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This invention relates to the production of 
cardable, resilient, non-embrittled, regenerated 
cellulose staple ?bers and has for one of its ob 
jects the provision of novel regenerated cellulose 
staple ?bers which have certain wool-like char 
acteristics, which may be dyed, and which may 
be carded, spun, woven, and, if desired, napped on 
textile machinery now in common use. The 
?bers are characterized by retention within the 
body thereof of a sub-surface deposit of a ma 
terial of resinous or resin-like character in the 
substantial absence of an external layer or coat 
ing in or on the exposed surface, the coating being 
minimized to such an, extent as to avoid occur 
rence of a non-porous, hard, brittle or glass-like 
envelope or ?lm upon the ?bers. Under these 
circumstances the ?bers in their treated condition 
maintain a relatively porous structure through 
out, so that they are amenable to dyeing and 
other ?nishing treatments, as well as unusually 
resistant to the usual cleaning operations includ 
ing both laundering and dry cleaning. 

Heretofore, efforts have been made to alter 
the characteristics of fabrics and yarns, as de 
scribed in U. S. Patents Nos. 1,734,516 and 
2,088,227. It has not been recognized heretofore, 
however, that staple regenerated cellulose ?bers 
can be resin-treated in bulk in the manner and 
with the results as hereinafter described. Neither 
of the above patents, nor any other of which we 
are aware, suggests a sub-surface impregnated 
rayon staple ?beror any sort of treated rayon 
?ber capable of withstanding ordinary mechani 
cal working. 
Our preferred procedure comprises impregna 

tionof staple ‘regenerated cellulose ?bers under‘ 
pressure with a true solution of resin-forming 
components, removal of said solution from the 
surface of the impregnated ?bers, drying of the 
impregnated ?bers below the temperature at 
which resin formation occurs, and heat-conver 
sion of the said components within the individual 
?bers. In impregnating regenerated cellulose 
?bers it is necessary that the resin-forming com 
ponents be of such a nature that they yield true 
solutions or molecular solutions. Such solutions 

» permit true impregnation of ?bers by allowing 
the resin-forming components to enter into and 
through the pores of the regenerated cellulose so 
that upon subsequent heat-treatment the com 

' ponents will be converted to resin within the 
?bers themselves. 

Suitable resin-forming components comprise 
urea, thiourea, melamine, or other carbamide type 
of compound, or mixtures thereof, together with 
formaldehyde in more than an equivalent amount 
to form a monomethylol derivative, or phenol and 
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formaldehyde likewise in a, more than equivalent 
amount, or the primary addition, methylol. or 
condensation products of these materials, all of 
which give true solutions‘, as opposed to colloidal 
solutions or micellar dispersions, which are in~= 
capable of penetrating the structure of regen 
erated cellulose ?bers. 
dissolved usually in water together with a small 
amount of a. latent catalyst-(i. e. a catalyst from 
which acid is formed either‘ by thermal decom 
position or by reaction) for converting the con 
densates to insoluble resins,‘ such as ammonium 
chloride, ammonium phosphate, chloramides, or 
the like. The action of such catalysts may be con 
trolled by the addition of free ammonia, if de 
sired. There may also be added to the impregnat 
ing bath small amounts of constituents which 
serve as lubricants, such as long-chained quater 
nary ammonium salts or sulfonated tallow or 
oils. 
The amount of resin-forming components used 

in the impregnating solution may vary from about 
5% to about 20%, but preferably from about 8% 
to about 12%. When these solutions are applied 
to regenerated cellulose ?bers according to the 
method here described, and the surface of the 
?bers is substantially freed from the solution, 
there is formed within the ?bers from about 3% 
to about 15% of a resinous deposit, based upon 
the weight of the ?bers. For optimum results 
the deposition in the interior of the ?bers is from 
about 6% to about 10%. Any resinous material 
on the surface is a minimum. The amount of 
resin formed within the ?bers is determined not 
only by the concentration of the solutions but 
also by the saturation of the ?bers with the 
impregnating solutions. A pick-up or retention 
of 60% to 120% of the solution on the weight of 
the ?bers is our usual practice prior to removal 
of solution from the exterior of the ?bers. 
As the ?rst step in improving regenerated cellu-: 

lose ?bres, the ?bres are impregnated under pres 
sure. For this purpose the ordinary pressure 
dyeing type textile equipment, such as a Franklin 
process machine or 'I'hies dyeing machine, may be 
used. Periods of treatment of the order of 20 to 
45 minutes on a Franklin process machine have 
been found quite satisfactory. In another meth 
od of introducing the resin-forming components 
into the ?bres, an autoclave may be used with a 
more or less extended period of impregnation and 
direct pressure at 50 to 100.1bs. per square inch. 
Pressure is applied for a length of time sufficient I 
to insure substantial sub-surface penetration. 
Higher and lower pressures with shorter and 

- longer times, however, have been found suitable 
under variation of other conditions-of applica- _ 

.Such components are ' 
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tion. But momentary pressures, such as are de 
veloped bysqueeze rolls or mangles used in the 
treatment of fabrics or cloth, do not accomplish 
the results attained by us in the treatment of 
?bers as herein disclosed. 
The solution of resin-forming components is 

applied at relatively low temperatures; as from 
30° F. to’l00" F., and preferably notto exceed 
50° F. to 60° F., or, in any event, not exceeding 
any temperature from 60° F. to 100° F. at and by 
reason of which the solution materially changes 
in character. It is to be understood, however, 
that time, temperature, and pressure as employed 
in our process are variable factors and are gov 
erned by the particular ?ber being treated, its 
denier or other physical characteristics, the na 
ture of the resin-forming components being used, 
and the particular type of equipment employed. 
Treatment at relatively low temperatures is pre 
ferred to insure with a safe margin the mainte 
nance of a true solution during impregnation, to 
avoid premature curing, and to minimize surface 
coating eifects. . ' 

After thorough impregnation the ?bers are 
treated to remove resin-forming components 
from the surface of the ?bers, as by a brief hydro 
extraction, vacuum-extraction, or other method. 
If desired, the ?bers may be rinsed with water or 
a solution of neutral salts, such as a sodium chlo 
ride or sulfate brine. The ?bers freed from res-‘ 
in-forming components on the surface are then 
dried at temperatures lower than the curing tem 
perature of the particular resin-forming constit 
uents employed. Yet drying should be performed 
as rapidly as possible to prevent di?usion or mi 
gration of the resin-forming components onto the 
surface of the. ?bers. Drying may be advan 
tageously conducted on any of the raw stock dry 
ing machines as commonly employed in the art 
for treatment of raw ?bers. . 

After the ?bers have been dried, they are heat 
ed to cure the resin. Curing may be carried out 
by any one or more of the methods heretofore 
employed for the curing of resin-forming constit 
uents, such as by passage of the impregnated 
?bers over a belt upon which are directed infra 
red lamps, or the steaming of the ?bers, or the 
fOrcihg of a hot air blast through the mass of 
?bers. Care should be taken to balance such 
factors as time and temperature so that a proper 
cure is effected. Temperatures between 200 F. 
and that temperature at which the treated ?bers 
will scorch may be used. Temperatures within 
the range of from about 240° F. to about 320° F. 
are usually found most desirable from a practical 
standpoint. 
The removal of surface material and the drying - 

and curing of the ?bers should be carried out 
within a reasonably short period of time, that is, 
within about 8 hours after impregnation of the 
?bers, as it is particularly important that no ap 
preciable quantity ofr'esin-forming components 
remains on the‘exterior surfaces of the ?ber or 
be permitted to di?use there during the process 
1118. - ‘ ' ' 

Though it is found that our process may be ap 
plied to previously dyed ?bers, the ?bers may be 
dyed during the foregoing procedure by incor 
porating in the resin-forming materials a dye 
compatible with the solution of resin-forming 
components, such as a so-called fast-to-light di 
rect color. Vat dyeing, of course, could not be 
carried out at the~ time of impregnation because 
of the alkaline nature of the reduced vat color. 
In the preferred practice of the invention, how- ' 
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4 - 
ever. dyeing is conducted after the curing opera 
tion as above described. This, so far as our ex 
perience to date has shown, gives superior re 
sults. After such dyeing and a subsequent dry 
ing of the ?bers, they are then in condition for 
employment in the usual textile processes of mix 
ing or blending for presentation to the card. 
The striking feature of the ?bers of this in 

vention is found in the .fact that they may be 
carded as by ordinaiy revolving ?at-top cards 
or roller-top cards without an objectionable 
amount of fly. This is due primarily to the lack 
of any substantial surface coating which would 
embrittle and diminish the springiness imparted 
to the fibers by the‘ resin contained therein. Fur 
ther, it is found in practice that ?bers thus 
carded produce a roving which may be readily 
spun and woven in the usual‘textile processes. 
It is further found that the ?bers of this inven 
tion may be employed in the manufacture of 
brushed, napped, and pile fabrics in that they 
are not objectionably affected by any of the 
manufacturing steps in connection‘ therewith, 
or by subsequent use. It is found in practice 
that fabrics made from the ?bers of this inven— 
tion tend to better retain their original manu 
factured condition, and to far better withstand 
normal use and cleasing by usual methods. 
Example-A batch of 100 lbs. of 31,42 denier 

11%" staple regenerated cellulose (viscose) was 
treated on a Franklin process machine with 150 
gallons of a solution containing 15% of dimeth 
ylol urea to which had been added %% of cetyl 
dimethyl benzyl ammonium chloride and 0.75% 
of diammonium phosphate.‘ The solution was 
circulated at a temperature of 55?’ F. for 40 min 
utes with a change in direction of ?ow every 5 
minutes. The gauge pressure was 5 lbs. per 
square inch during ?ow in one direction and 12 
lbs. per square inch during flow in the other. 
After the 40 minute period, the impregnated 
stock was removed, brie?y hydro-extracted, and 
dried on a raw stock dryer at 180" F. and then 
heated for 3 minutes at 315° F., to insolubilise 
the resin-forming components. 
The resiliency of the ?bers before and after 

treatment was evaluated by packing a given 
weight in a can ?tted with a plunger attached 
to a lever arm having. a weight attached thereto. 
The recoverability was determined in each case 
and it was found that the resiliency of the treated 
?bers was 26% greater than the resiliency of 
the untreated ?bers, thus approaching in resil 
iency the resiliency of wool of certain grades. 
By methods generally similar to those described 

in the above example there have been applied to 
viscose staple and to cuprammonium staple, aque 
ous solutions of the primary condensate obtained 
from a mixture of equal weights of urea and 
melamine with formaldehyde and of the water 
soluble primary condensate obtained by reacting 
formaldehyde and phenol in the presence of two 
tenths mol of sodium hydroxide per mol of phenol 
to yield a water-soluble methylol derivative. In 
these treatments there likewise occurred an in 
crease in the resiliency of the ?bers of the order 
of that eifected by the use of dimethylol urea. 
We claim: ' 

l. The process of producing cardable, resil 
ient, non-embrittled, staple regenerated cellu 
lose ?bers which comprises impregnating at tem 
peratures of 30° F. to 100° F. staple regenerated 
cellulose ?bers in bulk under sustained fluid 
pressure with a true water solution containing 
from about 5% to about 20% of aldehyde-con 



5 
densation resin-forming components and a latent 
catalyst for resinifying and hardening said com_ 
ponents within said ?bers, continuing said im 
pregnating for a period of time su?icient to cause 
thorough impregnation within ‘the body of the 
?bers, removing by hydroextracting from the sur 
face of the impregnated ?bers substantially all 
of the said solution occurring thereupon, prompt 
ly and rapidly drying the resulting ?bers below 
temperatures at which the resin-forming com 
ponents will become insolubilized, and heating 
the dried ?bers to effect reaction and insolu 
bilizing of the resin-forming components. 

2. The process of producing cardable, resilient, 
non-embrittled staple regenerated cellulose ?bers 
which comprises impregnating at temperatures 
between about 30° F. and about 60‘ F, staple re 
generated cellulose ?bers in bulk under sustained 
?uid pressure with a true water solution contain 
ing about 5% to about 20% of aldehyde-conden 
sation resin-forming components and a latent 
catalyst for resinifying and hardening said com 
ponents within said ?bers, circulating said solu 
tion under pressure at said temperature through 

. said ?bers 'in bulk for a period of time sui?cient 
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ing about 6% to 10% of urea-formaldehyde with‘ 
in the ?bers (based on the dry weight thereof), 
promptly thereafter drying the resulting ?bers 
below temperatures at which insoluble urea 
formaldehyde resin forms, and heating the dried, 
impregnated ?bers to effect formation of insolu 
ble urea-formaldehyde resin within the ?bers. 
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5. The process of producing cardable, resilient, 
non-embrittled staple regenerated cellulose ?bers 
which comprises impregnating ata temperature 
between about 30° F. and about 60°F. staple re 
generated cellulose ?bers in bulk under sustained 
?uid pressure with a true solution in water of 
about 8% to about 15% of water¢soluble compo 
nents for forming a melamine-formaldehyde con 
densate and a latent catalyst for forming a mela 
mine-formaldehyde resin therefrom, continuing 
said impregnation under fluid pressure for a pee 

' riod of time sufficient to cause thorough impreg 
20 

25 
to cause thorough impregnation of the body of ' 
theflbers, removing by hydroextracting and rins 
ing from the surface of the impregnated ?bers 
substantially all of the said solution occurring 
thereupon, leaving about 3% to about 15% of 
resin-forming components within the ?bers (on. 
the basis of the dry weight thereof), promptly 
thereafter drying the resulting ?bers below tem 
peratures at which the resin-forming components 
become insolubilized, and heating the dried, im 
pregnated ?bers to effect activating of the cata 
lyst and curing of the resin-forming components 
therein. 

3. The process of producing cardable, resilient, 
non-embrittled staple regenerated cellulose ?bers 
which comprises impregnating at temperatures 
between about 30° F. and about 60° F. staple re 
generated cellulose ?bers in bulk under sustained 
?uid pressure with a true solution in water con 
taining about 8% to about 15% of water-soluble 
components ‘for forming a urea-formaldehyde 
resin and a latent catalyst therefor, continuing 
impregnating for a period of time su?icient to 

' insure impregnation into the body of the ?bers, 
removing by hydroextracting from the surface 
of the impregnated ?bers substantially all of the 

I said solution occurring thereupon, leaving about 
6% to 10% of urea-formaldehyde within the 
?bers (based on the dry weight thereof), prompt 
ly and rapidly drying the resulting ?bers below 
temperatures at which the components for form 
ing urea-formaldehyde become insolubilized, and 
heating the dried ?bers to eifect formation of an 
insoluble urea-formaldehyde condensate therein. 

4. The process of producing cardable, resilient, 
non-embrittled staple regenerated cellulose ?bers 
which comprises impregnating at a temperature 
between about 30° F. and about 60° F. staple re 
generated cellulose ?bers in bulk under sustained 
?uidpressure with a true solution of about 5% 
to about 15% of a methylol urea in water, a latent 
catalyst for forming a urea-formaldehyde resin 
therefrom, and ammonia, circulating said solu 
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tion under pressure at said temperature through . 
said ?bers in bulk for a period of time sumcient 
to cause thorough impregnation of the body of 
the ?bers, removing by hydroextracting and rins 
ing with a solution of a neutral salt from the 
surface of the.impregnated ?bers substantially 
all of the said solution occurring thereupon, leav 75 

nation of the body of the ?bers, removing by 
hydroextracting and rinsing from the surface of 
the impregnated ?bers substantially all of said 
solution occurring thereupon, leaving about 6% 
to 10% of melamine-formaldehyde within the 
?bers (based on the weight thereof), promptly 
thereafter drying rapidly the resulting ?bers be 
low temperatures at which insoluble melamine 
formaldehyde'resin forms, and heating the dried, 
impregnated ?bers to effect formation of insolu 
ble melamine-formaldehydev resin within the 
?bers. ‘ 

6. The process of producing cardable, resilient, 
non - embrittled staple regenerated cellulose 
?bers which comprises impregnating at a tem 
perature between about 30° F. and about 60° F, 
staple regenerated cellulose ?bers in bulk under 
sustained ?uid pressure with a true solution in 
water of about 8% to about 15% of water-solu 
ble'components for forming a phenol-formalde 
hyde condensate and a latent catalyst for form 
ing a phenol-formaldehyde resin therefrom, con 
tinuing said impregnation under ?uid pressure 
for a period of time su?icient to cause thorough 
impregnation of the body of the ?bers, removing 
by hydroextracting and rinsing from the surface 
of the impregnated ?bers substantially all of said . 
solution occurring thereupon, leaving about 6% 
to 10% of phenol-formaldehyde within the ?bers 
(based on the weight thereof), promptly there 
after drying rapidly the resulting ?bers below 
temperatures at which insoluble phenol-formal 
dehyde resin forms, and heating the dried, im 
pregnated ?bers to effect formation of insoluble 
phenol-formaldehyde resin within the ?bers. 

' GEORGE S. RADFORD. 
IRA S. HURD. 
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