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FROM A MIXTURE OF CELLULOSIC FIBERS 
AND PARTIALLY CROSSLINKED CELLU 
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ABSTRACT OF THE DISCLOSURE 

Absorbent tissue paper sheets formed of a combina 
tion of cellulosic papermaking ?bers and similar ?bers 
stiffened by the inclusion of a crosslinking agent, the 
stiffened ?bers being bonded to the papermaking ?bers. 
The bonding action between the stiff ?bers and the usual 
cellulosic papermaking ?bers is achieved by a sequence 
of steps in which the crosslinking agent is water-insolu 
bilized within the ?bers in the wet ?ber condition while 
retaining a crosslinking capacity; then these ?bers are 
blended with the usual cellulosic papermaking ?bers for 
sheet formation and are dried and cured in contact de 
veloping the bond. To provide a useful and improved 
product as to porosity and absorbency, full crosslinking 
agent cure is not necessary. Curing more fully sets the 
crepe in a crepe sheet so that the crepe is retained even 
when the sheet is well wetted, the extent of retention in 
creasing with the extent of cure; also, bonding of the 
?bers increases sheet strength and Wet stiffness. 

This invention relates to absorbent paper products, 
creped or uncreped, of improved characteristics as to 
?uid pickup, and to methods of producing the products. 

Cellulosic paper products may be formulated by a plu 
rality of methods directed to the attainment of porosity 
and ?uid absorbency characteristics in the ?nal sheet. 
Such methods include creping of the sheet in a wet or 
dry condition as the sheet is formed. The practice of the 
present invention is applicable to- wet or dry creping pro 
cedures or to simply the production of uncreped sheets 
of improved absorbency characteristics as will appear 
hereinafter. The invention, for convenience however, is 
particularly described here in connection with a dry 
creping procedure wherein the requirements for sheet for 
mation are most stringent. 

Absorbent tissue products of the art, when wetted, 
tend to compact. They then suffer a loss in porosity and 
a material decrease in absorbent capacity. The tendency 
of a crepe sheet to lose its crepe upon wetting is well 
known and illustrative. A primary object of this invention 
is to improve in tissue products absorbency as well as 
wet compression resistance and also to signi?cantly im 
prove in crepe wadding products the retention of the 
crepe upon wetting. 

It is also an important object of the present invention 
to provide a process for the production of paper of im 
proved absorbency characteristics wherein conventional 
papermaking equipment may be utilized in the sheet 
forming stages and latent characteristics within ?bers of 
the sheet may be developed in ?nal stages of the pro 
cedure. 

These and other allied objects of the invention are 
achieved in accordance with the invention by employing 
a novel ?ber blend as a papermaking furnish. The blend 
includes cellulosic pulp ?bers conventionally employed 
for the production of tissue products. It also includes 
cellulosic pulp ?bers of papermalcing length but which 
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have been pretreated to provide them with novel char— 
acteristics. The conventional cellulosic ?bers, as is well 
known, bond well together when simply dried into a sheet 
form. One important function of the pretreated ?bers in 
the sheet or web is to interrupt this bonding capacity of 
the conventional papermaking ?bers. By this means the 
absorbency and porosity of the sheet are materially in 
creased. Other characteristics of the pretreated ?bers will 
become apparent hereinafter. 

Pretreatment, according to the invention, involves the 
impregnation or infusion of conventional cellulosic ?bers 
of papermaking length with an aqueous catalyzed solu 
tion of a crosslinking agent. This agent is required to be 
a polymerizable polyfunctional compound. Critical to 
the practice of the invention is the water insolubilization 
of this agent within the ?bers while retaining a latent 
crosslinking capacity. Importantly, not only is this 
achieved ‘but it is accompanied by a very signi?cant re 
duction in the inter?ber bonding capacity of the ?bers 
for themselves and a retained signi?cant degree of ?ber 
?exibility. These characteristics permit the pretreated 
?bers to be employed in aqueous pulp suspension in the 
papermaking process and to be subsequently materially 
stiffened by effecting the crosslinking action. 
The water insolubilization of the agent is effected most 

simply by maintaining the agent within the ?ber for a 
period of time in the wet state. For this purpose the ?ber, 
in sheet form for convenient handling, is, after the 
impregnation, pressed to remove excess solution. The 
agent is at this time water soluble, and leachable from 
the ?ber. It will be understood that the agent itself, when 
applied as an aqueous solution, penetrates the interior 
of the ?bers and is retained primarily within the ?bers 
although obviously the ?ber surfaces are wetted. Simply 
aging of the wet sheet is effective to develop the above 
noted characteristics and by the term aging as used here 
in is meant the development of these characteristics. Such 
development appears to require time although the time 
may vary widely and is not critical in the sense that it 
must be closely controlled. Too short a time will not 
develop the required water insolu-bility. But as short a 
time as about 1/2 hour is effective to some extent. For 
practical purposes generally the time period is between 
about 1 and 48 hours. Over a limited temperature range 
of the impregnated wet ?ber during aging the time is 
somewhat related to temperature and shorter times are 
etfectiveas temperature is increased. For example, 1 
hour at 120° F. is very suitable. 
The desired effect in the aging period may not be 

attained suitably by increasing the temperature above 
about 140° F. Nor is a drying action on the wet im 
pregnated ?ber desired though some evaporation may 
take place. Temperatures between about 40° F. and 140° 
F. serve the purpose and about 70° F. to 120° F. are 
preferred. Precise limits of time and temperature are 
not readily determinable for all conditions of impregna 
tion, speci?c ?ber character and the like, but the fore 
going limits are illustrative and operable. Further, a 
quick check for the effectiveness of a given aging under 
particular conditions may be readily made by simply de 
termining the extent of solubility or insolubility achieved 
while retaining the latent crosslinking capacity. 
The crosslinking agents found most suitable are the 

polymerizable polyfunctional N-methylol compounds. 
These include the N-methylol ureas and the N~methylol 
'melamines, agents which are commercially‘ available and 
well-known to the art of crosslinking. The concentration 
of the agent in solution is not critical but should prefer 
ably be sufficient to attain an adequate infusion of the 
?ber in one immersion. Concentrations of 12 to 20% are 
exemplary. A weight percentage of between about 7 to 
40 of the crosslinking agent based on the air-dry weight 
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of the ?ber impregnated serves the purpose. The amount 
of agent on a weight basis is required to be such that 
the ?ber will be materially stiffened when subjected to a 
complete curing action and the nature of the speci?c ?ber 
impregnated will govern this amount to some extent. 
The solution of the crosslinking agent is required to 

be catalyzed both for the water insolubilization and the 
use of the infused ?ber in the papermaking slurry fed to 
the papermaking machine. This catalyst commonly is 
acidic and, in some instances, as were the papermaking 
slurry is itself neutral or acidic, an added agent is not 
necessary. Generally, however, it is desirable to add a 
weak organic acid or an acid producing salt to speed the 
reaction. Ammonium chloride serves the purpose well and 
may be employed in usual catalyst concentrations of about 
1% to 5% based on the weight of the crosslinking agent; 
preferably, the concentration used is 1 to 2%. Too much 
catalyst may cause ?ber discoloration; too little tends to 
increase aging time. The appropriate concentration is, of 
course, readily determinable for a speci?c condition. 
An important characteristic of the pretreated ?bers, 

I have found, is that though hydrogen bonding is not 
present and they lack a material bonding capacity for 
each other, they have a signi?cant bonding capacity for 
other papermaking ?bers when dried and cured in con- - 
tact with the paperrnaking ?bers. This capacity is less 
than that of the untreated ?bers for themselves. It is, how 
ever, materially greater than the bonding capacity be 
tween treated ?bers which have very little, if any, a?inity 
for each other, though some bonding appears to take 
place when they are cured in contact. Such condition per 
mits a bonding and not simply physical interlocking of 
the pretreated ?bers with the papermaking ?bers in the 
?nal paper sheet and is considered to be an important 
factor in the strength properties of uncreped sheets and 
to the improved retention of crepe in creped sheets. The 
bond between the papermaking ?bers and the impreg 
nated ?bers is weak, however, relative to the bond between 
papermaking ?bers where the latter contact each other. 

In the practice of the invention generally, the blend of 
?bers may include the usual papermaking ?bers such as 
those produced by the sulfite, sulfate, semi-chemical and 
other procedures. The pretreated ?bers are derived from 
the same sources and readily blend in an aqueous paper 
making slurry. This slurry, when fed to a paper machine 
wire, readily forms into a sheet which is easily removed 
from the wire in conventional fashion, wet pressed and 
dried. Less compaction occurs upon wet pressing due to 
the presence of the preheated ?bers. The latent cross 
linking capacity of the agent and its retention within 
the ?bers is not impaired to any material degree by these 
actions. The dry sheet, creped or uncreped, is useful in 
the manner of conventional sheets but is markedly more 
absorbent due to greater porosity resulting from less in 
ter?ber ‘bonding in the sheet, less collapse of the ?ber and 
possibly to some partial curing and stiffening of the pre 
treated ?bers on the dryer. These ?bers, when simply 
dried, are stitfenable by further curing action. Addition 
ally then, a subsequent curing following simple drying 
further develops the bonding of the ?bers, strengthening 
the sheet, and rather surprisingly increases the wet stiff 
ness and pore volume, particularly in the case of creped 
sheets. This increase in bonding is apparently due to cur 
ing without pressure application so that stiffened contact 
ing ?bers rbond, setting the ?bers in the sheet, and there 
is then less tendency of the ?bers to collapse upon wet 
ting. Such sheets should not, however, be confused with 
sheets produced particularly for wet strength purposes 
wherein hydrogen bonding exists substantially through 
out the sheet and is augmented ‘by resin addiiton or the 
like. 
The invention will be more fully understood by refer 

ence to the accompanying drawings wherein: 
FIG. 1 is a ?ow chart illustrative of the steps in a 

preferred embodiment of the process of the invention; 
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FIG. 2 is a schematic representation of equipment use 

ful in the practice of the invention; 
FIG. 3 is a graph illustrating the effect on the rate 

of absorbency or wicking rate on creped and set paper 
sheets as the proportion of impregnated ?ber in the paper 
making furnish increases; 
FIG. 4 is a graph illustrating the effect of increasing 

amounts of impregnated fiber in the papermaking furnish 
on the time of creped set paper sheets to absorb a con 
stant amount of ?uid (water); 
FIG. 5 is a graph illustrating the manner in which the 

capacity of creped sheets to absorb water increases with 
increasing content of impregnated fibers; and 

FIG. 6 illustrates a product application. 
As illustrated generally in FIG. 1, the initial proce 

dural steps 1 to 3 involve the infusion or impregnation 
of the ?ber, wet aging and the slurrying of the thus pre 
treated ?bers with papermaking ?bers. The slurry, when 
fed to the paper machine designated at 4, is formed into 
a sheet 5. When sheet formation involves creping, the 
dryer arrangement is conventional and may ‘be as illus 
trated in FIG. 2. Therein the sheet 5 in wet condition is 
shown as being carried by a felt 9 over guide roll 10 to 
suction roll 11 and Yankee dryer drum 12. The felt passes 
off under guide roll 13 in the usual manner. A similar 
apparatus arrangement is shown in United States Patent 
3,014,832. 
The dryer drum 12 for the purpose of the speci?c em 

bodiment disclosed in detail herein operates at a steam 
temperature of about 230° F. and the sheet 5 is well dried 
prior to reaching creping blade 14. The creped sheet pass 
ing from the blade over support rolls 15, 16 moves under 
an infrared heating unit 17 (or other suitable heating 
means) and curing of the crosslinking agent takes place. 
The sheet then moves continuously to guide roll 18 and 
is wound on a suitable reel 19. 

Alternatively, as indicated in FIG. 1, the creped sheet 
may be directed from the paper machine dryer to windup. 
Further, the dryer 12 may be operated so that the sheet 
as presented to the blade is wet and wet creping may be 
practiced. In such instance the wet creped sheet is directed 
to heating unit 17 to at least effect drying and for cur 
ing if so desired. 

Additionally, if an uncreped sheet is desired, the sheet 
may be simply dried on the Yankee or other conventional. 
drying mechanism known to the art. 

In speci?c application 1852 grams of urea formaldehyde 
solution containing 25% by weight of urea, 60% formalde 
hyde and 15% water is combined with 463 grams of shot 
ted urea and 20 grams of isooctyl phenyl polyethoxy 
ethanol as surfactant in 7702 grams of water. This solu 
tion has a urea formaldehyde content of about 20% by 
weight and a mole ratio of formaldehyde to urea of about 
21/221. The solution pH is adjusted to 8.5 with 1A N so 
dium hydroxide. This solution is maintained for about 
24 hours at about 70° F. in order to permit reaction be 
tween formaldehyde and urea to take place. Such solution 
is then catalyzed by the addition of a suitable acidic cat 
alyst. The surfactant is not necessary to the reaction but 
is useful to aid ?ber penetration by the solution and to 
aid subsequent dispersion of the ?ber. 
The mole ratio of formaldehyde to urea should be 

greater than 1:1 and commonly I prefer a ratio of at least 
1.5 :1 to compensate for formaldehyde losses in processing. 
A ratio in the range of 2:1 to 3:1 is most satisfactory. It 
is considered in the art that the methylol ureas may be 
present in the reaction product in varying proportions but 
that dimethylol urea is the predominant component at 
higher formaldehyde-urea ratios. Commercially obtained 
dimethylol urea is similar and may be employed. 
The dimethylol urea solution in speci?c application is 

catalyzed by the addition of 1% by weight of ammonium 
chloride based on the urea-formaldehyde solids. About 
2280 grams of ai.r—dry bleached southern pine kraft in 
sheet form is then saturated with the solution and pressed 
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‘to a wet pickup of about 200% ; that is, the consistency of 
the ?ber is brought to about 33%. Saturation in sheet 
form provides for ease of handling. 
The wet ?ber sheet is then simply stored for a period 

of about 24 hours at a temperature of about 70° F. Such 
pro-treatment is effective to develop the already noted 
desired characteristics. The pulp, after this storage stage, 
is wet (33% consistency), lacks signi?cant inter?ber bond 
ing capacity, and retains the crosslinking agent well when 
leaching with water is attempted. Some amount of the 
agent may be leached from the ?ber in water but this has 
not been found to be signi?cant to the practice of the 
process. Such pulp, if hand sheeted, will be found to be 
not of itself capable of forming a well bonded ?ber paper 
sheet in the usual sense; in effect, a loose mat results. The 
impregnated wet ?ber at this stage, however, may be 
blended with the usual papermaking ?bers for sheet forma 
tion. 

Alternatively, the wet pulp, after aging, may be dis 
persed in aqueous slurry form, washed to eliminate the 
catalyst, screened to remove any ?ber clumps present 
(usually less than about 2—3% ), dewatered to a consistency 
of about 40 to 55%, air dried and stored. The air-dry 
product (10% moisture) may be stored for a long period 
of time without the incurrence of signi?cant change in the 
character of the material if so desired. For use it must be 
slurried and catalyst added unless the papermaking slurry 
to which it is added is sut?ciently acidic to provide for 
ultimate cure. 
A chemical analysis of this dry impregnated or infused 

?ber prepared as described above indicates that it contains 
about 8.7% formaldehyde by weight and urea 13.35% by 
weight, and that the mole ratio of formaldehyde to urea 
has decreased from the original ratio of 2.5 :1 to about 
1.3:1. The moisture regain of the ?ber at 93% relative 
humidity at a temperature of 72° F. at this stage for the 
?ber is about 23% in contrast to that of the original ?ber, 

. 18%. This increase in moisture regain is an indication that 
the polymer deposition within the ?ber interrupts normal 
hydrogen bonding in the accessible regions of the ?ber, 
thus permitting greater absorption of moisture. A further 
indication of some increase in ?ber sti?ness is that the Wa 
ter-holding capacity of a mat of the ?ber, as measured 
under a compacting pressure of 50 grams per sq. cm., in 
creases from 7 grams of Water per gram of ?ber to 12.2 
grams for the impregnated ?ber. Nevertheless, the aged 
?ber, as already noted, is for all practical papermaking 
purposes quite ?exible, plasticizable by water, ‘and not 
more rigid than some naturally occurring papermaking 
?bers. 
The aged ?ber is then blended (FIG. 1) in a suitable 

stock tank with bleached kraft spruce pulp of a Canadian 
Standard Freeness of about 425. The use of this medium 
freeness pulp aids strength characteristics of the ?nal sheet. 
Aged ?bers and the spruce kraft are suitably each present 
to the extent of about 2.8 pounds, that is, a 50-50% by 
weight blend. The stock is diluted to a volume of about 
300 gallons with water and about three pounds of am 
monium chloride as catalyst are added. This stock solution 
is fed through a laboratory scale papermaking machine as 
at 4 in FIG. 1 in the customary manner, that is, a sheet is 
vformed, partially dewatered, and directed by felts and a 
pressure roll to a Yankee dryer (FIG. 2) and then to a 
creping blade in conventional manner. In this speci?c ap 
plication the sheet is dried before creping as already 
noted. The sheet after drying and creping had a moisture 
content of about 3%. The blade was set to ?nely crepe 
the sheet, and the crepe ratio was about 2: 1. This drying 
and creping operation is entirely conventional, and the 
inclusion of the proportion of ?bers having latent cross 
linking agent had no signi?cant eifect on machine opera~ 
tion, the drying of the traveling sheet, or the creping action. 
The impregnated or infused ?bers in the cre'ped sheet 

5 leaving the paper machine are thoroughly interspersed 
throughout the sheet and substantially uniformly so. The 
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6 
porosity and absorbency of the sheet is markedly greater 
than that of a sheet made from 100% untreated conven 
tional kraft ?bers of high Canadian Standard Freeness, i.e., 
about 700 CSF. The utility of the sheet itself as to ab 
sorbency and as a wipe or in toweling at this stage is so 
signi?cantly different that it may be utilized without fur 
ther curing. In fact, it may be stored or shipped and cured 
at a later time if so desired. The impregnated ?bers, how 
ever, do possess a latent crosslinking capacity which is most 
suitably developed by curing for the purpose of improving 
crepe permanence. 

. Final cure is effected at a sheet temperature of about 
300° F. in about 7 seconds as the sheet :5 passes beneath 
the heating equipment 17. Curing time may vary consider 
ably but, for production purposes, a short curing time at 
reasonable temperature is desired. Some overcure does not 
harm the sheet but is not of signi?cant value. An under 
cure simply means that the desirable properties are not 
fully developed. From the curing zone the sheet passes 
to windup at 19. 

Curing as already noted sets the crepe. This setting is 
effective to materially increase the crepe retention char 
acteristic in water. For example, a 100" length of a crepe 
tissue of entirely conventional pulp of a crepe ratio of 2:1 
will in water, without the application of signi?cant ten 
sion, stretch out to about 170". The crepe sheet of this 
invention (before setting) under similar conditions will 
stretch out to about 160". The set crepe produced as de 
scribed above will stretch out only to about 140". 

Thus, one effect of setting the crepe is to increase the 
crepe permanence when the sheet is Wetted. That is, the 
crepe sheet, in accordance with this invention, will re 
tain up to about 60 or 70% of its crepe when wet. This is 
in contrast to similar crepe tissue of conventional un 
treated Wood pulp which will retain only about 30% of 
the crepe structure under similar wetting conditions. A 
second effect of the curing process is to increase the re 
silience of the sheet, that is, the crepe is lesgeasi'ly re 
moved both when wet and dry, and recovery from stress 
is greater. An additional related effect is that the sheet 
is more resistant to compression when wet than is a sheet 
of only the conventional wood pulp ?bers. 

Importantly, however, it is found that setting of the 
sheet materially increases the absorbent capacities of the 
sheet over that of the merely dried creped sheet. This ap 
plies to rate of absorbency (wicking), amount of absor 
bency within a given time, and total absorbent capacity. 
The characteristics of the fully cured sheets are illus 
trated in FIGS. 3, 4 and 5. 

In each ?gure the curves of percentages of impregnated 
?ber introduced versus the other factors are based on 5 
ply sheets, each roduced as described above, and having 
a crepe ratio of 2:1 and a sheet basis weight of about 17 
pounds (1 ply) per 3000 sq. ft. Data for multiply sheets 
are provided as such sheets are commonly so employed 
although the number of plies may vary. The untreated 
?ber portion of the furnish in each instance is a bleached 
kraft pulp (spruce) of a Canadian Standard Freeness of 
about 430. 

Referring to FIG. 3, it will be readily noted that the 
wicking time in seconds to wick Water across a 3" length 
of the set crepe tissue held under a pressure of 0.4 psi. 
and measured in the machine direction of the crepe de 
creases materially with an increasing content of the im 
pregnated ?ber. The cross-direction wicking time also de 
creases by about 30%. The point designated at A (FIG. 
3) designates the wicking time for creped material formed 
only of a conventional bleached kraft (spruce) pulp at a 
Canadian Standard Freeness of about 430. It will be noted 
that the effect of the introduction of the pro-treated ?ber 
is to cause the wicking time to decrease sharply, 10% 
serving to decrease the actual time by over 30 seconds or 
about 25%; the eifect of the introduction of 20% is about 
the same on wicking rate as if an untreated pulp of a 
Canadian Standard Freeness of 710 (point B) had been 
employed, that is, wicking time is reduced about 55 sec 
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onds or over 40%. Fifty percent by weight of the pre 
treated (impregnated) ?ber, based on the ?ber weight of 
the sheet, may readily form the creped sheet as noted in 
the speci?c example set out in detail hereinbefore and 
such proportion is effective to reduce the wicking time to 
at least 1/3 or by about 66%. An upper limit for creped 
sheets appears to be about 60% of impregnated ?bers. 

FIG. 4 illustrates that the time to take up a given 
amount of water by the sheet decreases materially with 
increasing impregnated ?ber content, points C and D des 
ignating the time for untreated pulps of 435 and 710 
Canadian Standard Freeness; as shown, this time in sec 
onds is inversely proportional to the impregnated ?ber 
content of the sheet and is reduced by more than 50% in 
the higher ranges of the impregnated ?ber content. 

FIG. 5 illustrates that the amount of water retained 
per unit Weight of ?ber at the freeness of 710 and 435 
for the untreated pulp is very nearly the same; points E 
and F designate the respective water retention amounts 
per unit weight of ?ber at 710 and 435 CSF. The effect 
of the introduction of the pretreated ?ber is very ap 
parent-—only about 10% or less of the pretreated ?ber 
blended with the 435 CSF material raises the water re 
tention capacity signi?cantly and 50% serves to increase 
the absorbed water by over 7 0%. 
The pulp which is impregnated may itself be of low or 

high CSF but, most suitably, is high. The untreated pulp‘ 
blended with the imprengated pulp is commonly of inter 
mediate freeness, that is 300—500; the effect of the im 
pregnated pulp is generally to increase freeness and drain 
age on the machine Wire. 

Factors generally pertinent to crepe sheet design are 
applicable to sheet designs which include the impregnated 
?bers. These apply to the production of coarsely creped 
sheets, control of crepe ratio and machine operation. In 
some instances, for example, with higher proportions of 
the impregnated ?ber and depending on independent varia 
bles such as Yankee dryer speed and temperature, it may 
be desirable to employ dryer adhesives to retain the sheet 
adequately on the dryer surface at the creping blade; in 
other instances a dryer release agent may be required. 
The papermaking stock fed to the machine may include 

usual additives for speci?c purposes, wet strength resins, 
defoamers and the like. Also, the forming wet sheet may 
be sprayed with agents such as the Wet strength resins in 
a manner known to the art. In essence, the procedure may 
be largely conventional. 
The creped sheets as evidenced by the Wicking rate data, 

for example, are characterized by very large pores be 
tween ?bers. An uncreped sheet produced from the same 
furnish in the same manner except for the creping step 
similarly contains very large pores. These pores of the ?at 
sheet are less large on the average than in the creped 
sheet but materially larger than is attainable with only 
conventional cellulosic ?bers. Additionally, an uncreped 
or ?at sheet is more strongly bonded and exhibits both 
a greater wet and dry strength than a crepe sheet of the 
same furnish, a factor which is of advantage in many 
usages. The sheets whether creped or uncreped, despite 
the large quantity of stiffening ?bers, are ?exible and 
drape well, possibly due to the large degree of porosity. 

Importantly, it has been found that the ?at or uncreped 
sheet rises materially in dry and wet strength when ?nal 
curing as by the heater 17 is effected. Wet strengths of 
the order of 25% of the dry strengths are realized when 
the furnish contains 75 % of the treated ?bers based on 
?ber weight. The increase in wet and dry strength in the 
?at sheet upon ?nal cure is proportionately greater than 
in a creped sheet, apparently because there is less ?ber 
contact in the crepe sheet. For optimum development of 
both wet and dry strength, ?nal curing is desirable in the 
?at sheet and the crepe sheet as well. 
The product, as already noted, is useful wherever ab 

sorbency of ?uids, for example both water and oil, is a 
factor. In general, toweling, wipes of all kinds, tissues and 
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8 
the like are bene?tted by the procedure. Additionally, the 
product has advantages in combination with other sheets 
as illustrated in FIG. 6. As shown therein, a ply of wad 
ding produced in accordance with the invention designated 
at 20 is layered with a body of conventional cellulose ? 
bers indicated at 21. The layer 20 may be creped or un 
creped. Due to the large pore sizes of the sheet 20, it will 
function to pass liquids to the conventional wadding. Fur 
ther, due to the large pore sizes of the sheet 20, it will 
serve as a barrier to prevent passage of ?uids from the 
sheet 21. Such a combination is useful in diapers, for ex 
ample, where the layer 20 may serve as an inner ply. 
Or the layer 20 may be positioned on the outer side of a 
wipe product for the purpose, conducting ?uid to an inner 
ply until saturation of the wipe is reached. 

It will be understood that this invention is susceptible 
to modi?cation in order to adapt to diiferent usages and 
conditions. 

I claim: 
1. A process of producing absorbent paper which 

comprises: 
(a) impregnating cellulosic pulp papermaking ?bers 
with an aqueous catalyzed solution of a crosslinking 
agent which is capable of polymerization and cross 
linking reactions in curing of the agent to the extent 
of at least about 7% by weight of the agent based on 
the dry weight of the ?bers, said crosslinking agent 
being a polyfunctional N~methylol compound; 

\(b) water-insolubilizing said agent within the ?bers 
and simultaneously decreasing the inter?ber bonding 
capacity of the ?bers without signi?cantly altering the 
?exibility of the ?bers for papermaking by aging the 
impregnated ?bers while wet with the catalyzed solu 
tion of the crosslinking agent to at least partially 
polymerize the said agent while retaining a cross 
linking capacity; 

(c) blending betweeen about 10% to about 75% by 
weight, based on the ?ber weight of the paper, of 
said impregnated ?exible ?bers containing water-in 
solubilized crosslinking agent with about 90% to 
about 25% by weight based on the ?ber weight of 
the paper of cellulosic pulp papermaking ?bers in 
aqueous suspension to form a substantially uniform 
papermaking stock with said impregnated ?bers in 
terspersed throughout said papermaking ?bers; and 

\(d) forming a porous absorbent paper web from said 
aqueous papermaking stock suspension by sheeting 
the stock and drying the sheeted stock under condi 
tions to only partially cure said agent and stiffen the 
impregnated ?bers while retaining a latent crosslink 
ing capacity in the agent impregnated ?bers, said 
drying of the ?bers and curing in contact with the 
papermaking ?bers bonding impregnated ?bers to 
papermaking ?bers. 

2. The process according to claim 1 wherein the dry 
formed paper web of step (d) is subsequently heated to 
cure the crosslinking agent and substantially eliminate the 
latent crosslinking capacity. 

3. The process according to claim 1 wherein the agent 
is water-insolubilized at temperatures in the range of 
about 40° F. to about 140° F. and the paper web formed 
on said papermaking machine from said papermaking 
stock is dry creped on the papermaking machine. 

4. The process according to claim 1 wherein the paper 
web formed on said papermaking machine is wet creped 
on the papermaking machine. 

5. The process according to claim 1 wherein the paper 
web formed on said papermaking machine is creped on 
the papermaking machine and the dry creped web is sub 
sequently heated to cure the crosslinking agent and to set 
the crepe in the web. 

6. The process according to claim 1 wherein the step 
(b) which includes water insolubilizing of the crosslink 
ing agent while retaining a latent crosslinking capacity is 
carried out at temperatures of between about 40° F. and 
140° F. at time periods of from about 1 to 48 hours. 
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7. An absorbent tissue paper sheet consisting essen 
tially of a blend of interfelted ?bers some of which are 
cellulosic papermaking ?bers having an inherent bonding 
capacity for each other and being bonded to each other 
at points of contact and others of which ?bers are 
stiffened cellulosic ?bers 0f papermaking length having 
little bonding capacity for each other, said sti?ened cel 
lulosic ?bers containing at least about 7% by weight of 
a polyfunctional N-methylol compound as stiifening 
crosslinking agent having a latent crosslinking capacity 
which is developable to further stiffen the ?bers contain 
ing the agent, said cellulosic stiffened ?bers being substan 
tially uniformly dispersed throughout the papermaking 
?bers interrupting contact of the latter ?bers and thereby 
weakening the bonding between these latter mentioned 
?bers, said stiffened cellulosic ?bers being bonded to 
papermaking ?bers and the bond between the cellulosic 
papermaking ?bers and the stiffened cellulosic ?bers being 
weaker than the bond between papermaking ?bers, the 
sti?ened ?bers containing the crosslinking agent being 
present to the extent of between about 10% to about 
75% by weight and the cellulosic papermaking ?bers 
being present to the extent of between about 90% to 25% 
by ‘weight of the ?ber weight of the paper sheet. 
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8. An absorbent tissue paper sheet according to claim 7 

wherein the crosslinking agent capacity is substantially 
fully developed, to eliminate the latent crosslinking 
capacity. 

9. An absorbent tissue paper sheet according to claim 7 
wherein the sheet is creped and the stiffened ?bers are 
present to the extent of between about 10% and 60% of 
the ?ber weight. 

10. An absorbent tissue paper sheet according to claim 
8 wherein the sheet is creped and the stiifened ?bers are 
present to the extent of between about 10% and 60% of 
the ?ber weight. 
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