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ABSTRACT OF THE DISCLOSURE 

, A method for production of an absorbent, soft, limp 
cellulosic ?brous body having layers of differential ab; 
sorption characteristics in which a wet cellulosic batt with 
a moisture content of. at least 30% is treated with a dilute 
aqueous solution of cellulosic debonding agent such as a 
quaternary ammonium salt so as to penetrate only a sur 
face zone of the batt and to lessen ‘the coherence of the 
?bers for each other in this zone. The batt is dried to a 
consistency of at least 85% in the absence of substantial 
positive pressure, and then to further open the ?bers in 
the surface zone, the batt is ?exed about an axis trans 
verse to its length and subjected to‘ a stream of nonre 
active gas. The batt integrity is maintained throughout the 
process, with the resulting body having a dense absorbent 
inner zone and a softer more ?uid pervious outer zone. 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention, relates to absorbent, cellulosic ?uff 
sheets having a surface zone or zones characterized par 
ticularly ‘by softness tothe touch, a larger pore size and 
smaller “liquid retention capacity than an adjacent and 
integral layer of greater density and smaller pore size; 
the invention also relates to a'method of producing'such 
product of, differential ?uid absorption characteristics. 

The invention with relation to the prior art 
,Cellulosic ?uff batts are commonly produced by me 

chanically de?berizing dried pulpboard sheets and air 
forming the resulting ?bers. For many purposes the pulp~ 
board is well adapted for conversion into ?uff and, addi-. 
tionally; it is“ of low cost and readily handleable. The 
mechanical action involved in de?berizing, however, tends 
to ‘cause the ?uff batts to be dusty and, unless embossed 
or enclosed, the‘?uff tends to be excessively dusty, that 
is, to contain an undesirable quantity of ?nes. 

' In the practice of this invention I form an absorbent 
cellulosic batt having one or both opposed surface zones 
of excellent softness characteristics; further, the surface 
zones have less tendency to become and remain wetted 
and, therefore, the product is quite useful in the forma 
tion of articles which contact the skin, that is, in bandages, 
sanitary napkins and the like..lmportantly, although the 
bulk and openness ofthe surface zone or zones is com 
paratively large, the overall capacity for ?uid retention 
of ‘a product formed from the ?uff sheet is excellent. This 
is due to the relatively dense, small pored zone or layer 
of compacted ?bers adjacent the surface zone, this more 
dense layer serving to retain large quantities of ?uid. 

I form my sheet of differential absorption characteris 
tics by a series of basic procedural steps involving (a) 
the treating of a wet (at least 30% by weight of moisture 
on the bone dry ?ber weight) cellulosic pulp batt with a 
dilute aqueous solution of a ?ber debonding or soften 
ing agent to penetrate a surface zone of the web and I‘ 
decrease the coherence of ?bers in the surface zone with 
out signi?cant entry of the agent to the main ?ber body; 
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(b) drying the batt in the absence of positive pressure 
on the batt to expel moisture from the batt interior through 
a surface zone or zones-—the withdrawing of moisture 
from the compacted ?bers of the interior causes bond 
ing of such ?bers into the customary relatively dense 
sheet while the moisture passing outwardly of the sheet 
tends to further interrupt the debonding of ?bers of a 
surface zone as initiated by the debonding agent; (c) 
mechanically working, by ?exing or the like, in the ab 
sence of any signi?cant abrasion the dry web so that ?ber 
bonds formed in the surface zones tend to be broken and 
opened while the interior ?ber bonds close to the neutral 
axis of the sheet are little affected; ((1) supporting the 
opened batt ‘between foraminous members rather tightly 
while directing an air blast or blasts to the sheet to ?uff 
the relatively unbonded ?bers; the air blasts make no 
signi?cant penetration of the sheet core and, accordingly, 
opposed blasts are directed to the opposite sides of a 
sheet for effecting the ?ufiing of opposite sheet sides. 
The product may be softened on one side only and 

the soft surface zone is then backed by a relatively dense 
?uff zone; more commonly, both opposed surfaces are 
softened and the dense zone is a core of relatively com 
pacted ?bers, the core having small pores or capillaries 
which tend to draw ?uid from the surface zones tending 
to maintain the latter relatively dry in use. 

In a preferred embodiment of the process, as set out in 
detail hereinafter, the pulp after bleaching and washing, is 
formed without drying into a loose wet batt and then is 
subsequently subjected to the debonding agent applica 
tion. Alternatively, the dried pulp sheet received from a 
pulp mill may be reslurried by conventional means, 
formed into a loose wet batt and processed in accordance 
with the invention but less economically than in the pre 
ceding method. Also, the dried pulp sheet may be ?rst 
well wetted with water and then subjected to the bonding 
agent without reslurrying, followed by the noted drying, 
?ui?ng and gas blast steps; while this procedure avoids 
reslurrying, the former procedures are favored to achieve 
a more soft and more limp product. 
The debonding agent treatment is most suitably by spray 

application just before the traveling sheet is passed to 
the drying stage; this permits application to opposite sides 
of the sheet simultaneously. However, the agent may be 
applied by other means such as an aspirator, print roll 
or other roll applicator means, a pattern of the agent 

_ rather than a continuous application being very suitable 
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for control of quantity. 
The density of the product in the more dense zone is 

about that of the density of the dried pulp sheet as re 
ceived from the pulp mill or is about the density of the 
reslurried bleached pulp sheet; in either event the density 
in the more dense zone is about 1 to about 4 times that 
of the density of the pulp in a surface zone. Further, the 
more dense zone supplies strength to the product since 
the ?ber bonds in this area are largely unaffected by the 
mechanical and wetting actions; additionally, since the 
product is integral in the sense that it is composed of one 
formed sheet, some ?bers of the surface zones will be 
entwined with and retained by ?bers of the more compact 
zone providing against easy delamination and the like 
even under severe wetting conditions of use. ' 

The invention will be more fully understood by refer 
ence to the following detailed description and accompany 
ing drawings wherein: 

FIG. 1 is a view illustrating a typical equipment ar 
rangement for the formation of a cellulosic ?uff sheet 
in accordance with a preferred embodiment of the in 
vention; 

FIG. 2 is a view of a product in accordance with the 
invention; and 
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> FIG. 3 is a view of a product like that of FIG. 2 but ' 
with a surface zone drawn back to illustrate the relative 
bulks in a typical product. 

Referring now to the drawings, the numeral 1 in FIG. 
1 designates a source of slurried bleached kraft pulp. The 
slurried bleached kraft is fed through line 2 to a forming 
machine designated at 3; the latter includes a reservoir 4 
and a screen cylinder 5. Wiper 6 serves to remove pulp 
from the screen cylinder and to maintain the cylinder 
clean as pulp sheet 7 passes to the Wet presses generally 
indicated at 8 and 9. The pulp as it is formed on the 
cylinder machine is relatively open, and the wet presses" 
serve primarily to remove water but also to condense toy I 1 

formed into a sheet of uniform density andof a ,weight of some extent the traveling sheet. ‘Sheet 7 is then presented 
to a series of heated rolls designated at 10, 11 which are 
e?ective to raise the temperature of the sheet to about‘ 
120° F. The moisture content, based on the dry ?ber 
weight, at this time is aproximatley 60%. From the heated 
rolls the sheet 7 is directed to a ?nal wet pressing be 
tween calender rolls 12. From the calender rolls the 
sheet, at a moisture content of approximately 50%,‘ is 
presented over guide rolls 13 to spray mechanism desig 
nated at 14, 15. Spray 14 applies an aqueous solution of a 
'debonding agent at a concentration of about 2% to the 
upper side of the sheet. Spray 15 applies a similar solu- 
tion to the lower side of the sheet. The total debonding 
agent pickup is approximately 1% on the dry weight of 
pulp ?bers. A pickup of 1A to 1% % is generally suitable 
but this may vary considerably with the speci?c nature 
of the debonding agent. 
From the sprays the sheet is passed directly to a pulp 

drier 16 wherein it is subjected to a temperature of about 
275° F. The sheet itself does not reach this temperature 
since water is being constantly evolved from the sheet. 
No external pressure is applied during water removal as} 
such would tend to cause ?ber bonding. As the water in 
the form of steam passes outwardly from the central zone‘ 
of the sheet, it further interrupts the bonds in the outer 
surface zones thus aiding the debonding agent in its 
function. The sheet is Well dried at 16 to a consistency 
of 85% and preferably 95%. At this time the interior of 
the sheet is well dried and well bonded and comprises pulp 
?bers de?ning small capillaries or pores, the pulp fibers 
of this interior zone lying primarily on the neutral axis 
of the sheet. The debonding agent in the surface zones' 
inhibits bonding of the ?bers in these zones, however, and ' 
the sheet is, therefore, more open at the surface. 
The dry sheet is next subjected to a series of ?exing 

actions by being passed over rolls 17, 18', 19, 20, 21 and 
22 in sequence; the reverse bending of the sheet breaks 
particularly bonds in the outer zones since the latter are 
well off the neutral axis. The surface zones now consist 
primarily of ?bers which are very loosely bonded to each 
other; the sheet is then passed over guide roll 27 between 
opposed endless belt screens 23, 24 and is retained tightly , 
therebetween. A degree of tightness is required to aid in re 
tention of surface ?bers as they are commonly so little 
bonded that a very large quantity would be lost in vthe ' 
air blast. The wires of the traveling screens 23, 24 are 
well spaced, the wires having a mesh of about 18 x 14.' 
Within the strands of the screens there are positioned air 
jets 25 and 26 for directing air to the con?ned pulp 
sheet from opposite sides. The air blasts are at a relatively 
high pressure of about 40 to about 85 pounds per square ‘ 
inch and serve to further disrupt those bonds which may 
survive the ?exing action. ' 
The sheet, when formed as described, is in continuous ' 

lengths and may be directed to windup or converted into 
?nished products as‘ desired. " . 

As illustrated in FIG. 2, the sheet, in accordance with 
the invention, includes a relatively compact interior zone 
29 of ?bers bounded on each side by relatively open 
surface zones 30, 31. The outer‘surface zones, when the 
product is formed in accordance with the above de 
scription, commonly have a density which is 1/3 to 1A that - 
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of the adjacent interior zone 29: 'Fu'rtherf‘s‘iiiee‘theprddi 
uct is formed of a single sheet and the ?bers intermingle 
to some extent, some ?bers will project from the outer 
zones to the interior, and ?bers of the interior will pro 
ject into the outer zones; such are indicated, at.>32 and 33 
in FIG. 3 and serve to inhibit against product delamination 
in use. ._It will be appreciated, ,howeventhat the primary 
strength of the productlies in the compacted ?ber zone 
where ?ber bonding is good and similar toathatno?the 
bonding of the original pulp sheet. It will'further be noted 
that the necessity forand expense ‘of, adhesive for re 
tention of plies, for example, is eliminated." " " ‘ ' 

Further, by way of speci?c, application, kraft pulp is 

about 275 pounds per 3000 sq. ft‘. at a‘ni'oisture content 
of about 50%.- This‘ sheet is-subje'cted to sprays as 14, 
1,5 .in vFIG. 1 .of a 2% aqueous solution of di-stea'ryl 

= dimethyl ammonium chloride, a:commercially"available;1 
softener, then dried to a moisture content of about» 95%“ 
and ,?exed over pulleys of a diameter. of about 6”.‘The 
sheet, when subjected vto an-air' blast. of about llOI-POunds-Y 
pcr. sq. in. on, eachvside, has‘a density in'zone‘29 of about» 

‘ > 0.18 gram per cc.v and a-density.in zones 30,31 of about 
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‘condensates are also useful. ' 

The base sheet material may be any conventional pulp; kraft is preferred but sul?te and, :to some extent, 

0.06 gram per cc. The surfaceis soft feeling, absorbent‘ 
and,’ when wetted lightly, quite readily passes the ?uid: 
to the interior, retaining‘a dry surface touch. . ~ I ‘r 

. Formation of the sheet as described herein has been 
with reference to a cylinder machine. It Will be appreciated-‘ 
that other equipment, particularly the usual Fourdrinier' 
machine, may be- similarly employed. ' _ 1 = I 

Also, while I prefer to employ as debonding or soften 
ing agents cationics such as quaternary ammonium salts 
containing stearyl groups and‘ polymeric surface active 
quaternary ammonium salts as described in US. Pat. No. 
2,454,547, other softening agents, alone or in combina 
tion with the quaternaries, such as glycerine and lanolin, 
are useful. Generally, an aqueoussolutionvof 111/243 % con-1 

‘ centration of the softener by weight is effective to provide? 
a 0.75% to 1.5% pickup on a dry. ?ber basis of the ‘soft-‘j 
ener, and such is effective for my purpose. The ‘com; 
mercially avilable softening agents marketed ‘under the" 

_ trademark Arquad by Armour and Company and under? 
stood to be quaternary ammonium ‘salts of alkyl tri 
methyl ammonium chloride where the__ alkyl. chain vis 
composed of aliphatic chains ranging from 8 to18 carbon 
atoms serve the purpose well.g0ther v‘known agents such?'as‘" 

or ethylene oxide: ester the ethoxylated dodecyl phenol 

groundwood or ‘semi-chemical pulps, may be included in 
the furnish. The ‘sheet must have su?icie'nt strength to“ 
permit it to "be carried'through the various operations and 
this will vary somewhat the sheet furnish; however, 60¢ 
65% moisture at the sprays is usually about the maximum): 
.The thickness'of the layers of the outer‘ zones 30, 

in FIG. 2 may be about that of the vcenter or" interior 
more‘ dense zone; this is controllable -to some extent , 
controlling the depth of penetration of 'the softening‘ 
agent into the wet pulp sheet. This“ control may be'ef-Y 
fectedi through the extent ‘of wetness ‘of ‘the sheet as Well“ 
as by effecting drying of the sheet in‘ a controlledptimey 
period after softening agent application. 'A'quickidrying' I 
inhibits softening agent‘ penetration; anew‘ dryinguof a', 
patterned application of the‘softening agent may permit? 
somewhat greater migration of the agent and greater“ 

‘penetration. The speci?c'nat‘u're bf the agent as well as 
‘time and temperature conditions hinfluenceithe extent of _ 
migration. For a speci?c product such factors are readily?“ 
determinable by simple‘experimentation.”i-' '~ ‘ 
As'many apparently widely different embodiments 'or?“ 

this invention may be made without‘ departing‘from the"v 
spirit and scope thereof, it is to be under-stood that I‘do'l' 
not limit myself to the speci?c embodimentsithereof ex“ 
cept as de?ned in the appended claims. 
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I claim: 
1. A method of producing an absorbent, soft, limp 

cellulosic ?brous body having layers of differential ab 
sorption characteristics for ?uids, said method compris~ 
ing surface treating a wet cellulosic pulp batt having at 
least 30% moisture by weight based on the bone dry ?ber 
weight with a dilute aqueous solution of a cellulosic ?ber 
debonding agent to penetrate only a surface zone of the 
batt and to decrease the coherence of ?bers for each other 
in the surface zone of the batt while leaving the co 
herence of ?bers for each other in the interior of the 
batt substantially unaffected, drying the batt to a con 
sistency of at least about 85% in the absence of sub» 
stantial positive pressure on the surface zone so that the 
?bers of the surface zone are largely uncompacted, flex 
ing the batt of said consistency by bending it about an 
axis transverse to the length of the batt to further open 
the batt in the surface zone, supporting the opened batt 
?rmly between moving foraminous member means and 
impinging a gas stream nonreactive to the ?bers to the 
supported batt to further disrupt bonds in the surface 
zone of the batt and to further dry the ?bers of the 
surface zone. 

2. A method according to claim 1 in which the Wet 
cellulosic pulp batt subjected to the dilute aqueous solu 
tion of debonding agent is a batt of never dried fibers. 

3. A method according to claim -1 in which the wet 
cellulosic pulp batt is of a bleached pulp. 

4. A method according to claim 1 in which opposite 
sides of the opened batt are subjected simultaneously to 
gas blasts while the batt is retained between the forami 
nous member means. ' 

5. A method according to claim 1 in which the wet 
cellulosic pulp batt is surface treated with a solution of 
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a debonding agent having a debonding agent concentra 
tion of between about 11/2 to about 3%. 

6. A method according to claim 1 in which the aque~ 
Ous solution of debonding agent is applied in a pattern. 

7. A method of producing an absorbent, soft, limp 
cellulosic ?brous body by the conversion of a cellulosic 
pulp batt, which method comprises longitudinally advanc 
ing a wet cellulosic pulp batt through Wet pressing and 
heating means to provide the cellulosic batt with a mois 
ture content of between about 30% and 60%, spraying 
a dilute aqueous solution of a debonding agent for cellu 
losic ?bers to the batt surface zone to further Wet the 
batt surface relative to the batt interior, drying the ad 
vancing batt to a consistency of at least about 85% so 
that the ?ber interior has a greater moisture percentage 
than the batt surface zone, said drying serving to de 
bond the ?bers in the surface zone relative to the ?bers 
of the batt interior, ?exing the batt at said consistency 
about an axis transverse to the length of the batt to fur 
ther debond the ?bers of the surface zone, and while 
maintaining batt integrity blasting the ?bers of the sur 
face zone with air to ?uff the ?bers of the surface zone. 
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