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ABSTRACT OF THE DISCLOSURE 

A method for producing crosslinked stiffened cellulosic 
?bers in substantially individual ?ber form.,The method 
involves ?ber impregnation with the crosslinking agent 
followed by ?uffing and drying ‘actions and then cross 
linking in a matter of seconds by propelling the ?bers 
through a curing zone of a gas at crosslinking tempera 
ture. The process may involve screening of. the product to 
remove ?ber nits and the like. The process includes an 
aging step of the ?ber in mass form prior to the ?uf?ng 
action, the aging in combination with the other steps hav 
ing the effect of providing a product substantially free 
of nits and eliminating the necessity for screening. 

This invention relates to the crosslinking of cellulosic 
?bers, particularly wood pulp ?bers. 
The impregnation of cellulose ?bers with crosslink 

ing agents followed by heating to occasion a crosslink 
ing reaction is known. In general, it is considered that 
the reaction is that of an agent with the cellulose to 
crosslink adjacent cellulose chains. Commonly, this re 
action between the cellulose and the crosslinking agent is 
very limited in degree and requires a signi?cant period of 
time at elevated temperatures. The temperature to which 
the ?bers may be subjected is limited because the ?bers 
are, to some degree, heat sensitive and will char or burn 
if the ?ber temperature becomes high. Therefore, many 
minutes of reaction time are commonly involved in the 
crosslinking of wood pulp ?ber with other agents even 
at low degrees of crosslinking. 

It is a purpose of this invention to provide a novel 
procedure for the attainment of crosslinked cellulosic 
?bers wherein the crosslinked material is attained within 
a short period of time which is at least an order of mag 
nitude different from the usual procedures. Also, it is a 
purpose of this invention to attain a degree of reaction 
su?icient to signi?cantly alter the characteristics of indi 
vidual ?bers and masses constituted by such ?bers. An 
allied purpose is to attain the crosslinked ?bers altered 
in form as to stiffness, surface characteristics and the like 
while yet preventing signi?cant ?ber damage, that is, the 
?ber is not materially shortened, abraded or the like by 
the practice of the invention. 

It is yet another object of the invention to provide a 
process for the attainment of crosslinked wood pulp ?bers 
wherein the ?brous product of the reaction may require 
substantially no screening for removal of ?ber clumps 
and the like, although screening for improving uniformity 
of product may be practiced in one variation of the in— 
vention. 
The invention will be more fully understood by refer 

ence to the following detailed description and accom 
panying drawings wherein: 

FIG. 1 is a schematic representation in the general 
form of a ?ow diagram illustrating a preferred embodi 
ment of the invention; and 
FIG. 2 illustrates a preferred arrangement of an equip 
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ment component for the practice of one phase of the 
invention. ' 

Similar parts are designated by corresponding num 
bers in the drawings. 

In the practice of the preferred embodiment of the 
invention and referring to FIG. I particularly, a roll of 
air dry pulp 1 is unreeled and directed in mat form to an 
aqueous solution of a crosslinking impregnant indicated 
at 3 and contained in any convenient type of tank 2 
utilizable for saturating the pulp. The pulp of roll 1 is 
suitably southern pine bleached kraft. 
The pulp roll 1 for commercial application may have a 

very high basis weight, about 1000 pounds per 3000 
square feet, although the practice of the invention is not 
restricted thereto. This pulp roll 1 will commonly have 
been produced in conventional pulp forming procedures 
and may be any conventional type pulp of a nature such 
that it could, with proper treatment, be formed into a 
usual self-sustaining paper sheet. Whether of sulfate, sul 
?te, soda or a similar pulp, the pulp might also be sup 
plied in laps, sheets and baled sheets as well as in roll 
form. Additionally, the pulp may be bleached or un 
bleached. The moisture content of the pulp at this stage 
suitably is air-dry, that is, about 90% pulp and 10% 
moisture. The pulp may also contain additives such as 
surfactants for the purpose of aiding dispersion of the 
sheet; such are not necessary to the practice of this in 
vention but may be included and are present in some 
commercial pulps. 
The pulp, in passing through the impregnating solu 

tion, moves as a sheet under guide rolls 4, then between 
squeeze rolls 5 and is formed into a saturated pulp roll 
6. The squeeze rolls 5 serve to press out excess solution. 
The extent of saturation of the pulp may be controlled 
both by the pressure applied by squeeze rolls 5 and the 
speed of movement of the pulp through the solution. This 
pulp sheet is commonly quite thick but will saturate 
readily and the submergence time is usually only a few 
seconds. Excessive pickup by the web may weaken and 
break the web and, accordingly, if so desired the web 
may be supported in its passage through the bath. Alter 
natively but less desirably, the impregnating solution may 
be applied by other modes of application including 
sprays. Preferably, the impregnant is present in the form 
of a saturated solution, that is, as high a concentration 
as possible. 
The thick impregnated pulp mat will commonly have a 

solution pickup after pressing of about 90% to 200% 
by weight and, therefore, a basis weight in this condition 
in the range of 1900 pounds to 3000 pounds when the 
air dry basis weight is 1000 pounds. The nature of the 
pulp determines to some extent the consistency after 
pressing; usually 40 to 55% consistency is attained. High— 
er consistencies are desirable to minimize drying costs 
but the pulp must remain wet upon pressing for my pur 
pose. Commonly, the bleached kraft will have a solution 
pickup of about 200%. 
The impregnated wet pulp in subsequent steps is ?uffed 

and dispersed, dried, cured and collected. In the com 
bination of steps the pulp is so dispersed as to provide a 
product which, in the optimum condition, is in substan 
tially individual ?ber form. A mass of these cured ?bers 
exhibit particularly desired characteristics, as noted here 
inafter. 

I have found that, to provide a ?brous product requir 
ing little or no screening, it is desirable to pre-treat the 
saturated pulp roll 6. My pre-treatment preferably in 
volves simply storing the wet impregnated pulp for a 
period of time, about 16 to 48 hours. The storage con 
ditions ‘may be simply those of normal temperature and 
pressures, or the conditions may be controlled as to hu 
midity, temperature and the like. Temperatures, for ex 
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ample, of 40° F. to 120° F. are suitable for the purpose. 
With the kraft pulp speci?cally under consideration, a 
time of 18 hours at 70° F. under atmospheric conditions 
is suitable. It is important that during the storage period, 
the pulp retain sufficient moisture to inhibit migration 
as such would lead to areas of varying concentration of 
the impregnant particularly at roll edges. 

In the absence of my pre-treatment step the subsequent 
?uf?ng action, as well as dispersion of the pulp during the 
drying and curing stages, are adversely affected. Thus, if 
the wet impregnated roll is fed directly to the succeeding 
steps without pre-treatment, clumps of ?bers termed “nits” 
occur in the ?nal product. For many purposes, particular 
ly where absorbency characteristics of optimum quality 
are desired in the ?nal product, the presence of such nits 
is essentially non-contributing to desired product proper 
ties. Also, the presence of nits tends to hinder drying of 
the material in the nits themselves and, While such nits 
may be screened out of the cured product, this results in 
excessive operations and product loss, and, further, there 
then exists the possibility of material of uncured nits being 
redispersed in the screening operation and passing with 
the product, lowering its quality. 
While I am unable to account for the effects imparted 

by pre-treatment, as in aging or the like, it has been 
found to be a most desirable step with respect to the 
efficiency of the subsequent mechanical handling of the 
pulp. Accordingly, I do not wish to be limited by any 
explanation set forth herein. It does appear that the im 
pregnated pulp ?bers, swollen by the impregnation, re 
main swollen, capable of further water absorption, and 
?exible but individually slightly stiffened by the pre-treat 
ment. In any event, as indicated in FIG. 1, I prefer that 
the wet saturated pulp roll 6 be subjected to pre-treatment 
before submission to a ?uffer or ?berizer and the pre-treat 
ment should not be such as to cause signi?cant bonding 
between ?bers of the rolled pressed sheet. The pre-treat~ 
ment should stiffen the ?bers somewhat and reduce their 
interbonding capacity. 
The pre-treated, pressed pulp is unrolled and fed to 

?berizer or ?uffer 7 in the wet condition. Commonly, 
the pulp consistency at this stage is 40 to 55%, substan 
tially no water having been lost in the pre-treatment step. 
The ?uffer 7 serves to separate the ?bers to a large degree 
into individual ?bers. This action is carried out without 
signi?cant cutting, shortening, tearing or mutilation of 
the ?bers. Conventional equipment may be used for the 
purpose and such includes hammermills, disk re?ners, im 
pact mills and the like operating in known manner for 
?berizing. Very little power input is required for this 
purpose as compared with typical re?ning operations in 
which the character of the pulp is changed by cutting, 
?brillation and the like. Some such mill operations may 
act to break the pulp into small hard pieces, which is un 
desirable as di?iculty may then ‘be encountered in separa 
tion into individual ?bers in succeeding steps. Thus, undue 
impact action which tends to form clumps should be 
avoided; such ?berizing practice is and of itself known 
to the pulping art. 
The output of the ?berizer 7 containing usually many 

individual ?bers but possibly some soft agglomerates is 
then fed to reaction chamber 8. Preferably, the feed is 
directly ‘from the outlet of the ?uf’?ng device to the inlet 
of chamber 8, that is, one unit is coupled to the other 
mechanically by a length of conduit. Such is not necessary 
but is mechanically expedient. The pulp at this time is still 
well lwetted. Thus, moisture loss in the ?uffer 7 may be 
minimal. However, if so desired, drying may take place 
during ?u?ing as long as the ?bers are in the ?uffed con 
dition so that inter?ber bonding does not take place to a 
signi?cant degree. 

Reaction chamber 8 includes an educator 9 and a cur 
ing zone 10. The eductor further includes a tapered air 
expansion zone or diffusing zone 11. 
While drying may take place in the ?berizer 7 and 
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4 
the eductor 9 is then not necessary, I prefer to employ the 
eductor. Eductor 9 (FIG. 2) has a straight throat portion 
12 welded at 13 to a plate 14 carried by an internally 
bored cylinder 15. The bore 16 of cylinder 15 tapers from 
a small diameter at the throat portion to an enlarged 
diameter in the direction of the curing zone 10 (FIG. 1). 
The throat portion itself is provided with a nut 17 having 
an aperture 18 in which there is press ?tted a small diam 
eter tube 19 serving as a pulp inlet. A side aperture 20 of 
the eductor provides for air in?ow downstream of the 
pulp inlet. This structural arrangement provides for in 
troduction of the wet pulp under the in?uence of the in 
flow of air through the aperture 20 with only a minimum 
of in?ow of air from the atmosphere or from any device 
coupled to the reaction chamber such as a ?berizer. 
The pulp is fed into tube 19 of eductor 9 and is im~ 

pelled through the eductor by a hot air blast. Hot air 
under pressure is supplied from any convenient source 
designated generally at 22. Source 22 (FIG. 1) comprises 
an air compressor 23 from which air is directed succes 
sively over steam heaters 24 and electric heaters 25 to 
the eductor through the conduit indicated at 26. Alter 
natively, a furnace may be employed to supply the heated 
air. The air (or gas from a furnace) directed to the 
eductor should be free of contaminants which might affect 
the desired properties of the ?nal product adversely. Also, 
the heated air should be at a sufficient temperature to 
effect rapid drying of the pulp; the air velocity should be 
high to attain a high drying rate and su?icient to impel 
the pulp through air expansion zone 11 into the curing 
zone 10. Air velocity and temperature will vary somewhat 
with the ?ber feed, the equipment size and the like; ex 
emplary of conditions I have found useful in the apparatus 
illustrated in the drawings and having parameters set 
forth hereinafter are an air temperature of 630° F. at a 
volume ?ow of about 150 c.f.m. at about 2.5 p.s.i. gauge 
pressure. The high air temperature does not injure the 
?ber due to the rapid evaporation of the water from the 
?ber, which maintains the ?bers themselves suitably cool. 
The low pressure created within the eductor by the high 
flow rate of the combination of ?ber and heated air aids 
rapid evaporation and drying of the pulp. Evaporation 
occurs at a low temperature due to the low pressure and 
maintains the ?ber temperature well below 212° F. The 
air passes with the dried ?ber toward the curing zone 10 
and ultimately from the equipment. 
The ?ber in the eductor at least initially has a straight 

line ?ow and the ?ber feed is at a high rate. Therefore, 
some ?ber-to-?ber contact most probably exists during 
drying and normally these ?bers, if dried in contact, would 
be cured in contact and remain bonded. Such apparently 
occurs to some extent in the absence of any pre-treatment 
and screening of the cured product is then desirable. 
With pro-treatment the ?bers are apparently slightly 
stiffened and are separated readily. Also, in the eductor 
a turbulence is present which aids ?ber separation and, 
further, ?ashing of water from the ?bers may be a factor 
assisting separation. However, if the nits are too large, 
neither turbulence or ?ashing is effective to completely 
demolish the nits. 
The air expansion zone 11 serves to decrease air veloc 

ity gradually and to inhibit development of undesirable 
air motion such as eddy currents. 
As the dry ?ber emanates from the eductor to the cur 

ing zone, it is already separated into substantially indi 
vidual ?bers. This permits presentation of a very consider 
able ?ber surface to the action of heat in the curing zone 
and apparently accounts for the ability to effect curing 
and material change of ?ber characteristics within a very 
short space of time. 
For the purpose of effecting curing, I prefer to supply 

a second heated air or gas stream to the curing chamber 
to attain or maintain reaction temperature. This second 
ary air supply is lower in temperature generally than the 
primary air to the eductor and must be sufficiently low 
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to prevent burning or charring of the ?bers as the ?bers 
are now substantially moisture-free. Secondary air is pro 
vided from a source such as a furnace or a source such 
as is generally designated at 27 in FIG. 1 comprising 
blower 28, electric heater 29, steam heater 30, and con 
duit 31. Conduit 31 directs the secondary air to the ex 
pansion zone 11 at a point close to the ?ber entrance to 
curing Zone 110; this point of entry is not critical but the 
secondary air should be supplied at a point after the 
eductor in the path of ?ow. Introduction of secondary 
air into the eductor itself may cause unsatisfactory air 
?ow reducing the efficiency of operation. This secondary 
air not only provides heat for the crosslinking reaction 
but maintains the ?bers well suspended. An exemplary 
condition compatible with data already given is an air 
temperature of about 430° F. at a volume flow of 250 
c.f.m. 
To assist in maintaining an optimum ?ber suspension 

throughout the procedure, the incoming air through con 
duits designated 26 and 31 may be given a swirling or 
spiral motion. The provision of simple right angle bends 
as at 32 in conduit 26 serves the purpose of spiraling the 
primary air ?ow; the tangential entry of air through con 
duit 31 complements this purpose. Though such spiral 
motion of the air (and the ?ber stream) is not essential, 
it increases the relative velocity between ?ber and the air 
and increases heat transfer to the dry impregnated ?bers, 
thereby aiding curing. 
The residence time within the reaction chamber 8 for 

the air and ?ber is estimated to be about 3 seconds. Such 
time may vary and is dependent upon a plurality of inter 
related factors, including, to some extent, the temperature 
conditions, the air-to-?ber ratio, the velocity of the air 
and ?ber and physical characteristics of the reaction 
chamber such as length and diameter. I have found that 
with a throat length of 31/2” at a diameter of 1.15" and 
an overall eductor length including the diffusing or air 
expansion zone of about 20” and with temperature and 
air ?ow as previously stated, an overall length of chamber 
8 of about 40 feet serves the purpose well. These cham 
ber dimensions are simply illustrative and may be varied 
considerably in speci?c applications. 
An important facet of the curing action for optimum 

control is the introduction of the secondary air and the 
maintenance of reaction temperature with such air. The 
primary air cooled by its contact ‘with the ?ber, the vapor 
ization of the water from the ?bers and educted air is 
apparently adequately raised in temperature by the hot 
secondary air stream so that rapid curing is accomplished. 
The secondary air might be eliminated so long as the 
primary air is sufficient in temperature in the curing zone 
to effect reaction. This is dependent upon the initial pri 
mary air temperature and the drop in air temperature 
due to evaporation of the water from the ?ber. A lesser 
amount of water evaporated will, of course, affect the 
air temperature to a lesser degree. 

I prefer, however, to introduce the secondary air as 
described. Such serves to aid the pneumatic propulsion 
of the ?bers in the highly fluffed suspension and to pro 
vide for rapid increase in temperature of the dried ?bers 
from below 212° F. to curing temperature without ex 
cessive initial temperatures and volume of heating gas. 
The ?bers in the curing zone due to the substantially 
complete drying action are collapsed about the retained 
crosslinking agent. It is believed quite surprising both that 
the pneumatically propelled ?bers may be obtained total 
ly or very largely as individual ?bers in the suspension 
and that heat will penetrate the dry ?ber wall sul?ciently 
quickly to react the crosslinking agent within a matter of 
a few seconds. 
The pulp passing from the reaction chamber is directed 

to any suitable collecting device which permits the re 
moval of the air readily from the ?ber. A cyclone desig 
nated at 34 serves the purpose of separating the air from 
the ?owing stream, the air being exhausted at 35 and the 
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6 
?ber product being deposited through the bottom of the 
cyclone at 36 to any convenient collector or receptacle. 
Such may include bags, a screen or conveyor belt (not 
shown). 
The ?ber product is of excellent color, both G.E. 

brightness and Gardner color measurements showing no 
signi?cant difference between the original pulp and the 
crosslinked ?ber product. In the practice of the invention 
the pulp ?bers employed are of papermaking length and 
microscopic examination of the modi?ed ?bers indicates 
that the ?ber length distribution in the crosslinked ma 
terial is substantially the same as the ?ber length distribu 
tion in the original untreated ?bers. The ?bers differ im 
portantly from the original ?bers in wet and dry stiffness. 
Due to the crosslinking action while the ?bers are dry 
and collapsed and the set imparted by crosslinking while 
dry, the ?bers are inhibited against swelling when wetted. 
Also, the ?bers lack bonding capacity for each other and 
are stiffened to the extent that mechanical working as in 
a re?ning operation in a papermaking process would re 
duce the ?ber substantially to a powder. 
The cured ?ber before use in certain types of products 

such as sanitary applications may be subjected to washing 
with water to remove any possible excess reactant ma 
terial from the ?bers. Such washing does not affect the 
stiffness or the surface characteristics of the product. Ad 
ditionally, the ?bers may be redispersed in water for the 
purpose of forming mats of a low density (‘0.8 pound per 
cubic foot, for example) and having a high wet bulk, high 
Wet and dry resiliency, high porosity and absorbency as 
well as a high wet stiffness. The individual ?bers them 
selves are quite rigid and substantially free of bonding 
capacity between themselves to the extent that they do 
not themselves form a bonded paper sheet. 
The crosslinked ?bers, whether redispersed after their 

formation in the manner described or whether simply 
used directly without other working, when in mass form 
demonstrate materially improved water-holding capacity 
with respect to a mass of the original ?bers. This water 
holding capacity is in?uenced by several processing fac 
tors and is a measure of ?ber stiffness. One such in?uenc 
ing factor I have found to be the pre-treatment of the 
wet saturated pulp ?ber prior to its introduction to the 
?u?er. Simply storing the saturated pulp at a water con 
tent of about 40 to 60% by weight for a period of time 
su?icient to reduce the inter?ber bonding capacity re 
sults in a marked increase in water-holding capacity of 
a mass of the ?bers as well as the already noted decrease 
in “nit” content. The improved water-holding capacity due 
to my pre-treatment is apparently the result of the sub 
stantial elimination of nits and the procurement of indi 
vidual ?bers. Similar improved water-holding capacity in 
the absence of pretreatment may be attained by screen 
ing of the product and elimianting larger clumped ma 
terial. 
The crosslinking impregnants are applied in solution 

form so that the impregnant is within the ?bers primarily 
rather than between ?bers. The surface of individual 
?bers apparently necessarily is coated with a very thin 
?lm of the impregnant. Yet bonding between ?bers, at 
least irreversible bonding, does not take place during pre 
treatment even when a saturated solution of impregnant 
is applied to the ?bers. Also, the process is apparently 
effective even with pulp in very heavy mat form, that is, 
mats ranging in basis weight from about 100 pounds to 
1000 pounds per 3000 square feet are useful and no 
signi?cant bonding on aging occurs. 
The impregnants for crosslinking which I have found 

to be most useful are combinations of formaldehyde and 
urea. The N-methylol ureas serve the purpose well. 
Dimethylol urea is available commercially and suitable. 
Preferably, the aqueous impregnant solution is formed 
from the formaldehyde and urea components and the 
mole ratio of formaldehyde to urea should exceed about 
1:1, a ratio of 1.5_ :1 is’useful. This ratio will be changed 
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by the procedure since formaldehyde is commonly lost to 
the atmosphere in the course of production. 
An N-methylol urea solution found to be very useful 

for the practice of the invention is prepared by dissolving 
urea in water and then adding a commercially available 
composition designated as 25/60‘ urea-formaldehyde 
which contains by weight 25% of urea, 60% of form 
aldehyde and 15% water. Such order of addition minim 
izes the quantity of fumes of formaldehyde lwhich escape. 
To the aqueous solution there is added sufficient alkali 
to bring the pH to about 8.5, and this alkaline solution 
is stored at least overnight to permit the reaction be 
tween the urea and formaldehyde to take place to produce 
N-methylol urea. A typical formulation is provided be 
low: 

Propor- Weight 
Material tional percent 

weight 

Water _________________________________________ _. 100 77. 0 
Urea _________________________________________ .. 5.51 4.3 

25/60 urea-formaldehyde ______________________ _ . 24. 0 18. 5 
Triton X-1001 (isooetyl phenyl polyethoxy 

ethanol) ____________________________________ _ . 0. 26 0. 2 

1 Registered trademark of Rohm & Haas Company, Philadelphia, Pa 

The surfactant such as Triton X-100 is not necessary 
but may aid dispersion of the ?bers if the pulp is found to 
be dispersible with difficulty. Too much of a surfactant 
is not desirable as it may affect the surface properties 
of the product. 
The concentration of the N-methylol urea in the solu 

tion speci?cally described above is about 20% by weight 
and the mole ratio of formaldehyde to urea is about 
21/2 :1. This solution with ammonium chloride added as 
catalyst to the extent of about l1/2% by Weight based on 
the N-methylol urea content by weight is the saturant 
solution indicated at 3 in FIG. 1. 
The crosslinking agent, the solution concentration of 

the agent, the mole ratio of solution components and the 
catalyst and catalyst concentration may vary consider 
ably while yet attaining a useful product. Such crosslink~ 
ing agents are themselves well known to the art. 

I prefer to employ the N-methylol ureas as the cross 
linking agent as they are readily procured and relatively 
inexpensive. Solution concentrations of these compounds 
in the range of 12 to 30% are most useful. However, N 
methylol compounds such as tri-methylol melamine and 
other similar polymerizable polyfunctional N-methylol 
compounds which undergo condensation reactions are 
suitable particularly when the procedure involves aging 
to decrease ?ber bonding capacity. Dimethylol ethylene 
urea, dimethoxy dimethyl uron and formaldehyde are 
further examples of speci?c agents useful in the general 
practice of the invention when aging is not involved. 
Formaldehyde, however, being more volatile, is, for this 
reason, less desirable. Solution concentration and im 
pregnant pickup by weight, of course, may vary somewhat 
depending upon the speci?c agent selected. 
The catalyst may be any salt producing acid or acid 

commonly employed in crosslinking reactions. Such in 
clude mineral acids (HCl, H2804), Organic acids (acetic, 
formic) or acid salts (aluminum sulfate, magnesium 
chloride, zinc chloride). While mineral acids have utility 
and are known in the art as catalysts for the crosslinking 
reaction, they are not preferred as they tend to attack 
the ?ber. The organic acids and salts are preferred. The 
catalyst should be selected in view of operating condi 
tions including the speci?c nature of available equipment 
(reaction chamber length, etc.). Too high a concentra 
tion of catalyst may lead to discoloration of the ?ber, and 
too low a concentration may be ineffective to fully deve 
lop the crosslinking reaction. I prefer with the N-methylol 
ureas to employ ammonium chloride at a concentration 
of about 11% to 2% on the weight of N-methylol urea 
in the solution. 
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The time for complete drying and curing in my pro 

pulsion system has been as low as about 1 and is always 
less than 10 seconds. In the speci?c embodiment de 
scribed this time has commonly been about 3 seconds. 
This short exposure time is not only advantageous pro 
duction-wise but the ?ber is less subject to thermal de 
gradation. 

With the N-methylol ureas I ?nd that a mole ratio of 
formaldehyde to urea of between 2:1 to 3:1 in the initial 
solution to be most suitable. This ratio may be greater 
to the extent already noted that formaldehyde alone is 
useful. These N-methylol urea compounds are complex 
and commonly, for example, a solution designated as 
dimethylol urea may contain proportions of other methy 
lolurea. Accordingly, the exact optimum ratio is not 
readily designated. Additionally, I have found that, if 
the wet pressed ?ber sheet contains between about 18% 
to 318% by weight, based on the dry ?ber weight, of 
N-methylol urea, the water-holding capacity and con 
sequently stiffness of the resultant cured ?ber is not 
Widely different over the range. It is not necessary in 
order to attain the product to employ such high loadings 
of reactant on the ?ber. As low as 7% of N-methylol 
urea in the wet pressed ?ber sheet (based on dry ?ber 
weight) is effective to double the water-holding capacity 
of a mass of the resultant ?ber. However, higher load 
ings increase the water-holding capacity to as much as 
3 times that of the original ?bers and, for production 
purposes, it is desirable that the loading be to the high 
side. Higher concentrations of reactant in the ?ber are 
also desirable as some material, particularly formalde 
hyde, may be lost in processing. The loss will, of course, 
be dependent upon the speci?c system employed. I have 
found that as low a content in the ?nally cured product 
as 10% of the crosslinking agent derived from dimethylol 
urea and exhibiting a formaldehyde content upon acid 
hydrolysis of about 3.9% by Weight is effective to more 
than double the water-holding capacity of the original 
?ber mass. The mole ratio in such cured product of 
formaldehyde to urea is about 4:3. 

In a further embodiment of the invention, commer 
cially produced pulp rolls have been treated to condition 
them for papermaking, that is, the pulp has been beaten 
to various Canadian Standard Freenesses and then sub 
jected to the impregnation, aging, drying and curing pro 
cedure described hereinbefore. Speci?cally, bleached 
southern pine kraft pulp having a Canadian Standard 
Freeness of about 380 and a water-holding capacity 
of about 7 grams of water per gram of ?ber has been 
introduced into the impregnating solution (FIG. 1), 
pressed, aged for about 18 to 20 hours, ?berized and 
cross-linked as already described. The product was as 
previously described. 
When aging is practiced, screening is not necessary to 

attain a desired product of optimum characteristics of 
absorbency, porosity and the like in mass ?ber form. If 
screened, only 2—3% or lower of the product is rejected, 
and this quantity will vary somewhat depending on the 
speci?c nature of the i?bers, for example. Repeated tests 
have shown that an aging time of only six hours, for 
example, is effective to occasion a reduction in the quantity 
of ?ber rejected by screening. For example, aging for 
six hours in contrast to no aging period reduced the 
reject weight by a factor of 3:1. As already noted, for 
many applications the presence of some nits in the product 
may be tolerated, as in the plies of paper toweling, for 
example, and no screening is then necessary. 

Other papermaking ?bers such as cotton linters, bast 
?bers, hemp and the like may be bene?cially employed in 
my process but ‘I have found the greater utility of the 
procedure, because of the cost factors and the like, to 
be in the more conventional wood pulp ?bers mentioned 
hereinbefore. 

It will be understood that this invention is susceptible 
to modi?cation in order to adapt to different usages and 
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conditions and, accordingly, it is desired to comprehend 
such modi?cations within the invention as may fall with 
in the scope of the appended claims. 
What is claimed is: 
1. A method of crosslinking cellulosic ?bers to provide 

materially stitfened ?bers which includes the steps of satu 
rating a mass of cellulosic ?bers of papermaking length 
‘with an aqueous catalyzed solution of a polymerizable 
polyfunctional N-methylol compound having crosslinking 
capacity upon heating and which crosslinking agent in 
solution penetrates and is retained primarily within the 
cellulosic structure of individual ?bers of the mass, aging 
a wet mass of the impregnated ?bers for a su?icient time 
to decrease the inter?ber bonding capacity of the ?bers, 
the ?bers being su?iciently wet during aging to inhibit 
crosslinking agent migration,'then ?uffing in the wet state 
the aged mass of saturated impregnated ?bers to separate 
?bers of the mass while retaining crosslinking agent within 
the ?bers, pneumatically propelling in gaseous suspension 
a stream of the ?u?ed wetted, ?bers and carrying out said 
pneumatic propulsion in a drying gas in a drying zone at 
su?icient gas velocity and temperature so that said ?bers 
are dried, separated, collapsed about the retained cross 
linking agent in the ?bers and are maintained below a 
temperature of 212° F. during drying and, without inter 
rupting the propulsion of the'?bers in gaseous suspension, 
subjecting the dried collapsed separated ?bers in a curing 
zone to gas at crosslinking temperature for a time to eifect 
crosslinking of the agent retained within the cellulosic 
structure of the individual ?bers whereby the individual 
?bers are sti?ened, separating from the gas the dried 
stiffened ?bers as substantially individual ?bers, and col 
lect the stiffened ?bers. 

2. A method according to claim 1 wherein the cellulosic 
?bers are wood pulp ?bers, the mass of ?bers subjected 
to the saturation and ?utfing steps is in the form of a pulp 
sheet having a basis weight of at least about 100 pounds 
per 3000 square feet on an air dry basis and the step 
of aging is carried out for a period of at least about six 
hours at moderate temperatures. ' 

3. A method according to claim 1 wherein the cellulosic 
?bers are ‘wood pulp ?bers,’ the crosslinking agent is se 
lected from the group consisting of ‘N-methylol ureas and 
N-methylol melamines, andrthe ?uffed wetted wood pulp 
is subjected to pneumatic propulsion through the drying 
and curing zones for a period of time sufficient to dry 
the ?bers and effect crosslinking, said time being within 
from about one to less than ten seconds. 

4. A method according to claim 1 wherein the tem 
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perature of the drying gas to the drying zone exceeds the 
temperature of the gas of the curing zone when the latter 
is at crosslinking temperature. 

5. A method according to claim 1 wherein the cellulosic 
?bers are wood pulp ?bers, the crosslinking agent is an 
N-rnethylol urea compound having a mole ratio of formal 
dehyde to urea of between about 2:1 to 3:1 and the im 
pregnated wood pulp ?bers subjected to the gas at cross 
linking temperature contain between about 7 to 318% of 
the crosslinking agent by weight based on the weight of 
the ‘air dry ?bers. 

6. A method according to claim 1 wherein the cellulosic 
?bers are wood pulp ?bers, the crosslinking agent is an 
N-rnethylol urea having a formaldehyde to urea ratio of 
between about 2:1 to 3:1, the wood pulp ?bers are satu 
ratedawith the aqueous catalyzed solution of the cross 
linking agent and are aged in the wet state at a water 
content of about 40 to 60% by weight at a temperature 
of between about 40° F. and 120° F. prior to :the ?uffing 
step~for a period of at least about six hours to decrease 
the inter?ber bonding capacity of the ?bers whereby 
separation of the wood pulp into individual ?bers in 
the ?ulfing and pneumatic propulsion steps is facilitated, 
and wherein the pneumatic propulsion step is carried out 
witha?rst, a drying gas having a temperature in excess of 
the crosslinking temperature of the crosslinking agent and, 
secondly, with a gas of a lower temperature but suf?cient 
to effect rapid curing of the crosslinking agent. 

1,7.»A method according to claim 1 wherein the cellulosic 
?bers are wood pulp ?bers, the crosslinking agent is an 
N-rnethylol urea having a formaldehyde to ‘urea ratio of 
between about 2:1 to 3:1, the wood pulp ?bers are satu 
rated with the aqueous catalyzed solution of the cross 
linkingagent and are aged for a period of about 16-48 
hours and, following aging, the ?bers are subjected to the 
?uffing step at a Water content of about 40-55% by 
weight. 
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