-: :.:n �:::b!'Jdi�;:ent vf �h2 ;;rk;�ent :nv!!n1i0n, r1£!s c�mc)rl$�d n,�1 w�1 tif:isve body ::srid ��my drop !Jfl dk;scr:b2d we� ti�suf! b0rly r.ir:d we:gr:t i$ 
df!SCflbed wet USS!.!� b0dy 2-3 w�t tlssu� lle:u:d du:..:b!y; V<Jherni11i �:::ccrdlng to pen.::etase by we:-gM met!!ri ln Ces:::fib�d wet tissue !lQu:d, :ts com::io;ient B�o K�o !irr:o:ier:e 
0.1 !l%-1 .0%, A<>G 0.60"&-6.Q%, pclyam•nopmpyl lligwm:de 0.1 G%-G.30%, llen,allmnium ch:orid<l !l.05%-Q.1 0%, vitamin E O.Ofi">Al.3%, ertrnct snluti.:m frcm �lc<l !l.1 Q%-1 .!l%, 
catrii, Ecid O.□OS%-0.1 5%. dei@ized water 91 .45%'"9K9%%. 

Th'& wet tissu� pm,id<ld ::y the inv�r.tim, it is t�a, its 2-'3 «ct tissue liquid co�lll)I forms by wet 1issu� bm!y �nd weight, wher�in, in wet tiss,.,0 l'q"i�, i1 comw•ses the 
si.:iiv� pr1!1dpl�s 5t.Jch as �kr:o?'!ar:G, APG, ::,o?p1mirw,prapy! blgt.Ja!l1de, bG�zalkcnium chicri,:-;a, v:tam!n E, e:ictract .�o!utlon frcm a!o�. 

Ji.! body l 1;mvr:Gr.0 ls a k:!1'1 af g�Ge� i1.nd envi�011mer!t-frfendly �o�vem, hart: the fri1.gram fr:1gam,::9 of �wl!et orn.nge, hrm st�rn"!ger dem"! effe-:-t siMu�a�eoulth,"; B�"!d h:1.s 
m.�turn! bact-Gr!dda! aciic!l, r:atrirnt nc!71.J:<:1c, !l;,.;!saf!r;e!i:Jss.S:..:bstit:Jte wit;,. lt va:-icu� crg�n:c &clv8ntfi ihat use at prn&ent, c�ar:g� ihe h8BV)' cr:e�icalS poisD�o:Js ar:d 
h;srmtul in r:orr�l:etivn '!"c=:chniqu?. .ar U�?.re. i� e:<r::t.n:-:t .ar t.hl::i d?.fc=:ct nf corrv�h..-lty 

APG vmtt:ng power 1& stm�g, etrn:-:g dete?"gency, foam 2re abu:1dtmi ftn� arn:I sm-:,oih, ncntm::lc. ha�!ese, �o:-:.-.stim:..:iated 1:D skin, a:1d lJ.iod,egradatEor: l& thm-:,ugh rnptd!y, 
i-t:; :n1:.em�ti-t1:'lf.5!iy rnt::ngniic=:d flr��.s.?.le.cikm ,i grc=:f!n " fu:--:r:.r:a:-iijj .s:u:-far:f! �r:fr,.'ati:--:g aga:-:t.S:.;b:c:;tit:.;t.a e.-,d�lng p.;tmje.-:..im hi:l;;f.l .s.1;rfact-t1nt with it. du nn'!" cvnt?.i:--: tn-x:c 
byr,rod,r:, dicxa::<,s, ollirnce and n�m$�mi;ir; e1� .. and 11.ec" i,; gucd comr,atibility wi!h µl�sti� µmducts, a;id !hen ovec�"'"" i;i r,r:m ;;r, bec.�se ��;r:.,i<,um basr; 
$Urfa�tant is p<J:$r;r1ou$ or th" !edrot>log'ca! deflci"ncy t>f cr.><rC$ivity �cd <Jamag<, µl�st:�s t:<Jo$<,ht>ld, 

f'ulyam:nop:opyl b:guanid" and ;,.,r,1.alkon:um chlmid" ccmm,un<l s,,,rili,ing sy,;!<,m_ !we r.:.>r"fJ"s:tinr.s �II belcn� t<> mis oxidi1.i::g lm�!eridde, b'.i ?.fiec,:r,g 1':r; <>,rnotie 
µ,;;$&Ur" of mi�mb:al �ell, make ::,r;rr.b,arwlysi,, $hci"k ?.11d deliydro,:r.,n, th2rnby ,ead1 tire ;;f:i;�t tif r;-!erili,a;:<;o.Wbr;ceir:, µo��m:11:.,prr.,�yl oi�u?.11:d2 :$ " N,m,I ste,iii�:rrg 
s-::errnzBt\v� 111Ttl�-.'!p-:;:c, 3!ld -::o ba:::twium, s3ccharoi'?'�ycB1� mid m-:iu!d h�w: -::he bactmiostati::: act:vity of wide -:1pe1S'trum.!t �as gem�1 rmt�rnl d1ara..:'te�, can bz �sed fo:" 
m:..:cous mer:-:bnme d&s� a!ld cornpr:s�s 12ye muci.:,us 00:-:-:brm1e prc-d:..:ctAfld b{='nza�ko�i:..:m ch!m!de l& a trndt1:i,:i11:ai dislflfoctaflt bacte?"lum m,:-t.Jld Is had to the lflhtblto:-y 
action cf w:d� sp�ctrl:m Aft�f twv compo�e:--:ts ar� compnslt�. :--2actl the �ffoct of Syn':fg:stic, cerr; Ol:t 8A �etertlorc t�rvLI�h lebornto:-y, !t :s to bactHia! �lat-s!fic:::t!vn& 
!"Such as l:$�hc=:rich!� !;C:!:, $t;.sphy�cvcc:.;$ �vr�:j$, f'$•mdt"-m�vri�s ?..�n.igln:u❖?.., Kl�b�ic=:lln f:t��urrctmh":.�❖• �!;r:ta�t r:u�:dlHu�: :$ 5:":"li:-�, ��:d !ts m��=n:r.iri(: :-��� rnach�� ;;g ,�IJ%, 
asµ"'rg:llus ::ige: is :1a<I tu trar.,;;rios\;;r;is r;i:11U!!an<<>�,ty; T�w;;fr.,ce �.o be effo(;tiwly "s ttr!! arrtisepsi� an� steriliwtit>11 d:s:rrf<,to,orr1 i;i the ;;ppl:catiori'r; ww. ti%ue liquid. 

In �dd:ti<1�, s<,t p�r<:e1��" by wr,igt,t e:t,;;m:n I: h�s th� effect of s�in care, co�s not hinder h�nc, safe,, rn:m-toxir,; l:xtrn;;t solr;foa Fmm �loe :,;,s ,;t sl<ir. surfac� forcrmti,;;n 
�:r-p�rm<:obk. protective ::Im; ea,i!y is:.>i�fog «xt�cit>r p()llu,�r; th" :n!:ingem�r,1 1'> ba�d; sim��ar:eou,!y d;;o�; th«m is iii� effor:ts �wd1 �s th<: ,kin <:<>ntr,wfa,:1 ,,f making, 
a�tiall�f!l'f, m<listwr,z:ng, anti -i,r�amm�tory; ar.d the �i�ric aci<I of s�t pe,rn�ag� by w�igh1 i1s �an ;;-,ake 111e pH of whoie w« 1issue liqu!d rnaimai� between 5.G-7.0 (1<i be 
faiflt� acid); thl� s�:vpe is pressed dos� to tti� pH of ht.Jrr:B� body sk:n, arid the� :-rm�es it not i:1jur� s�ir: 5pari�g filmi joj�ly re.Jc hes the effect of cm►:: bot� ha�ds. 

Therefore, co:,:pared w:tl1 p,i;,,r ar1, 1�,e a;:,plica1icn's «<lt 1is;,ue !s by i,;,prov:ng lhi! prn,;c,i;:,t:os c,f «"1 tissLI8 liquid, and ;,e1 sp&ciiic ct>m;;rrt:ll:lity rela1ion;;hi�, mr:ke 11:e 
wet ti,su� oi m;,;king overcome th<l pcter,tial safety haza,d (�xcitant, co,,o,iv:ty or ca,c•nogcnic•ty ,-tc.) <l:<isting :n p,i,:,r art, !hereby provid<l a �ir.d ,:,f wet !is.,�e ot real 
safety non-trnd,c fo:- peaple's daily clea�i:19 (kitctie:-: dfaflircg, ba1�rnorr: ,c�a�er, fum:tu?"� are clean). 

Optio,,ally, d0scrib<ld Af'G 0�trncls ar.d ob�aios frcm i,cm or cowr.u1 oil. 
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rt :s a kind of ac�o:-d:n� to th� preparntior. r:-:ethod of tlbcvB .. m�nt:cne:d wBt t!ssu� --::hi:rt th� �mbm:Hmem of the prns-::,nt frivem;or: �Isa prnvld�s. arid compr:s�s the: 
following ste�s: 

(1), c,mf:gorn1:on ,,mt tis,ue !iqu•d; 

l"h,; �ulyamincp,;;,pyl big�aci,fo cf ,;et weight Gmp,;r;:rm, beni?.lkr.mi,m c"loridc, vitam:n E, e�tr,ct ,r;il1tim from i.!loe are jr;inerJ in deioni,,;d watei. s\:r, obtain ,�e ,eco�rJ 
m:xed liq,cr; 

De,,;rib'-'rJ th'-' se�om1 mi�erJ l:q,:rn :s j,;iced in rJes�ribe:J the :irnt m:xed l:qvr;r, ,tir <1r:rJ evenly ,,,ix, an:J rlcip �itr:" acid. \!w pH <>f ;i,e fnt mi1<ed liqt1<1r th?.t i,; mixed wi;i: 
th" 2e�<md mix�d l:q�or i$ ,;rJj,,,t�d \u S.G-7.0, ot.rte.i,, w�t tis,<Je liQuid. 

Oc\i<1"ally, stir .r,er li;,,r;nei1e, A�G ,,:ix ;;ccordicg w s<1t w;,igh\ rntic :Jeswbed, cb;;;in :n :h<1 ste� (Jf th€ first r,:ix<1rJ liquor: \;,mce,;;ture wh<J" de;;cribed m:xi<1g is :w�o 
DEG C. 

Optioeally, desc,itl�d, descr'bed the 5econd m•xed l:q�Dr :s joi�ec •n d�scribec the firm m:l<ed i'q"o', st•rs @d evenly m•xs, sna crip citri,: scid, 1he pH ,:,f the "rs1 mixed 
f;qucr that :5 mil<ec with the 5ecmd mi�ed liquDr i5 adjosted !D ::.C-7.0, :)i:ltair, ia 1he step ot we1 ti5s"e liquid: 

Ir, u,d�r ·,c b� illW$\,.;;r,d mor� "lr,arly in the �r,e"ifo r,mb"diment cf th,; :tw"n\ir;r, u: ,�d1:,i�<1I ed,"m� c,f'd1� �riu: ;;rt, to ;::,; ac�u:;;p;;nying drnwi�g cf r<;qu:rr,d ,$e ir, 
dr.1.c1i!�d descrl�tior. cf t!1e :iwent:cn O:" descri�tior. cf the P:'lor Art be briefly described ��!cw, c1pp!iff�m�':': :1cc-:m1pan:-;:11i;; drsw:ng ir. H:e fo�!ow:nQ describe� is som-::, 
e0bndi0EJr:ts ot th� prem:mt frnref!tion. t'ar those ,:,f o:-dfn�ry skn! :n the �rt. do oat piiyi0g undm th-::, premqu1stte {lf creBtlve wm-k, ca:-: �!so obtai� ac,1:xdi�g to trmse 
a;;ccm:Ja:-:yi:ig arnw!ng.s n!her accompa�yi�g drnwirig. 

i=!'.lr mo.ldn� �ha ohjeir.:?, �e!;hi;i!;�j �nhsfo:m::; �m� ad;,frmt��Bs uf ·?ha f.S:'BSen� i::11m:�i0n ciao.re:"; tu �edmko.� s:..:h:-:me nf Hie �ua::;Bnt :nvef11in:; ha c2rrif:d out tu def,r, cnn,pl!!ta 
d"scri�tion below; bas;;d or, tl1G detailed descrip�io,, ol th;; imrnnti,m in tile pr.;s;;nt invenh'm; all other "mbc<.l!mGn1s �hm thos;; of oi<.l,nsrf sk:11 in th;; 8rt cb1�i� ,mdar t�e 
prnrnquisite of :iot mtlklng crnat:vB work, sn belong 1:-:'.l thz �Gape: "::hi'.3t the prnsem :nvemiori pr;:;t�Gts. 

Th;s wet tissu� provld�d by't:le i:iv��tJo�, compri:ites tha� w�t tissue body rmd !'iiprny drop -:it1 described wet tissue body !!fld wei�ht !!5 des�r:b-.:"d we� ti::1su� body 2<1 wet 
ti,s"e liq;;id daubrt; 

w•,erein, ac�ordin� to perceta�e by weight ,-,,,e:er, in described wet :issue liquid, :ts compo�est B�o K�o lirr.o�eae o ·1 0%·"1 .0%, APG 0.60%-6.C%, polyamin<'>p,oprl 
b'gusn:de G. 1 G%-0.30%, bmzalkonium •:hlmide (105%--0.1 G%, ,:t�min E O.G5%-0.3�,, extract solu1icn from alDe 0.1 0%-1 .UC>,, c:tri<c scid O.IJOS'll--0.1 S%, ae:osirec water 
91 .-45%-YR ggr;%: ir. addition. aE prefer?".ed si'.iheme, Sun ShLl li�one?le eJdrnch• an� nbtains frao?o Gitn.is fr:..:it With or described APG frcm com or Go1Jo:1ut oil, e>:t?"l3&.: a�d 
utit;,,in; In �clrJi\ion, 1\PG =� p,-ef�ec.bly o�tyl gmc:piPl�ntac�r� (11 $.And �es�ribed w"t tis;;ue body is �pualac� soa-w,wen ciu\", �$ b-ei�g v:5r;os'c' f:b12r nr te,ylen� er 
m:.:,tk;fl�I n1f:t buth mlz i:: ;":n}f p:u;;or�ifJ:l, ijnj� (�f;"!m:l�B� s,�r �K:1.1f:rn m!rtrn I� 30-� 50 K!!/ rr�c 

Thlfr wt1i tir;s:..:e of the prns�r.t -embcdlmerrt, c<J�pris�s th2t Wifrt t:ss:Je body an,:; SW13Y ,cfr,:ip on descrjbed 'thJt t:ss:..:e body and Wlfright is dBs-crlbed wet tis:1ue body 2··3 wcrt 
tit=s:..:e itq�id dc-ubry; �/hereln1 2cc<crdir:g to percetag� by w�lght meter1 i?l det=cr:b-:d wet tit:sui;::, itq;;id, its component Baa KLI-:i Umonen� G.1 %, octyi grn1;p/Pkmt2care 81 e 
0.6%. nulyamincp,;;,pyl bigua�id"' 0.1 %, be�2at:onlwn chlcrid� 0.: %. vitamin � (1.05%, exirnct 'mlu,=<.>n frum ala-, 1 .0%, cit;i� add O .01 %, d,;icn:zed w..t�r 9$ 04%. 

Th� we1 tiss"<i ot the prnse�t <imbcd•ment, co""p,is<ls th;;t w�t t:ss�e bndy 8n� sprny d><Jp on desc,ib<ld wet tiss"<i body sna w�ight is described w;;t 1is,ue bDdy 2·-3 w<rt 
tit=s:..:e itq�id dc-ubr_f �/hereln, •u;c-3rdir:g to percetag� by w�lght metm, i?l det=cr:b�d wBt tif&LIQ iiq;;id, its cnmponent Ban Kuo Umon211� 0.-5%, octyi grnup/P�n1:Ecsm 87 S 
3 3%. :)Ulyamincp,;;,pyl bigmioid"' 0.?%, be�za8<0ni,;m chlcride 0 .01%, vitamir: i' 0.2%, e,c!rnci ,mlut=on frum alo-, U.<i5%, cit,:c ar:ic 0.1ll%, <foiMizecl w;;!er %.1 ,  %. 

Embodiment tri-

Th� we:t "::!BER:� oT "::he prnsE:r.t �mbcd;mem .. corr:pris�s th2t w�t ":::ss:Je bndy sn� sprny d�<JP on described we:t ":::ss:..:e body :ma WE:ight ls dBscrlbed w-:?t tis:rue body 2·-3 wet 
ti,s"e liq;;id d()ubry; Whereh ,cc;;,rdi�g t() per�etags; by w<:igh; meter, i� rJe,cril:l�d wet ti,su� liqoid, i:s r.mmponent Bao Ku() lim()nsn� , .O'i/,, octyl grs:,1,p/Plant;;care 81 S 
o.0%. nulyamincp,;;,pyl bigua�id"' 0.3%, be�2akoni1Jm chlcrid� (1. 05%, vitamir: E o.:3%, exirnct ,mlu,=<.>n frum ala-, U.1 0%, clt,,c a�ic 0.1 %. d,;icn,zed w..tP.r 92 : 5%. 

h1 m::dtt!nr:, ln �bove-rr:emian�d al� embodime:-:t, as f•1rt�er atti;:matlve m�h12me, new� tvo11p/P!ant-1c3re 818 asn by �tc. �is APG ,Jf w,eight sutmrnute. ss APGG374. 
APGns1 �. APG1214, l"e />.PG clas, swfor:tant l"at the ca,IJ,;chain mmco�e�t5 such a, .<IPG1216 differ.l:i at11.,it:cn, :n a�Dve-msm=o�ed all embodiment �r�ferred 
l:moc€r:� i� $��"t�d t<> �)(\rnct a,,rJ �b\,;i� frnm r;ittm frnit, fmm <'itnJ$ fru:t, €½trat,; ii$ fragrnnt f,,;grnn"e. wi't� �w�e.! m,;ng� ()f HIJ� get lim()r,�11� and 1�€=� i$ $!mnge.r 
clean eff!!c� sfn1:..:l'l:Gt.neol-.ls�y; and t�i€:a� is nr:tufa! bacwr:ctdal a:-.:tion, :1m�!rat norrw,:.:c, n�Jis,:1r:ce!€:SB.Be lder.tif:ed :1s it� t�e ¥-tO(!d facd flsvP.1r cldd:th.(!:1 fonhe fre!!d-fro:r.­
i:-:spection pmduct of U.S. food arid FAD {FDA), sr3fo; APG e:<:tfact� and obtr3\ns frrn11 corn �m:l coconut oil; Com S•Jurce ls -::,asim, csn b� its prepmation s�fflc!�nt 
g:..:arnmee is ::iro¥iQed. 

For th<l wet :iss"e th8t make� th� above cmbodimem Df :oe p,es��t irve'ltion is !Jetter Bpplied, "'Dee effoc::,ely be applied :r, the f:eld of f�rnit�re cle,m:n�-steriliz'ng, the 
present ic¥<lction also provides emMd:mm1 tetrn-on th� tln�is of sl:l,:,ve--aesl3ribed em1J,,dimen1, embodimem tetrn·hi!s prnvided the pm�arntior me1hod of the wet 1issue 
of 3b;;,ve-aescribed eml:lodim€nt r:ow be descr:bed in detail and explain, ple25e refe, to i'ig. , : 
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Yau Yu :irnor:mm ia �1:,oso!ub!-2 sut.&tanc2, apply lt ir: watm-so!ubie &yatmr: {follaw--up 1�2 seGo?'3d mi:irnd liqum). r:m:d ot.taln 0/W 1ype mrm!El1fi,:, at:o?'3 system, "::!'m prnserr.: 
fX-cbodiccect edopts hydrophili� liDDoh:k bal�cce (I-IUl) m8tht>d, �eleci the omu,�I A PG (�.PG) th�, l-ll ll v�lae is 1 4-� 6 ,<,; mi< with th� weigh; rafai r,f 5:1 Ya l:monerie �s 
fH':":U�$:fylrig ;;g�m, aft�� $�:rrfng �nv �V�:":!y rr:ix:ng, �J��;,ln ��:f.i fa,;t mi,md !i:-:�K'.l�. 

In �tep 101 ;  :r, o;d�r to real:w ,J:ar.g limor,e�e emu=siflcatit>n folly 6nd th� effect mixiog fost, temperature when described niixi"g be ;10.;so o;;G C (i,i toi, tem�erntc:re 
rncg<1, bor;am'1 Af'G o-;l.8 value :$ h:gh<1:; w:tb'n ttle ,rx,po o• W-3:e DfG C; r.�n hri:,g imo r,1�, i,. a�tivily, i% lw9<1: ;;r,la: grr,,,µ :s .t,ra!r;horJ tt> wat<1r. ncri�t>I�, oyrJ,or.;;rt;r,c 
key gos deep Ir.to oil pi1s2e; reduce :t2 ir.terfacial ten2i::m; fo,m l�yer p,o�ectin� ':Im, bs ,ur,ounded wmple1ely le ()ii inter:m, form 0/W emu1Bion.C()!Wen1ianal 
e:r:ulG:fic�tios pmd�c\ need 10 be at \�e scope interr:al ;,m"l,h':m1ion of 75 DEG C-85 DEG C, and 1hi, prod�c: err:uls!fying precess is s:mple �nd easy, �as r�d"ced 
wm:;uctkin cosi i?'3 2n�m1c;ng pr-:•d:Jci}vtty); ThE: rctatlng spe-2C: of d-2scribed S1tkrlng is t�at 1 �O!Jn2QGO rev/mir:, tir:-:-2 are 1 0,20 rnir.utt1. 

Step l 02: :he pot1aminoprcpyl bigu"n:de of set weight p,oporti,m, benzalk0n:u::1 chloride, v'tami;; E, extrnc1 solu:io;; from aloe �mj;:,i�e<:l in deio�ized waler, sti,, cbt;;is 
the second mi>:ed 1:q"o;; 

Ccm:-rnm, by 8 cm1talm�r th�t de1orfrnx: watm is ho:..:s�d iE"! sd·,..,�mce, then r�sp'8c-I1vely pcfysmlnopmpyl biguan:d�, be�za!konium chioride. vttcJm:n E, �m-:t so!utlcn frnm 
aloe are adi!ed, 3/:er ati,rir.g 3r,d ev�nly mixisg, obtain the s�con� mixec liquor, 

Step 1 03: de�cribed the seccml mixed liquor is Joined in dssccitled ,oe first 0ixed li,uor, stir ;;nd eve::ly mix, snd drip citri<c scid, the pH ilf ths form mi:<ed liqw1r 1hst is 
mtxed wit� th-2 seror:d rnix�d !iqucr is sdj:Js1�d tc 8JJn7JJ, obta:n wet tist3ue !!qui,:;; 

Ccrir.m,�. $pillicg ir, 1111; �m���$ r,f dripping, th" woiq!1, r,f ,w! !:$$<:'1 1:quirl b� w�! t:$$c:'1 botiy 2-'3 rloublyJr, a�rfoit1::, tho prn$ent :r,wrfam �l$r; pmvid,c, th'1 r.Jict-,�mt>v:ng 
p;.,wer ',est, bsGtericid�I em,ct tes,, !he test cf i"Jlack-ko;i m;.,uid r,1·eser,,stim; c�1allei;g1; 0f the we\ tissue that ab()vH!escribecl emb()d:ment ;;rcvides, wit�, \lie ct1mp�Ubil'ty 
te:1t of p!�stk-s p1c-d:..:ct; Concrate, fo:" f:..:r::he� mu�trnting pmd!GG! effect af th-3 pre51:1r:t in¥enijcn1 adopt s�vern! roi..3Une type testln� cas-2S: to -:l1>JscfEbe: 

·r �st "�"' !�s,;;rl m;;t<,c:al i� kitd:<m ,:I� wall ""d ma:�:" �r;unt<1rtt1p, hos mcrl'11a,.; �rn�$Y rfa!, ti,<, wm ti,�u;; wi�ing k:t�h<1:: !il>l w;;II �nd \lie l"Carbl" -.,r,:mt;;rtt>p ·toat 
pcr,v:(l<, w'th <,roboclime:ot monc-.Wi;.,i�g is cornpl;;t<,, f:ICU k:t�h<,n ,:I;; we,11 and l"Ce>obl<, �r;uctertu;., m·., withc1Jt g:ef:lsy di:t, f:ICU r;pe:�tr;r fo;;I$ ,kin nonirr:tf:lct. 

T�st twtl' !<,s,1;;rl t>bj<,c, i� gl?.s, t<10 ·iehl�. ,rnd >1cu�"l1old el<1c·!ri�.;;I a;.,pl:anr;<1 (r<1fr:g<,ra\or, t<1levision �<1t) sh<1IL h?.$ sl:ght t<10 �t�ir, ar:d ,i :rt, !h<1 w,c,, ti�.ue w,p:r,g tt1s·t�ti 
m�terlal surface prnvidfn;; with e:,,b()dlmeN bis-.Wl!)io1g Is compl2te, a�d te8 siain and dl,t ar1; elim!nsted col"Cpletely, and op2rmor feels skl11 no,,l,f!�snt 

T�$t tlJCeff !�s,1;;rl m;;t<,r:al is tl?.th:uom %1 Woll ;;mt ,�ni,;;ry botl1 <1qu:p:111;;�t, 11?.v<, S()�r, .r;um, i11c,:mt�tion ,r;al<,, h1Jma:, �t1dy ciir,. th,c, w;;t. tis>1J'1 wi;.,ing ()t;j�ct �roviding 
wi,:: <,mbr,cl'morlt tri-, afte: wi;.,ing, eh()W<Jr wall a::cl sariita:y bath 2quipm>lnt di:t �rn remcv>lcl sutlstamielly, f:lcd r;r,e:atcr feel$ $k:n nonir::tf:lre. 

·r he 5?.mp!f! pr-:ividmg ._r.,_tfth e:-r:hvdlmer.t rr:nri".J-?.nd thme, i� iatiele'J ?..s: rnspe:-:tivf!!y: kit:-.:h�ri r:�arnng pf.lsteuri7:-s.tinn !:vwelett� 1 #, kii:-.:h�ri defH1mg pf.l:rt.f!uri1::atlnr. 
�J;w�iffi.te 2#.A��f'j:"!.Hriy to th� �tJ:;�H".lan.i r;f H!�1 ;;g1q12ooz " d:$pr;::;�b!� llf'.i� �:":":��frrl�,; ����ltMy �ta��dnr� • ., [$Ch�m;hi;; !;t"IB. �·tnr,h)t!tK�!;:";Cllf'.i l:'1llff.iUS, Ps�::dvmr;:":a� 
a2rugint'lsa, Kiebsiella P11eurno11:ae are carried cu! to ste,•i!iz�tian test 1hrnugh !11:rd p�rty �u,ho,;,y te�ting ��e11cy.Black-koj: ccou:d is csrr:ed out 1;., pre�;,n,�t'os 
c!rn�l�ng-2 test.Test f�sult is Els fr:1�!ows: 

4. with ths m:,,pl.ltibilaty tost of �l&s\=cs pmduct: 

In th<c :,,!dale of selecting o;;e, nail has piB&1ic, (pclyrset�yl meth;;cryl�te) te,Htr:p& cf STAINLESS STEEl NAILS (formatiae 1emlon force), ar.d shoet ,:me every d;ay Is 
irsm€rned ,olcatio� t'1 be :,.easurnd. 1he sitrn;ti::,n c,f obse,va,:r,n t€,1 tiar ai1er cectain hour£valuatim grni!e i, divid�d intc,: U"Cha"ged; ""'m crack; O�vio,;sly crnck; 
Fr2ct.;re. 

4 >1r;urs 3 days 7 �.y, : 4 d�ys 

Ll�cha11ged Uscl1�ng�d Llccha11ged Uncl;�ng�d 

Th� loregoisg is ,,11r1 the prnformd em!Jodim@ts of the prnse�t inven1:011, be 0ot liniitoo \,, the prnsmt inventios, to, a pe,sm skilled in the �rt, tho presest :nvention csn 
h,ve va,itms mr,dif:catims ,rnd var,a1:r,ns,Within the s�id, ar.d prir.ciples in the preseN !nvem:r,n alt any am€ndro€nt of doiog, be equ;;I to replacel"Cerrt, impmvo.ment 
e:;�., with:n all s�r,"W being i"r:l,,rfad :n pmter:fa1n so;pe of the �reser,t !nvem:rm. 
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�� b�dsore arid ;xeparntttv� rr:et�od th�reof 
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(57) Abstract: There are provided a method for manufacturing a bamboo chip used to manufacture a 

natural fiber and a method for manufacturing a natural fiber using the bamboo chip. The method for 

manufacturing a bamboo chip includes steps of obtaining a soluble pulp from a bamboo chip; and manu­

facturing a rayon stable fiber from the soluble pulp using a viscose process as known in the prior art; and 

directly extracting only alpha-cellulose, in the form of fiber, from the bamboo chip by treating the bulky 

bamboo chip prepared in the present invention at a certain condition without undergoing a complicated 

process using raw materials for fiber articles as the rayon stable fiber. The alpha-cellulose in the form 

of fiber according to the present invention may be useful to apply to a variety of fields such as fibers, 

nonwoven fabrics and other sanitary articles, etc. 
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Description 

MANUFACTURING METHOD OF BAMBOO CHIP AND MANU­

FACTURING METHOD BAMBOO FIBER USING THE 

BAMBOO CHIP 
Technical Field 

[ 1 ] The present invention relates to a method for manufacturing a bamboo chip used to 

[2] 

manufacture a natural fiber and a method for manufacturing a bamboo fiber using the 

bamboo chip, and more particularly to a method for manufacturing a bamboo chip 

including steps of obtaining a soluble pulp from a bamboo chip; and manufacturing a 

rayon stable fiber from the soluble pulp using a viscose process as known in the prior 

art; and directly extracting only alpha-cellulose, in the form of fiber, from the bamboo 

chip by treating the bulky bamboo chip prepared in the present invention at a certain 

condition without undergoing a complicated process using raw materials for fiber 

articles as the rayon stable fiber, wherein the alpha-cellulose in the form of fiber 

according to the present invention may be useful to apply to a variety of fields such as 

fibers, nonwoven fabrics and other sanitary ai1icles, etc. 

Background Art 

[3] Generally, a cotton fiber is mainly obtained as natural cellulose fiber from cotton 

plants, but the cultivation of the cotton plants has decreased due to a variety of reasons 

such as environmental changes. Therefore, there has been an urgent need for novel 

natural cellulose fibers. 

[4] Accordingly, there have been attempts to obtain natural fiber materials from 

bamboo, hemp, rice straw, com stalk and the like in addition to the natural cellulose 

obtained from the cotton plant. Among them, there has been the most active attempt 

using a bamboo, but the studies using bamboo stems have been mainly attempted and a 

study as fiber materials is unsatisfactory until now. 

[5]  Meanwhile, bamboo mainly grows and cultivates in Southeast Asian nations, and 

may be used as natural resources since the bamboo grows very rapidly for a short 

period. 

[6] A process of manufacturing fiber materials from a bamboo, as known in the art, will 

be described schematically. 

[7] First, a bamboo is harvested, bamboo leaves and stems are removed from the 

bamboo to obtain a cylindrical bamboo, and the cylindrical bamboo is then cut to 

obtain a flat fragmental chip. 

[8]  The flat fragmental chip has an approximately size with a width of 20 to 30 mm, a 
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length of 30 to 40 mm and thickness of 2 to 4 mm, as shown in FIG. 4, and includes a 

hard bark region, an inner bark and a joint region. In this case, a soluble pulp may be 

prepared by treating the fragmental chip 1 with chemical agents under a various 

conditions. 

[9] As a result, a large amount of the chemical agents are increasingly used to penetrate 

the chemical agents into the hard fragmental chip 1 in the above-mentioned chemical 

treatment process, and therefore the treatment process may be uneconomic due to the 

increase in the treatment temperature and time. 

[ 10] Also, even when the bamboo chip 1 is treated under the condition as described 

above, the content of alpha-cellulose, which is required for fibrosis, is low due to the 

insufficient delignification and the low efficiency to remove unnecessary components 

such as hemicellulose, and therefore it is difficult to manufacture a good soluble pulp. 

[ 1 1 ] Fm1hermore, when the above-mentioned technique is used herein, a yield of a 

soluble pulp is very low with a level of 30 to 37%,  based on the total amount of the 

bamboo chip, and thus this process is not efficient. 

[ 12] In addition, a soluble pulp is gelated when the unnecessary components such as 

lignin and hemicellulose, which act as obstacles to fibrosis, is removed insufficiently, 

and then spun through a spinning process to obtain a filament yarn, or the soluble pulp 

is cut in a constant length to manufacture a stable fiber. However, the soluble pulp is 

increasingly cut finely since the components acting as obstacles to fibrosis are present 

in a large amount, and physical properties of fiber, such as strength, unifonnity and 

productivity, may be deteliorated, which leads to the poor articles. 

[ 1 3] In particular, it is more difficult to manufacture a filament yarn as a long fiber using 

the poor soluble pulp as desclibed above. 

[ 14] In addition to the above-mentioned problems, large base facilities such as chemical 

treatment facilities, spinning facilities, energy supply facilities and waste-water 

purifying facilities are required in a fibrosis process using the soluble pulp, but some of 

the nations in the world inhibit the operations of the base facilities since waste water 

and environmental pollutions are seriously caused in the operations of the base 

facilities. 

[ 1 5] Therefore, there is an urgent demand for a method capable of solving the obstacles 

[ 16] 

to fibrosis industries of bamboo that may grow in a large scale and be used as natural 

resources due to the rapid growth rate, as well as having a more excellent antimicrobial 

activity than cotton fiber and excellent feeling sense, and therefore the above obstacles 

remains to be solved. 

Disclosure of Invention 
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Technical Problem 

[ 1 7] Accordingly, the present invention is designed to solve the above problems, and 

therefore it is an object of the present invention to provide a method for manufacturing 

a bamboo chip, wherein bamboo fibers may be easily prepared through the simplified 

fibrosis process (a dissolution process is omitted) by extracting alpha-cellulose from a 

bamboo and manufacturing the alpha-cellulose into fibers, the method is environment­

friendly, the facility investment and maintenance costs are high, and it is possible to 

mass-produce good bamboo fiber materials with the low cost. 

Technical Solution 

[ 1 8] In order to accomplish the above object, one embodiment of the present invention 

provides a method for manufacturing a bamboo chip used to manufacture a natural 

fiber, the method including steps of obtaining a cylindrical bamboo 10  by removing 

leaves and twigs from harvested bamboo; obtaining a bamboo 12  having only bamboo 

stems by cutting and removing bamboo joints 1 1  from the cylindrical bamboo 10;  and 

tearing the bamboo 1 2  into pieces in a longitudinal direction so as to give bulkiness by 

pressing the bamboo 12  with a pressure roller and a convex roller to crush the bamboo 

12  in a longitudinal direction. 

[ 19] In order to accomplish the above object, another embodiment of the present 

invention provides a method for manufacturing a natural fiber using a bamboo chip, 

the method including steps of adding the bamboo chip 20 prepared in the method as 

defined in claim 1 and water in a solution ratio of 1 :2 .5  to 3 .5  to a cooking container, 

heating the bamboo chip 20 at 160 to 1 80°C for 100 to 1 80 minutes, and discharging 

steam and prehydrolyzing the bamboo chip 20 under a reduced pressure; washing the 

prehydrolyzed bamboo chip 20; adding 1 6  to 26% by weight of caustic soda (NaOH) 

(in a solution ratio of 1 :2.5 to 3.5) and 0. 1 to 1 .0% by weight of anthraquinone to a 

cooking container based on the total weight of the bamboo chip, and heating the 

mixture of the washed bamboo chip 20 at 1 30 to 1 50°C for 60 to 120 minutes, heating 

the mixture at 1 55 to 175°C for 60 to 1 20 minutes once more, and discharging steam at 

a reduced pressure; and washing the cooked bamboo chip. 

[20] Also, additional processes includes steps of arranging and cutting the obtained 

[2 1 ] 

bamboo fiber (alpha-cellulose fiber) into pieces having a constant length, undergoing a 

reeling process and a concentration process, bleaching the fibers several times, acid­

treating the bleached fibers, washing the fibers, and concentrating, pressing, drying and 

packaging the washed fibers. 

Advantageous Effects 

[22] As described above, the method for manufacturing a bamboo fiber from a bamboo 
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according to the present invention may be useful to easily dissolve and remove 

impurities except for hemicellulose or alpha-cellulose such as lignin and pentoic acid 

that are unnecessary in the fibrosis process using a bamboo chip manufactured from a 

cylindrical bamboo in which bamboo joints are removed from a bamboo since 

chemical agents are easily penetrated into the bamboo chip in a prehydrolysis and 

cooking process by pressing the bamboo with a pressure roller or a convex roller to 

crush the bamboo and tearing the bamboo into pieces with scratches in a longitudinal 

direction so as to give rich bulkiness to the bamboo chip. Also, the manufacturing 

according to the present invention may be useful to mass-produce good and en­

vironment-friendly bamboo fibers without any investment of expensive facilities since 

a bamboo fiber may be directly extracted from the above-mentioned bamboo chip in 

the prehydrolysis and cooking process, and the bamboo fiber may be then spun to 

produce a yam, or used for various fiber articles such as nonwoven fabrics ,  sanitary 

articles, etc. 

Brief Description of the Drawings 

[23] These and other features, aspects, and advantages of preferred embodiments of the 

present invention will be more fully described in the following detailed description, 

taken accompanying drawings. In the drawings : 

[24] FIG. I is a configuration view showing a cylindrical bamboo used in the present 

invention, 

[25] FIG. 2 is a cross-sectional view showing a joint-free bamboo as shown in FIG. 1 ,  

[26] FIG. 3 is a cross-sectional view showing a bamboo chip having bulkiness through 

the pressing of the bamboo as shown in FIG. 2, and 

[27] FIG. 4 is a diagram showing a rectangular fragmental chip used in the convention 

method for manufacturing a bamboo fiber. 

Best Mode for Carrying Out the Invention 

[28] Hereinafter, preferred embodiments of the present invention will be described in 

[29] 

detail referring to the accompanying drawings. Prior to the description, it should be 

understood that the terms used in the specification and appended claims should not be 

construed as limited to general and dictionary meanings , but interpreted based on the 

meanings and concepts corresponding to technical aspects of the present invention on 

the basis of the principle that the inventor is allowed to define terms appropriately for 

the best explanation. Therefore, the description proposed herein is just a preferable 

example for the purpose of illustrations only, not intended to limit the scope of the 

invention, so it should be understood that other equivalents and modifications could be 

made thereto without departing from the spirit and scope of the invention. 
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[30] Step 1 :  Preparation of materials 

[3 1 ] Well-grown bamboo is harvested, and branches and leaves are removed from the 

harvested bamboo to obtain a cylindrical bamboo 10. Then, the cylindrical bamboo 10 

is  cut, and a region of bamboo joint 1 l is removed from the cylindrical bamboo 10  to 

obtain a bamboo 1 2  that does not have a joint 1 1  (see FIG. 2). 

[32] In this case, the length of the resulting bamboo 12 is varied according to the growth 

conditions and states of the harvested bamboo, but the bamboo 12 has a length of about 

1 5  to 50 cm. 

[33] However, there is no particular limitation on the length of the cut bamboo 12, but 

[34] 

the bamboo 12 obtained by cutting off the joint 1 1  of the harvested cylindrical bamboo 

10 is generally used as it is. Therefore, the length of the bamboo is preferably selected 

depending on the use and purpose of the resulting bamboo fiber. 

[35] Step 2 :  Manufacture of bamboo chip 

[36] This process is important for the bamboo fiber provided in the present invention. In 

this process , a bamboo chip 20 having bulkiness is obtained by pressing the bamboo 1 2  

prepared in the Step 1 with a pressure roller or a convex roller with protrnsions to 

crnsh the bamboo 1 2  and tearing the bamboo 12  into pieces with scratches in a lon­

gitudinal direction (see FIG. 3). 

[37] As shown in FIG. 3, the subsequent process is preferably effectively carried out by 

pressing the entire bamboo 12  to crnsh the entire part of the bamboo 1 2  while making 

scratches to the bamboo 12,  and the bamboo 12  is simultaneously torn in a longitudinal 

direction to give bulkiness. 

[38] Articles, which are manufactured under the conditions as described in the Korean 

Patent Application No. 2006-99406 filed by the present inventors, may be used herein 

without manufacturing a bamboo chip under the conditions as described above in the 

present invention. 

[39] Referring to the context of the prior application filed by the present inventors, a 

[40] 

bamboo from which leaves and twigs are removed is pressed with a plurality of convex 

rollers to tear the bamboo while crnshing the bamboo in a longitudinal direction, 

thereby to give bulkiness to the bamboo, and the bamboo is cut into pieces having 

desired length using a cutting machine. In the crushing and cutting processes, joints, 

thin-walled tissues and silicated cuticles of the bamboo, which are obstacles to a 

pulping process, are crushed and removed partially. 

[41 ] Step 3 : Washin� process 

[ 42] This process is to remove foreign substances attached to the bamboo chip and 

cleanly wash impurities such as small fragments and dusts generated in the process of 
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manufacturing a bamboo chip at the same time. 

[43] 

[ 44] Step 4: Prehydrolysis process 

[ 45] This process is to maximize a yield of fibrous alpha-cellulose included in the 

bamboo chip by dissolving hemicellulose and lignin in the bamboo chip. 

[46] In order to treat the bamboo chip, the prepared bamboo chip and water are added to 

a cooking container and treated at a hot temperature for a suitable period. 

[ 47] In this case, a mixing ratio of the added bamboo chip and water ranges from 1 : 2.5 

to 3 .5 % by weight, and the bamboo chip is sufficiently immersed in water in the 

cooking container. The bamboo chip is treated at a temperature of 160 to 1 80°C for 

100 to 1 80 minutes, a steam is discharged into a reduced pressure, and the bamboo 

chip treated in the cooking container is transferred into a washing process .  

[ 48] When the bamboo chip 20 is added to the cooking container together with the 

bamboo chip 20 and treated at high temperature and high pressure for an extended time 

as described above, hemicellulose and some of lignin in the bamboo chip are 

structurally changed, dissociated and dissolved by the heating. 

[ 49] At the same time, pentoic acid that is present at a large amount of about 20 % is 

also removed from the bamboo. 

[50] Paiiicularly, the bulkiness is given to the bamboo chip used in the present invention 

[5 1 ] 

since the bamboo chip is crushed in a longitudinal direction and simultaneously tom 

into pieces with scratches during the pressing process. Therefore, it is possible to easily 

dissolve hemicellulose or lignin and pentoic acid in the prehydrolysis. 

[52] Step 5 :  Washing process 

[53] This process is to wash dissolved hemicellulose or partially dissolved lignin and 

pentoic acid in the prehydrolysis process so as to facilitate a cooking process. 

[54] 

[55 ] Step 6 :  Cooking process 

[56] This process is to remove lignin, which is not dissolved in the prehydrolysis 

process, in the most effective manner, but to extract only pure alpha-cellulose without 

any damage to the alpha-cellulose in the bamboo chip. 

[57] Therefore, a process using caustic soda (NaOH) and anthraquinone may apply to 

this process to improve the strength and yield of the alpha-cellulose. 

[58]  That is to say, the bamboo chip undergoing the prehydrolysis and washing 

processes is added to a cooking container together with a suitable amount of caustic 

soda and a small amount of anthraquinone, and then treated at a high temperature to 

sufficiently dissolve lignin and pentoic acid that are not dissolved and removed in the 

prehydrolysis process .  As a result, only the pure fibrous alpha-cellulose remains in the 
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cooking container. 

[59] In the above treatment conditions, the alkaline compound is added at a ratio of 16 to 

26%, based on the compound (NaOH) used in the bamboo chip undergoing the pre­

hydrolysis process .  In this case, a solution ratio of the medicinal fluid (water, caustic 

soda and anthraquinone) ranges from about 1 : 2 .5 to 3 .5 ,  based on the bamboo chip. 

[60] Also, the added anthraquinone is used to facilitate the removal of lignin but prevent 

the dissolution of alpha-cellulose, and the ratio of the added anthraquinone ranges from 

about 0. 1 to 1 .0% by weight, based on the total weight of the bamboo chip. 

[6 1 ] The caustic soda and the anthraquinone are added to a cooking container together 

with bamboo chip under the conditions as described above, and then primarily treated 

at 130 to 150°C for about 60 to 120 minutes and secondarily at 155  to 175°C for 60 to 

120 minutes. 

[62] Only the fibrous alpha-cellulose remains in the cooking container since the lignin 

and pentoic acid that are not dissolved in the prehydrolysis process are sufficiently 

dissolved in the heat treatment process. 

[63] When the bamboo chip is completely cooked under the above-mentioned 

[64] 

conditions, a steam is discharged into a reduced pressure, and the fibrous product 

including only alpha-cellulose is then harvested from the cooking container, followed 

by undergoing a washing process. 

[65] Step 7: Washing process 

[66] This process is to selectively extract the fibrous alpha-cellulose, for example a 

bamboo fiber, by washing the dissolved lignin and pentoic acid in the cooking process 

with water. 

[67] During the washing process (Step 7) ,  a desired bamboo fiber according to the 

present invention is actually obtained. 

[68] That is to say, a fibrous alpha-cellulose, that is, a bamboo fiber is extracted from the 

bamboo chip. Then, the bamboo fiber may be spun to obtain a thread, or used to obtain 

various articles such as nonwoven fabrics and sanitary articles . 

[69] However, the subsequent process is required to obtain a good bamboo fiber. 

[70] 

[7 1 ] Step 8 :  Ali&nment and Len&th adjustment 

[72] This process is to align the bamboo fiber extracted in the previous process and 

adjust any length of the bamboo fiber as the same time. 

[73] 

[74] Step 9: Removal of Forei&n substances 

[75] This process is to remove other foreign substances such as sands in the bamboo 

fiber by centrifuging the bamboo fiber aligned with any of lengths. 
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[76] The centrifugation is carried out in a centrifuge under conditions including a con-

[77] 

centration of 0.5 to 0.8% and a pressure of 2 kg/0 , and therefore it is possible to ef­

fectively remove the foreign substances that have a higher specific gravity than the 

bamboo fiber. 

[78] Step 10:  Concentration process 

[79] The foreign substance-free bamboo fiber prepared in the Step 9 is concentrated into 

a density of 2 to 3 .5%. 

[80] 

[8 1 ] Step 1 1 :  Bleaching process 

[82] This is a bleaching process to obtain a good bamboo fiber by removing pigments in 

the bamboo fiber to improve brightness. 

[83] The bamboo fiber is primarily bleached with chlorine. In this case, the bleaching 

condition is as follows:  3 .0 to 3 .5% by weight of the bamboo fiber is treated in 60% of 

the total amount of used chlorine for a chlorinating time of 40 to 60 minutes,  and then 

washed several time until the remaining chlorine is 0.20g/l and pH of the bamboo fiber 

is pH < 2. 

[84] The primarily chlorine-bleached chlorine bamboo fiber undergoes a secondary 

bleaching process .  

[85] In this case, the secondary bleaching condition is as follows: = 5 .0% by weight of 

the bamboo fiber is treated in 2.0 to 2.5% of an alkaline compound (based on a dry 

fiber) at a temperature of 50 to 90°C for 60 to 90 minutes, and then washed until the 

remaining alkaline compound is =50g/D . 

[86] The secondarily bleached bamboo fiber undergoes the third bleaching process. 

[ 87] The third bleaching condition is as follows: the secondarily bleached bamboo fiber 

is treated in 40% of the total amount of a used chlmine solution including =250g/D of 

an alkaline compound at a temperature of 38 to 45°C for a chlorinating time of 120 to 

240 minutes, and then washed several time until a desired brightness is =75%,  a 

content of alpha-cellulose fiber is =93% and the remaining alkaline compound is 

=50g/D . 

[88]  The bleached bamboo fiber has an excellent brightness and a good quality. 

[89] 

[90] Step 12: Acid-treatment process 

[9 1 ] This process is to stably maintain the brightness of the bamboo fiber bleached in the 

[92] 

bleaching process .  In this case, the bleached bamboo fiber is treated in 2.0 to 5 .0% of 

used acid (HCl) (based on a dry fiver) at a room temperature for 40 to 60 minutes, and 

then washed until the remaining acid is =50g/D . 
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[93] Step 13 :  Concentration process 

[94] The acid-treated bamboo fiber is concentrated to a density of 3.0 to 3.5% using a 

concentrator. 

[95] 
[96] Step 14: Pressing and drying process 

[97] The concentrated bamboo fiber is pressed using a pressure roller to remove more 

[98] 

[99] 

[ 100] 

[ 101 ] 

[ 102] 

[ 103]  

[ 104] 

than 80% of water from the bamboo fiber, and the water-remove bamboo fiber is dried 

into a dryness of about 8 .5  to 10% using a hot-wind dryer. 

Step 15 :  Packaging process 

The suitably dried bamboo fiber is pressed into a reduced volume and packed with 

easy handling and transportation at the same time. Therefore, the manufacture of the 

bamboo chip according to the present invention and the bamboo fiber extracted from 

the bamboo chip are completed. 

Mode for the Invention 

As described above, as a substitute natural fiber from a cotton plant whose 

cultivation tends to decrease, a natural fiber having more excellent antimicrobial 

activity than the cotton fiber and a smooth feeling sense is extracted from a bamboo for 

use. In this case, articles having excellent physical properties such as tensile strength, 

feeling sense and antimicrobial activity may be mass-produced by manufacturing a 

bamboo chip so that the bamboo can be treated in the process of extracting a bamboo 

fiber without using the complicated process, investing the expensive facilities and 

causing the environment friend- associated problems, thereby to directly extract a 

bamboo fiber from a bamboo in a simple process ,  followed by directly extracting a 

bamboo fiber including only alpha-cellulose from the bamboo chip, which is used later 

in a spinning process or for nonwoven fab1ics. That is to say, the use of the bamboo 

fiber in the spinning process or for the nonwoven fabrics means that a bamboo fiber is 

spun as it is , or manufactured into a nonwoven fabric without undergoing a con­

ventional rayon viscose process (pulp dissolution-spinning-cutting processes). 

For the present invention, the condition of the bamboo chip is very important to 

directly extract a bamboo fiber including only alpha-cellulose from the bamboo. 

That is to say, the bamboo chip used in the present invention is not a conventional 

hard and fragment-type bamboo chip, but it is easily manufactured by crushing a joint­

free cylindrical bamboo with a length of 1 5  to 40 cm while pressing the cylindrical 

bamboo in a pressing unit, and tearing the cylindrical bamboo into fine chips in a lon­

gitudinal direction, thereby to give bulkiness , which makes it easy to remove foreign 
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substances, which is unnecessary in the fibrosis, such as hemicellulose or lignin, and 

pentoic acid, which are included in the bamboo, during the prehydrolysis and cooking 

process. 

In particular, the bamboo fiber according to the present invention may be useful to 

obtain a good bamboo fiber using a simple manufacturing process of directly 

extracting a bamboo fiber from a bamboo chip through the prehydrolysis and cooking 

process, the bamboo chip being prepared by pressing a long bamboo whose joints are 

removed from a cylindrical bamboo to crush the bamboo and tearing the bamboo in a 

longitudinal direction, unlike the conventional process of obtaining a soluble pulp from 

a fragment-type hard bamboo chip; gelating the soluble pulp; obtaining a stable fiber 

using a viscose process and using the stable fiber as a fiber article material. 

Referring again to the conventional process of extracting a bamboo fiber, the con­

ventional process includes a four-step process including a bamboo chip - a soluble pulp 

- a bamboo stable fiber in a viscose process - a fiber article, but the process according 

to the present invention includes a three-step process including a bamboo chip - a 

bamboo fiber - a fiber article (treads, nonwoven fabrics, sanitary articles). Therefore, 

the process according to the present invention is carried out in a simple manner since 

the articles are produced without manufacturing a stable fiber using the viscose 

process. 

In addition, a process for manufacturing a stable fiber using a conventional viscose 

process may be omitted in the present invention since a bamboo fiber is directly 

extracted from the bamboo chip, and therefore it is possible to mass-produce a bamboo 

fiber with low expense without any of the environmental pollutions and the dete­

rioration of productivity and quality that are caused by the huge investment and 

operation of the facilities. 

The results obtained by comparing the conventional method for manufacturing a 

bamboo fiber with the manufacturing method according to the present invention are 

listed in the following Table 1 .  

Table 1 

Comparison of the conventional method and the inventive method 

Conventional method Inventive method 

Bamboo chip Hard and rectangular Torn in a longitudinal direction 

shape with bulkiness 

Hard bark,inner Very rich Very low 

bark and joint 

Bulkiness Very hard but not bulky Bulkiness by scratches 
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1 1  

Cooking time Long Short 

Dose of agents Large Small 

Alpha-cellulose Highly damaged Rarely damaged 

Tensile strength Weak Strong 

No. of Processes 4 Processes 3 Processes (a stable fiber 

process omitted) 

Manufacturing cost Expensive Cheap (about 37%) 

and other expenses 

Peeling High Low 

Antimicrobial Low High 

activity 

Feeling Mediocre Very smooth 

Rarity Under production First development 

Application Restricted Various 

The present invention has been described in detail. However, it should be 

understood that the detailed description and specific examples, while indicating 

preferred embodiments of the invention, are given by way of illustration only, since 

vaiious changes and modifications within the spirit and scope of the invention will 

become apparent to those skilled in the art from this detailed description. 
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Claims 

A method for manufacturing a bamboo chip used to manufacture a natural fiber, 

the method comprising: 

obtaining a cylindrical bamboo 10 by removing leaves and twigs from harvested 

bamboo; 

obtaining a bamboo 1 2  having only bamboo stems by cutting and removing 

bamboo joints 1 1  from the cylindrical bamboo 10;  and 

teaiing the bamboo 1 2  into pieces in a longitudinal direction so as to give 

bulkiness by pressing the bamboo 1 2  with a pressure roller and a convex roller to 

crush the bamboo 1 2  in a longitudinal direction, 

wherein the joint 1 1 -free bamboo 12  has a length of 1 5  to 50 cm. 

A method for manufactming a natural fiber using a bamboo chip, the method 

comprising: 

adding the bamboo chip 20 prepared in the method as defined in claim 1 and 

water in a solution ratio of 1 :2.5 to 3 .5 to a cooking container, heating the 

bamboo chip 20 at 1 60 to 1 80°C for 100 to 1 80 minutes , and discharging steam 

and prehydrolyzing the bamboo chip 20 under a reduced pressure; 

washing the prehydrolyzed bamboo chip 20; 

adding 16 to 26% by weight of caustic soda (NaOH) (in a solution ratio of 1 :2.5 

to 3.5) and 0. 1 to 1 .0% by weight of anthraquinone to a cooking container based 

on the total weight of the bamboo chip, and heating the mixture of the washed 

bamboo chip 20 at 130 to 1 50°C for 60 to 120 minutes, heating the mixture at 

1 55 to l 75°C for 60 to 120 minutes once more, and discharging steam at a 

reduced pressure; and 

washing the cooked bamboo chip. 

The method for manufacturing a natural fiber according to claim 2, further 

comprising a step of bleaching the washed bamboo chip so as to improve 

brightness of a fiber after the step of washing the cooked bamboo chip. 
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(57) Abstract: The present invention provides multi-layered tissue webs, and tissue products comprising the same, the multi-layered 
webs comprising wood fibers and non-wood cellulosic fibers where the non-wood cellulosic fibers are selectively deposited in one or 
more outer layers of the multi-layered web. Surprisingly disposing non-wood cellulosic fibers in the outer layers, even in relatively 
modest amounts, alters the machine and/or cross-machine direction properties of the resulting web, such that MD:CD tensile ratio may 
be reduced. 
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LAYERED TISSUE COMPRISING NON-WOOD FIBERS 

BACKGROUND OF THE DISCLOSURE 

Papermakers, and in particular tissue paper makers, h ave long sought to balance the strength 

and softness of paper products by treating or altering the papermaking furn ish . For example, one 

5 common practice in the manufacture of tissue products is to provide two furn ishes (or sources) of wood 

pulp fiber. Sometimes, a two-furn ish system is used in which the fi rst furn ish comprises a wood pulp 

fiber having a relatively short fiber length , such as a hardwood kraft pulp fiber, and the second furnish is 

made of wood pulp fi ber having a relatively long fiber length , such as softwood kraft pulp fiber. The short 

fiber furnish may be used to provide the fin ished product with a softer handfeel , whi le the long fiber 

1 0  furn ish may be used to provide the fin ished p roduct with strength . 

\/Vhi le surface softness i n  tissue products is an  important attribute ,  a second element i n  the 

overal l  softness is stiffness. Stiffness can be measured from the tensile slope of stress-strain tensile 

curve. The lower the slope the lower the stiffness and the better overall softness the product wil l d isplay. 

Stiffness and tensi le strength are positively correlated , however at a g iven tensi le strength shorter fibers 

1 5  wil l d isplay a g reater stiffness than long fibers. While not wishing t o  be bound by  theory, i t  is believed 

that this behavior is due lo the h igher number of hydrogen bonds requ ired to produce a product of a 

given tensi le strength with short fibers than with iong fi bers. Thus, easily collapsible, low coarseness 

long fibers, such as those provided by Northern Softwood Kraft (NSWK) fibers typically supply the best 

combination of durabi l ity and softness in tissue products when those fibers are used in combination with 

20 h ardwood Kraft fibers such as Eucalyptus hardwood Kraft fibers.  While Northern Softwood Kraft Fibers 

have a h igher coarseness than Eucalyptus fi bers their small cel l  wall thickness relative to lumen d iameter 

combined with their long length makes them the ideal cand idate for optimizing durabil ity and softness in 

tissue . 

Unfortunately, supply of NSWK is u nder significant pressure both economical ly and 

25 environmental ly .  As such , prices of NSWK fibers have escalated sign i ficantly creating a need to find  

alternatives to  optimize softness and strength in tissue products. Another type of softwood fi ber is 

Southern Softwood Kraft (SSWK) widely used in fluff pulp contain ing absorbent products such as 

diapers, femin ine care absorbent products and incontinence products. Unfortunately whi le not u nder the 

same supply and environmental pressures as NSWK, fibers from SSWK are too coarse for tissue 

30 products and are unsu itable for making soft tissue products. Whi le having long fiber length , the SSWK 

fibers have too wide a cel l wal l width and too narrow a lumen diameter and thus create stiffer, harsher 

feel ing products than NSWK. 
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The tissue maker who is able to identify fibers having a desi rable combination of fiber length 

and coarseness from fiber b lends general ly regarded as inferior with respect to average fiber properties 

may reap sign ificant cost savings and/or product improvements. For example, the tissue maker may 

wish to make a tissue paper of superior strength without i ncurring the usual degradation in softness 

5 which accompanies h igher strength . Alternatively, the papermaker may wish a h igher degree of paper 

surface bond ing to reduce the release of free fibers without suffering the usual decrease in softness 

which accompanies g reater bonding of surface fibers. As such , a need currently exists for a tissue 

product formed from a fiber that wil l improve durabi l ity without negatively affecting  other important 

product properties, such as softness. 

1 0  SUMMARY OF  THE DISCLOSURE 

It has now been surprisingly d iscovered that the short, low-coarseness fiber fraction of the tissue 

making furn ish may be substituted with non-wood fibers and more specifically non-wood cellulosic fibers 

h aving an average fiber length from about 1 .0 to about 2 .0 mm,  without negatively affecting important 

tissue properties such as strength and stiffness. In some instances tissue product properties may 

1 5  actual ly be  improved by  substituting short, low-coarseness fiber with non-wood cel lu losic fibers. For 

example, in one embodiment, the present invention provides a soft and durable tissue comprising from 

about 1 0  to about 50 percent non-wood cel lu losic fiber and h aving a ratio of mach ine d i rection tensile 

strength (MD Tensile) to cross-mach ine d i rection tensile strength (CD Tensi le) of less than about 2 .0 

and a geometric mean tear strength g reater than about 1 2 .0 N .  Surprisingly, the foregoing properties 

20 are comparable or better than those observed in similarly manufactured tissue products consisting  

essential ly o f  short wood pulp fibers and  long, low-coarseness wood pulp fibers. 

Accord ing ly, in one embodiment, the present d isclosure provides a multi-layered tissue web 

comprising a fabric contacti ng fibrous l ayer and a non-fabric contacting , also referred to as the air-side 

layer, fibrous layer, wherein the fabric contacting fibrous layer comprises wood pulp fibers and the non-

25 fabric contacting fi brous layer comprises a blend of non-wood cel lu losic fibers and wood pulp fibers. 

30 

Preferably the fabric contacting layer is substantial ly free of non-wood cellulosic fibers and the tissue 

web comprises from about 5 to about 30 weight percent non-wood cel lu losic fi bers. In  a particu larly 

preferred embodiment the fabric contacting fibrous layer comprises softwood kraft fibers and the non­

fabric contacting  fibrous layer comprises non-wood cel lu losic fibers and hardwood kraft fibers. 

In yet other embodiments the present d isclosure provides a multi-layered tissue web comprising  

a fabric contacting fibrous layer and a non-fabric contacting fibrous layer, wherein the fabric contacting 

fibrous layer consists essential ly of wood pulp fibers and is substantial ly free of non-wood cel lulosic 

fibers and the non-fabric contacting fibrous layer comprises from about 5 to about 30 weight percent 
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non-wood cellu losic fibers, the tissue web having a basis weight g reater than about 20 grams per square 

meter (gsm) a M D:CD Tensile Ratio less than about 2 .0 and a geometric mean tear strength greater 

than about 1 2.0  N .  

I n  other embodiments the present invention provides a tissue product comprising at least one 

5 multi-layered tissue web having first and second outer layers and a middle layer disposed there-between, 

the web comprising from about 5 to about 30 weight percent non-wood cel lu losic fibers having an 

average fiber length from about 1 .0 to about 2.0 mm,  the product having a M D:CD Tensile Ratio less 

than about 2 .0 ,  a geometric mean tensi le (GMT) g reater than about 700 g/3" and a M D  Slope less than 

about 1 0.0 kg . 

1 0  I n  still other embodiments the present d isclosure provides a method o f  forming a tissue web 

comprising the steps of dispersing a wood pulp fiber and a non-wood cel lu losic fiber in water to form a 

fi rst fiber slu rry, dispersing a wood pulp fiber to form a second fiber slurry, depositing the second fiber 

slu rry onto a forming fabric, depositing the first fiber slu rry adjacent to the second fiber slurry to form a 

wet web, dewatering the wet web to a consistency from about 20 to about 30 percent, and d rying the 

1 5  wet web to a consistency o f  greater than about 90 percent thereby forming a d ry tissue web, the d ry 

tissue web comprising from about 5 to about 30 weight percent non-wood cel lu losic fibers . 

In yet other embodiments the present d isclosure provides a method of modifying at least one 

cross-machine d irection property of a tissue web comprising the steps of dispersing hardwood kraft pu lp 

and a non-wood cel lu losic fiber selected from the g roup consisting of Hesperaloe funifera, Hesperaloe 

20 nocturna, Hesperaloe parviflova, Hesperaloe chiangH, Agave tequilana, Agave sisalana, Agave 

fourcroydes, Phyllostachys edulis, Bambusa vulgaris, Phyllostachys nigra and combinations thereof, i n  

water to form a first fiber slurry, d ispersing softwood kraft pulp fiber t o  form a second fiber slurry, 

depositing the second fiber slurry onto a forming fabric, depositing the first fiber slurry adjacent to the 

second fiber slurry to form a wet web, dewatering the wet web to a consistency from about 20 to about 

25 30 percent, and d rying the wet web to a consistency of greater than about 90 percent thereby forming a 

dry tissue web, the d ry tissue web comprising from about 5 to about 30 weight percent non-wood 

cel lu losic fibers and having a CD tensi le, CD slope , CD tear or CD tensile energy absorption d ifferent 

than a simi larly manufactured tissue web substantial ly free from non-wood cel lu losic fiber. In  certain 

embodiments first fiber slurry is not subject to refin ing and the second fiber slurry is optionally refined . 

30 DESCRIPTIONS OF THE DRAWINGS 

Figure 1 is a g raph of CD slope (y-axis) versus geometric mean tensile (GMT, x-axis) for three 

different tissue products manufactured at three d i fferent geometric mean tensile strengths, - • - are 

3 
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tissue products having three layers and comprising  40% NSWK and 60% EHWK, -.A- are tissue 

products having three layers and comprising 40% NSWK, 45% EHWK and 1 5% bamboo; and - ■ - are 

tissue products having three layers and comprising 40% NSWK, 30% EHWK and 30% bamboo; 

Figure 2 is a graph of MD slope (y-axis) versus geometric mean tensi le (GMT, x-axis) for three 

5 different tissue products manufactured at three d i fferent geometric mean tensi le strengths, - • - are 

tissue products having three layers and comprising  40% NSWK and 60% EHWK, -.A- are tissue 

products h aving three l ayers and comprising 40% NSWK, 45% EHWK and 1 5% bamboo; and - ■ - are 

tissue products having three layers and comprising 40% NSWK, 30% EHWK and 30% bamboo; and 

Figure 3 is a graph of GM tear (y-axis) versus geometric mean tensile (GMT, x-axis) for three 

1 0  different tissue products manufactured at three d i fferent geometric mean tensile strengths, - • - are 

tissue products having three layers and comprising  40% NSWK and 60% EHWK, -.A- are tissue 

products h aving three layers and comprising 40% NSWK, 45% EHWK and 1 5% bamboo; and - ■ - are 

tissue products having three layers and comprising 40% NSWK, 30% EHWK and 30% bamboo. 

DEFINITIONS 

1 5  As used herein ,  the term "Average Fiber Length" means the length weighted average fiber length 

(LWAFL) of fibers determined uti l iz ing Op Test Fiber Qual ity Analyzer, model FQA-360 (Op Test 

Equipment, Inc . ,  Hawkesbu ry, ON) .  Accord ing to the test procedure, a pulp sample is treated with a 

macerating l iqu id to ensure that no fiber bundles or shives are present. Each pulp sample is d isin tegrated 

into hot water and di luted to an approximately 0 .00 1 percent solution . Individual test samples are drawn 

20 in approximately 50 to 1 00 ml portions from the d i lute solution when tested using the standard Op Test 

Fiber Quality Analyzer fiber analysis test procedu re .  The weighted average fiber length may be 

expressed by the fol lowing equation : 

where k = maximum fiber length 

25 Xi = fiber length 

n i  = number of fibers having length Xi 

n = total number of fibers measured . 

L (xi X na/n 
X;=O 

As used herein , the term "Coarseness" means the fiber mass per un it of unweighted fiber length 

reported in units of mi l l igrams per one h undred meters of unweighted fiber length (mg/1 00 m) as 

4 
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measured usi ng a suitable fiber coarseness measuring device such as the above Op Test Fiber Qual ity 

Analyzer. The coarseness of the pu lp is  an average of three coarseness measurements of three fiber 

specimens taken from the pulp. The operation of the analyzer for measuring coarseness is simi lar to the 

operation for measuring fiber length described above. 

As used herein the term " Fiber" means an elongate particulate having an apparent length greatly 

exceeding its apparent width . More specifically, and as used herein ,  fiber means such fibers suitable for 

a papermaking process and more particu larly the tissue paper making  process. 

As used herein the term "Cel lu losic Fiber" means a fiber composed of or derived from cel lu lose. 

As used herein ,  the term " Long Cellu losic Fibers" means a cel lulosic fiber having an average 

1 0  fiber length g reater than 1 .2 m m  and more preferably greater than about 1 .5 m m  and still more preferably 

greater than about 1 .8 mm,  such as from about 1 .2 to about 3.0 mm and more preferably from about 1 .5 

to about 2 .5 mm .  

As used herei n  the term "Short Cel lu losic Fibers" means a cel lu losic fi ber having an  average 

length less than about 1 .2 mm,  such as from about 0 .4 to about 1 .2 mm,  such as from about 0 .5  to about 

1 5  0.75 m m ,  and more preferably from about 0 .6 to about 0 .7 mm.  One example o f  short cellu losic fibers 

are hardwood pu lp fibers, which may be derived from hardwoods selected from the group consisting of 

Acacia ,  Eucalyptus, Maple, Oak, Aspen ,  Birch, Cottonwood , Alder, Ash , Cherry, Elm ,  Hickory, Poplar, 

Gum ,  Walnut, Locust, Sycamore and Beech . 

As used herein the term " Non-Wood Cellulosic Fiber" means a fibers derived from non-wood 

20 plants i nclud ing , for example, non-wood plants in the genus Hesperaloe i n  the family Agavaceae 

including ,  such as H. funifera, H. nocturna, H. parviflova, and H. changii, non-wood plants in the genus 

Agave, of the fami ly Asparagaceae i ncluding , for example A. tequilana, A .  sisalana and A.  fourcroydes 

and non-wood plants in  the genus Phyllostachys or Bambusa, of the family Poaceae includ ing , for 

example, Phyllostachys edu/is, Bambusa vulgaris and Phyllostachys nigra variant Henon . 

25 

30 

As used herein ,  the term "Tissue Product'' means products made from tissue webs and includes, 

bath tissues, facial tissues, paper towels, industrial wipers, foodservice wipers, napkins, medical pads, 

and other simi lar products . 

As used herein ,  the term "Tissue Web" means a fibrous sheet material suitable for use as a 

tissue product. 

As used herein ,  the term " Ply" means a d iscrete product element. I nd ividual p l ies may be 

arranged in  juxtaposition to each other .  The term may refer to a p lu ral ity of web-l ike components such 

as in a multi-ply facial tissue, bath tissue, paper towel ,  wipe, or napkin . 

5 
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As used herei n ,  the term "Layer" means a plurality of strata of fibers, chemical treatments, or 

the l ike ,  with in  a ply .  

As used herein ,  the terms "Layered," "Multi-Layered ," and the l ike ,  refer to fibrous sheets 

prepared from two or more layers of aqueous papermaking furnish which are preferably comprised of 

5 different fiber types. The layers are preferably formed from the deposition of separate streams of di l ute 

fiber slu rries, u pon one or more endless foraminous screens. If the ind ividual layers are initial ly formed 

on separate foraminous screens, the layers are subsequently combined (while wet) to form a layered 

composite web .  

As used herein the term "Basis Weight" means the bone dry weight per unit area of a tissue and 

1 0  is generally expressed as g rams per square meter (gsm) . Basis weight is measured using TAPPI test 

method T-220. While basis weight may be varied, tissue products prepared according to the present 

invention and comprising one, two or three p l ies, g enerally have a basis weight  greater than about 

30 gsm, such as from about 30 to about 60 gsm and more preferably from about 35 to about 45 gsm .  

As used herei n  the term "Caliper" is the representative thickness o f  a single sheet (caliper of 

1 5  tissue products comprising two o r  more pl ies i s  the th ickness o f  a single sheet o f  tissue product 

comprising al l pl ies) measured in accordance with TAPPI  test method T402 using an EMVECO 200-A 

Microgage automated micrometer (EMVECO, Inc. , Newberg , OR) . The m icrometer has an anvil 

diameter of 2 .22 inches (56.4 mm) and an anvil pressure of 1 32 g rams per square inch (per 6 .45 square 

centimeters) (2.0 kPa) . The caliper of a tissue product may vary depending on a variety of manufactu ring 

20 processes and the number of pl ies in the product, however, tissue products prepared according to the 

present invention general ly have a caliper greater than about 500 µm ,  more preferably g reater than 

about 575 µm and still more preferably g reater than about 600 µm, such as from about 500 to about 

800 µm and more preferably from about 600 to about 750 µ m .  

As used herein the term "Sheet Bulk" refers to the quotient o f  the cal iper (generally having un its 

25 of µm) d ivided by the bone dry basis weight (generally having  units of gsm) . The resu lting sheet bulk is 

expressed in cubic centimeters per g ram (cc/g ) .  Through-air dried tissue products prepared according 

to the present invention generally have a sheet bulk greater than about 8 cc/g , more preferably g reater 

than about 1 0  cc/g and sti l l  more preferably greater than about 1 2  cc/g , such as from about 8 to about 

20 cc/g and more preferably from about 1 2  to about 1 8  cc/g . Creped wet pressed tissue products 

30 prepared accord ing to the present invention general ly have a sheet bulk g reater than about 7 cc/g , more 

preferably g reater than about 9 cc/g , such as from about 7 to about 1 0  cc/g . 

As used here in ,  the term "Geometric Mean Tensile" (GMT) refers to the square root of the 

product of the mach ine di rection tensile strength and the cross-machine direction tensile strength of the 
6 
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tissue product. While the GMT may vary, tissue products prepared accord ing to the present invention 

generally have a GMT g reater than about 500 g/3" , more preferably g reater than about 600 g/3" and sti l l  

more preferably g reater than about 800 g/3", such as from about 500 to about 1 ,200 g/3" . 

As used herein ,  the term "Slope" refers to the slope of the l ine resulting from plotting tensile 

5 versus stretch and is an output of the MTS T estWorks TM in the course of determin ing the tensile strength 

as described in the Test Methods section herein .  Slope is reported in the u nits of g rams (g) per un it of 

sample width ( inches) and is measured as the gradient of the least-squares line fitted to the load­

corrected strain points fal l ing between a specimen-generated force of 70 to 1 57 g rams (0 .687 to 1 .540 N)  

divided by the specimen width . Slopes are generally reported herein as having un its of  g rams (g )  or 

10 ki lograms (kg) .  

As used herein ,  the term "Geometric Mean Slope" (GM Slope) refers to the square root of the 

product of mach ine d i rection slope and cross-mach ine di rection slope. GM Slope general ly is expressed 

in un its of kilograms (kg) . While the GM Slope may vary, tissue products prepared according to the 

present invention general ly have a GM Slope less than about 1 0 .0 kg , more preferably less than about 

1 5  8 .0 kg and sti l l  more preferably less than about 6 .0 kg . 

20 

As used herein ,  the term "Stiffness Index" refers to GM Slope (having units of kg) ,  divided by 

GMT (having un its of g/3") multiplied by 1 ,000 . Whi le the Stiffness Index may vary, tissue products 

prepared accord ing to the present invention generally have a Stiffness I ndex less than about 1 0 .0 and 

more preferably less than about 8 .0 ,  such as from about 6 .0 to about 1 0 .0 .  

As used herein ,  the term "Geometric Mean Tensile Energy Absorption" (GM TEA) refers to the 

square root of the product MD TEA and CD TEA, which are measured in  the course of determin ing 

tensile strength as described below. GM TEA has units of g m*cm/cm2 . 

As used herein the term "Substantial ly Free" when used in  reference to a given layer of a multi­

layered fibrous web means the given l ayer comprises less than about 0 .25 percent of the subject fiber, 

25 by weight of the layer .  The foregoing amounts of fiber are generally considered negl ig ible and do not 

affect the physical properties of the layer .  Moreover the presence of negl ig ible  amounts of subject fibers 

in a g iven layer general ly arise from fibers disposed in an adjacent layer, and have not been purposefu l ly 

disposed in  a given layer. For example where a g iven layer of a multi-layered tissue web is said to be 

substantial ly free of wood pu lp fibers, the g iven layer generally comprises less than about 0 .25 percent 

30 wood pulp fiber, by weight of the layer. 

7 
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DETAILED DESCRIPTION OF THE DISLOSURE 

The present i nvention provides multi-layered tissue webs, and tissue product compris ing the 

same, the multi-layered webs comprising wood fibers and non-wood cel lu losic fibers where the non­

wood cel l u losic fibers are selectively deposited in one or more outer layers of the multi- layered web . 

5 Surprisingly d isposing non-wood cel lu losic fibers i n  the outer layers, even in relatively modest amounts, 

alters the machine and/or cross-mach ine direction properties of the resulting web, such that M D:CD 

tensile ratio may be reduced . For example, i n  one embodiment, the present invention provides a method 

of manufacturing a tissue web comprising the steps of d ispersing h ardwood kraft pu lp and a non-wood 

cel lu losic fiber in water to form a first fiber slu rry, d ispersing softwood kraft pulp fiber to form a second 

1 0  fiber slurry, depositing the second fiber slurry onto a forming fabric, depositing the first fiber slurry 

adjacent to the second fiber slurry to form a wet web, dewatering the wet web to a consistency from 

about 20 to about 30 percent, and d rying the wet web to a consistency of g reater than about 90 percent 

thereby forming a dry tissue web, the d ry tissue web comprising from about 5 to about 30 weight percent 

non-wood cel lu losic fibers and h aving a M D:CD tensile ratio less than about 2 .0 .  In  particu larly preferred 

1 5  embodiments the first fiber slurry i s  not refined, that i s  neither the hardwood kraft pulp nor the non-wood 

cel lu losic fibers are refined . The second fiber slurry may optional ly be refined to modify the strength of 

the resu lting tissue web . 

Tissue webs and products of the present invention generally comprise at least about 5 .0 weight 

percent non-wood cel lu losic fibers and more preferably at least about 10 weight  percent, such as from 

20 about 5 .0 to about 30 percent and more preferably from about 1 0  to about 25 weight percent. i n  

particularly preferred embodiments the inventive tissue products comprise a multi-layered web 

comprising a fi rst layer, such as a fabric contacting layer, and a second layer, such as an air layer, where 

the first layer comprises non-wood cel iu losic fiber and wood pu lp fibers, preferably short wood fibers, 

and the second layer comprises wood pulp fibers and is substantially free from non-wood cel lulosic 

25 fibers . 

Non-wood cel lu losic fibers useful in the present i nvention are generally derived from non-wood 

plants in the genus Hesperaloe in the fami ly Agavaceae including , for example H. funifera, H. nocturna, 

H. parviflova, and H. changii, non-wood plants i n  the genus Agave, of the family Asparagaceae includ ing ,  

for example A tequilana, A. sisalana and A fourcroydes and non-wood plants in the genus 

30 Phyllostachys or Bambusa, of the fami ly Poaceae including ,  for example, Phyllostachys edulis, Bambusa 

vulgaris and Phyllostachys nigra variant Henon . Preferably the non-wood cel lu losic fiber has an average 

fiber length greater than about 1 .0 m m ,  more preferably greater than about 1 .2 mm and sti l l  more 

preferably greater than about 1 .4 mm,  such as an average fiber length from about 1 .0 to about 3 .0  mm 
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and more preferably from about 1 .2 to about 2 .8 mm .  I n  certain embodiments the tissue webs and 

products may comprise two or more d ifferent non-wood cel lu losic fibers. 

In particularly preferred embodiments the non-wood cel lu losic fiber is a bamboo fiber derived 

from one or more bamboo fiber species selected from the group consisting of Acidosasa sp. ,  

5 Ampleoca!amus sp. 1 Arundinaria sp., Bambusa sp. ,  Bashania sp., Borinda sp., Brachystachyum sp., 

Cephafostachyum sp., Chimonobambusa sp., Chusquea sp., Dendrocafamus sp., Dinoch!oa sp., 

Drepanostachyum sp., Eremitis sp. ,  Fargesia sp., Gaoligongshania sp. , Gelidocafamus sp., 

Gigantochloa sp., Guadua sp. ,  Hibanobambusa sp. ,  Himafayacalamus sp. 1 lndocaiamus sp., lndosasa 

sp., Lithachne sp. , Me!ocanna sp., Menstruoca!amus sp. ,  Nastus sp., Neohouzeaua sp., 

1 0  Neomicrocafamus sp., Ochlandra sp., Ofigostachyum sp. ,  Olmeca sp., Otatea sp., Ox,v1enanthera sp., 

Phyliostachys sp., Pfeiob!astus sp. , Pseudosasa sp., Raddia sp., Rhip1docladum sp., Sasa sp., Sasaelia 

sp., Sasamorpha sp., Schizostachyum sp., Semiarundinaria sp., Shibatea sp., Sinobambusa sp., 

Thamnocafamus sp. , Thyrsostachy.s sp. ,  and Yushania sp. 

Tissue webs and products made in accordance with the present d isclosure are formed from a 

1 5  stratified fiber furn ish producing layers within  the web o r  product. Stratified base webs can b e  formed 

using equ ipment known in the art, such as a multi- layered headbox. For example, in  certa in 

embodiments, the tissue products may be prepared from multi-layered webs having a first outer layer, a 

middle layer and a second outer layer. In one embodiment the first and second outer l ayers may 

comprise non-wood cel lu losic fiber and short cel lu losic fiber, such as hardwood pu lp fibers. The short 

20 cel lu losic fibers can be mixed , if desired , with paper broke in an amount up to about 1 0  percent by weight 

and/or long cel lu losic fiber i n  an amoun t  up  to about 10 percent by weight. The middle layer, which is 

generally positioned in  between the first outer layer and the second outer layer may comprise wood 

fibers, and more preferably long, low coarseness wood pu lp  fibers, such as Northern softwood kraft pu lp 

fibers (NSWK) . Preferably the middle layer is substantial ly free from non-wood cellu losic fibers. 

25 In  other embodiments the non-wood cel lu losic fibers are u ti l ized in the tissue web as a 

replacement for short wood fibers such as hardwood kraft pu lp fibers and more specifically Eucalyptus 

kraft fibers. In one particular embod iment, non-wood cel lulosic fibers are incorporated into a multi­

layered web having an air contacting l ayer (non-fabric contacting layer) and a fabric contacting layer 

where the air contacting  layer comprises a blend of hardwood fibers and non-wood cellu losic fibers and 

30 the fabric contacting layer comprises long wood fibers. In the foregoing embod iment the non-wood 

cel lu losic fiber may be added to the air contacting  layer such that the total web comprises about 5 .0 to 

about 30 percent, by total weight of the web, non-wood cel lu losic fibers. Further, it may be preferred to 
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selectively d ispose the non-wood cel lu losic fibers in the air layer such that the fabric contacting layer is 

substanti al ly free from non-wood cel lu losic fibers. 

In a particularly p referred embodiment, the present d isclosure provides a tissue web having  

modified machi ne and/or cross-mach ine d i rection physical properties and  a MD :CD tensi le ratio less 

5 than about 2 .0 .  For example, the i nvention provides a tissue product having a GMT greater than about 

500 g/3 " ,  such as from about 500 to about 1 ,200 g/3 " ,  and more preferably from about 700 to about 

1 ,000 g/3" ,  a MD :CD tensi le ratio less than about 2 .0,  such as from about 1 .5 to about 2 .0 and more 

preferably from about 1 .6 to about 1 .80 and a reduced MD Slope, such as a MD Slope less than about 

1 0 .0 kg , and more preferably less than about 8.0 kg , such as from about 6.0 to about 1 0 .0 kg and more 

1 0  preferably from about 6 .0  to about 8 .0 kg . 

In other embodiments, the add i tion of non-wood fibers to one or more outer layers of a multi­

layered tissue web may alter the CD Slope and in  some i nstances may increase the CD Slope, compared 

to a simi larly manufactured tissue web that is substantial ly free from non-wood fibers. For example, a 

tissue multi-l ayered web comprising from about 1 0  to about 50 percent non-wood fiber, where the non-

15 wood fiber is selectively incorporated i n  one or more outer layers may have a CD Slope from about 4 .5 

to about 6 .0 kg . 

In sti l l  other embodiments, the present d isclosure provides tissue products having enhanced 

durabi l i ty ,  such as improved tear strength . For example, tissue products prepared as described herein 

may have a geometric mean tear (GM tear) g reater than about 1 2 .0 N and more preferably greater than 

20 about 14 .0 N and sti l l  more preferably g reater than about 1 6 .0 N, such as from about 1 2 .0 to about 20.0 

at geometric mean tensi le strengths from about 700 to about 1 ,200 g/3" .  

The increase i n  du rabi l ity is generally ach ieved without a corresponding increase i n  stiffness, 

such that the instant tissue products are durable, yet flexib le and soft. For example, tissue products 

prepared as described herein may have a GM Slope less than about 8 .0 and more preferably less than 

25 about 7 .0 ,  such as from about 5 .0 to about 8 .0 .  The foregoing GM Slopes are generally achieved at 

GMTs from about 700 to about 1 ,200 g/3" and more preferably from about 750 to about 1 ,000 g/3" 

yield ing Stiffness Indexes less than about 9 .0 ,  and more preferably less than about 8 .0  and sti l l  more 

preferably less than about 7 .0 ,  such as from about 6 .0 to about 9 .0 .  

Webs prepared as  described herein may be converted into either sing le or  multi-ply rolled tissue 

30 products that have improved properties over the prior art. In one embodiment the present d isclosure 

provides a rolled tissue product comp rising a spi rally wound tissue web having at least two layers 

wherein the air contacting  layer comprises at least about 5 percent, by weight of the web, non-wood 

1 0  

Kimberly Clark EX1002, p. 1160
PGR2026-00078



WO 2018/156109 PCT/US2017/018822 

cel lu losic fiber and wherein the tissue web h as a bone d ry basis weight g reater than about 35 gsm ,  a 

sheet bulk greater than about 1 0  cc/g and a Stiffness Index less than about 9 .0 .  

The tissue webs may also be incorporated into tissue products that may be either sing le- or 

multi-ply, where one or more of the pl ies may be formed by a multi-layered tissue web having non-wood 

5 cel lu losic fiber selectively i ncorporated in  one of its layers. In one embodiment the tissue product is 

constructed such that the non-wood cel lu losic fibers are brought into contact with the user's skin in -use. 

For example, the tissue product may comprise two mu lti- layered through-air dried webs wherein each 

web comprises a fabric contacting fibrous layer substantial ly free from non-wood cellulosic fiber and a 

non-fabric contacting fibrous layer comprising non-wood cel lu losic fiber. The webs are plied together 

1 0  such that the outer surface o f  the tissue product i s  formed from the fabric contacting fi brous layers of 

each web ,  such that the surface brought i nto contact with the user's skin i n-use comprises non-wood 

cel lu losic fiber. 

If desi red ,  various chemical compositions may be appl ied to one or more layers of the mul ti­

layered tissue web to further enhance softness and/or reduce the generation of lint or slough .  For 

1 5  example, i n  some embodiments, a wet strength agent can be  uti l ized to further increase the strength of 

the tissue product when wet. As used herein ,  a "wet strength agent" is any material that when added to 

pulp fibers can provide a resulting web or sheet with a wet geometric tensile strength to d ry geometric 

tensile strength ratio in excess of about 0 . 1 . Typically these materials are termed either "permanent" wet 

strength agents or " temporary" wet strength agents .  As is well known in the art, temporary and 

20 permanent wet strength agents may also sometimes function as d ry strength agents to enhance the 

strength of the tissue product when dry. 

Wet strength agents may be appl ied i n  various amounts depending on the desired 

characteristics of the web .  For i nstance, in some embodiments, the total amount of wet strength agents 

added can be between about 1 to about 60 pounds per ton (lbs/T), i n  some embodiments between about 

25 5 to about 30 lbs/T, and in some embodiments between about 7 to about 1 3  lbs/T of the dry weight of 

fibrous material . The wet strength agents can be incorporated into any layer of the multi- layered tissue 

web .  

A chemical debonder can also be appl ied to soften the web . Specifical ly, a chemical debonder 

can reduce the amount  of hydrogen bonds with in one or more layers of the web, which resu l ts in a softer 

30 product. Depending on the desi red characteristics of the resu lting tissue product, the debonder can be 

uti l ized in varying amounts .  For example, in some embodiments, the debonder can be applied in an 

amount  between about 1 to about 30 l bs/T, in some embodiments between about 3 to about 20 l bs/T, 
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and i n  some embodiments, between about 6 to about 1 5  lbsff of the dry weight of fibrous materi al . The 

debonder can be incorporated i nto any layer of the multi- layered tissue web .  

Any material capable o f  enhancing the soft feel o f  a web by  d isrupti ng hydrogen bond ing can 

generally be used as a debonder in the present i nvention . In particu lar, as stated above, it is typically 

5 desired that the debonder possess a cationic charge for forming an electrostatic bond with anionic 

groups present on the pulp . Some examples of suitable cationic debonders can i nclude, but are not 

l imited to, quaternary ammon ium compounds, imidazol in ium compounds, bis-imidazol in ium compounds, 

d iquaternary ammonium compounds, polyquaternary ammon ium compounds, ester-functional 

quaternary ammonium compounds (e.g . ,  quaternized fatty acid trialkanolamine ester salts) , phosphol ip id 

1 0  derivatives, polydimethylsi loxanes and related cationic and non-ionic sil icone compounds, fatty and 

carboxylic acid derivatives, mono and polysaccharide derivatives, polyhydroxy hydrocarbons, etc. For 

instance, some su itable debonders are described in U .S .  Pat. Nos. 5 ,71 6,498, 5 ,730,839, 6 ,21 1 , 1 39 ,  

5 ,543 ,067, and WO/0021 918 ,  all o f  which are incorporated herein i n  a manner consistent with the 

present d isclosure. 

1 5  Sti l l  other suitable debonders are d isclosed in  U . S .  Pat. Nos. 5 ,529 ,665 and 5 ,558,873, both of 

wh ich are incorporated herein i n  a manner consistent with the present d isclosure. In particular, U .S .  Pat. 

No. 5 ,529,665 d iscloses the use of various cationic si l icone compositions as softening agents .  

Tissue webs of  the present d isclosure can general ly be formed by any of  a variety of 

papermaking processes known in  the art . Preferably the tissue web is formed by through-air d rying and 

20 be either creped or uncreped . For example, a papermaking process of the present d isclosure can u ti l ize 

adhesive creping , wet crep ing ,  double creping ,  embossing ,  wet-pressing ,  air pressing ,  through-air 

d rying ,  creped through-air d rying ,  u ncreped through-air d rying ,  as well as other steps in  forming the 

paper web . Some examples of such techn iques are d isclosed in U .S .  Pat. Nos. 5 ,048 ,589, 5 ,399,4 1 2 , 

5 , 1 29 ,988 and 5 ,494,554 all of which are i ncorporated herein i n  a manner consistent with the present 

25 d isclosure. When forming multi-ply tissue products, the separate pl ies can be made from the same 

process or from d ifferent processes as desi red . 

For example, in one embod iment, tissue webs may be creped through-air d ri ed webs formed 

using processes known in  the art. To form such webs, an endless travel ing forming fabric, su itably 

supported and dr iven by rol ls, receives the layered papermaking stock issuing from the headbox. A 

30 vacuum box is d isposed beneath the forming fabric and is adapted to remove water from the fiber furnish 

to assist in forming a web .  From the forming fabric, a formed web is transferred to a second fabric, which 

may be either a wire or a felt . The fabric is supported for movement around a conti nuous path by a 
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plurality of gu ide rolls. A pick up  roll designed to facil i tate transfer of web from fabric to fabric may be 

included to transfer the web .  

Preferably the formed web is d ried by  transfer to the surface of a rotatable heated d ryer d rum ,  

such as  a Yankee d ryer. The web may be transferred to the Yankee di rectly from the throughdryi ng 

5 fabric or, preferably, transferred to an impression fabric which is then used to transfer the web to the 

Yankee dryer. I n  accordance with the present d isclosure, the creping composition of the present 

disclosure may be applied topically to the tissue web whi le the web is travel ing on the fabric or may be 

appl ied to the surface of the d ryer drum for transfer onto one side of the tissue web . In this manner,  the 

creping composition is used to adhere the tissue web to the d ryer d rum.  I n  this embodiment, as the web 

1 0  is carried through a portion of the rotational path of the d ryer surface, heat is imparted to the web causing 

most of the moisture contained withi n  the web to be evaporated . The web is then removed from the d ryer 

drum by a creping blade . The creping web as it is formed further reduces internal bonding within  the web 

and increases softness. Applying  the creping composition to the web dur ing creping ,  on the other hand,  

may increase the strength of the web .  

15  I n  other embodiments, the base web is  formed by an uncreped through-air d rying process such 

as those described , for example, in U .S .  Pat. Nos. 5,656 , 1 32 and 6,0 17 ,4 1 7 ,  both of which are hereby 

incorporated by reference herein in a manner consistent with the present d isclosure . The uncreped 

through-air d rying process may comprise a twin wire former having a papermaking headbox which injects 

or deposits a furnish of an aqueous suspension of wood fibers onto a p lural ity of forming fabrics, such 

20 as an outer forming fabric and an inner forming fabric, thereby forming a wet tissue web .  The forming 

process may be any conventional forming process known in the papermaking industry. Such formation 

processes include, but are not l imited to, Fourdriniers, roof formers such as suction breast rol l formers, 

and g ap formers such as twin wire formers and crescent formers. 

The wet tissue web forms on the inner forming fabric as the inner forming fabric revolves about 

25 a forming rol l .  The inner forming fabric serves to support and carry the newly-formed wet tissue web 

downstream in the process as the wet tissue web is partial ly dewatered to a consistency of about 1 0  

percent based on the dry weight of the fibers. Additional dewatering of the wet tissue web may be carried 

out by known paper making techn iques ,  such as vacuum suction boxes, while the inner forming fabric 

supports the wet tissue web .  The wet tissue web may be add itional ly dewatered to a consistency of at 

30 least about 20 percent, more specifical ly between about 20 to about 40 percent, and more specifically 

about 20 to about 30 percent. 

The formi ng fabric can generally be made from any suitable porous material , such as metal 

wires or polymeric fi laments. For i nstance, some su itable fabrics can include, but are not l im ited to, 
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Albany 84M and 94M avai lable from Albany International (Albany, N .Y .) Asten 856, 866, 867, 892, 934, 

939, 959, or 937; Asten Synweve Desig n  274, al l of which are avai lable from Asten Forming Fabrics, 

Inc .  (Appleton , Wis . ) ;  and Voith 2 1 64 available from Voith Fabrics (Appleton , Wis. ) .  The wet web is then 

transferred from the forming fabric to a transfer fabric while at a sol ids consistency of between about 1 0  

5 to about 35 percent and , particularly, between about 20 to about 30 percent. As used herein ,  a "transfer 

fabric" is a fabric that is positioned between the forming section and the drying section of the web 

manufacturing process. 

Transfer to the transfer fabric may be carried out with the assistance of positive and/or negative 

pressure . For example, in one embodi ment, a vacuum shoe can apply negative pressure such that the 

1 0  forming fabric and the transfer fabric simultaneously converge and d iverge at the lead i ng edge of the 

vacuum slot. Typical ly, the vacuum shoe suppl ies pressure at levels between about 1 0  to about 25 

inches of mercury. As stated above, the vacuum transfer shoe (negative pressure) can be supplemented 

or replaced by the use of positive pressure from the opposite side of the web to blow the web onto the 

next fabric. In some embod iments, other vacuum shoes can also be used to assist i n  d rawing the fibrous 

1 5  web onto the surface of the transfer fabric. The wet tissue web is then transferred from the transfer fabric 

to a throughdrying fabric. 

While supported by the throug hdrying fabric, the wet tissue web is dr ied to a fin al consistency 

of about 94 percent or g reater by a throughdryer .  The drying process can be any noncompressive drying  

method which tends to preserve the bu l k  or thickness of  the wet web i nclud ing ,  without l imitation, 

20 throughdrying ,  infra-red rad iation,  microwave d rying ,  etc. Because of i ts commercial avai labi l ity and 

practicality, throughdrying is well known and is one commonly used means for noncompressively drying 

the web for purposes of this invention .  Suitable throughdrying fabrics include, without l imitation,  fabrics 

with substantial ly conti nuous mach ine d i rection r idges whereby the r idges are made up of multiple warp 

strands grouped together, such as those disclosed in U .S .  Pat. No. 6 ,998,024 . Other su itable 

25 throughdrying fabrics i nclude those d isclosed in U . S .  Pat. No. 7,61 1 ,607, which is incorporated herein 

in  a manner consistent with the present d isclosure, particul arly the fabrics denoted as Fred (t1 207-77), 

Jetson (t1 207-6) and Jack (t1 207-1 2) .  The web is preferably dried to final d ryness on the throughdryi ng 

fabric, without be ing pressed against the surface of a Yankee dryer, and without subsequent creping .  

Additional ly, webs prepared according to the present d isclosure may be subjected to any 

30 su itable post processing i nclud ing , but not l imited to, pr inting ,  embossing ,  calendering ,  sl itting ,  fold ing ,  

wind ing ,  combin ing with other tissue webs, and the l i ke .  Post processing of  the web generally results in  

a tissue product that is i ntended for use by a consumer . 
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TEST METHODS 

Sheet Bu lk 

Sheet Bulk is calcul ated as the quotient of the dry sheet caliper (µm) d ivided by the basis weight 

(gsm) .  Dry sheet cal i per is the measurement of the thickness of a single tissue sheet measured in  

5 accordance with TAPPI  test methods T402 and T41 1 om-89. The micrometer used for carrying  out T41 1 

om-89 is an Emveco 200-A Tissue Cali per Tester (Emveco, Inc. , Newberg , OR) . The micrometer has a 

load of 2 kilo-Pascals, a pressure foot area of 2500 square mi l l imeters, a pressure foot d iameter of 56.42 

mi l l imeters, a dwell time of 3 seconds and a lowering rate of 0.8 mi l l imeters per second.  

10 

Tear 

Tear testing was carried out in accordance with TAPPI test method T-4 14  " Internal Teari ng 

Resistance of Paper (Elmendorf-type method)" using a fal l ing pendu lum instrument such as Lorentzen 

& Wettre Model SE 009 . Tear strength is d irectional and MD and CD tear are measured independently. 

More particul arly, a rectangular test specimen of the sample to be tested is cut out of the tissue 

product or tissue basesheet such that the test specimen measures 63 ± 0 . 1 5 mm (2.5 ± 0 .006 inches) 

1 5  in  the d i rection to be tested (such as the M D  o r  CD d i rection) and between 7 3  and 1 1 4 mi l l imeters (2.9 

and 4 .6 i nches) i n  the other d i rection .  The specimen edges m ust be cut parallel and perpend icular to the 

testing d irection (not skewed) .  Any su itable cutting  device, capable of the prescribed precision and 

accuracy, can be used.  The test specimen should be taken from areas of the sample that are free of 

folds, wrinkles, crimp l ines, perforations or any other d istortions that would make the test specimen 

20 abnormal from the rest of the material .  

The number of p l ies or sheets to test is determined based on the number of p l ies or sheets 

requ i red for the test results to fall between 20 to 80 percent on the l inear range scale of the tear tester 

and more preferably between 20 to 60 percent of the l inear range scale of the tear tester. The sample 

preferably shou ld be cut no closer than 6 mm (0 .25 inch) from the edge of the material from which the 

25 specimens wil l  be cut. When testing requires more than one sheet or ply the sheets are placed facing in  

the same d i rection . 

The test specimen is then placed between the clamps of the fal l ing pendu lum apparatus with 

the edge of the specimen al igned with the front edge of the clamp .  The clamps are closed and a 

20-mi l l imeter sl it is cut in to the leading edge of the specimen usually by a cutti ng knife attached to the 

30 i nstrument. For example, on the Lorentzen & Wettre Model SE 009 the sl it is created by push ing down 

on the cutting knife lever unti l it reaches its stop. The sl it should  be clean with no tears or n icks as this 

sl it wi l l  serve to start the tear during the subsequent test. 
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The pendulum is released and the tear val ue, which is the force requ ired to completely tear the 

test specimen, is recorded . The test is repeated a total of ten times for each sample and the average of 

the ten read ings reported as the tear strength . Tear strength is reported in units of g rams of force (gt) . 

The average tear val ue is the tear strength for the d i rection (MD or CD) tested . The "geometric mean 

5 tear strength" is the square root of the p roduct of the average MD tear strength and the average CD tear 

strength . The Lorentzen & Wettre Model SE 009 has a setting  for the number of pl ies tested . Some 

testers may need to have the reported tear strength multipl ied by a factor to give a per ply tear strength . 

For basesheets intended to be multip le ply products, the tear results are reported as the tear of the 

multiple ply product and not the single p ly basesheet. This is done by multiplying the single ply basesheet 

1 0  tear value by the number o f  pl ies i n  the finished product. Simi larly, mu l tiple ply fin ished product data for 

tear is presented as the tear strength for the fi n ished product sheet and not the ind ividual pl ies. A variety 

of means can be used to calculate but in general will be done by inputting the number of sheets to be 

tested rather than number of plies to be tested into the measuring device . For example, two sheets would 

be two 1 -ply sheets for 1 -ply product and two 2-ply sheets (4-plies) for 2-ply products. 

1 5  Tensile 

Tensi le  testing was done in accordance with T APPi test method T-576 "Tensile properties of 

towel and tissue products (using constant rate of elongation)" wherein the testing  is conducted on a 

tensile testing mach ine mainta in ing a constant rate of elongation and the width of each specimen tested 

is 3 inches. M ore specifically, samples for dry tensile strength testing were prepared by cutting a 3 ± 

20 0 .05 inches (76 .2 ± 1 .3 mm) wide strip in either the mach ine direction (MD) or cross-mach ine d irection 

(CD) orientation using a JDC Precision Sample Cutter (Thwing-Albert Instrument Company, 

Phi ladelphia, PA, Model No. JDC 3- 1 0 , Serial No. 37333) or equivalent. The instrument used for 

measuring tensi le strengths was an M TS Systems Sintech 1 1  S, Serial No. 6233 . The data acqu isition 

software was an MTS T estWorks® for Windows Ver. 3 . 1 0  (MTS Systems Corp . ,  Research Triangle Park, 

25 NC) . The load cell was selected from either a 50 Newton or 1 00 Newton maximum,  depending on the 

strength of the sample being tested , such that the majority of peak load values fal l  between 1 0  to 90 

percent of the load cel l 's ful l  scale value .  The gauge length between jaws was 4 ± 0 .04 inches ( 1 01 .6 ± 

1 mm) for facial  tissue and towels and 2 ± 0 .02 inches (50 .8 ± 0.5 mm) for bath tissue. The crosshead 

speed was 1 0  ± 0 .4 inches/min  (254 ± 1 mm/min) ,  and the break sensitivity was set at 65 percent. The 

30 sample was placed in the jaws of the instrument, centered both vertically and horizontal ly .  The test was 

then started and ended when the specimen broke. The peak load was recorded as either the "MD  tensile 

strength "  or the "CD tensile strength" of the specimen depending on di rection of the sample being tested . 

Ten representative specimens were tested for each product or sheet and the arithmetic average of al l 
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ind ividual specimen tests was recorded as the appropriate M D  or CD tensi le strength the product or 

sheet i n  un i ts of grams of force per 3 i nches of sample. The geometric mean tensile (GMT) strength was 

calcu lated and is expressed as g rams-force per 3 i nches of sample wid th . Tensile energy absorbed 

(TEA) and slope are also calculated by the tensi le tester .  TEA is reported in un its of gm*cm/cm2 . Slope 

5 is recorded i n  un its of kg .  Both TEA and Slope are d i rectional dependent and thus M D  and CD d i rections 

are measured i ndependently. Geometric mean TEA and geometric mean slope are defined as the 

square root of the product of the representative M D  and CD values for the g iven property. 

Mu l ti-ply products were tested as multi-ply products and results represent the tensi le strength 

of the total product. For example, a 2-ply product was tested as a 2-ply product and recorded as such . 

1 0  A basesheet intended to b e  used for a 2-ply product was tested as two pl ies and the tensi le recorded as 

such . Alternatively, a single ply may be tested and the result multipl ied by the n umber of pl ies in the final 

product to get the tensile strength .  

EXAMPLES 

Base sheets were made using a through-air d ried papermaking process commonly referred to 

1 5  a s  "uncreped through-air dr ied" ("UCTAD") and general ly described in  U .S .  Pat. N o .  5 ,607,55 1 ,  the 

contents of which are incorporated herein i n  a manner consistent with the present invention . I n itial ly, 

northern softwood kraft (NSWK) pulp was d ispersed in a pulper for 30 minutes at 4 percent consistency 

at about 1 00°F .  The NSWK pulp was then transferred to a d ump chest and subsequently d i luted to 

approximately 3 percent consistency. The NSWK pulp was refi ned at about 1 HP-days/MT as set forth 

20 in Table 2, below. The softwood fibers were added to the middle side layer i n  the 3-layer tissue structure. 

25 

The virg in  NSWK fiber content contributed approximately 40 percent of the final sheet weight .  

Eucalyptus hardwood kraft (EHWK) pu lp  was d ispersed in a pulper for 30 minutes at about 4 

percent consistency at about 1 00 °F. The EHWK pu lp  was then transferred to a dump chest and 

subsequently d i luted to about 3 percent consistency. The EHWK was not refi ned . 

The non-wood cel lu losic fibers were bamboo kraft pulp ,  wh ich had the fol lowing properties: 

TABLE 1 

Non-wood cellulosic fiber 
Average Fiber Length Coarseness 

(mm) (mg/1 00 m) 
Bamboo Kraft Pulp 1 .30 9. 1 7  

Bamboo pulp fibers were d ispersed i n  a pu lper for 3 0  minutes a t  4 percent consistency a t  about 1 00°F .  

The bamboo pu lp was then transferred to a dump chest and subsequently d i luted to approximately 

3 percent consistency. The bamboo pu lp was not refi ned . 

1 7  
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In certain instances starch (Redibond 2038A, lngred ion Incorporated , Eng lewood , CO) was 

added to each furnish layer prior to formation of the web .  Starch was added to the mach ine chest where 

it was mixed prior to the head box. Starch addition levels are set forth in Table 2 .  

The pu lp fibers from the mach ine chests were pumped to the head box a t  a consistency o f  about 

5 0 . 1  percent. Pulp fibers from each mach ine chest were sent through separate manifolds in the headbox 

to create a 3-layered tissue structure. The specific furnish layer spl its are set forth in Table 2 .  

TABLE 2 

Middle Layer Outer Layers Redibond Refining 
Sample 2038A Starch (min.) (Wt. %) (Wt. %) (kg/MT) 

Control 1 NSWK (40%) EHWK (60%) - - 3 
Control 2 NSWK (40%) EHWK (60%) - 1 3 
Control 3 NSWK (40%) EHWK (60%) - 2 3 
I nventive 1 NSWK (40%) EHWK (45%) Bamboo ( 1 5%) - 0 
I nventive 2 NSWK (40%) EHWK (45%) Bamboo (1 5%) 2 0 
I nventive 3 NSWK (40%) EHWK (45%) Bamboo ( 1 5%) 4 0 
I nventive 4 NSWK (40%) EHWK (30%) Bamboo (30%) - 0 
I nventive 5 NSWK (40%) EHWK (30%) Bamboo (30%) 2 0 
I nventive 6 NSWK (40%) EHWK (30%) Bamboo (30%) 4 0 

The tissue web was formed on a Veith Fabrics TissueForm V forming fabric, vacuum dewatered 

to approximately 25 percent consistency and then subjected to rush transfer when transferred to the 

1 0  transfer fabric. The layer splits , by weight  o f  the web, are detailed i n  Table 2 ,  above. The transfer fabric 

was the fabric described as 11 207- 1 1 (commercial ly avai lable from Veith Fabrics, Appleton,  WI) . The 

web was then transferred to a through-air d rying  fabric. Transfer to the through-drying fabric was done 

using vacuum levels of greater than 1 0  inches of mercury at the transfer. The web was then d ried to 

approximately 98 percent solids before wind ing .  

15  The base sheet webs were converted into rolled bath products by calendering using a 

conventional polyurethane/steel calender comprising a 4 P&J polyurethane roll on the a ir  side of the 

sheet and a standard steel roll on the fabric side. The finished product comprised a si ngle ply of base 

sheet. The fin ished products were subjected to physical testing ,  the results of which are summarized in  

Tables 3 and 4 ,  below. 
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TABLE 3 

Basis 
Cal iper Sheet Bulk 

MD:CD MD:CD 
GM Stiffness 

Code Weight Tensile Slope GMT 
(gsm) 

(microns) (cc/g) 
Ratio Ratio 

Slope Index 

Control 1 36.5 476 1 3. 1  2 .07 2.22 989 6.80 6 .88 
Control 2 36.3 499 1 3.8 1 .98 2. 1 9  1 1 08 7.27 6.57 
Control 3 37. 1  534 1 4.4 1 .98 2. 1 1  1 245 7.61 6 . 1 1  
Inventive 1 36.7 506 1 3.8 1 .83 1 .57 741 6. 1 9  8 .36 
Inventive 2 37. 1  492 1 3.3 1 .78 1 .82 968 6.82 7.04 
Inventive 3 36.7 525 1 4.3 1 .78 1 .86 1 128 7. 1 5  6.34 
Inventive 4 36.3 455 1 2.5 1 .72 1 .28 742 6. 1 7  8 .31  
Inventive 5 36.3 498 1 3.7 1 .80 1 .69 975 6.88 7.05 
Inventive 6 36.2 489 1 3.5 1 .65 1 .66 1 094 7.37 6.74 

TABLE 4 

Code 
CD Tensile CD S lope MD Tensile MD S lope GM TEA GM Tear 

(g/3") (kg) (g/3") (kg) (g*cm/cm2) (N) 
Control 1 690 4.60 1 42 1  1 0 . 1 0  1 0.67 1 4.22 
Control 2 790 4.93 1 556 1 0.74 1 2. 1 1  1 6.28 
Control 3 885 5.25 1 753 1 1 .03 1 3 .97 1 7.7 1  
Inventive 1 549 4.95 1 002 7.76 7.74 1 2. 1 7  
Inventive 2 727 5. 1 0  1 292 9. 1 6  1 0.72 1 5.30 
Inventive 3 846 5.26 1 503 9.76 1 3.25 1 7. 1 7  
Inventive 4 567 5.49 972 6.95 7.84 1 1 .76 
Inventive 5 729 5.30 1 305 8.93 1 1 .06 1 5.95 
Inventive 6 853 5.75 1 404 9.46 1 2.92 1 8.3 1  

The foregoing represents several examples of  inventive tissue products prepared according to 

the present d isclosure . In other embod iments, such as a first embodiment, the present invention provides 

5 a tissue product comprising  at least one multi-layered tissue web comprising a first a ir  contacting  layer 

and a second fabric contacting layer, wherein the first air contacting  layer comprises from about 5 to 

about 30 weight percent, by weight of the web ,  non-wood cellu losic fi bers and the tissue product has a 

geometric mean tensi le from about 500 to about 1 ,200 g/3" and a M D:CD Tensile ratio less than 

about 2 .0 .  

10  I n  a second embodiment the present invention provides the tissue product o f  the first 

embodiment wherein the fabric contacting l ayer is substanti ally free from non-wood cel lu losic fiber .  

In  a th ird embod iment the present i nvention provides the tissue product of the first or second 

embodiments wherein the non-wood cell ulosic fi ber is derived from a non-wood plant selected from the 

g roup consisting of Hesperaloe funifera, Hesperaloe noctuma, Hesperaloe parviflova, Hesperaloe 

1 5  chiangii, Agave tequilana, Agave sisalana, Agave fourcroydes, Phyllostachys edulis, Bambusa vulgaris, 

Phyllostachys nigra and combinations thereof. 

1 9  
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In a fourth embodiment the present invention provides the tissue product of any one of the first 

through thi rd embodiments wherein the non-wood cel l ulosic fiber has an average fiber length from about 

1 .0 to about 3 .0 mm.  

In  a sixth embodiment the present invention provides the tissue product of  any one of  the first 

5 through fifth embodiments having a GMT from about 700 to about 1 ,000 g/3" and a M D  Slope from about 

6 .0 to about 1 0 .0 kg . 

1 0  

1 5  

In  a seventh embodiment the present invention provides the tissue product o f  any one o f  the 

fi rst through sixth embodiments having a GMT from about 700 to about 1 ,000 g/3" and a Stiffness Index 

from about 6 .0  to about 9 .0 .  

In  an eighth embod iment the p resent invention provides the tissue product of  any one of  the first 

through seventh embodiments wherein the product has a M D:CD slope ratio less than 2 .0 ,  such as from 

about 1 .5 to about 2 .0 and more preferably from about 1 .5 to about 1 .75 .  

In  a n inth embodiment the present invention provides the tissue product of  any one of  the first 

through eighth embodiments wherein the tissue product has a GM Tear from about 1 2  to about 20 N .  

In  a tenth embodiment the present invention provides the tissue product of any one o f  the first 

through n inth embodiments wherein the tissue product has a GM TEA greater than about 7 .0 g*cm/cm2 , 

such as from about 7 .0 to about 1 4. 0  g*cm/cm2 and more preferably from about 9 .0 to about 1 2.0  

g*cm/cm2 . 

In an eleventh embod iment the present invention provides the tissue product of the first through  

20 tenth embod iments wherein the product has a MD :CD tensile ratio from about 1 .50 to about 1 .80 . 

In a twelfth embodiment the present invention provides the tissue product of the first through  

eleventh embodiments wherein the product has a GM Slope from about 6 .0 to about 1 0.0 kg. 

In a thi rteenth embodiment the present i nvention provides the tissue product of the first throug h  

twelfth embodiments wherein the non-wood cel lu losic fiber i s  derived from a non-wood plant selected 

25 from Phyllostachys edu/is , Bambusa vulgaris, Phyllostachys nigra and combinations thereof and has an 

average fiber length from about 1 .2 to about 1 .6 mm .  

In  a fourteenth embodiment the present invention provides a tissue product comprising at least 

one multi-layered tissue web comprising a first and a second outer layer and a middle layer d isposed 

therebetween ,  wherein the outer layers comprise from about 5 to about 30 percent, by weight of the 

30 web, non-cel l u losic fiber and the tissue product has a geometric mean tensile from about 500 to about 

1 ,200 g/3" and a MD :CD Tensile ratio less than about 2 .0 .  
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In a fifteenth embodiment the present i nvention provides the tissue product of the fourteenth 

embodiment wherein the middle layer is substantial ly free from non-wood cellu losic fiber. 

In a sixteenth embodiment the present invention provides the tissue product of the fou rteenth or 

fifteenth embodiments wherein the non-wood cel lulosic fiber has an average fiber length from about 1 .0 

5 to about 3 .0 mm .  

In  a seventeenth embodiment the present invention provides the tissue product o f  any  one of 

the fou rteenth through sixteenth embod iments wherein the tissue product has a MD :CD slope ratio less 

than 2 .0 ,  such as from about 1 .5 to about 2 .0 and more preferably from about 1 .5 to about 1 .75.  

In an eighteenth embodiment the present invention provides the tissue product of any one of 

1 0  the fourteenth throug h  seventeenth embodiments wherein the tissue product h as a G M  Tear greater 

than about 1 2  N, such as from about 1 2  to about 20 N .  

I n  a n ineteenth embodiment the present invention provides a method of forming a soft and 

durable wet la id tissue product comprising the steps of (a) providing a first fiber furn ish consisting 

essential ly of short wood pulp fibers and non-wood cel lu losic fibers; (b) providing a second fiber furnish 

1 5  consisting essential ly o f  long wood pu lp fibers; (c) depositing the first and second fiber furn ish on  a 

forming fabric to form a wet tissue web; (d) partial ly dewatering the wet tissue web; (e) drying the tissue 

web; and (n converting the tissue web into a tissue product, wherein the product comprises from 5 to 30 

weight percent non-wood cel lu losic fiber and has a geometric mean tensile from about 500 to about 

1 ,200 g/3" and a MD :CD Tensi le ratio less than 2 .0 .  

20 I n  a twentieth embodiment the present i nvention provides the method of the n ineteenth 

embodiment wherein the converting step comprises calendering ,  embossing ,  printing , or combinations 

thereof. 

In a twenty-first embodiment the present invention provides the method of the n ineteenth or 

twentieth embodiments further comprising the step of refin ing the second fiber furnish and wherein the 

25 fi rst fiber furn ish is not refined.  
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WHAT IS CLAIMED IS: 

1 .  A tissue product comprising at least one multi-l ayered tissue web comprising a first a i r  

contacting layer and a second fabric contacting layer, wherein the first air contacting layer comprises 

from about 5 to about 30 weight percent, by weight of the web, non-wood cel lu losic fibers and the tissue 

5 product has a geometric mean tensile from about 500 to about 1 ,200 g/3" and a MD:CD Tensile ratio 

less than about 2 .0 .  

2 .  The tissue product of claim 1 wherein the fabric contacti ng layer is substantial ly free 

from non-wood cel lu losic fiber. 

3. The tissue product of claim 1 wherein the non-wood cellu losic fiber is derived from a 

1 0  non-wood plant selected from the g roup consisting o f  Hesperaloe funifera, Hesperaloe nocturna, 

Hesperaloe parviflova, Hesperaloe chiangii, Agave tequilana, Agave sisalana, Agave fourcroydes, 

Phyllostachys edulis, Bambusa vulgaris, Phyllostachys nigra and combinations thereof. 

4. The tissue product of claim 1 wherein the non-wood cellu losic has an average fiber 

length from about 1 .0 to about 3 .0  mm .  

1 5  5 .  The tissue product o f  claim 1 having a GMT  from about 700 to about 1 ,000 g/3" and  a 

20 

MD Slope from about 6 .0 to about 1 0 .0 kg . 

6 .  The tissue product of claim 1 having a GMT from about 700 to about 1 ,000 g/3" and a 

Stiffness Index from about 6 .0 to about 9 .0 .  

7 .  The tissue product of claim 1 h aving a M D:CD slope ratio less than 2 .0 .  

8 .  The tissue product of  claim 1 having a GM Tear from about 12  to about 20  N .  

9 .  The tissue product of claim 1 having a G M  TEA from about 9 .0  to about 1 2 .0 g*cm/cm2 . 

1 0 . The tissue product of claim 1 having a M D:CD tensile ratio from about 1 .5 to about 1 .80 . 

1 1 .  The tissue product of claim 1 having a GMT from about 700 to about 1 ,000 g/3" and a 

GM Slope from about 6 .0  to about 1 0 .0 kg . 

25 1 2 . The tissue product of claim 1 wherein the non-wood cel lu losic fiber is derived from a 

non-wood plant selected from Phyllostachys edu/is, Bambusa vulgaris, Phyllostachys nigra and 
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combinations thereof and the non-wood cel lu losic fiber has an average fiber length from about 1 .2 to 

about 1 .6 mm .  

1 3 .  A tissue product comp rising at least one multi-layered tissue web comprising a first and 

a second outer layer and a middle layer d isposed therebetween , wherein the outer layers comprise from 

5 about 5 to about 30 percent, by weight of the web,  non-cel lu losic fiber and the tissue product h as a 

geometric mean tensile from about 500 to about 1 ,200 g/3" and a M D:CD Tensile ratio less than 2 .0 .  

14 .  The tissue product of  claim 13 wherein the middle layer is  substantially free from non-

wood cellulosic fiber. 

1 5 .  The tissue product of claim 1 3  wherein the non-wood cel lu losic fiber has an average 

1 0  fiber length from about 1 .0 to about 3 .0 mm .  

1 5  

20 

25 

1 6 .  The tissue product o f  claim 1 3  h aving a M D:CD slope ratio from about 1 .5 to about 1 .75. 

1 7 .  The tissue product of claim 1 3  having a G M  Tear g reater than about 1 2  N .  

1 8 . The tissue product o f  claim 1 3  having a GMT from about 700 to about 1 ,000 g/3" and a 

M D  Slope from about 6 .0 to about 1 0 .0 kg . 

1 9 .  A method of forming a soft and du rable wet laid tissue product comprising the steps of: 

a .  providing a first fiber furnish consisting essentially of short wood pu lp fibers and 

non-wood cel lu losic fibers; 

b .  providing a second fiber furnish consisting essentially of long wood pu lp fibers; 

c .  depositing the first and second fiber furnish on a forming fabric to form a wet 

tissue web ;  

d .  partial ly dewatering  the wet tissue web ; 

e. d rying the tissue web;  and 

f. converting the tissue web into a tissue product ,  wherein the product comprises 

from 5 to 30 weight percent non-wood cel lu losic fiber and has a geometric mean tensi le from 

about 500 to about 1 ,200 g/3" and a MD:CD Tensi le ratio less than 2 .0 .  

20 .  The method of claim 1 9  wherein the converting step comprises calendering ,  embossing, 

printing ,  or combinations thereof. 
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21 . The method of claim 1 9  wherein the non-wood cellulosic fiber is derived from a non-

wood plant selected from the g roup consisting of Hesperaloe funifera, Hesperaloe nocturna, Hesperaloe 

parviflova, Hesperaloe chiangii, Agave tequilana, Agave sisalana, Agave fourcroydes, Phyllostachys 

edulis, Bambusa vulgaris, Phyllostachys nigra and combinations thereof . .  

5 22 . The method of claim 21 wherein the non-wood cel lulosic fiber has an average fi ber 

length from about 1 .0 to about 3.0 mm .  

24 
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TISSUE PAPER MATERIAL A N D  TISSUE PAPER PRODUCT 

TECH N I CA L  F IELD 

The present disclosure relates to a single-ply tissue paper materia l ,  to a s ing le-ply tissue 

5 paper product, and to a multi-p ly tissue paper product, com prising at least one non-wood 

tissue ply comprising non-wood cel lu lose pulp fibres. 

BACKGROUND 

Tissue paper materials find extensive use i n  modern society. Toi let paper, and paper 

1 0  towels such as hand towels or household (kitchen) towels, facial tissues, tissue 

handkerchiefs, napkins, and i ndustrial wipes are staple items of commerce. These 

products are typical ly m ade from papermaking pulp compris ing wood fibres, such as 

hardwood and softwood fibres. 

15 In the fol lowing , a "tissue paper product" relates to an absorbent paper p roduct based on 

cel lulose wadding which is  also cal led tissue paper material or tissue paper base-sheet i n  

this field of  technology. 

Tissue paper material  is defined as a soft absorbent paper material  having a low basis 

weight, of for example 8 to 45 g/m2
, preferably 1 0  to 35 g/m2 per ply. The total basis 

20 weight of m ulti-ply tissue paper products may preferably be up to a maximum of 1 1 0 g/m2
, 

more preferably to a maximum of 80 g/m2
. Its density is typical ly below 0.6 g/cm3 , 

preferably below 0.30 g/cm3 and more preferably i n  the range of 0.02 g/cm3 and 0.20 

g/cm3
. The production of tissue paper material is distinguished from conventional paper 

production,  e.g. printing paper production,  by its relatively low basis weig ht and relatively 

25 high tensi le energy absorption index (see ISO 1 2625-4) . Conventional paper and tissue 

paper also d iffer i n  general with regard to the modulus of elasticity that characterises the 

stress/stra in properties of these general ly planar products as a m aterial parameter. 

The fibres contained in the tissue paper are mainly cel lu losic fibres, such as pulp fibres 

from chemical  pulp (e.g .  Kraft or sulphite) , or mechanical  pulp (e.g .  ground wood , thermo 

30 mechanical  pulp, chemo-mechanical pulp and/or chemo- thermo-mechanical  pulp 

/CTMP) . Pulps derived from both deciduous (hardwood) and con iferous (softwood) can be 

used.  F ibres may also come from non-wood plants e.g. cereal ,  bamboo, jute, or sisal. The 
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fibres or a portion of the fibres m ay be recycled fibres, wh ich may belong to any or al l  of 
the above categories. The fibres can be treated with additives, e .g .  fi l lers, softeners, such 
as, but not l imited to, quaternary ammonium compounds and binders ,  conventional dry­
strength agents ,  tem porary wet strength agents or wet-strength agents ,  in order to 

5 facil itate the original paper making or to adjust the properties thereof. 

Tissue paper products i n  particular for use as hygiene- or wiping products primarily 
i nclude all kinds of tissue paper materials includ ing dry-creped tissue paper material ,  wet­
creped tissue paper materia l ,  NTT (flat) , TAD-paper material (Through Air Drying), tissue 
paper material  based on structured or textured technolog ies such as ATMOS, NTT 

10  (textured) ,  UCTAD, eTAD, QRT, PrimelineTEX etc. and cel lu lose or pulp-wadding,  o r  
combinations, laminates or m ixtures thereof. Typical properties of  these hygiene- and 
wip ing products i nclude the abi l ity to absorb tensi le stress energy, their drapabi l ity, good 
texti le- l ike flexibi l i ty ,  properties which are frequently referred to as bulk softness, a h igh 
surface softness and a high specific volume with a perceptible thickness. A l iquid 

1 5  absorbency a s  high a s  possible and , depending on the appl ication,  a su itable wet and dry 
strength as wel l  as an appealable visual appearance of the outer product's surfaces are 
desired. These properties, among others, al low these hygiene and wiping products to be 
used, for example, as cleaning wipes such as windscreen cleaning wipes, industria l  
wipes, kitchen paper or the l ike; as sanitary products such as for example bathroom 

20 tissue , handkerchiefs, household towels,  towels and the l ike ;  as cosmetic wipes such as 
for example facials and as serv iettes or napkins, just to mention some of the products that 
can be used. Furthermore,  the hygiene- and wiping products can be dry, moist, wet, 
printed or pre-treated in any manner. I n  addition, the hyg iene- and wiping products m ay 
be folded ,  i nterleaved or individually placed , stacked or rol led, connected or not, in  any 

25 suitable manner. 

The products described above can be used for personal and household use as wel l  as 
commercial and i ndustrial use. They are adapted to absorb flu ids, remove dust, and for 
other cleaning purposes. 

If tissue paper material  is to be made out of pulp,  the process essentially com prises a 
30 forming step that i ncludes a headbox- and a forming wire section ,  and a drying section ,  

e .g .  i ncluding through a ir  drying or conventional drying on a Yankee cyl i nder. The 
production process can also incl ude a crepe process for tissue paper and , final ly, typically 
a m on itoring and winding area. 
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Tissue paper material can be formed by placing the fibres, i n  an oriented or  random 

manner, on one or between two endless continuously rotating wires or felts of a paper 

making machine whi le  s imultaneously removing water. 

Further dewatering and drying the formed primary fibrous web occur in one or more steps 

5 by mechanical and thermal means unti l a final dry-sol id content of usually about 90 to 

99% has been reached. 

In case of creped tissue paper material making, thi s  stage is followed by the crepe 

process which i nfluences the properties of the finished tissue paper product i n  

conventional processes. The conventional dry crepe process i nvolves creping on  a 

1 0  usual ly 3 .0  to 6 .5  m diameter drying cyl inder, the so-called Yankee cyli nder, b y  m eans of 

a crepe doctor blade with the aforementioned final dry-solids content of the raw tissue 

paper. Wet creping can be used as wel l ,  if lower demands are made of the tissue qual ity. 

The creped, finally dry raw tissue paper m aterial ,  the so-cal led base tissue, is then 

avai lable for further processing i nto the tissue paper product. 

1 5  I nstead of the conventional tissue making process described above, the use of a modified 

technique is possible in  which an improvem ent in  specific volume is achieved by a special 

kind of drying which leads to an improvem ent in  the e .g .  cal iper, bulk, softness, etc. of the 

tissue paper materia l .  This process, which exists in  a variety of subtypes, is  herein  

general ly termed the structured tissue techn ique. Examples of  structured tissue 

20 techniques are TAD ATMOS®, NTT(textured) , UCTAD, eTAD, Q RT, PrimelineTex etc. 

The processing step from the tissue paper material to the finished tissue paper product 

occurs in  processing machines (convertin g  machines) which i nclude operations such as 

unwinding the tissue paper material (base tissue) , calendering of the tissue, lam inating,  

printing or  embossing.  

25 Several pl ies may be combined together by a combining operation of  a chemical nature 

(e.g .  by adhesive bonding) ,  or of a mechanical nature (e.g.  by knurl i ng or so-called edge­

embossing) , or a combination of both. Examples of such process steps for com bining 

pl ies together wi l l  be described i n  more detail i n  the below. 

Further, the processing to finished tissue paper product may i nvolve e .g .  longitudinal cut, 

30 fold ing,  cross cut etc. Moreover, i ndividual tissue paper products may be positioned and 

brought together to form stacks, which may be i ndividual ly packaged. Such processing 
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steps may also incl ude appl ication of substances l ike scents, lotions, softeners or other 
chemical additives. 

When several pl ies are combined together using adhesive bonding, a fi lm of adhesive is 
deposited over some or all of the surface of at least one of the plies, then the adhesive­

s treated surface is placed i n  contact with the surface of at least one other ply. 

When several pl ies are combined together using mechanical bonding, the pl ies may be 
combined by knurl ing,  by compression, by edge-embossing, union embossing and/or 
u ltrasonic. 

Mechanical and adhesive bonding may also be combined to combine several pl ies 
10  together to form a m ulti-ply product. 

Embossing is to change the shape of a sheet from flat to shaped, so that there are areas 
that are raised and/or recessed from the rest of the surface. It therefore constitutes a 
deformation of the previously relatively flat sheet, and results i n  a ply having a particular 
rel ief. The thickness of the ply or of the m ulti ple pl ies is  in  m ost cases increased after 

15  embossing compared with its in itial thickness. 

An embossing process is carried out between an embossing rol l  and an anvi l rol l .  The 
embossing rol l  can have protrusions or depressions on its circumferential surface lead ing 
to embossed protrusions/depressions in  the paper web. Anvil rolls may be softer than the 
corresponding embossing rol l  and may consist of rubber, such as natural rubber, or 

20 plastic materials ,  paper or steel . I f  the anvi l  rol l  is  m ade of a softer material l ike rubber, a 
contact area/nip  can be formed between the embossing rol l (e .g .  steel rol l) and the anvil 
rol l  by the deformation of the softer rol l .  

By embossing, a pattern can be appl ied to a tissue paper fulfi l l ing a decorative and/or 
functional purpose. 

25 A functional purpose may be to improve the properties of the hygiene paper product, that 
is ,  the embossment may improve the product th ickness, absorbency, bulk, softness etc. 

A functional purpose may also be to provide a jo int to another ply in a multi-ply product. 

Tissue paper products display a number of physical properties which are of importance for 
the ir  use for example as toi let paper, hand towels,  kitchen towels, facial tissues, 

30 handkerchiefs, napkins, wipe or the l ike.  Examples of such properties are their strength, 
softness, and absorbency (primari ly for aqueous systems). These physical properties are 
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generally tuned for addressing common consumer demand in  view of the i ntended use of 
the tissue paper product. 

For example, tissue paper products need to retain their strength at least for a time period 
5 of use e.g .  for wiping l iquids or moisture. 

At the same time, there are requirements regarding tacti le properties such as softness as 
tissue paper products may be intended to come in intimate contact with the body and skin .  
Accord ingly, it is desired that tissue paper products shall exh ibit sufficient softness i n  

10  order to ensure consumer's  comfort. 

1 5  

However, some o f  the desired physical properties of tissue paper products are general ly 
conflicting properties. One exam ple is strength and softness. Often,  as strength in  a tissue 
paper product rises, the softness decl ines. 

Hence , it is  desired to provide a tissue paper product providing a good balance between 
required properties. For example, it is desired to provide a tissue paper product achieving 
a satisfactory balance between softness and strength. 

20 Further, there is  a desire to reduce the consumption of wood fibre to produce tissue paper 
products . This desire is  advocated by e .g. rising costs for wood fibre ,  concerns i nvolving 
sustainable forest management, and other environmental reasons such as carbon foot 
print. 

25 To th is end, attempts have been made to replace some or all of the wood fibre in tissue 
paper products with for example recycled fibres and/or with non-wood fibres . However, 
since the fibre content in the pulp wil l  natural ly impact the above-mentioned physical 
properties of the resu lting tissue paper m aterial , the replacement of v irg in wood fibres with 
other fibres in the pulp is not uncompl icated. 

30 

Thus, there is a need for improvement and/or alternatives for tissue paper products i n  
view of  one  or  more of  the above-mentioned desires. 
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SUM MARY 

An object of the present i nvention is to fulfi l l  said need for improvement and/or 
alternatives. 

5 To th is end, i t  is proposed herein to use non-wood cel lulose pulp fibres in  tissue paper 
materials and tissue paper products. 

The non-wood cel lu lose pulp fibres may be chemical pulp fibres. 

10  Optionally, the non-wood cel lu lose pulp fibres may be  never-dried fibres. "Never-dried" 
means herein that the fibres have not been subject to dry ing before use in the tissue 
making process. I t  is bel ieved that the non-wood cel lu lose pulp fibres being never-dried 
may contribute to the non-wood cel lu lose pulp fibres being suitable for use in tissue paper 
materials and tissue paper products. 

1 5  

Optionally, the non-wood cel lu lose pulp fibres contain a t  least 1 5% hemicel lulose. I t  is 
bel ieved that such a hemicel lu lose content may contribute to the non-wood cel lu lose pulp 
fibres being suitable for use in  t issue paper materials and t issue paper products. 

20 Optionally, the non-wood cel lu lose pulp fibres contain no more than 1 5  % l ignin .  For 
example, the non-wood cellu lose pulp fibres may contain no more than 1 2  % l ignin .  In yet 
another example, the non-wood cel lu lose pulp fibres may contain no more than 1 0% 
l ign in .  I t  is bel ieved that such a l ignin content may contribute to the non-wood cel lulose 
pulp fibres being suitable for use in tissue paper materials and tissue paper products. 

25 

For example, the non-wood cel lu lose pulp fibres may contain at least 1 5% hemicel lu lose 
and no more than 1 5  % l ign in ,  such as no m ore than 1 2  % l ignin or no more than 1 0% 
l ign in .  

30 Optionally, the non-wood cel lu lose pulp fibres are pre-treated,  to obtain the desi red 
amounts of l ignin and/or hemicel lulose. 

Further, the non-wood cel lu lose pulp fibres may have a relatively low average fibre length . 
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Optionally, the non-wood cel lu lose pulp fibres have an average fibre length of less than 

1 700 µm . 

Optionally, the non-wood cel lu lose pulp fibres have an average fibre length of less than 

5 1 200 µm . 

Optionally, the non-wood cel lu lose pulp fibres have an average fibre length of less than 

1 000 µm . 

1 0  Optionally, the non-wood cel lu lose pulp fibres have an average fibre length of less than 

900 µm . 

Further, it is believed that the non-wood cel lu lose pulp fibres having a relatively h igh 

breaking length , may contribute to the non-wood cel lu lose pulp fibres being suitable for 

1 5  use i n  tissue paper materials and tissue paper products. The breaking length is the initial 

breaking length of the non-wood cel lu lose pulp fibres as measured on the non-wood 

cel lu lose pulp fibres after the pulping process. 

20 

Optionally, the non-wood cel lu lose fibres have a breaking length of more than 3000 m .  

For example, the non-wood cel lu lose fibres may have a breaking length of more than 

3000 m and an average fibre length of less than 1 700 µm, such as less than 1 200 µm or 

less than 900 µm . 

25 Also, i t  is bel ieved that the non-wood cel l ulose pu lp fibres having a relatively h igh ratio 

between breaking length , and average fibre length may contribute to the non-wood 

cel lu lose pulp fibres being suitable for use in tissue paper materials and tissue paper 

products. 

30 Optionally, the non-wood cel lu lose fibres have a breaking length/average fibre length of 

more than 3 .7. 

35 

Optionally, the non-wood cel lu lose fibres have a breaking length/average fibre length ratio 

of more than 4 .0. 
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Optionally, the non-wood cel lu lose fibres have a breaking length/average fibre length ratio 

of more than 4 .5 .  

For  example, the non-wood cel lu lose fibres may have a breaking length/average fibre 

5 length ratio of more than 5 ,  such as more than 5 .5 .  

10  

For example, the non-wood cel lu lose fibres may have a breaking length/average fibre 

length ratio of more than 3. 7 such as more than 4 and an average fibre length of less than 

1 700 µm , such as less than 1 200 µm , less than 1 000 µm , or less than 900 µm . 

For comparison, it may be mentioned that different types of conventional hardwood and 

softwood pulps display lower breaking length/average fibre length ratios, than those 

suggested in the above for the non-wood cel lulose fibres. This applies also to examples of 

never-dried hardwood and softwood pulps. Average ratios as calcu lated for d ifferent types 

1 5  of hardwood and softwood pulps are indicated i n  the table i n  the below. 

Average 

Type of  p u l ps ratio 

BEK 2 .4 
BHK 2 . 0  
BSK 1 . 0  
BSS 0 .6  

NBHK 2 .3  
N BSK 1 . 2  

N ever-d ried HW 0.9 
N ever-d ried SW 1 . 0  

(BEK - Bleached Eucalyptus Pulp, BHK - Bleached Hardwood Kraft, BSK - Bleached 

Softwood Kraft, BSS - Bleached Softwood Sulfite, Northern Bleached Hardwood Kraft, 

20 Northern Bleached Softwood Kraft. The never-dried Hardwood (HW) and Softwood (SW) 

are sulfite . )  

Also, several types of previously used non-wood cel lu lose pulp fibres have been found to 

d isplay lower breaking length/average fibre length ratio than what is proposed in the 

25 above. For example, tested samples of d ried bagasse fibre pulp was found to have an 

average ratio of 2 .6, dried bamboo fibre pulp an average ratio of 1 .2 and dried wheat fibre 

pulp an average ratio of 3 .5 .  
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For example, the non-wood cel lu lose fibres may be never-dried non-wood cel lulose pulp 
fibres and the non-wood cel lulose fibres may have a breaking length/average fibre length 
ratio of more than 3 .7 ,  such as more than 4.0 or more than 4.5 .  

The non-wood cel lu lose pulp fibres as proposed herein  may be used together with 
hardwood cel lu lose pulp fibres and/or softwood cel lu lose pulp fibres. 

As mentioned i n  the above, optionally, a portion of or al l  non-wood cel lu lose pulp fibres 
10  are never-dried non-wood cellulose pulp fibres. 

1 5  

Optionally, the non-wood cel lu lose fibres are used with softwood cellu lose pulp fibres. I n  
this case, a portion of o r  al l  softwood cel lu lose fibres may b e  never-dried softwood 
cel lulose pulp fibres. 

For example, the softwood cellu lose pulp fibres may comprise never-dried hardwood 
cel lulose pulp fibres and/or dried softwood cel lu lose pulp fibres. 

Optionally, the non-wood cel lu lose fibres are used with hardwood cel lu lose pulp fibres. I n  
20  this case, a portion of  or  a l l  hardwood cel l u lose fibres may be  never-dried hardwood 

cel lulose pulp fibres. 

25 

For example, the hardwood cel lu lose pu lp fibres may com prise never-dried hardwood 
cel lulose pulp fibres and/or dried hardwood cel lu lose pulp fibres. 

Optionally, the non-wood cel lu lose pulp fibres as proposed herein may be achieved by 
treatment by a non-pressurised process. 

Optionally, the non-wood cel lu lose pulp fibres as proposed herein may be achieved by 
30 treatment by a process with no use of sulfur. 

35 

For example, the non-wood cel lu lose pulp fibres may be achieved by treatment using 
methods simi lar to the methods described EP 2 048281 A1 , EP 2 247781 B 1 ,  
US201 301 29573 A 1 ,  E P  2 034 090 A 1 ,  U S201 1 0281 298 A 1 ,  and/or US201 30 1 29573 A 1 .  
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Additionally o r  alternatively, the non-wood cellu lose pulp fibres may be achieved by 

treatment using methods sim i lar to the methods described in WO202026431 1 A 1 ,  

WO2020264322 A 1 ,  US201 90091 643 A 1 ,  US2592983. 

5 For example, the non-wood cel lu lose pulp fibres may be achieved by the Phoenix Process 

TM , of Sustainable Fiber Technologies I nc. 

I t  wi l l  be understood that the features as d iscussed in  the above as being contributing to 

the non-wood cel lu lose pulp fibres being suitable for use in tissue paper materials and 

10  tissue paper products may be  used separately or  in different combinations. 

Optionally, the non-wood cel lu lose pulp fibres are derived from agricultural waste or 

byproduct. 

1 5  Optionally, the non-wood cel lu lose pulp fibres are derived from a member of the Pocacea 

family. For example, the non-wood cel lu lose pulp fibres may be derived from wheat straw, 

rice straw, barley straw, oat straw, rye grass, costal Bermuda g rass, Arundo donax, 

miscanthus, bamboo, and/or sorghum. Another example of a member of the Pocacea 

family is sugar cane, from which non-wood cel l ulose pulp fibres may be derived , for 

20 example from sugar cane bagasse. 

25 

Optionally, the non-wood cel lu lose pulp fibres are derived from a member of the 

Cannabaceae fami ly. For example, the non-wood cel lu lose pulp fibres may be derived 

from hemp and/or hop. 

Optionally, the non-wood cel lu lose pulp fibres are derived from agricultural waste or 

byproducts. For example, the non-wood cel lu lose pulp fibres may be derived from 

agricultural waste or byproducts of the members of the Pocacea family and/or 

Cannabaceae fami ly such as exemplified in the above, i .e .  including agricultural waste or 

30 byproducts from wheat straw, rice straw, barley straw, oat straw, rye grass, sugar cane 

bagasse, hemp or hop. In another example, the non-wood cel lu lose pulp fibres may be 

derived from agricultural waste or byproducts such as banana harvest residue (belongs to 

the fami ly Musaceae), p ineapple residue (belongs to the fam ily Bromeliaceae) ,  nut shell 

waste, bagasse from agave, hop residue and/or corn stover. 

35 
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Optionally, the non-wood cel lu lose pulp fibres are derived from kenaf (belongs to the 

fami ly Malvaceae) , switchgrass , succulents, alfalfa (belongs to the fami ly Fabaceae . ) ,  flax 

straw (belongs to the family Linaceae), palm fruits (Elaeis or Arecaceae) , and/or avocado 

(Lauraceae) . 

Optionally, the non-wood cel lu lose pulp fibres are derived from one or more of wheat 

straw, rice straw, barley straw, oat straw, rye g rass, costal Bermuda g rass, Arundo donax, 

miscanthus, bamboo, sorghum, banana harvest residue, pineapple residue, nut shell 

waste, sugar-cane bagasse, industrial hemp, and/or members of the Cannabaceae family, 

1 0  kenaf, switchgrass, succulents, alfalfa, corn stover, and flax straw. 

Optionally, the non-wood cel lu lose pulp fibres are derived from wheat straw, oat straw, 

barley straw, and/or rye grass. For example, the non-wood cel lu lose pulp fibres may be 

derived from agricu ltural waste or byproducts of wheat straw, oat straw, barley straw, 

1 5  and/or rye grass. 

For example, the non-wood cel lu lose pulp fibres may be derived from wheat straw, such 

as from agricultural waste or byproducts of wheat. 

20 Optionally, the non-wood cel lu lose pulp fibres are derived from residues from sugar 

production . For example, the non-wood cel lulose pulp fibres may be residues from beet. 

Optionally, the non-wood cel lu lose pulp fibres are derived from sugarcane bagasse. 

25 Optionally, the non-wood cel lu lose pu lp fibres are derived from agave. For example, the 

non-wood cel lu lose pulp fibres may be derived from resides from agave syrup production 

or derived from agave bagasse. 

Although the present disclosure relates primarily to tissue paper made of non-wood fibres, 

30 it is understood that the non-wood cel lu lose pulp fibres as described herein may also find 

use in other applications e.g .  in wound care, in absorbent articles, for example d iapers ,  

sanitary napkins, and incontinence articles, in beauty care, and/or in nonwoven materials 

and products. 
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Herein ,  the non-wood cel lu lose pulp fibres as described in the above are proposed to be 

used to form a non-wood tissue ply, comprising non-wood cel lu lose pulp fibres in an 

amount of at least 1 0% by dry weight of the non-wood tissue ply. 

5 Optionally, said non-wood tissue ply comprises non-wood cel lulose pulp fibres in  an 

amount of at  least 1 5% by dry weight of the non-wood tissue ply. 

10  

Optionally, said non-wood tissue ply com prises non-wood cel lu lose pulp fibres in  an 

amount of at least 20% by dry weight of the non-wood tissue ply. 

Optionally, said non-wood tissue ply comprises non-wood cel lulose pulp fibres in  an 

amount of at least 30% by dry weight of the non-wood tissue ply. 

Optionally, said non-wood tissue ply comprises non-wood cel lulose pulp fibres in  an 

1 5  amount of at least 40% by dry weight of the non-wood tissue ply. 

Optionally, said non-wood tissue ply comprises non-wood cel lu lose pulp fibres in an 

amount from 20 to 50% by dry weight of the non-wood tissue ply. 

20 Optionally, said non-wood tissue ply comprises non-wood cel lulose pulp fibres in  an 

amount from 25 to 35% by dry weight of the non-wood tissue ply. 

25 

Optionally, said non-wood tissue ply comprises non-wood cel lulose pulp fibres in  an 

amount of less than 70 % by dry weight of the non-wood tissue ply. 

Optionally, said non-wood tissue ply comprises non-wood cel lu lose pulp fibres in an 

amount of less than 60 % by dry weight of the non-wood tissue ply. 

Optionally, the non-wood tissue ply further comprises wood pulp fibres, such as hardwood 

30 cel lulose pulp fibres and/or softwood cell ulose pulp fibres. 

35 

Optionally, the non-wood tissue ply further comprises wood pulp fibres i n  an amount such 

that the wood pulp fibre amount plus the non-wood fibre amount constitutes 1 00% dry 

weight of the tissue paper ply. 
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Optionally, the hardwood/softwood dry weight proportion of the wood pulp fibres i n  the 
non-wood tissue ply is  less than 95/5. 

Optionally, the hardwood/softwood dry weight proportion of the wood pulp fibres in the 
5 non-wood tissue ply is  less than 90/1 0. 

Optionally, the hardwood/softwood dry weight proportion of the wood pulp fibres in  the 
non-wood tissue ply is  less than 80/20. 

10  Optionally, said non-wood cel l ulose pulp fibres are present throughout the non-wood 
tissue ply. I n  other words, at least some non-wood cel lu lose pulp fibres may be found i n  
a l l  parts of  the ply, e .g .  i n  a l l  layers of  the ply. The non-wood cel lu lose pulp fibres need not 
be uniformly distributed,  but may be a result  of e .g .  stratified d istribution of the non-wood 
cel lulose pulp fibres. For example, the non-wood cel lu lose pulp fibres may be 

1 5  homogenously d istributed i n  the ply. I n  another example, the non-wood cel lu lose pulp 
fibres may be heterogeneously d istributed i n  the ply. 

Optionally, when said non-wood tissue ply com prises two or more layers, at least one 
layer of the non-wood tissue ply com prises non-wood fibres. For example, said at least 

20 one layer maybe an outer layer of the non-wood tissue ply. 

Optionally, when said non-wood tissue ply comprises two or more layers, each out of said 
two or more layers may comprise non-wood fibres. 

25 Optionally, the non-wood tissue ply is produced by conventional wet press technology 
(CWP) . By " is produced" means that the tissue paper material  has been manufactured 
using conventional wet press technology, i .e .  the tissue paper material  is a CWP tissue 
paper materia l .  For example, the tissue paper material may be a dry crepe tissue paper 
materia l .  

30 

Optionally, the non-wood tissue ply is produced by structured tissue technology. By "is 
produced" m eans that the tissue paper material has been manufactured using structured 
tissue technology, i .e .  the tissue paper m aterial is a structured tissue paper materia l .  

35 Optionally, the non-wood tissue ply is produced by TAD (Through Air Drying) technology. 
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Optionally, the non-wood tissue ply i s  produced by ATMOS technology. 

Optionally, the non-wood tissue ply is produced by UCTAD technology. 

Optionally, the non-wood tissue ply is produced by textured NTT technology. 

Optionally, the non-wood tissue ply is produced by eTAD technology, such as Advantage 

5 eTAD technology from Valmet. 

Optionally, the non-wood tissue ply is produced by QRT technology. 

Optionally, the non-wood tissue ply is produced by Primeline TEX technology. 

I n  accordance with the invention , there is provided tissue paper materials and tissue 

10  paper products including the non-wood tissue ply as described in  the above with the non­

wood cel lulose pulp fibres as described in the above. 

1 5  

Thus, i n  a first aspect, there is provided a single-ply tissue paper material according to 

claim 1 .  

Thus, there is provided a sing le-ply tissue paper material having a basis weight less than 

40 gsm and a GMT tensi le strength of at least 60 N/m,  the tissue paper material 

compris ing a non-wood tissue ply. The non-wood tissue ply comprises non-wood cel lu lose 

pulp fibres being present in  an amount of at least 1 0% by dry weight of the tissue paper 

20 material . 

Optionally, the tissue paper material has a GMT tensi le strength of at least 70 N/m.  

Optionally, the tissue paper material has a GMT tensile strength of  at  least 80 N/m.  

25 

Optionally, the tissue paper material has a basis weight of less than 30 gsm. 

Optionally, the tissue paper material has a basis weight of less than 25 gsm. 

30 Optionally, the tissue paper material has a basis weight greater than 1 0  gsm. 

Optionally, the tissue paper material has a basis weight in  the range from 14 gsm to 25 

gsm. 
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I n  a second aspect, there i s  provided a single-ply tissue paper product comprising a 
single-ply tissue paper material accord ing to the first aspect. This implies that the single­
ply tissue paper product may consist of the single-ply tissue paper material .  

5 I n  a third aspect, there is provided a m ulti-ply tissue paper product in  accordance with 
cla im 7. Thus there is provided a m ulti-ply tissue paper product comprising two or more 
pl ies, wherein an average basis weight of the plies is less than 40 g/m2 , and the m ulti-ply 
tissue paper product having a GMT tensi le strength of at least 1 00 N/m, wherein at least 
one ply is a non-wood tissue ply, said non-wood tissue ply comprising non-wood cel lulose 

10  pulp fibres, said non-cel lulose pulp fibres being present in  an amount of at least 1 0% by 
dry weight of the non-wood tissue ply. 

1 5  

Optionally, the m ulti-ply tissue paper product has a G M T  tensi le strength of a t  least 1 20 
N/m, such as at least 1 50 N/m. 

Optionally, the m ulti-ply tissue paper product according to the second aspect or the 
single-ply tissue paper product accord ing to the first aspect, has an absorbency of at least 
7 g/g . 

20 Optionally, the m ulti-ply tissue paper product according to the second aspect or the 
single-ply tissue paper product accord ing to the first aspect, has an absorbency of at least 
8 g/g . 

Optionally, the m ulti-ply tissue paper product according to the second aspect or the 
25 single-ply tissue paper product accord ing to the first aspect, has an absorbency of less 

than 20 g/g , such as less than 1 8  g/g . 

30 

Optionally, the m ulti-ply tissue paper product or the single ply tissue paper product has an 
absorbency of 7 to 20 g/g. 

Optionally, the m ulti-ply tissue paper product or the single ply tissue paper product has an 
absorbency of 8 to 1 5  g/g . 

Optionally, a majority of the plies of the m ulti-p ly tissue paper material are non-wood 
35 tissue pl ies.  
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Optionally, al l of the pl ies of the multi-ply tissue paper material are non-wood tissue pl ies. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

5 an amount of at least 1 0% by dry weight of the multi-ply tissue paper product. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lulose pulp fibres i n  

an amount of  a t  least 1 5% by  dry weight of  the multi-ply tissue paper product. 

1 0  Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

an amount of  a t  least 20% by  dry weight of  the multi-ply tissue paper product. 

1 5  

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

an amount of  a t  least 30% by  dry weight of  the multi-ply tissue paper product. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

an amount of  a t  least 40% by  dry weight of  the multi-ply tissue paper product. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

20 an amount of  no more than 70% by dry weight of  the m ulti-ply tissue paper product. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

an amount of no  more than 60% by dry weight of  the m ulti-ply tissue paper product. 

25 Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pu lp fibres i n  

an amount i n  a range from 15  % to 50% by  dry weight of the multi-ply tissue paper 

product. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

30  an amount i n  a range from 15  % to 40% by  dry weight of the multi-ply tissue paper 

product. 

Optionally, the multi-ply tissue paper product com prises non-wood cel lu lose pulp fibres i n  

an amount i n  a range from 25 % to 35% by  dry weight of the multi-ply tissue paper 

35 product. 
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Optional ly, the multi-ply tissue paper product com prises two to five pl ies.  

Optionally, each of the pl ies of the multi-ply tissue paper product com prises the same 

5 amount of non-wood cel lu lose pulp fibres. 

Optionally, at least two pl ies in  said multi-ply tissue paper product comprise different 

amounts of non-wood cellu lose pulp fibres.  

10 Optionally, when at least two pl ies i n  said multi-ply tissue paper product com prise d ifferent 

amounts of non-wood cellu lose pulp fibres,  the amounts differ by at least 5% dry weig ht. 

1 5  

Optionally, when a t  least tw o  pl ies i n  said multi-ply tissue paper product com prise d ifferent 

amounts of non-wood cellu lose pulp fibres,  the amounts differ by at least 1 0% dry weight. 

Optionally, when at least two pl ies in said multi-ply tissue paper product com prise d ifferent 

amounts of non-wood cellu lose pulp fibres,  the amounts differ by at least 20% dry weight. 

Optionally, the multi-ply tissue paper product com prises one or more pl ies with no non-

20 wood cel lulose pulp fibres. 

Optionally, said at least one non-wood tissue ply is  an outer ply of said m ulti-ply tissue 

paper product. 

25 Optionally, the multi-ply tissue paper product com prises at least two non-wood tissue 

pl ies,  wherein the non-wood tissue pl ies form a first and a second outer ply of the multi-ply 

tissue paper product. 

Optionally, for each of the alternatives relating to a m ulti-ply tissue paper product in the 

30 above, the non-wood ply may be such as defined in  the above in  any one of the options 

relating to the first aspect. 

Optionally, the at least one non-wood tissue ply of the m ulti-ply tissue paper product 

comprises a single-ply tissue paper material in accordance with the first aspect as 

35 described in  the above. 
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The sing le-ply tissue paper product and the multi-ply tissue paper product as d isclosed 

herein may for example be a tissue paper product for personal hyg iene. 

5 Optionally, the single-ply tissue paper product and the multi-ply tissue paper product 

d isclosed herein may for example be toi let paper, hand wipes, paper napkins,  facial 

tissue, handkerchiefs , or a kitchen towel or  an industria l  wipe. 

The single-ply tissue paper product and the multi-ply tissue paper product may be 

1 0  embossed and/or calendared a s  i s  known in  the art. 

1 5  

20 

25 

Optionally, the pl ies of the multi-ply product may be jo ined by ply bonding ,  such as for 

example embossing or knurl ing .  For example ,  the m ulti-ply product may be joined by 

nesting.  

Optionally, the pl ies of the multi-ply product may be joined by Goffra- l ncol la technology. 

Further advantages and advantageous features of the i nvention  are disclosed in the 

fol lowing description and in the dependent claims.  

BR IEF DESC R I PTION OF THE DRAWI NGS 

With reference to the appended d rawings, below follows a more d etailed description of 

embodiments of the invention cited as examples. 

In the drawings: 

F ig .  1 is  a d iagram i l lustrating softness and GMT tensi le strength for a number of base 

sheet samples including various amounts of non-wood fibre ;  

30  F ig .  2 is  a diagram i l lustrating softness versus GMT tensi le strengths for the base sheet 

samples of F ig .  1 com pris ing 0% non-wood fibre and 30% non-wood fibre ;  

F ig .  3 is  a d iagram i l lustrating softness and GMT tensi le strength for a number of  multiply 

tissue samples i ncluding various amounts of non-wood fibre; 

F ig .  4 is  a d iagram i l lustrating the absorption for the tissue samples of Fig.  3 ;  and 

35 Fig. 5 is  a d iagram i l lustrating the thickness for the tissue samples of Fig. 3. 
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DETAI LED DESC R I PTION 

The description  in  the below relates to examples of  tissue paper materials and tissue 
paper products as obtained using the non-wood cel lulose pulp fibres as proposed herein .  

Single-ply tissue paper materials (base sheets) 

F ive d ifferent tissue paper materials were prepared. 
The five d ifferent tissue paper materials are base sheets and su itable for forming 

10  bathroom tissue. 

The samples were prepared using CWP technology to provide a dry creped tissue. 

Two d ifferent grades of tissue were targeted:  
15  Grade 1 (G1 ) : soft bathroom tissue 

20 

Grade 2 (G2) : standard bathroom tissue 

The orig inal fibre recipe for the two grades, without any non-wood fibre content is: 

Trial ref Reference furn ish 
Grade 50% softwood (never-dried pulp) - 50% hardwood (Eucalyptus -
G 1  dried pulp) 
Grade 70% softwood (never-dried pulp) - 30% hardwood (never-dried 
G2 pulp) 

The tria l  a imed at i ntroducing d ifferent levels of non-wood fibrous pulp instead of standard 
wood pulp to assess base paper properties and consequently finished product qual ity. 

The tissue machine is a Crescent former with suction press rol l  configuration,  with a 2 
25 layers Headbox: 50% Top Layer, 50% Bottom Layer. 

30 

The G 1  grade was run in a stratified mode (d ifferent recipes on the 2 layers of the base 
paper) ,  the G2 grade was run in homogenous mode (same recipe on both layers of the 
base paper) ,  with target specifications as in the below: 
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G1 : 
Headbox: 2 layers 

Blade: 20° ceramic 

Basis weight: 1 6.5  g/m2 

5 Thickness ( 1 0p) : 0.97 mm/1 0 pl ies 

M D  dry tensi le/ ply: 1 40 N/m 

CD dry tensi le/ply: 50 N/m 

M D  stretch: 1 8% 

10  G2: 
Headbox: 1 layer 

Blade: 1 0° ceramic 

Basis weight: 1 6  g/m2 

Thickness (1 Op) : 1 . 1 5  mm/1 0 pl ies 

15  M D  dry tensi le/ ply: 1 50 N/m 

CD dry tensi le/ply: 60 N/m 

M D  stretch : 1 6% 

The amount of non-wood fibres introduced ranged from 0 to 50% of the total blend . The 

20 compositions of the various base sheets are i nd icated in the table in the below: 

Grade Grade Grade 1 G rade 2 

Trial  Trial G 1 A G 1 B  G 2A G2B G2D G2E 

Overal hardwood (dried pulp) 50% 50% 
I softwood (never-dried pulp) 50% 30% 70% 50% 40% 30% 
furnish hardwood (never-dried 30% 30% 30% 20% 

pulp) 
non-wood fibre (never-dried 0% 20% 0% 20% 30% 50% 
pulp) 

25 The non-wood cel lu lose fibre pulp was derived from wheat straw, being treated accord ing 

to the Phoenix TM process by Sustainable Fiber Solutions I nc. The non-wood fibre pulp 

was never-dried pulp. The non-wood fibre pulp had a l ign in content of 1 2 .8% and a 

hemicel lu lose content of 1 8.0%. 
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The conventional short fibre content was made out of Hardwood dried pulp being a 

Eucalyptus dried pulp, and Hardwood never-dried pulp being a hardwood never-dried 

sulfite pulp. 

5 The conventional long fibre content was made out of Softwood. I n  th is example,  the 

Softwood fibre pulp was also never-dried sulfite pulp. The breaking length, average fibre 

length , and ratio breaking length/average fibre length of the hardwood never-dried pulp,  

softwood never-dried pulp and hardwood d ried pulp (eucalyptus) were as indicated in  the 

table below: 

1 0  

Non-wood Hardwood Softwood Hardwood 

(dried) (never- (never-dried) 

d ried) 

Breaking length (m) 3775 1 724 1 755 882 

Average fibre length 748 7 1 4  2 1 65 929 

(µm) 

Ratio breaking 5 .05 2 .41  0 .81  0 .95 

length/fibre length (-

/micro) 

The non-wood cel lu lose pulp fibres substituted mostly conventional long fibre both for its 

i ntrinsic strength properties and the tensi le developed after refin ing.  Despite this,  

15 additional strength generated needed a decrease on the long fibre refin ing l ine.  

Grade Grade Grade 1 Grade 2 
Tria l  Tria l G 1A G l B  G 2A G2B G2D G2E 

Long softwood 100% 100% 100% 1 00% 80% 60% 
fibre (never-
l ine d ried 

pu lp) 
non-wood 20% 40% 
fibre 
Refin ing 60 50 70 32 32 37 
kwh/T 

Short ha rdwood 100% 70% 
fibre (d ried 
l ine pu lp) 
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hard wood 100% 60% 60% 40% 
( n ever-
d ried 
p u l p) 
non-wood 30% 40% 40% 60% 
fibre 
Refi n i n g  n o n e  none 1 5  1 8  48 

Hea d b  Configurat Strat ifi Strat ifi Homogen Homogen Homogen Homogen 
ox ion ed ed OLIS OLIS OLIS OLIS 

Ya n kee 100% 100% 30% SF + 50% SF + 50% SF + 50% S F + 
layer SF SF 70% LF 50% LF 50% LF 50% LF 
Hood 100% 40% 30% SF + 50% SF + 50% SF + 50% S F + 
layer LF SF + 70% LF 50% LF 50% LF 50% LF 

60% 
LF 

The content of non-wood fibres, conventional long fibres, and conventional short fibres in 

each of the tissue paper materials is indicated in the table in the below: 

Non wood Long fibre Short fibre Long fibre Short fibre 
Trial 

Grade fibre content content l ine refin ing l ine refin ing 
reference 

content 
% % kwh/T kwh/T 

Grade 1 G1 -A 0% 50% 50% 60 0 
(soft g rade) G1 -B 20% 30% 50% 50 0 

G2-A 0% 70% 30% 70 0 
Grade 2 G2-B 20% 50% 30% 32 1 5  
(sta nda rd 

G2-D 30% 40% 30% 32 1 8  
g rade)  

G2-E 50% 30% 20% 37 48 

Dry tensi le strength in CD and M D  directions and panel softness,  were measured for the 

various samples, with the results as indicated in the table in the below and in Figs. 1 and 

10 2. 

MD d ry C D  d ry G MT d ry 
Bas is  weight tens i le  tens i le  tens i le  MD stretch Pa nel  

g/m 2 N/m - 1  ply N/m - 1  ply N/m - 1  ply % 
G 1 - A  16.8 145 5 1  86 20.1 2.7 
G 1 - B  17.2 151 56 92 18.6 2.7 
G2 - A  �- 16. 1 130 �- 54 83 19.2 

... 
2.5 

G2 - B 16.2 156 64 100 18.2 2.6 
G2 - E 16.5 192 81 125 18.8 2 . 1  
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Fig . 1 is a combined bar chart and l inear chart, where the bars represent the softness 

values and the line indicates the GMT tensi le strength of the tissue paper materials G 1 -A, 

G 1 -B,  G2-A, G2-B,  and G2- E of Table 1 .  

The samples of the different Grades denoted A ,  are al l  samples with no non-wood fibre 

content, whereas the samples of the different Grades denoted with other letters comprise 

increasing amounts of non-wood fibre content (in alphabetical order) . 

1 0  No general trend for the relationship between the GMT strength and the softness i n  view 

of the non-wood cellu lose fibre content may be seen which is  val id for al l  of the d ifferent 

Grades. For the grade G1  being the softer grade, the softness values with or without non­

wood fibres are simi lar. For the g rade G2 being the standard grade, the softness values 

deviate more, but the GMT strength is  increasing with increasing non-wood content. 

1 5  

Surprisingly the GMT strength is seen to increase with increasing content o f  non-wood 

fibre in the two different grades. Turning to Fig .  2, the basesheet softness and strength 

are again visual ized, this time for samples including 0% non-wood versus samples 

including 30% non-wood . The samples with 30% non-wood d isplay advantageous 

20 softness and GMT tensile strength. 

Further, another surprising result is  that al l of the Grades display a GMT strength and a 

softness which is within l imits rendering them useful for tissue paper products. 

25 Multi-ply products 

Three d ifferent types of multi-ply products , MP1 , M P2 and M P3 were prepared . For each 

type of multi-ply product, samples were made with d ifferent overall non-wood fibre 

content, using the base sheets of different g rades and non-wood fibre content as 

30 described in the above. 

35 

The pl ies of the multi-ply products were assembled by means of Goffra- lncol la 

technology. Al l converting parameters were the same for the different non-wood content 

of each of the products M P1 ,  M P2, MP3. 
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M P 1 :  

4-ply product 

Embossing Basesheet Basesheet 
Base sheet 

Basesheet 
Middle ply 

top ply Top ply Middle ply 
2 

Bottom ply 

MP1 0% Feather (RT 
20D) 

Grade 1 A Grade 2 A Grade 2 A Grade 1 A 

MP1 32% Feather (RT 
20D) 

Grade 1 B Grade 2 E Grade 2 E Grade 1 B 

5 

MP2: 
4-ply product 

Embossing Basesheet Basesheet Base sheet Basesheet 
Middle ply 

top ply Top ply Middle ply 
2 

Bottom ply 

MP2 0% Ornament 
(RT71 D) Grade 1 A Grade 2 A Grade 2 A Grade 1 A 

MP2 20% Ornament 
(RT71 D) 

Grade 1 B Grade 2 B Grade 2 B Grade 1 B 

MP2 30% Ornament 
(RT71 D) 

Grade 1 B Grade 2 E Grade 2 E Grade 1 B 

10  MP3:  
3-ply product 

Embossing Basesheet Basesheet 
Basesheet 

Basesheet 
M iddle ply 

top ply Top ply Middle ply 
2 

Bottom ply 

M P3 0% Seven Grade 1 A Grade 2 A Grade 1 A (RT305) 
-

M P3 20% Seven Grade 1 B Grade 2 B - Grade 1 B 
(RT305) 

M P3 30% Seven Grade 1 B Grade 2 E Grade 1 B ( RT305) 
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The resulting m ulti-ply tissues were tested for various parameters, and the results are 
displayed i n  the below table . 

..... "O - ---. IJ) C 
0 

0 .c: Q) 
V) 

IJ) V) 0 ,__ 
0 .Q> 0) 

V) .!!2 E Q.) V) - a Q) Q) Q) Q) 5 $ Q) co V) 0) C 
.0 C � C C ,__ 
E I $ Q) E co ·- I- ¢:::: co 0 

§ � �  ,__ m �  .Q � 0 a.. V) ::::l u:::: .c: 
(9 Cf) .0 z z -o ---- I- <( 

V) ,:;--- � 
E -� ::,,':?. E a> E 0) 

-55 E -- 0) a. 0 -- z 

M P 1 0% 4 0 61  63 ,8  0 ,58 267 1 ,7 9 ,0  
MP1 32% 4 32 60 64,8 0,57 335 1 ,7 8 ,6  10  

M P2 0% 4 0 59 63,0 0 ,53 255 1 ,7 9 ,3  
M P2 20% 4 20 55 65 ,8  0 ,55 309 1 ,6 8 , 8  
M P2 30% 4 30 54 65,9 0,55 329 1 , 5 9 ,0  

M P3 0% 3 0 54 46,3 0,43 1 67 1 ,6 9 ,6  1 5  

M P3 20% 3 20 47 48,2 0 ,44 200 1 ,6 9 ,0 
M P3 30% 3 30 48 48,2 0 ,44 206 1 ,6 9 ,3  

The results wi l l  be further d iscussed in  the below with reference to Figs. 3 to 6 .  

20 Fig . 3 is a combi ned bar chart and l inear chart, where the bars represent the softness 
values of the samples and the l ine i nd icates the GMT tensile strength. 

I n  Fig . 3, as wel l  as in  the fol lowing Figs 4 to 6, for each type of m ultiply tissue paper 
material M P 1 ,  M P2 ,  M P3 ,  the samples are presented from left to right and with the 

25 sample having 0 percentage non-wood content to the left, and in increasing order of non­
wood content towards the right in the figures. 

As demonstrated by Fig. 3 ,  the softness values for each type of multiply tissue paper 
material M P 1 ,  M P2 ,  and M P3 is relatively constant or decreases only insignificantly with 

30 increasing amount of non-wood content. (A significant difference in the softness values 
(panel softness) would be about 0.2 points . )  Thus , the resu lts indicate that the softness is 
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not signifi cantly affected in the samples comprising various amounts of non-wood as 

compared to the samples comprising no n on-wood. 

Further, for each of the types M P 1 , M P2 ,  and M P3 ,  the GMT tensi le strength i ncreases 

5 with increasing amount of non-wood content. The i ncrease in  GMT tensi le  strength is 

significant, which was surpris ing. Thus, the results indicate that the GMT tensi le strength 

is significantly i ncreased in the samples com pris ing various amounts of non-wood as 

compared to the samples comprising no n on-wood. 

1 0  Thus, the results indicate that the balance between the softness and G M T  strength in  the 

samples comprising various amounts of non-wood , is  better than for the samples with no 

non-wood content, i .e .  i ncreased GMT strength is  achieved at about the same softness. 

A satisfactory result for a tissue paper product comprising non-wood would be a balance 

1 5  being about the same as for a tissue paper product with no non-wood content. Based on 

the tests performed , i t  may therefore be assumed that the non-wood cellu lose pulp fibres 

used herein are useful for replacing wood fibres in numerous different multi-ply and single 

ply tissue paper products whi le  achieving at least satisfactory results i n  terms of softness 

and strength . 

20 

Turning to absorption ,  Fig. 4 is  a bar chart i l l ustrating the absorption g/g of the different 

samples of the three types of tissue paper material M P 1 , M P2 ,  and M P3. As seen in the 

results , for each of the types M P1 ,  M P2 ,  and M P3, the highest value for absorption is 

obtained for the sample with no non-wood content. However, no general trend regarding 

25 the i mpact of  increasing non-wood amount on the absorption values may be seen. 

Further, the variations in the measured absorption  values are mainly i nsignificant, as a 

significant d ifference for absorption is about 0 ,5  g/g . 

Thus, the results indicate that the absorption is not significantly affected i n  the samples 

30 comprising various amounts of non-wood , and i nstead the absorption is as good in  the 

samples with various amounts of non-wood content as in the sample comprising no non­

wood. 

Turning to th ickness, F ig .  5 is a bar chart i l lustrating the th ickness (mm) of the different 

35 samples of the three types of tissue paper material M P 1 , M P2 ,  and M P3.  The results 
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indicate that the thickness is not significantly affected in the samples comprising various 

amounts of non-wood as compared to the samples comprising no non-wood. 

Thus, i n  summary, the results indicate that introduction of various amounts of the non-

5 wood cel lulose fibres into different tissue paper materials resu lts in acceptable or 

insignificant changes in  parameters relevant for the function of the tissue paper material ,  

such as the GMT strength , the softness, the absorption and/or the thickness, as 

compared to the same tissue paper material without non-wood fibre content. 

1 0  The advantageous results are believed to be  at least partially due to the use of the non­

wood fibres, and in particular the various features which may be contributing to the 

advantageous properties of tissue paper materials and products including the non-wood 

fibres as set out in the above. 

1 5  For example, as i n  the samples i n  the above, the non-wood cel lu lose pulp fibre may have 

a breaking length/average fibre length ratio greater than 4. Also , the non-wood pulp fibres 

may be never-dried . Further, the non-wood cel lulose pulp fibres may be derived from 

agricu ltural waste or byproducts such as one out of wheat straw, oat straw, barley straw, 

and/or rye grass, for example wheat. 

20 

However, other combinations of features as described in the above for the non-wood 

cel lu lose fibres may be made by a person skil led in the art to provide the tissue materials 

and tissue products as proposed herein. 

25 Hence , the resu lts, although relating to specific examples of tissue paper materials and 

tissue paper products are bel ieved to indicate that the non-wood fibres as such may be 

used to provide advantageous results in for a wider range of t issue paper materials and 

tissue paper products. 

30 DEFI N ITIONS 

Tissue paper material :  The term "tissue paper material" as used herein refers to the one­

ply base tissue as obtained from a tissue machine. 
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Layer: The tissue paper material may comprise one or more layers, i .e. it may be a single­

layered or a multi-layered web. The term "layer'' refers to a stratum within the web having 

a defined fibre composition. The one or more layers is/are formed by depositing one or 

more streams of pulp furnishes onto a wire with a pressurized sing le-or multi-layered 

5 headbox . 

.E.!L The term "ply" as used herein refers to the one or more plies of tissue paper material 

in the final tissue paper product as are obtained after processes, i .e .  converting, one or 

more base tissue webs. Each individual p ly consists of a tissue paper material comprising 

10 one or more layers, e.g. one, two, or three layers. 

Hardwood:  As hardwood we understand herein fibrous pulp derived from the woody 

substance of deciduous trees (angiosperms). For example, hardwood includes 

eucalyptus. Typically, hardwood fibres are relatively short fibres. For example, the 

1 5  hardwood fibres may have an average fibre length less than 1 700 µm . The hardwood 

fibres may for example have a diameter of 1 5  to 40 µm and a wall thickness of 3 to 5 µm.  

Softwood: as softwood we understand fibrous pulp derived from the woody substance of 

coniferous trees (Gymnosperms) . Typical ly, softwood fibres are relatively long fibres. For 

20 example, the softwood fibres may have an average fibre length above 1 700 µm, such as 

above 1 950 micron, for example the soft wood fibres may have an average fibre length in 

a range from 1 700 to 2500. µm.  The softwood fibres may for example have a diameter of 

from 30 to 80 µm , and a wall th ickness of from 2 to 8 µm. 

25  Conventional short fibres: As conventional short fibres we understand herein hardwood 

fibres as described in the above. General ly, the conventional short fibres may have an 

average fibre length less than 1 700 µm . 

Conventional long fibres: As conventional long fibres we understand herein softwood 

30 fibres as described in the above. General ly, the conventional long fibres may have an 

average fibre length greater than 1 700 µm.  

CWP & structured tissue technology: 
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As described in the above, paper tissue webs can be produced in several ways. 

Conventional paper machines have been used for many years for that purpose, to 

produce such conventional webs at a relatively low cost. 

An example of a conventional paper tissue web process is the dry crepe process which 

5 involves creping on a drying cyl inder, the so-cal led yankee cyl inder, by means of a crepe 

doctor. Wet creping can be used as wel l ,  if there are lower demands on the tissue qual ity. 

The creped, finally dry raw tissue paper, the so-called base tissue, is then available for 

further processing into the paper product for a tissue paper product. 

Recently, more advanced methods have been developed , such as e .g .  Through Ai r 

1 0  Drying (TAD) , Advanced Tissue Molding System (ATMOS) and simi lar methods for 

producing structured tissue webs. A common feature for these latter methods is that they 

result in a more structured web with a lower density than a web produced on a 

conventional paper machine. 

1 5  As used herein the term CWP technology (Conventional Wet Pressed technology) refers 

to conventional paper web processes, in which the tissue is formed on a forming fabric 

and dewatered by pressing with one or more pressure rol l  nips. The process may involve 

transfer of the sheet to a Yankee dryer and removing the sheet from the Yankee surface 

by a doctor blade in a creping process. CWP technology as used herein includes for 

20 example dry crepe technology, wet crepe technology, and flat NTT (New Tissue 

Technology) .  

As used herein ,  the term structured tissue technology relates to the newer technologies 

for producing a structured tissue web. Such methods wi l l  not employ the high pressure 

25 used to dewater the web in the CWP process. Therefore, structured tissue technology is 

sometimes referred to as non-compressing de-watering technology. The structured 

tissue technology may for example  be TAD (Thru -Air-Dried) , UCTAD (Uncreped­

Through -Air-Dried) or ATMOS (Advanced-Tissue- Molding-System) ,  textured NTT, 

QRT, Pri melineTEX technology and eTAD technology. 

30 

The structured tissue technology m ethods are known from prior a rt, for exam ple TAD 

is known from US5853547; and ATMOS from US 7744726, US7550061 and 

US7527709; and UCTAD from EP 1 1 56925 and WO 02/4077 4.  
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TAD technology has been developed since the 1 960's and is wel l known to a person 

ski l led in the art. It generally i nvolves developing functional properties of the tissue by 

moulding the fibre mat on a structured fabric. This results in the fibre mat forming a 

structured tissue which may acquire h igh bulk and absorption due to ai r passing through 

5 the web while drying the web when sti l l  on  the structured fabric. 

ATMOS technology is a production method developed by Voith and which is also wel l  

known to a person ski l led i n  the art. 

1 0  Another example i s  textured NTT (New Tissue Technology) . Textured NTT was designed 

to overcome some of the l im itations of ATMOS by pressing at even h igher pressures 

before transferring to the Yankee. A shoe press is used in the fi rst pressing section 

between the former felt and a belt with cel ls designed to provide absorptive capacity and 

increase strength . The NTT technology may reduce the Yankee Hood drying load as 

15 compared to ATMOS. 

20 

25 

30 

Yet other examples are Prime Line Tex technology as rendered avai lable by Andritz for 

production of textured tissue, and eTAD technology as rendered avai lable by Valmet. 

M ETHODS 

Liqnin content: 

The measurement of residual l ignin content in the pulp fibres has been carried out 

according to the draft standard ISO/DIS 2 1 436: Pulps- Determination of l ignin content ­

Method of acid hydrolysis 1 ) ,  which i ncludes: 

i) the gravimetric measurement of the residue after acid hydrolysis (AI L : Acid 

I nsoluble Lignin or Klason Lign in) ,  also described in  the Tappi T222 om-02 

method 2 ; and 

i i) the m easurement of soluble  l ign in (ASL : Acid Soluble Lignin) ,  also described 

in the technical  note Tappi UM2503 . 

3. 1 )  Sample preparation :  The samples were dis integrated with a grinder/mixer. Their dry 

matter contents were determined before analysis, by drying i n  an oven of an al iquot of 2-3 

g at 1 05°C,  according to the ISO 638 standard 4 .  
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3 .2) Measurement of acid i nsoluble l ign in (Al L or  Klason l ign in) after acid hydrolysis An 

al iquot of ~1 g was hydrolysed with a solution of sulfuric acid ,  firstly at ambient 

tem perature (2 h) and then under reflux during 4 h (Procedure B of the future standard) .  

5 After cool ing ,  the suspension was filtered and washed and the sol id  residue 

10 

was collected, dried and weighted .  The acid i nsoluble l ign in content in the sample was 

determined by d ifference between the dry hydrolysis residue weight and the ash weight, 

reported to the dry mass content of the i nitial sample. Note 1 : Detection l im it (DL) ~0. 1  % ; 

Quantification l im it (QL) ~0.5%. 

3 .3) Measurement of acid soluble l ignin.  The absorbance at 205 nm of the hydrolysate 

(i .e .  the fi ltrate col lected during the fi l tratio n  of the suspension, cf 3 .2) ,  were measured. 

The acid soluble l ign in  content (ASL) was determined according to the predefined 

extinction coefficient of the l ign in ( i .e. 1 1  O Ug. cm) .  Note 2 : : Detection l im it (DL) ~0. 1 % 

15  ; Quantification Lim it (QL) ~0. 5% Remark: Th is  quantification method is sensitive to the 

contaminants being present i nto the sam ple.  Each compound other than hemicel lu loses 

and cel lu lose and the acid i nsoluble m inerals are susceptible to interfere with the 

measurement of the hydrolysis residue and with the acid soluble l ign in .  

20 Hemicel lu lose 

The determination of the contents of the main polysaccharides i n  the pulp (arabinane, 

galactane, g lucane, xylene, and mannane) has been made by using high performance 

anion exchange chromatography with a pulsed amerometric detector, 

H PAE/PAD-Dionex® analysis of free monosaccharides (arabinose, galactose, g lucose, 

25 xylose and mannose) after sulphuric acid hydrolysis of the sample pulp. The cel lu lose and 

the hemicel lu lose content in  the pulp sample is determined according to standard method 

ISO / DIS2 1 437 - Pulps :  Determination of carbohydrate (under publ i cation) after 

cal ibration.  The samples studied are chemical pulp which has not required extraction of 

aceton beforehand. I n  contrast, the samples have been dried. However, considering the 

30 pulp state (wet lap sheets) , samples were gri nded before analysis. Dry content of the 

grinded samples was measured according to NF EN ISO 638 :2008. 

Basically the m ethod is quantifying the a mounts of sugars (monosaccharides) after 

hydro lysis of cel lulose and hemi using the ISO / DIS 2 1 437 - Pulps: Determination of 
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carbohydrate. Then, calculation is made backwards to estimate level of hemicel lu loses 

(knowing proportion of sugars in hemi and cel lu lose) 

Basis weight 

5 Basis weight is determined in accordance with ISO 1 2625-6: 201 6. 

The basis weight is determined in g/m2
. 

Thickness per sheet: 

Thickness is determined in accordance with ISO 1 2625-3. 

GMT strength: 

1 0  GMT strength (Geometric Mean Tensile strength) refers to the square root of the product 

of the mach ine d i rection dry tensile strength and the cross-d irection dry tensile strength of 

a tissue web/product. 

The GMT strength is determined in accordance with ISO 1 2625-4. 

A load cel l  of 1 00N was used . 

1 5  Absorption : 

Absorption is herein the water absorption capacity of the tissue paper. Water absorption 

capacity is the amount of water the sample is able to absorb , reported in g/g ( i .e .  g water / 

g material in sample) . 

Absorption was measured according to ISO1 2625-8:201 1 .  

20 The water is deionized water, conductivity :s; 0.25 mS/m at 25°C, in accordance with 

ISO1 4487. 

Softness panel : 

Panel softness is  determined by evaluation made by panel members .  The panel ists rank 

products in terms of softness. The Softness Panel values are therefore comparative 

25 values enabl i ng a comparison between the samples tested, rather than an absolute 

parameter. 

The softer the product/tissue base sheet is rated the h igher the value wil l  be. 
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Softness values of tissue paper products (finished goods) and tissue base sheets are not 

d i rectly comparable as there are different scales/reference products. 

Each sample is composed of one product, i .e .  a multi-ply tissue paper product. 

The d imensions of the samples are therefore the d imensions of the fin ished products. 

5 Samples are placed i n  M D  before the panel ists. 

Samples are conditioned for m inimum 2 hours in a control led area at 23°C and 50% 

relative humid ity. 

The d ifferent samples are comfort rated by ten panel ists , and an average comfort rating 

for each product is  determined over the panel ists. 

1 0  Hence , softness panel values are comparative values with in  a test and indicate the 

perceived softness of a product. 

1 5  

20 

For the purpose of this appl ication , softness panel values given in  one and the same table 

are comparable and i ndicate the perceived relative softness of the products tested.  The 

h igher the value of the rating,  the more comfortable is the product. 

Average fibre length measurement: 

Fibre length measurement was made using the standard for fibre analyser: I SO 1 6065-

2 :2014 :  Pulps - Determination of fibre length by automated optical analysis - Part 1 :  

Unpolarized l ight m ethod .  

Length-weighted mean length was used and the average of  the length - weighted fibre­

length distribution.  

Breaking length measurement 

25 The breaking length is the calculated upper l im it of length of a uniform paper strip that 

would support its own weight if it were suspended at one end. Breaking length (m) = 1 02 x 

T/R ,  where T = Tensile strength , N/m , and R = basis weight, g/m2. 

The breaking length is a pulp characteristic  obtained by tensi le strength and basis weight 

30 measurements as measured on lab handsheets produced i n  accordance with EN ISO 

5269-2. (Tensile strength: ISO 1 2625-4; basis weight: I SO 1 2625-6: 201 6) 
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Ratio of breaking length m easurement/average fibre length m easurement 

The ratio of breaking length/average fibre length is herein  using the values of the fibre 

5 length measurement and the breaking length measurements as achieved according to the 

methods in the above, the average fibre length measurement being reported in µ m ,  and 

the breaking length being reported in  m .  

I t  may be noted that the breaking length , a s  well as the average fibre length , are pulp 

10 characteristics. Accordingly, the measurements of these properties are to be performed 

on the pulp as received from the pulping process, before reaching the papermaking 

process, such as before entering the stock preparation in a paper m achine.  Thus, the 

measurements are done prior to any mechanical  and/or chemical and/or enzymatic 

treatment for strength adjustment which m ay occur during the paper making process. 

1 5  
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CLAI MS 

1 .  A s ingle-ply tissue paper materia l  having a basis weight less than 40 gsm and a 
GMT tensi le strength of at least 60 N/m, com prising a non-wood tissue ply, said 
non-wood tissue ply 
comprising non-wood cel lu lose pulp fibres in  an amount of at least 1 0% by dry 
weight of the of the non-wood tissue ply. 

2 .  A s ingle-ply tissue paper materia l  according cla im 1 ,  wherein the tissue paper 
10  material has a GMT tensi le  strength of  at least 70  N/m. 

3.  A s ingle-ply tissue paper materia l  according cla im 1 or 2 ,  wherein the tissue 
paper material  has a GMT tensi le strength of at least 80 N/m. 

1 5  4 .  A s ingle-ply tissue paper materia l  according to any one of the preceding cla ims, 

20 

25 

30 

having a basis weight of less than 30 gsm . 

5 .  A s ingle-ply tissue paper materia l  according to any one of the preceding cla ims, 
having a basis weight of less than 25 gsm . 

6 .  A single-ply tissue paper product consisting of a single-ply tissue paper material 
accord ing to any one of the cla ims 1 to 5. 

7. A multi-ply tissue paper product com pris ing two or more pl ies, wherein an 
average basis weight of the pl ies is less than 40 gsm, and the m ulti-ply tissue 
paper product having a GMT tensi le strength of at least 1 00 N/m, wherein at 
least one ply is  a non-wood tissue ply, said non-wood tissue ply 
comprising non-wood cel lu lose pulp fibres in  an amount of at least 1 0% by dry 
weight of the of the non-wood tissue ply. 

8 .  A multi-ply tissue paper product according to cla im 7 ,  
wherein the m ulti-ply tissue paper product has a GMT tensi le strength of  at  least 
1 20 N/m . 
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9 .  A multi-ply tissue paper product according to claim 7 or 8, wherein the m ulti-p ly 

tissue paper product has a GMT tensi le strength of at least 1 50 N/m. 

1 0. A multi-ply tissue paper product according to any one of the claims 7 to 9, 

wherein at least 50 % of the pl ies in said multi-ply tissue paper products are 

non-wood tissue pl ies, each non-wood tissue ply 

comprising non-wood cel lu lose pulp fibres in an amount of at least 1 0% by dry 

weight of the of the non-wood tissue ply. 

10  1 1 .  A multi-ply tissue paper product according to any one of the claims 7 to 1 0, 

1 5  

wherein a l l  of the pl ies in  said m ulti-ply tissue paper products are non-wood 

tissue plies, each non-wood tissue ply 

comprising non-wood cel lu lose pulp fibres in an amount of at least 1 0% by dry 

weight of the of the non-wood tissue ply. 

1 2 .  A multi-ply tissue paper product according to any one of the claims 7 to 1 1 ,  the 

multi-ply tissue paper product comprising non-wood cel lu lose pulp fibres in an 

amount of at least 1 0% by dry weight of the multi-ply tissue paper product. 

20 1 3. A multi-ply tissue paper product according to any one of the claims 7 to 1 2 ,  the 

25 

30 

35 

multi-ply tissue paper product comprising non-wood cel lu lose pulp fibres in an 

amount of at least 1 5% by dry weight of the multi-ply tissue paper product. 

1 4. A multi-ply tissue paper product according to any one of the claims 7 to 1 3, the 

multi-ply tissue paper product comprising non-wood cel lu lose pulp fibres in an 

amount of at least 20% by dry weight of the multi-ply tissue paper product. 

1 5. A multi-ply tissue paper product according to any one of the claims 7 to 14 ,  

wherein said multi-ply tissue paper material o r  product comprises two to five 

pl ies. 

1 6. A multi-ply tissue paper product according to any one of the claims 7 to 1 5, 

wherein each ply of the multi-ply product comprises the same amount of non­

wood cel lu lose pulp fibres. 
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1 7. A multi-ply tissue paper product accord ing to any one of the claims 7 to 1 5, 
wherein at least two plies comprise different amounts of non-wood cel lu lose pulp 
fibres. 

5 1 8. A multi-ply tissue paper product accord ing to any one of the claims 7 to 1 7, 

10  

1 5  

20 

25 

wherein said at least one non-wood tissue ply is an outer ply of said m ulti-ply 
tissue paper material .  

1 9. A multi-ply tissue paper product according to cla im 1 8, wherein the mu lti-ply 
tissue paper material comprises at least two non-wood tissue pl ies ,  the non­
wood tissue plies forming a first and a second outer ply of the m ulti-ply tissue 
paper product. 

20.  A multi-ply tissue paper product accord ing to any one of the claims 7 to 1 9, 
wherein said non-wood tissue ply is formed by a single-ply tissue paper material 
in accordance with any one of claims 1 to 5 .  

2 1 . A single-ply tissue paper product or  a m ulti-ply tissue paper product according to 
any one of the claims 6 to 20,  wherein the tissue paper product has an 
absorbency of at least 7 g/g. 

22 . A single-ply tissue paper product or a m ulti-ply tissue paper product according 
to any one of the claims 6 to 2 1 , wherein the tissue paper product has an 
absorbency of at least 8 g/g. 

23.  A sing le-ply tissue paper materia l ,  a single-ply tissue paper product or a m ulti­
ply tissue paper product accord ing to any one of the preceding claims, wherein 
the non-wood cel lu lose pulp fibres contains at least 1 5% hemicel l ulose. 

30 24. A sing le-ply tissue paper materia l ,  a single-ply tissue paper product or a m ulti-

35 

ply tissue paper product accord ing to any one of the preceding claims,  wherein 
the non-wood cel lu lose pulp fibres contains no more than 1 5  % l ignin.  

25.  A single-ply tissue paper material ,  a s ing le-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding claims, wherein 
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the non-wood cel lulose pulp fibres have an average fibre length of less than 

1 700 µm . 

26. A sing le-ply tissue paper material ,  a sing le-ply tissue paper product or a multi­

ply tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lulose pulp fibres have an average fibre length of less than 

1 200 µm . 

27. A single-ply tissue paper material ,  a sing le-ply tissue paper product or a multi­

ply tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lulose pulp fibres have an average fibre length of less than 900 

µm. 

28. A single-ply tissue paper material , a single-ply tissue paper product or a multi­

ply tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lulose fibres have a breaking length of more than 3000 m .  

29. A single-ply tissue paper material , a single-ply tissue paper product o r  a multi­

p ly tissue paper product accord ing to any one of the preceding claims, wherein 

the non-wood cel lulose fibres have a breaking length/average fibre length ratio 

of more than 3 .7. 

30. A single-ply tissue paper material , a single-ply tissue paper product or a multi­

ply tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lulose fibres have a breaking length/average fibre length ratio 

of more than 4 .0 .  

3 1 . A single-ply tissue paper material , a single-ply tissue paper product or a multi­

p ly tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lulose fibres have a breaking length/average fibre length ratio 

of more than 4 .5 .  

32 . A single-ply tissue paper material , a single-ply tissue paper product or  a multi­

ply tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lu lose pulp fibres are derived from a member of the Pocacea 

family, such as from wheat straw, rice straw, barley straw, oat straw, rye g rass, 
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costal Bermuda grass, Arundo donax, miscanthus, bamboo, sugar cane 

bagasse and/or sorghum. 

33. A single-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­

p ly tissue paper product according to any one of the preceding claims, wherein 

the non-wood cel lulose pulp fibres are derived from a member of the 

Cannabaceae fami ly ,  such as from hemp and/or hop. 

34. A s ingle-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­

p ly tissue paper product according to any one of the preceding claims, wherein 

the non-wood cellu lose pulp fibres are agricultural waste or byproduct, such as 

derived from agricultural waste or byproduct of the Pocacea fami ly and/or 

Cannabaceae fami ly such as exempl ified in the above ,  including agricultural  

waste or byproduct from wheat straw, rice straw, barley straw, oat straw, rye 

grass, sugar cane bagasse, hemp or hop and/or wherein the non-wood 

cel lulose pulp fibres are derived from agricultural waste or byproduct such as 

banana harvest residue (belongs to the fami ly Musaceae), p ineapple residue 

(belongs to the family Bromeliaceae) , nut shell waste, bagasse from agave, hop 

residue and/or corn stover. 

35. A single-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­

p ly tissue paper product according to any one of the preceding claims, wherein 

the non-wood cellulose pulp fibres are derived from kenaf (belongs to the 

fami ly Malvaceae) , switchgrass , succulents, alfalfa (belongs to the fam i ly 

Fabaceae .) ,  flax straw (belongs to the fam ily Linaceae), palm fruits (Elaeis or 

Arecaceae) , and/or avocado (Lauraceae) . 

36. A single-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­

ply tissue paper product according to any one of the preceding claims, wherein 

said non-wood tissue p ly or  p l ies com prises said non-wood cel lulose pulp fibres 

in an amount of at least 1 5%.  

37. A single-ply tissue paper m ateria l ,  a s ing le-ply tissue paper product or  a multi­

ply tissue paper product accord i ng to any one of the preceding cla ims, wherein 

said non-wood tissue ply or  pl ies comprises said non-wood cel lulose pulp fibres 

in  an amount of at least 20% by d ry weight. 

Kimberly Clark EX1002, p. 1220
PGR2026-00078



5 

10  

1 5  

20 

25 

30 

35 

WO 2023/282812 PCT/SE2021/050715 

40 

38. A s ingle-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding claims, wherein 
said non-wood tissue ply or p l ies com prises said non-wood cel lu lose pulp fibres 
in  an amount of less than 70 % by dry weight. 

39. A s ingle-ply tissue paper m ateria l ,  a s ing le-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding cla ims, wherein 
said non-wood t issue ply or pl ies comprises said non-wood cel lu lose pulp fibres 
in an amount of less than 60 % by dry weight. 

40. A single-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding claims, wherein 
said non-wood tissue ply further comprises wood pulp fibres, such as hardwood 
cel lulose pulp fibres and/or softwood cel lu lose pulp fibres. 

4 1 . A s ingle-ply tissue paper materia l ,  a single-ply t issue paper product or a multi-
ply tissue paper product accord ing to cla im 40, wherein said non-wood tissue ply 
comprises wood pulp fibres in an amount such that the wood pulp fibre amount 
plus the non-wood fibre amount constitutes 1 00% dry weight of the non-wood 
tissue ply. 

42 . A single-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­
ply tissue paper product accord ing to cla im 40 or 41 , wherein the 
hardwood/softwood dry weight proportion of the wood pulp fibres in said non­
wood tissue ply is less than 95/5. 

43. A s ingle-ply tissue paper m ateria l ,  a s ing le-ply tissue paper product or a m ulti­
ply tissue paper product accord ing to any one of the cla ims 40 to 42 , wherein 
the hardwood/softwood dry weight proportion of the wood pulp fibres i n  said 
non-wood tissue ply is  less than 90/1 0.  

44. A single-ply tissue paper materia l ,  a sing le-ply tissue paper product or a m ulti­
ply tissue paper product accord ing to any one of the claims 40 to 43 , wherein 
the hardwood/softwood dry weight proportion of the wood pulp fibres i n  said 
non-wood tissue ply is  less than 80/20. 
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45. A s ingle-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding cla ims, wherein 
said non-wood cel lu lose pulp fibres are present throughout the non-wood tissue 
ply or pl ies. 

46. A single-ply t issue paper materia l ,  a single-ply t issue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding cla ims, wherein 
said non-wood tissue ply or p l ies com prises two or more layers, and at least one 
layer comprises non-wood fibres .  

47.  A single-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding claims, said non­
wood tissue ply or pl ies being produced by conventional wet press technology 
(CWP) . 

48. A s ingle-ply tissue paper materia l ,  a single-ply tissue paper product or a multi­
ply tissue paper product accord ing to any one of the preceding claims, said non­
wood tissue ply or pl ies being produced by structured tissue technology, for 
example TAD (Through Air Drying) ,  ATMOS, NTT(textured), UCTAD, QRT, 
eTAD or PrimelineTEX. 

49. A single-ply tissue paper m ateria l ,  a sing le-ply tissue paper product or a m ulti-
ply tissue paper product accord ing to any one of the preceding claims, wherein a 
portion of or al l  non-wood cel lulose pulp fibres are never-dried non-wood 
cel lulose pulp fibre. 

50. A s ingle-ply tissue paper m ateria l ,  a s ing le-ply tissue paper product or a m ulti­
ply tissue paper product accord ing to any one of the preceding cla ims, 
compris ing softwood cel lu lose pulp fibres and wherein a portion of or al l  
softwood cel lu lose fibres are never-dried softwood cel lulose pulp fibre .  

5 1 . A s ingle-ply tissue paper materia l ,  a s ing le-ply tissue paper product or a m ulti­
ply tissue paper product accord ing to any one of the preceding cla ims, 
compris ing hardwood cel lu lose pulp fibres and wherein a portion of or al l  
hardwood cel lu lose fibres are never-dried hardwood cel l ulose pulp fibre. 
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52 . Sing le-ply tissue paper product or  m ulti-ply tissue paper product according to 

any one of the claims 6 to 5 1 , the tissue paper product being for personal 

hygiene, such as toi let paper, hand wipes, paper napkins ,  facial wipes, 

handkerchiefs or the tissue paper product being a kitchen towel or i ndustrial 

wipe. 
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