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1. 
This invention relates to methods for the pro 

duction of ribbon-like or mat-like structures 
having a crinkled structure. This application is 
a continuation-in-part of my copending applica 
tion Serial No. 479,889, fied March 20, 1943, now 
Patent 2,399,258, April 30, 1946, and my copend 
ing application Serial No. 490,009, filed June 8, 
1943, now Patent 2,399,260. 

In general, in the present invention, a filamen 
tary bundle containing a mixture of filaments, 
preferably of the same material, having different 
characteristics of plasticity and/or elasticity is 
produced and subjected to stretching and relaxa 
tion. The bundle may be ribbon-like or mat-like 
in character. The filamentary bundle may com 
prise Some filaments which are substantially truly 
elastic in character and relatively free of any 
plastic flow under the conditions of stretching, as 
Well as other filaments which are essentially 
plastic in character so that the stretching effects 
an elongation which is substantially permanent 
and is not recovered, or is only partially recov 
ered Where a partial elasticity is present, upon 
Subsequent relaxation when the stretching force 
is removed. Upon release of the stretching force 
from Stich, a, bundle of filaments, the elastic filla 
ments return to their original length by virtue of 
their elasticity while the plastic filaments are 
caused to take a crinkled conformation because 
of the reduction in length of the elastic filaments. 
The mixture of essentially elastic filaments 

With essentially plastic filaments may be obtained 
in various ways. For example, one or more fila 
ments may be rendered plastic, such as by the 
application of heat, solvents, swelling or plas 
ticizing agents, depending upon the particular 
material of which the filaments are constituted, 
and they may then be associated with one or 
more non-plasticized flaments of the same or 
different material with or without twisting. 
Again, filaments which are completely elastic and 
Set up may be associated with freshly spun and 
still plastic filaments of the same or different 
materia?. In this latter case, the association may 
occur Shortly after the plastic filaments leave the 
Spinneret. Again, one or more filaments of Small 
diameter may be spun simultaneously with one, 
or more filaments of large diameter (which may 
be hollow, if desired) and passed through a com 
mon coagulating bath, from which the associated 
filaments emerge in different plastic and elastic 
conditions and are subjected to stretching in that 
state. This may be accomplished by having a 
single spinneret containing both large and small 
orifices, or by having a plurality of spinnerets 
one of which has large orifices and the other 

. Small orifices, from which different size filaments 
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may be spun. Again, the same result may be 
accomplished by using two different spinnerets 
having the same size of orifices, but using differ 60 

the orifices. 

2 
ent pump speeds for forcing the material through 

Also a plurality of jets may be used 
when different spinning materials are employed. 
These materials may comprise different filament 
iforming components so adjusted that upon ener 
Sion from the coagulating bath the different types 
of filaments exhibit different characteristics of 
plasticity and elasticity, in which state they may 
be stretched. A plasticizer may be incorporated 
in one of the spinning materials for imparting to 
the filaments obtained therefrom a rubber-like 
elasticity, especially. When Vinyl resins are used. 
Also, the materials may comprise the same fila 
ment-forming component but use different sol 
vents which are removed from the eXtruded filia 
ments at different rates, thus assuring differences 
in elasticity and plasticity at the time of Subse 
quent stretching. For example, a copolymer of 
vinyl ghloride and vinyl acetate may be dissolved 
in dioxane and extruded through one spinneret, 
while a similar solution in acetone which is more 
volatile than dioxane may be extruded through 
another spinneret. The differences in plasticity 
and elasticity at the time of stretching, in the 
latter system, may be accentuated by extruding 
the solution in dioxane through larger holes than 
those of the spinneret through which the acetone 
solution is extruded. As an alternative to the use 
of separate spinnerts in any of the cases just 
mentioned, a type of spinneret or jet may be 
employed which is provided with suitable parti 
tions back of the spinneret face, for dividing that 
space into separate regions which communicate 
with separate lines to different spinning supplies 
entirely, or through separate pumps to a common 
spinning line, so that the Spinning material Sup 
plied to one of the regions back of the spinneret 
face passes through the orifices associated there 
with and that supplied to the other region or 
regions back of the spinneret face is extruded 
through the other orifices in the spinneret, which 
may be of the same or of different size than the 
orifices associated with the other region. This 
type of spinneret is the Subject matter involved 
in the co-pending application of Robert J. Taylor 
and Wesley L. Webb, Serial No. 492,702, filed June 
29, 1943, now Patent 2,398,729. 
Any of the Systems just described for associat 

ing the different types of filaments may be used. 
The resulting filamentary bundle of Weblike 
structure is subjected to stretching and then 
relaxation. Depending upon the conditions of 
manipulation, either the large or the small dia 
meter filaments may be the component that 
undergoes the greatest crinkling. Thus, if a. 
web-like bundle containing both large and small 
filaments, is Subjected to a plasticizer there 
for, so that the small filaments are well plas 
ticized without substantially altering the es 
sential elastic character of the large filia 
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ments, the small filaments will show the most 
crinkling in the product. Where, however, 
stretching is performed upon a mixture of freshly 
spun filaments of both large and Small dialiheters, 
the Small filaments being completely set and tie 
large filaments still plastic, the large filaments 
will show the most crinkling in the product. 
The stretching may be performed by any of the 

known means heretofore employed for stretching 
yarns or yarn-like bundles of filaments. Thus the 
bundle may be passed about a series of positively 
driven rollis in succession, at least one of said 
rol is being driven at a higher rate of Speed than 
the roll immediately preceding it. Alternatively, 
tine bundle may be passed over a thread-advanc 
ing device or reel of tapered construction. Such 
that the bundle is stretched as it proceeds later 
ally of the device or reel. It also inay be passed 
between the nips of a plurality of pairs of rotat 
ing rolls in succession, at least one of Said pairs 
of rollis being driven at a higher peripheral Speed 
than an immediately preceding pair of rollS. 
These and alternative arrangements are illustra 
tively represented in the drawings hereinafter, 
in which 

Figure 1 is an elevation of an arrangement 
adapted to handle the web-like filamentary bun 
dleS; 
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Figure 2 is another illustration of an arrange 
ment for manipulating the web-like bundles; 
Figure 3 shows, a cross-section of one form of 

spinneret that may be used; and 
Figure 4 is a face view of a modified form of 

spinneret that may be used in the invention. 
Figure 1 shows a coagulating bath 7 with a 35 

spinneret. 8 shown in more detail in Figure 4, for 
spinning two different spinning materials or SOil 
tions. A funnel guide S. may be placed in proxi 
ity to the spinneret to control the motion of 

the filaments through the coagulating bath, and 
a second funnel guide. 0 is positioned in the bath 
near the point of emergence of the filaments 
therefron. The filaments, in the form of a web 
like sheet with the filaments arranged either 
parallel or haphazardly intercrossed therein, pro 
ceed through a series of separate conveyor Sys 
tems , 2, 3 in succession, and then to a suit 
able take-up, device 4, on which the sheet may 
be collected with or without tension. Each con 
veyor device comprises a pair of Superposed chain 
sections comprising interdigitating cross-pieces 
or girts, 5 which seize the web-like sheet and 
hold it...in zigzag conformation while moving the 
sheet through the device. This particular device 
forms no part of this invention, and its con 
struction may be that of the device disclosed in 
my copending application Serial No. 530,683, filed 
April 12, 1944, patented October 2, 1945, No. 
2,385,894. The second conveyor system 2 is op 
erated at a higher-rate of speed, in order to ef 
fect stretching of the fight of the web-like sheet 
extending between the two systems f and 2. 
The web-like sheetafterleaving the second con 
veyor system 2, may be allowed to relax in its 
fight therefrom to the next conveyor System 3, 
which may be utilized for carrying the sheet dur 
ing wet treating or drying thereof. From the 
latter conveyorsystem. 13, the sheet maybe con 
tinuously transferred to a suitable take-up de 
vice. 4, such as a drum which may be operated 
while partially immersed in a liquid, such as 
water inert to the filaments, to obtain: a wound 
band of intricately intercrossed flaments of the 
type disclosed in my prior patent 2,399,258. As in 
my prior application, the wound band, after col 
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lection, may be slit in the general direction of its 
width and may then be: dried. The dried band 
is then seized at its four corners (or at numerous 
spaced points along each of the two sides which 
extend in the Same general direction as the length 
of the filianentS) and while maintaining it un 
dertension along its length betWeen the pointS 
of seizure, it is stretched out in the direction of 
its width. This stretching aloing the Width is 
accompanied by a Surprising expansion in the 
tihickness of the material. 

Figure 2-shows an arrangement Similar to that 
of Figure 1 in that the object is to produce a web 
like sheet of filaments comprising both large and 
small diameters. The spinneret 6 may be of the 
foran shown in Figure 5 and the filainentS paSS 
through guides of funnel-like characters 7 and 
E8, then about rolls 9, 20 and 2, which arear 
ranged to effect transfer of the web-like sheet as 
a sheet out of the coagulating bath 22 into a sec 
ond bath, 23 within which the filaments may be 
stretched as a sheet,. Such stretching being ef 
fected by virtue of the fact that the web-like 
sheet passes about the peripheries of another Set 
of three rolliers 24, 25 and 26, driven at higher 
speed than the first set. The second set of rollers 
serves also to remove the filaments as a web-like 
sheet out of the Second bath 23, and to innerse 
thema into a third bath 27 within which they pro 
ceed through a guide 28 to a suitable take-up de 
vice 2S which may be partially immersed in the 
liquid of the third bath. By maintaining the 
fights of filaments extending between the two 
sets of rollers and between the second set of roll 
ers and the take-up device under liquid, the loss 
of the Web-like character of the filamentary bun 
die is prevented, even though Subjected to stretch 
ing during such free flights. 

Figure 3 illustrates in cross-section a form of 
spinneret in which one spinning material may 
be extruded through certain of the orifices there 
of and another spinning material extruded 
through certain other orifices thereof. To accom 
plish this, the space back...of the spinneret face 30 
is divided by a partition 3 into two or more 
separate regions (two such regions A and B being 
shown), each of . Such regions communicating 
with a separate set or group of orifices 32 and 
32, which may or may not be of the same size. 
The regions. A and B into which the Space back 
of the spinneret is divided, is then associated 
with separate spinning solutions by means of 
separate feed lines 33 and 34 respectively. Of 
course, if it is merely desired to use a Spinneret 
having orifices, all of the same size, and a single 
spinning solution, the regions back of the Spin 
neret face may be connected through the separate 
lines. 33 and 34 and separate punaps to a common 
supply line for the spinning solution and then 
two pumps operated at different. Speeds to pro 
duce differently sized filamentS. 
In Figure 4 the spinneret:35 has large orifices 

36 and small; orifices. 37 heterogeneously inter 
mingled. The use of this. Spinneret causes the 

5 

production of a mixture of filaments having 
both large-and-small diameters, and the length 
of immersion in the bath 22 is controlled to effect 
substantially complete coagulation and setting of 
the small diameter filaments without destroying 
the elasticity of the large diameter filaments at 
the time of passage between the two systems. If 
and 2 of Figure 1 or rollers 2 and 24 of Figure 2. 
The length of immersion depends upon the diam 
eters; of the small filaments produced, the co 
agulating medium and the particular spinning 
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solution. For the treatment . of filaments pro 
duced from a solution of a copolymer of vinyl 
chloride and vinyl acetate in acetone, under con 
ditions such that the small filaments have diam 
eters in the neighborhood of 10 microns, and the 
diameter of the large filaments has a value be 
tWeen about 75 to 150 or more microns, an immer 
sion in a water bath at about 45° C. of about 
24 inches is capable of completely setting the 
Small diameter filaments. Without destroying the 
elasticity of the larger filaments. - 

Spinnerets of either of the types shown in 
Figures 3 and 4 may be used in either of the 
arrangements shown in Figures 1 and 2. 

Besides producing wound bands of crinkled 
Web-like filamentary sheets, expansion of the 
Wound bands obtained by the arrangements of 
Figures 1 and 2 in accordance with the procedure 
disclosed in my Patent 2,399,258, produces a novel 
light-Weight filamentous product useful as a heat 
insulation material, a buoyant material, for aero 
sol filtration, cushioning material and the like. 
Such products may comprise filaments having 
large diameters ranging from about 10 microns 
to 300 or more microns in diameter, and any 
desired proportion of Small diameter filaments 
ranging from about 1 to 10 microns, or they may 
comprise any combination of small and large 
sizes. Because of the conditions and circum 
stances under which the wound bands are made 
in accordance with the present invention, the cut 
ting of such a wound band transversely of its 
annulus and expansion transverse of the Width of 
the band gives rise to products in which either 
the Small or the large diameter.filaments therein 
are much more highly crinkled than is the case 
of the filaments in the products of my prior co 
pending application. Where the web-like sheet 
is collected with tension in the form of a wound 
band immediately after the sheet has been 
stretched, crinkling becomes manifest upon the 
cutting of the band in removing it from the 
collecting drum. Upon subsequent expansion of 
the product by stretching across its width, the 
crinkliness becomes more uniformly distributed throughout the product. 

In general, the expanded mats made in accord 
ance with this invention and the disclosure of my 
prior Copending application comprise criss-cross 
filaments lying substantially in generally parallel 
and more OrleSS. undular planes, So that the mat. 
is substantially laminar in character. The space 
occupied by the mat is extremely subdivided by 
the criss-cross filaments extending in undulated 
planes substantially at right angles to the thick 
ness of the mat and to the fact that the lattice 
Work formed by the filaments in One Web is out 
of alignment with that in adjacent webs lying 
generally parallel thereto. The extreme intricacy 
of the network is particularly noticeable when a 
large number of filaments of extremely fine diam 
eter and a relatively small proportion of large 
diameter filaments are converted into the prod 
luct. The superimposition of web on Web of such 
irregularly arranged intercrossing filaments with 
the additional waviness in the individual i filla 
ments produces a filamentous mass having an 
intricate network disposed across the path of 
travel in the direction of the thickness of the mat. 
All filaments in one Web, lamination or strata do 
not contact all filaments in the next adjacent at 
the points where they appear to cross as the 
result of the distortion caused by the stretching. 
Besides the Waviness resulting from the stretch 
ing employed in expanding the band into the mat, 
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the contraction caused by the elongated elastic 
filaments when released causes additional wavis, 
ness and crinkliness in those filaments which 
were in a plastic condition when the mixture was: 
subjected to initial stretching. The result is that 
while all of the filaments in the product, extend 
generally from One side thereof to an opposite side 
or edgethereof, many of the filaments are in a 
highly crinkled condition as the result either of 
the initial stretching of the mixed plastic and 
elastic filaments or of the Subsequent stretching 
of the band to expand it into the form of: a mat, 
Or, in some cases, as the result of both factors. 
The mats produced in accordance. With this in 
Vention are characterized by essentially the same 
structure as in my prior copending application, 
except that a mixture of different sized filaments 
are involved in the present mats and either the 
larger ... or the Smaller filaments therein, or both 
the large and small filaments, are characterized 
by: increased waviness and Crinkliness, as com 
pared to the mats of my earlier application. 
While preferred embodiments of the invention 

have been disclosed, it is to be understood that 
changes and variations may be made without 
departing from the Spirit and scope of the inven 
tion as defined by the appended claims. 

1. A method of producing filamentous products 
comprising the steps of stretching, in a direction 
generally longitudinally thereof, a wet filamen 
tary bundle of web-like sheet structure.com 
prising continuous filaments in a plastic con 
dition mixed with continuous filaments in an 
elastic condition, collecting the sheet as such 
while still wet in the form of a multiple-layered 
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Winding, severing the winding across its width, 
drying the relaxed winding in the form of a 
band, and stretching the dried band out in the 
direction of its width while permitting it to 
expand in thickness. . 

2. A method of producing filamentous products 
comprising the steps of stretching, in a direc 

45 tion generally longitudinally thereof, a wet fila mentary bundle of web-like sheet structure comi 
prising continuous filaments in a plastic con 
dition mixed with continuous filaments in an 
elastic condition, collecting the sheet as such 
While Still wet and under tension in the form 
of a multiple-layered winding, serving the wind 
ing across its width, drying the relaxed wind 
ing in the form of a band, and stretching the 
dried band out in the direction of its width. While 
permitting it to expand in thickness. - 

3. A method of producing filamentous products 
comprising the steps of stretching, in a direc 
tion generally longitudinally thereof, a wet fila 
mentary bundle of web-like sheet structure 
comprising continuous flaments in a plastic con 
dition mixed with continuous filaments in an 
elastic condition, collecting the sheet as 
such while still wet in relaxed condition in 
the form of multiple-layered winding, severing 
the winding across its width, drying the relaxed 
winding in the form of a band, and stretching 
the dried band out in the direction of its width 
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while permitting it to expand in thickness. 
4. A method of producing light-weight fila 

mentous products comprising the steps concur 
rently forming in a common precipitating 
medium a mixture of wet continuous filaments 
having different rates of setting up, associating 
said filaments in a common bundle of Web-like 
sheet structure, stretching the bundle in a di 
rection generally longitudinally thereof while at 



leasts one-of-the-filiaments thereiras-is-essentially 
elastic in characters and at least - one other-is: 
still... essentially plastic in character, collecting: 
the sheet-as suchi while still wet in the form-of 

8. 
said filaments in a common-bundle in a directiön: 
generally longitudiaally thereof of Web-like sheet: 
structure stretching:the-bundle while at leastone: 
of the small filaments thereini is essentially-elass. 

a multiple-layered winding, severing--the-windia. 3. tic: iri, character and at leasts one-of-the-larges 
ing Sacross-its width, dryingithe-relaxed Windingº 
in the form of...a-band, and stretching the dried. 
band out in the-direction ofits width:While per 
mitting it to expandrin; thickness. 

filaments eis still essentially Iplasticsin' chiaracter;" 
collecting-the-sheet as such while still wet and 
under tension in the form of a multiple-layered 
Winding, severing...the-winding-across: itsa width; 

5: As method of producing light-weight-filar iós stretching the dried band outin: thies direction of 
mentous products:comprising the steps ofÈ con-- 
currently: forming. in º a si common precipitating 
medium a.mixture of: wet; continuous filaments 
having: different: rates: of setting:-up, associating 

its width while permitting itito:expandinithick 
SSS ? - - . 

9: Ašmethod of producing-a-light-weight filla-- 
mentous product comprisingºthè- stéps of: asso-- 

said: filaments in a common:;bundlesofi Webelike 5 ciating in a common filamentarysbundle of web 
sheet...structure, stretching: the bundle in-a-di 
rection generally longitudinally.thereof. While at 
least one of the filaments. therein is... essentially. 
elastic in character and at least. One other is. 

like sheet, structure a mixture-of-wet continuous 
filaments-i responding differently stor. plasticizing 
Media: Subjecting-the-bUndle While still insithe 
form of a web-like-sheet structure to a plasticiza. 

still:essentially plastic in:character, collecting the 20 ing meditum; then stretching the i bund?ê-in? at dié - 
sheet as such while still. Wet and under tensions 
in the forms of a multiple-layered Winding, sever 
ing; the windings across...its: width, drying the re 
laxed winding:in the form of aband; and stretch 

rection generally longitudinally, thereof while still 
in Web-like-formand:while at least one-filament. 
thereira is in: a splastic condition andfat least 
one other filamentitherein...is iri assubstantiallys 

ing the i driediband out in the: direction of its; 25. ekastic, condition; collecting the sheet whillë-stilª: 
width while permitting it; to expanding thicks. 
BSS. 
6. A method of producing light-weight...filia 

mentQus products comprising the steps.: Of: con 

- Wet:aS.:Suchi in the forms of a; multiple-layered: 
Winding; seveling the Winding: across its swidth: 
drying the relaxed winding in the form of aband; 
and stretching the driedband out in the direction: 

currently forming, in a common: precipitating; 30 of its width while, permitting: it to expand fin; 
medium:a: mixture of wet, continuous: filaments. 
having different rates of setting up, associating: 
said filaments in a common bundle of... web-like: 
sheet. structure, stretching the bundle in a di 
rection generally longitudinally thereof while.at, 
least one of the filaments, therein is essentially. 
elastic in character and at least. One other-is. 
stillessentially plastic in character, collecting the 
sheet.as such, while still wet and in relaxed Cons: 
dition in the form of a multiple-layered winds. 
ing, severing the winding across.its.width, dry 
ing the relaxed, winding, in the form of a band, 
and stretching, the dried band, out in the direct. 
tion of its width while permitting...it to expandin. 
thickness. 7. A method of producing light-weight. fila.-- 
mentous products comprising the steps...of cont. 
currently forming in a common precipitating, 
medium a mixture of wet, continuous filaments of . 
a copolymer of vinyl-chloride and vinyl acetate 50-bandointh 
having different...rates of setting up, associating: 
said filaments in a common bundle of Web-like; 
sheet. structure, in...a... direction...stretching the 
bundle in a direction generally. longitudinally. 
thereof...while at least one of the filalnents, therein 55. 
is essentially elastic-incharacter...and at leastone, 
other is still essentially plastic...in character, cols, 
lecting the sheet as such while still Wet and under. 
tensigonijin the form.of.la-multiples-layered, Awinder. 
ing, severing the winding across its width, dry-, 60 
ing the relaxed. Winding in the form of a band, 
and stretching the dried band, out...in the direct 
tion...of its width while permitting it to expands 
inithickness. 
8. As method. of producing sa light-weight, filla--. 65F 

mentous product. comprising the steps of con-- 
curreatly-, forming i ini, a-: commons precipitating 
medium:a::mixture of wet, continuous, filaments of 
a-copolymer of vinyl chloride, and vinyl acetate 
comprising, filaments of, large-diameter-and-fila, 70. 
ments of smallers diameter which set upimore:s 
rapidly...than the larger filaments, associating: 

thickness. 
10..., A. method: of producing, a light-weight: 

filamentous product comprising the steps-of-assos 
ciating in a common filamentary bundle-of-weija. 

35-like sheet structure:a::mixture of wet continuous: 
filaments of a copolymer of vinyl:chloride-and: 
vinyl acetate which are: of different sizes, andf 
thereby-are:differently... affected...by: plasticizing: 
media; Subjecting the bundle to..."-a-plasticizing. 

?t Ornedium (while maintaining it insheet-formation; 
stretching the:Webslike sheet in a directionsgen 
erally longitudinally, thereof while.at least: one 
filament thereinsistinia plastic condition and at: 
ieast one other fiament therein is in a substan. 

43 tially elastic." condition, collecting: the sheet as: 
Such While still wet and under tension in the forms 
of a multipleslayered winding; severing-the-wind 
ing aerossº;its: width dryingithe relaxed-winding: 
in-the-formé ofiabandandistretchinigtheid?iéd: 

e: direction ofits.width while; peria 
mittingitto: expandinthickness... 
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