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57 ABSTRACT 

Process and apparatus are disclosed for jet-texturing 
yarn of continuous filaments at high speed to increase 
the bulk. Thermoplastic filaments are crimped by for 
warding the yarn in a jetted stream of hot compress 
ible fluid, such as heated air or steam onto a moving 
screen, cooling the yarn to set the crimp prior to im 
posing any substantial tension on the filaments and 
taking up the crimped yarn from the moving screen at 
a take-off roll to fix the take-off position. 

9 Claims, 6 Drawing Figures 

  



3,78,949 PATENTEDJAN 1974 
SHEET OF 2 

46 

S?N?S 

% !ŠN   

  

  



PATENTED IN 1974 3,781,949 
SHEET 2 OF 2 

  



1. 
PROCESS AND APPARATUS FOR 

JET-TEXTURING YARN AT HIGH SPEED 

REFERENCES TO RELATED APPLICATIONS 

This is a division of copending application Ser. No. 
721403, filed April 15, 1968, as a continuation-in-part 
of applications Ser. No. 43,897, filed July 19, 1960, 
and Ser. No. 698,103, filed Nov. 22, 1957, both of 
which are now abandoned. 
This invention relates to an improved fluid texturing 

process and apparatus for producing bulky yarn, tow, 
or the like, and especially adapted for producing yarn 
of substantially continuous individually crimped fila 
ments having a random three-dimensional curvilinear 
configuration and excellent dyeing characteristics. 

Artificial fibers are normally produced most easily as 
continuous filaments. These continuous filament yarns 
are very strong because of the absence of loose ends 
that are unable to transmit imposed stresses. Their ex 
treme uniformity and lack of discontinuity, however, 
makes conventional continuous synthetic filament 
yarns much more dense than yarns made from syn 
thetic staple fibers. The production of yarn from staple 
fibers, however, is time consuming and requires a com 
plex series of operations to crimp the fibers, align the 
fibers into an elongated bundle and then to draw the 
bundle to successively smaller diameters. The final 
spinning operation, which involves a high degree of 
twist, finally binds these discontinuous fibers together 
to produce a coherent yarn with considerably increased 
bulk. The occluded air spaces give them a lightness, 
covering power, and warmth-giving bulk not normally 
possible with continuous filament yarns. Thus, to get 
staple fibers that can be processed on conventional 
wool or cotton spinning equipment, it has been the 
practice to cut continuous filament yarns such as 
rayon, acetate, nylon, as well as the polyacrylic and 
polyester fibers into short lengths for spinning into sta 
ple yarn. 

It is an object of the present invention therefore to 
provide an improved process for producing continuous 
filaments and continuous filament yarn having a bulki 
ness greater than staple yarn spun from comparable fi 
bers. Another object is to provide an improved process 
for producing multifilament yarn resembling spun sta 
ple in its desirable lightness, covering effectiveness and 
warmth-giving bulk but retaining the characteristic 
continuous filament freedom from loose ends, fuzziness 
and pilling. A further object is to provide such a pro 
cess for preparing continuous filament yarn having a 
bulk greater than that of comparable staple yarn with 
out abrading or cutting the constituent filaments. A still 
further object is to provide such a process which is suit 
able for economically treating ordinary multifilament 
continuous yarn at unusually high speeds. Other ob 
jects include apparatus for texturing multifilament yarn 
to provide greater bulk. Other objects will appear as 
the description of the invention proceeds. 

In the process of this invention, yarn comprising plas 
ticizable filaments is textured with compressible fluid 
heated to a temperature which will plasticize the fila 
ments to impart a persistent crimp having a random, 
three-dimensional, curvilinear, extensible configura 
tion continuously along the filaments. The process is 
particularly effective for crimping thermoplastic syn 
thetic linear polymer filaments. The heated fluid is jet 
ted as a high velocity stream. The yarn filaments are 
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2 
continuously forwarded by the heated fluid while the 
filaments are in a plasticized condition, are received on 
a moving surface to remove the filaments from the 
heated fluid in a substantially tensionless state, are con 
veyed on the moving surface for cooling to set the 
crimp in the filaments, and the cooled filaments are fi 
nally taken up from the moving surface for packaging 
in any conventional manner. 
Suitable moving surfaces have multiple perforations 

or indentations which serve to separate the crimped fil 
aments from the heated fluid. The moving surface for 
removing the filaments from the heated fluid may be 
embodied in a drum, disc, belt or similar member hav 
ing a sieve or screen or slotted surface to receive the 
filaments. The moving surface is used to convey the fil 
aments away from the heated stream to a separate posi 
tion where the filaments are removed from the surface. 
The crimp developed in the fibrous structure is set on 

the moving surface before appreciable tension is ap 
plied in taking up the structure from the surface. Set 
ting by cooling, or removal of plasticizing solvent can 
be accomplished by providing a sufficient length and/or 
time of passage on the moving surface after leaving the 
heated fluid stream, or with such auxiliary means as a 
stream of cooling or drying fluid, cooling of the forami 
nous surface, or otherwise refrigerating or quenching, 
or evaporating or extracting solvent, to accelerate set 
ting of the crimp. 
The process is suitable for producing unusually desir 

able crimped yarn at exceptionally high speeds. Yarn 
is readily processed at feed rates of 3,000 or more yards 
per minute. As will be illustrated subsequently in this 
specification, the process also provides important ad 
vantages at the much lower feed rates which have been 
used previously for bulking yarn. The forwarding ac 
tion of the texturing stream is adjusted relative to the 
feed rate to provide for the desired amount of crimp 
ing. Pressures of 10 to 500 pounds per square inch 
gauge (psig) are generally suitable, depending upon 
the feed rate and, of course, the nozzle design, material 
processed, denier per filament and total yarn denier. 
Feed rates of 12 to 100 percent greater than the take 
up speed of the crimped yarn, after setting on the mov 
ing surface, are most useful. 
The invention and the manner of carrying it out will 

be more clearly understood by reference to the draw 
ings, in which, 
FIG. 1 is a schematic perspective view of apparatus 

suitable for practicing the process of this invention, 
FIG. 2 is a schematic perspective view of a variation 

of this equipment suitable for stretching the yarn and 
bulking it in successive steps without intermediate 
packaging, 
FIG. 3 is a schematic perspective view of similar 

equipment adapted to spinning, drawing and bulking in 
successive steps without intermediate handling or 
packaging, 
FIGS. 4 throuh 6 illustrate various jet devices useful 

in the process of this invention. 
In FIG. 1, the moving threadline of yarn to be treated 

31 is passed through guide 32, between feed rolls 33 
and 34, over guide 35, through fluid jet 36, is received 
on moving screen 37, and is conveyed through a stream 
of cooling fluid from nozzle 38 to set the crimp. The 
moving screen is shown in the form of a horizontal disc 
supported on a rotating shaft 39. A screen in the form 
of a moving belt or revolving cylinder can obviously be 
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used instead of the disc shown. Also, the jet can dis 
charge horizontally onto a vertical moving screen, in 
stead of downwardly as shown, or at any other conve 
nient angle. One or both of the feed rolls 33 and 34 can 
be heated to pre-plasticize the yarn or any conventional 5 
heating means can be used, e.g., by passing the yarn 
over a heated metal shoe. The treated yarn is subse 
quently removed from the screen, passing through 
guide 40 directly to guide 43 or being forwarded by 
rolls 41 and 42. Traverse guide 44 may be used to dis 
tribute the bulky yarn on package 46 driven by roll 45. 
FIG. 2 shows undrawn yarn 51 passing continuously 

between feed rolls 52 and 53 around pin 54 to draw roll 
55 having cylindrical surface 56. Several wraps of yarn 
are placed about surface 56 and idler roll 57. The yarn 
is then passed continuously through guide 58 to jet 59 
and crimp set on screen-surfaced drum 60. The drum 
is rotated on shaft 61 to carry the bulked yarn away 
from the jet stream, and the yarn is withdrawn from the 
drum at a subsequent position in its rotation by take-off 
rolls 62 and 63. From the take-off rolls the bulky yarn 
is passed continuously through traverse guide 64 to 
package 65 driven by roll 66. The screen-surfaced 
drum is provided with means, including exhaust port 67 
and ductwork 68, for removing fluid from within the 
drum by exhaust apparatus (not shown). This is ar 
ranged to withdraw the heated fluid discharged by the 
jet 59, and to provide a stream of cooling fluid through 
which the yarn is conveyed prior to removal by the 
take-off rolls. 

In Flo. 3, filaments 70 from spinneret 71, quenched 
asymmetrically by cold fluid directed to the face of the 
spinneret by fluid nozzle 72, are converged at guide 73 
and passed around a pair of rolls 74. The yarn passes 
around draw-pin 75 and is continuously drawn by 
wraps around a pair of rolls 76 moving at higher speed. 
The yarn is fed through guides 78 and 79 and jet 80, 
where a jet stream of heated fluid acts to separate, 
crimp and forward the filaments onto screen-surfaced 
drum 82. The filaments are conveyed under a stream 
of cooling fluid from nozzle 83 to set the crimp, and the 
cooled filaments are then taken off of the screen 
surfaced drum around guide roll 84 by rolls 85 and 86 
and wound up. 

FIG. 4 is a jet suitable for the practice of this inven 
tion, consisting of body member 95, orifice member 96, 
held in place by clamp 97, and screw 98. The passage 
through orifice member 96 consists of cylindrical open 
ing 100, connecting with concentric cylindrical open 
ing 101, and outwardly tapered opening 99, character 
ized by the angle o. Yarn tube member 102, supporting 
hollow needle 103, in hole 104, with cutaway section 
giving a lip 105, is supported in body member 95, in an 
adjustable fashion by screw tighted in tapped hole 106. 
The compressible fluid is applied to the nozzle at 107 
and the yarn is fed to needle member through hole 108. 
FIG. 5 is another jet consisting of body member 110, 

and yarn guide member 111, with perforated disc 112 
and fluid entrance 1 13. Yarn is fed to this nozzle 
through opening 114. 
FIG. 6 is a similar jet consisting of body member 115, 

yarn guide 116 and orifice 117. Compressible fluid en 
ters the body member through opening 1 18 and the 
yarn enters through opening 119. The nipple of yarn 
guide 116 extends into the entrance of venturi-shaped 
orifice 117 and is slightly off-center with respect to the 
orifice axis. 
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4 
In the preferred process of this invention, filaments 

and yarns meeting the stated objects are provided by a 
process in which a stream of a compressible fluid at a 
temperature above the second order transition temper 
ature of the polymer of which the filament is made, and 
preferably at least about 300F., is vigorously jetted to 
form a turbulent plasticizing region which will maintain 
the yarn temperature above the “cold point' as de 
scribed more fully hereinafter and below the melting 
point of the yarn. The yarn or other strand of filaments 
to be treated is positively fed at a rate greater than the 
yarn take-up speed into the fluid plasticizing stream so 
that the yarn is supported by it and individual filaments 
are separated from each other and crimped individually 
while whipping about in the hot turbulent plasticizing 
region and are then removed from the fluid stream by 
a screen or other foraminous surface where they are 
rapidly cooled while being maintained at low tension to 
set the convolutions. During the jetting treatment, fila 
ment shrinkage occurs because of the heat transmitted 
to the fibers. The process elements such as tempera 
ture, pressure, fluid flow, yarn speed, tension, and 
windup speed are adjusted so as to give a final yarn de 
nier (measured in relaxed form after hot-wet relax 
ation) at least 30 percent greater than the feed yarn de 
nier. 
The crimped filaments are conveyed on the screen 

from the plasticizing zone toward take-up rolls. The fil 
aments are cooled on this screen before reaching the 
take-up rolls to prevent further plastic flow and to in 
sure retention of the crimp while maintaining the yarn 
in a substantially relaxed and tensionless condition. 
After cooling, the yarn may be tensioned to remove any 
fiber loops, eliminate any packing of filaments and to 
improve the bulking characteristics of the yarn. Ten 
sioning is desirable also for forming a suitable package 
of any windup device. Tension applied in taking up the 
yarn from the screen or in winding the yarn on a pack 
age appears to cause some temporary removal of fiber 
crimp, but this crimp is subsequently recovered when 
the yarn is relaxed and boiled-off. Stable crunodal 
loops are avoided or at least kept to a minimum by con 
trol of the process conditions since such entangled 
loops prevent maximum bulk from being obtained in 
the yarns. The crimped yarn, of course, may be cut into 
staple after removal from the screen. This process, 
therefore, provides a highly productive way of crimping 
tow which is to be used in staple products. This process 
may also be used for setting dyes in the yarn. A yarn 
padded with dyes may be either treated with a turbu 
lent fluid to set the dyes in the fiber by diffusion 
through the fiber or it may be treated with a turbulent 
fluid to simultaneously bulk the yarn and set the dyes. 

All commercial procedures for manufacturing syn 
thetic fibers inadvertently subject a portion of the yarn 
or certain segments of a portion of the yarn and fila 
ments to plucks or other stresses as, for example, when 
processing with fluids or passing over guides, which 
causes these yarns or segments to dye at a different rate 
and/or to a different depth relative to the bulk of the 
yarn. The dynamic relaxation employed in this inven 
tion eliminates most of the non-uniformities in struc 
ture caused by these plucks and stress and thus the 
treated yarns have much more uniform dyeability along 
and across the bundle than can be obtained by non 
turbulent radiant heating or by contact with heated me 
chanical surfaces. The yarns prepared by the process of 
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this invention therefore have better dyeing uniformity 
than bulk yarns prepared by the twist heat-set method, 
by stuffer-box crimping, or by other processes known 
in the art. 
The products of this invention assume a three 

dimensional, non-helical, random, curvilinear configu 
ration. The crimp is permanent to normal fiber process 
ing conditions and will persist in filaments taken from 
the yarn bundle. On exposure to hot water, marked in 
creases in crimp amplitude and frequency are obtained. 
The useful products of this invention have a crimp level 
in excess of 5 per inch, and preferably above 10 per 
inch. They may even be as high as 70 or 80 crimps per 
inch. 
While the preferred form of material is continuous 

filaments, the process and resultant improvements 
occur with staple yarns as well. Both types of materials 
can be made into bulky yarns and fabrics having im 
proved bulk, covering power (opacity) and hand. 
This process is useful for both monofilament and 

multifilament yarns in textile deniers as well as the 
heavier carpet and industrial yarn sizes either singly or 
combined in the form of a heavy tow. Fine count and 
heavy count staple yarns can be processed both as sin 
gles and plied. The process and product are also not re 
stricted in the case of the synthetic materials to any one 
particular type of filament cross section. Cruciform, Y 
shaped, delta-shaped, ribbon, and dumbbell and other 
such filamentary cross sections can be processed at 
least as well as round filaments and usually contribute 
still more bulk than is obtained with round filaments, 
For good bulking action the heated fluid should be 

jetted at a velocity of at least one-half sonic velocity. 
To achieve maximum bulking or crimping it is desirable 
that the tension of the yarn subject to the jetted fluid 
medium be maintained below about 0.2 gm/denier. 
Preferably yarn tension during the bulking is main 
tained between about 0.0001 and about 0.01 
gm./denier. For the most efficient bulking action at the 
highest degrees of bulk and highest throughput of yarn, 
tension of the yarn should be maintained between 
about 0.0005 and about 0.005 gm./denier. This low 
tension in the yarn is regulated by controlling the yarn 
feed rate and the degree of forwarding action of the 
fluid plasticizing medium. This forwarding action de 
pends in part on the distance the yarn travels in the 
fluid. In high speed operation, it is desirable that the 
yarn be removed from the jetted stream within 2 inches 
after issuing from the jet, and preferably within 4 inch 
of the outlet of the jet orifice. 
Yarn feed speed can be varied over a considerable 

range depending on the material, temperature, denier, 
degree of bulking, tension and other variables. For eco 
nomic reasons (productivity/position) the feed rate 
should be at least 30 ypm although slower speeds may 
be used for specific items, special effects or very large 
denier tows. Feed rates can run as high as 3000 ypm 
and higher. 
The temperature of the heating fluid must be high 

enough so that either alone or in combination with 
some auxiliary plasticizing component, e.g., water, ace 
tone or other solvent, it will soften or plasticize the fila 
mentary material passing through the heating area. The 
optimum temperature, of course, varies depending 
upon the material being treated, the form of the mate 
rial being treated, i.e., staple or continuous filament, 
the denier or yarn size, the rate of throughput, the de 
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6 
gree of turbulence and/or pressure of the treating fluid, 
the design of the treating chamber, and the degree of 
crimping desired. The temperature can range as high as 
700°F. or more and a preferred range is 400-600°F. 
The controlling factors are the characteristics of the 
material being treated and the temperature actually 
reached by the filamentary material during treatment. 
The yarn temperature during the crimping operation 
should exceed the second order transition temperature 
to insure permanence of crimp. The true upper limit, 
of course, is the temperature at which objectionable 
melting and/or chemical degradation of a given yarn 
takes place. 
The crimped yarns are cooled after treatment in the 

hot plasticizing fluid and prior to any further operation 
that imposes tension on the yarn bundle. This quench 
ing, cooling, or freezing operation locks in the three 
dimensional, random, curvilinear configuration im 
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posed on the various filamentary elements by the hot 
turbulent fluid. This quenching operation should pref 
erably cool the yarn below the second order transition 
temperature, T. After cooling, the yarn can be sub 
jected to normal processing tensions and wound into 
any of the conventional yarn packages. This quenching 
operation can be carried out after the yarn has been re 
moved from the foraminous surface by piddling into a 
sliver can or onto a moving belt but from an economic 
viewpoint it is preferred to cool the yarn on this sur 
face, e.g., screen, as an integral element of the over-all 
crimping or bulking process, if desired, by use of a posi 
tive cooling operation as the yarn is conveyed on the 
foraminous surface to the take-up roll. The important 
factor is that cooling is effected prior to imposing any 
substantial tension on the hot plastic crimped filamen 
tary material. 
Adequate cooling of the yarn on the foraminous sur 

face can be achieved by passage across a chilled plate 
or roll. Passage of the yarn through a suitable liquid 
bath will also cool the yarn adequately. The preferred 
embodiment, however, is the use of a flow of a cooling 
fluid, preferably a gas. This can be in the form of a jet 
that impinges the gas on the yarn bundle. The cooling 
jet may be at room temperature or even refrigerated. 
The yarn feed should be adjusted so that the tension 

in the processing zone is extremely low as indicated 
previously. The overfeed rate can be as high as 250 per 
cent or higher but for most yarns this value is from 10 
to 100 percent, above 30 percent being preferable for 
many polymers. 
The feed pressure of the hot plasticizing fluid will de 

pend on the degree of turbulence desired, feed speed, 
yarn denier, material being processed, design of jet and 
the like. Pressures in the range of 10 psig. to 500 psig. 
are useful while the preferred range is from 40-100 
psig. Normally, economics will dictate that the opti 
mum pressure is the lowest that still gives the desired 
degree of crimping. 

It is preferred that continuous filament feed yarn 
contain little or no twist. The twist level should be 
below 2.0 tpi, and preferably below 1.0 tpi. Yarns of 
higher twist levels can obviously be processed, how 
ever, the tendency is for the formation of stable loops 
and filament intertangling at the expense of bulk and 
extensibility of the yarn bundle - thus the yarn bun 
dles become increasingly compact as the twist level 
rises. Obviously, the twist level of the feed yarn must be 
much higher if staple yarns are processed. The discon 
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tinuous nature of the fibers seems to minimize the for 
mation of an objectionable degree of filament looping 
and yarn bundle compacting. 
The process is well adapted for using a number of 

ends of yarn in the same jet. Thus, it is possible to pass 
two to five or more ends through a single jet at the same 
time. The resulting yarn may have the ends well 
blended or it may have bulked ends which will be dis 
tinctly separate and independently windable depending 
on the processing conditions. Two or more yarns may 
also be treated using different tensions or feed rates so 
as to produce a tension-stable bulky yarn with extensi 
bility confined to that of the shorter member. Likewise, 
two different types of yarn such as nylon and rayon may 
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8 
ter of 1.008 inches. A round stainless steel piston of 
l,000 inch diameter is then lowered slowly into the cyl 
inder to compress the yarn and finally to exert a pres 
sure of 3.1 lbs./sq.in. on the top of the yarn sample. 
After maintaining this pressure for 100 seconds, the 
volume of the compressed yarn is determined. The vol 
ume in cubic centimeters divided by the weight of the 
yarn in grams is the specific volume (cc./g.). This mea 
surement is always made with a load of 3.1 lbs./sq.in. 
on the yarn. The specific volume of yarn prepared by 
this process is much greater than the specific volume of 
yarns prepared by other crimping processes such as 
stuffer-box crimping, false twist-heat set, or knife-edge 
crimping. The specific volume of yarns prepared by this 

be passed through the jet. The differential shrinkage 15 process ranges from 7 to 4 cc./g. Yarns from other 
and heat-setting of the two types of yarn provides many bulking processes, on the other hand, usually have spe 
interesting effects which are desirable for aesthetic rea- cific volumes from 3 to 7 cc./g. 
sons in textile materials. The following examples are given by way of illustra 
The process of this invention can produce a gross in- tion and not limitation. It is to be understood that while 

crease in the bulk of the filamentary structures. The 20 they illustrate the use of certain synthetic polymeric 
comparison of the starting denier to the final denier is yarns having certain cross sections these may be substi 
a crude indication of the bulk increase. However, a bet- tuted by any other polymeric yarn or filament herein 
termeasure of bulk can be obtained by determining the disclosed having any cross section such as circular, 
volume fo a definite weight of yarn while under pres- 25 square, rectangular, flat, star-shaped, or those having 
sure. This measurement of bulk under compressional three or more cusps and similar shapes. Likewise the 
loads is useful for estimating the bulk which a yarn will denier, speed, temperature, screen speed and other 
have when fabricated into carpet or other fabrics. It considerations may vary widely within the limits given 
correlates very well, for example, with subjective im- above. 
pressions obtained by feeling a carpet with the fingers. 30 EXAMPLE I 
For the purpose of this invention bulk is, therefore, - - - 
measured under a pressure of 3.1 lbs./sq.in. The Yarns of various denier and polymer composition are 
crimped yarn samples are measured in the untwisted bulked with the apparatus illustrated in FIG. 1. The 
state, that is, with less than one turn per inch in the yarn is passed over a feed roll at various feed speeds as 
gross yarn. Before testing, the untwisted yarn is given 35 recorded in Table I just before entering the jet. As the 
a hot wet relaxed treatment to develop maximum bulk yarn emerges from the jet, it impinges on a moving 
and is then dried and conditioned at 70°F. and 65 per- screen. The screen speed is also shown in Table I. As 
cent relative humidity. Weighed samples of exactly 2.0 the yarn moves away from the jet on the moving screen, 
g. are then cut into one-half to three-fourths inch it is cooled to set the crimp. After the yarn is set ade 
pieces. The cut pieces are then dropped at random into 40 quately it is passed between the take-up rolls and then 
a hollow stainless steel cylinder having an inside diame- to a suitable windup. 

m -- a -m - - - - - - - - - -m-m- V ---------- a a a r sy. - - - - r m r - TT TABLE I m m --Yo - Y mm 

Examples A. B C D E F 

Polymer-------------------------------------- 66'--------- 6-6--------- 2GTIS12 2C-TIS 2 HPXGT 3- 6 Nylon. 
(98.02). (9651.035). 

Denier------------- 70 70. 150 2,100. 
Number flaments 50 - 50. 12. 
Twist. O 0. 
Luster- Semidul Semidull Bright. 
Cross section Trilobal Trilobal..... Trilobal..... Trilobal.... Round- Round. 
Tenacity (gld.)------------------- --- 4.9---------- 6.2---------- 3.2---------- 2,3---------- 3.2----- 
Break elongation (percent).-------- 
Initial modulus (g.7d.)---------- 
Dyeing rate (percent/10min.). 
Long period (A).------------------------------ 75. So........ 6-III. ::::::::::::::::::: 
Processing conditions: 

Feed speed (y.p.m.).---------------------- l,000-------- 566---------- 1,000 
Steam temperature (F.).---- 
Steam pressure (p.S.i.g.) 
Screen speed (y.p.m.) 
Percent overfeed----- 

Bulked Yarn (Boiled Off) 
Buked denier (BYD).-------- 
Tensioned denier (TYID).---------- 
Crimp elongation (YCE) percent 
Crimps per inch------------------ Tenacity (g.fd.)--------------- 
Break elongation (percent).-------- 
Initial modulus (gp.d.).----------- 
Dyeing rate (percent,0min.).--- 
Specific volume (cm.8/g.).--- 
Long period (A)--------------------- 
16-6 is poly(hexamethylene adipamide). 

556. 556.----- 

22GTIS1 is a copolymer of polyethylene sulfisophthalate) with the molfraction of the respective constituents being indicated 
in parenthesis. 

3 HPXGT is a 66.34 transfois mixture of isomers of 1,4-bis (hydroxymethyl)cyclohexane and terephthalic acid. 
4 6-Nylon is poly(epsilon caproamide). 
Acid dyeing rate. 
Basic dyeing rate. 
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EXAMPLE II 

A fiber of a polymer of acrylonitrile having 93.65 
percent by weight acrylonitrile, 5.98% methylacrylate, 
and 0.37% styrene sulfonic acid is bulked by discharg 
ing onto a moving belt. The feed is 900 denier, 80 fila 
ment, 0.3 Z twist, semidull yarn with dogbone-shaped 
cross section filaments. The yarn is processed using the 
general conditions described in Example I. The steam 
temperature in the jet is 510F. and 75 psig. The yarn 
passes to the jet at 500 ypm. and impinges on the mov 
ing screen as it emerges from the jet. The yarn is car 
ried along on the screen at 30 ypm, for about 24 inches 
during which it is cooled and crimp set. Then the yarn 
is continuously removed from the screen and passes 
over the takeup roll at 305 ypm. Thus, the overfeed is 
about 61 percent. Finally, the yarn is collected by pid 
dling. The product is a very bulky yarn having a bulked 
denier of 1848, a yarn crimp elongation of 48%, a ten 
isioned yard denier (at 0.1 gld) of 1248, and having 11 
crimps/inch in the filaments. The boiled-off filaments 
from the bulked yarn had a tenacity of 2.7 g/d, 33% 
elongation at break, and an initial modulus of 35 g/d. 
(Feed yarn properties are 3.1 g/d tenacity, 34% elonga 
tion, and 33 g/d initial modulus.) Using the cylinder 
bulk test (as described previously) the yarn bulk before 
boil-off is 13.2 cc/g and the yarn bulk after boil-off is 
10.8 cc/g. 

EXAMPLE III 

A yarn of poly(ethylene terephthalate) 70 denier?-50 
filaments (trilobal) is bulked with the apparatus illus 
trated in FIG. 1. Processing conditions are 550 ypm. 
yarn feed speed, 550°F. steam at 50 psig, 45 ypm. 
screen speed, and 50 percent total overfeed. The 
bulked yarn has a tensioned (0.1 gpd.) denier of 117.1, 
a force to break of 227 g. at a breaking elongation of 
76 percent. Specimens of the feed and the bulked yarn 
are dyed at 208F. in a 4% Latyl Blue 4R bath with no 
carrier. Dye absorption at 120 Min. is 9.3 percent for 
the feed yarn and 76.0 percent for the bulked yarn or 
about a 295 percent increase in dye rate as a result of 
the bulking process, 

EXAMPLE IV 

A series of yarns are made by bulking with the appa 
ratus of FIG. 1 at various steam temperatures to illus 
trate the effect of temperature on resulting yarn bulk. 
The yarn has an initial denier of 70 and contains 50 fila 
ments of trilobal cross section made from a basic 
dyeable poly-(ethylene terephthalate) copolymer hav 
ing 2.0 molper cent of the sodium salt of poly(ethylene 
sulfisophthalate). The zero twist feed yarn is fed to the 
jet illustrated in FIG. 5 at 1000 ypm using 50 psig su 
perheated steam at temperatures varying from 500F. 
by the deviation shown in the following table. Screen 
speed is maintained at 45 ypm and windup tension at 
7 grams. Bulked yarns of various deniers, strengths, and 
specific volumes (bulk) are obtained as shown in the 
following table. The bulk is determined under pressure 
as described previously. 
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TABLE II 

Steam Temperature vs. Bulked 
Yarn Properties 

Temp. Deviation Bulked Yarn Break Bik 
(°F. from 500F.) Denier Strength (Gms.) (cc/Gm.) 

() 3() 05 80 
-5 24 35 8.0 
O 20 60 8.5 
- 5 8 75 8.5 
- 10 3 185 90 
-15 09 92 9.0 
-20 06 200 95 
-25 3 200 9.5 
-30 99 20 0.0 

Control Yarn 7() 235 5.5 

EXAMPLE V 

It is possible to hulk yarn at very high rates of yarn 
feed. For example, feed yarn as described in Example 
IV, is melt-spun, drawn 4X and bulked in one continu 
ous operation without any intermediate packaging, as 
illustrated schematically in FIG. 3. The screen consists 
of a cylinder of 30-mesh brazed stainless steel wire 
wherein the wire diameter from 0.01 12 to 0.015 inch. 
Yarn feed speed is maintained at 2750 ypm., and over 
feed is varied from 45 to 100 percent while steam tem 
perature is varied from 480 to 545°F. at 50 to 75 psig. 
Screen speed is also varied rom 50 to 150 ypm. Bulked 
yarn specimens are produced with a range of properties 
resulting from this range of processing conditions. 
Ranges in yarn properties for these specimens are 
shown in the following table along with similar data for 
the unbulked feed yarn. 

TABLE III 

Properties of Bulked and Feed 
Yarns 

Feed Yarnsulked Yarn 
Breaking Strength (gpd) 2.8 1.5 - 2.2 
Breaking Elongation (%) 30 50 - 100 
denier 70 100 - 230 
Yarn Specific Volume * 0.6 3.2 - 4.1 
Dye Rate" * 8 18 - 20 

* Yarn wound under l-g. tension 
on a spool with a slot of known 
volume. The weight of yarn 
required to fill this slot is used to 
calculate bulk specific volume. 

** Yarn is dyed with latyl Blue SG 
dye and per cent of dye on yarn 
at 5, 30 and 45 min, calculated 
from dye concentrations of 
samples of dye solutions drawn 
off at these times. Dye rate is 
given by the average of the 
following factors for the three 
time intervals: 

Dye on fiberX100 
VTime 

EXAMPLE VI 

In a process similar to Example I, a jet as disclosed 
in FIG. 1 of Hallden and Murenbeeld U.S. Pat. No. 
3,005,251, issued Oct. 24, 1961, is used to impinge 
yarn on a slotted stainless steel drum (1 ft. diameter). 
The surface speed of the drum is 40 ypm. Two-yarn 
feed speed systems are used to meter a core yarn and 
an effect yarn to the bulking jet. The core yarn is 210 
denier, 102-filament poly(hexamethylene adipamide) 
and is fed to the jet at 200 ypm. The effect yarn is 1800 
denier, 96-filament cellulose acetate at a feed rate of 
700 ypm. Steam temperature is 380F. at 70 psig. The 
resultant core yarn is stable because of the nylon core 
and bulky because of the acetate effect yarn. This yarn 
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has the characteristics and utility of a chenile yarn. 
Interesting variations can be obtained by using the 

techniques disclosed in U.S. Pat. No. 2,869,967, 
whereby some filaments can be broken or staple yarns 
can be processed to give different visual and tactile 
properties. 

EXAMPLE WI 

One end of 1080-denier, 68-filament yarn of poly(- 
hexamethylene adipamide) is prebulked by the method 
of Example I. This yarn is combined with two ends of 
1000-denier, 70-filament yarn of polypropylene as they 
are introduced into a jet and bulked by the method of 
Example I. The process uses saturated steam at 307F., 
60 psig, and the yarn feed speed is 140 ypm. The 
blended yarns are impinged on a 30-mesh, stainless 
steel screen with a surface speed of 70 ypm. 
The yarns are blended and all of the component fila 

ments exhibit the typical random twist and curvilinear 
crimp. 

EXAMPLE VIII 
A sheath core yarn prepared by the process of Exam 

ple I of U.S. Pat. No. 2,931,091, to A. L. Breen is 
crimped under the processing conditions described in 
Example IB of Table I. The differential shrinkage con 
ditions of the two-component eccentric sheath core fil 
aments accentuate the crimping effect of the subject 
process and result in an unusually high bulk, with the 
filaments crimped in the characteristic three 
dimensional nonhelical random curvilinear configura 
tion. The bulk is appreciably greater than would be ob 
tained using normal fibers wherein the filaments are of 
a single polymeric component. 
We claim: 
1. In a process for crimping yarn of plasticizable fila 

ments with compressible fluid heated to a temperature 
which will plasticize the filaments and jetted as high ve 
locity stream from an orifice, wherein thermoplastic 
filaments are continuously forwarded by the heated 
fluid while the filaments are in a plasticized condition 
and then impinged in the jetted stream on a moving 
screen to remove the filaments from the heated fluid 
for cooling on the moving screen, and the cooled fila 
ments are finally taken up from the moving screen; the 
improvement for uniform treatment when processing 
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yarn at feed rates of about 2,750 or more yards per 
minute, which comprises removing the yarn filaments 
from the jetted stream on the screen within 2 inches of 
the outlet of the jet orifice to maintain low yarn ten 
sion, and taking the cooled filaments off of the screen 
around a guide roll at a uniform position in the screen 
travel which provides a sufficient length of passage on 
the moving screen for setting of the crimp. 

2. A process as defined in claim 1 wherein the fila 
ments are conveyed on the moving screen through a 
stream of cooling fluid to set crimp in the filaments. 

3. A process as defined in claim 1 wherein said fila 
ments are melt-spun, drawn and crimped in one contin 
uous operation. 

4. A process as defined in claim 1 wherein tension on 
the yarn entering the jetted stream of heated fluid is 
maintained below 0.2 gram per denier. 

5. A process as defined in claim 1 wherein the yarn 
filaments are removed from the jetted stream within 
112 inch of the outlet of the jet orifice. 
6. A process as defined in claim 1 wherein the yarn 

is impinged perpendicularly on the moving screen. 
7. In an apparatus for crimping yarn of plasticizable 

filaments by forwarding the filaments in a high velocity 
stream of compressible fluid heated to a temperature 
which will plasticize the filaments and receiving the fil 
aments on a moving surface for cooling, comprising jet 
means for jetting a high velocity stream of heated fluid, 
yarn conveyor means including a moving screen in the 
path of the jetted fluid for passage of fluid there 
through, and yarn feeding means for continuously for 
warding yarn in the jetted fluid to impinge with high ve 
locity fluid on said moving screen; the improvement for 
uniform yarn treatment when processing yarn at feed 
rates of about 2,750 or more yards per minute, wherein 
said conveyor means comprises a moving screen posi 
tioned to remove the yarn from the jetted stream within 
2 inches after issuing from said jet device and a guide 
roll mounted against the screen at a subsequent posi 
tion for taking yarn off of the moving screen around the 
roll. 

8. Apparatus as defined in claim 7 wherein said con 
veyor means comprises a screen surfaced drum. 

9. Apparatus as defined in claim 7 which includes a 
fluid for cooling yarn on said conveyor means. 

k k 


