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This invention relates to novel yarns and fabrics. 
More particularly, it relates to improved twisted paper 
yarns and to soft, drapable fabrics therefrom. 

Twisted paper yarns are well known in the art. They 
are generally made from bleached or unbleached kraft 
paper, which is wound into large rolls, and slit into strips 
ranging 4 to 14 inches in width. The strips or rib 
bons are then wound onto large spools and finally twist 
ed to convert them to yarn. The yarns, optionally im 
pregnated with various wet strength resins or reinforced 
with continuous filaments or wire, find use in Such ap 
plications as package strapping and tying twine. Among 
the other known uses for twisted paper products are auto 
mobile seat covers, fiber rugs, upholstery and luggage, 
chair coverings, baskets, bagging, and rug backings. Be 
cause of their inherent paper-like characteristics twisted 
paper products have been restricted to those uses where 
it is not essential to have the degree of softness and drape, 
which is normally associated with cloth. Thus, the stiff 
ness and relative coarseness of twisted paper yarns, com 
bined with their poor abrasion resistance, tear strength, 
and cleanability, make them unacceptable for use in ap 
parel from an aesthetic as well as a practical standpoint. 

It is an object of this invention to provide improved 
twisted paper yarns. It is a further object of this inven 
tion to provide twisted paper yarns which are eminently 
suitable for use in apparel. It is a still further object 
of this invention to provide a high bulk, high covering 
power, low-basis weight twisted paper yarn. It is a still 
further object of this invention to provide tough, twisted 
paper yarn fabrics of high wet strength having a unique 
combination of softness, limpness, and conformability. 
The objects of this invention are accomplished by pre 

paring a lightweight paper from a mixture of fibrids and 
synthetic fiber stable. Paper-making techniques are used 
to prepare a waterleaf of the fibrids and staple and the 
fibrids in said waterleaf are fused in the absence of pres 
sure to effect bonding. The resulting paper is cut into 
narrow strips and twisted to convert the strips into yarns. 
The yarns obtained are soft and bulky and can be suc 
cessfully woven or knitted into fabrics by conventional 
methods. The fabrics obtained have a unique combina 
tion of softness, limpness and conformability. 
By "lightweight' is meant a paper having a basis weight 

of less than about 1 oz./yd., preferably between about 
0.2 and 0.6 oz./yd.2. The use of fibrids as binder per 
mits the production of very lightweight papers having 
sufficient strength to be successfully processed into yarns. 
These papers are very thin to the point that it is possi 
ble to see through them. Their thickness can vary from 
as low as 1.5 mils or less for a 0.2 oz./yd. fused paper 
to about 5 mils or slightly greater for a 0.6 oz./yd. fused 
paper. In contrast, the twisted paper yarns obtained 
from them have a high degree of bulk and covering power. 

Fibrids and their preparation are described in U.S. 
Patent No. 2,999,788 to Morgan. For the purposes of 
this invention the fibrids may be composed of any of the 
various polymers disclosed in said patent and prepared 
by any of the procedures mentioned therein. 
The staple fibers may be derived from any wholly 

synthetic, polymeric material. Suitable well known poly 
meric materials are polyamides, such as polyhexamethyl 
ene adipamide, polyesters such as polyethylene tereph 
thalate, and acrylonitrile polymers and copolymers. The 
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staple fibers may also be blended with staple fibers of 
other man-made polymeric materials, such as rayon or 
cellulose acetate, or with naturally occurring staple fibers, 
such as cotton. The staple fibers may vary in denier 
from about 0.5 to about 10 and in length from about 78 
to about 1 inch. 
Due to the morphology of the fibrid, its drainage char 

acteristics from aqueous suspensions (as expressed in 
freeness numbers), and the tenacity of waterleaves 
formed from liquid suspensions, such suspensions are 
useful for the making of sheet-like products, i.e., a syn 
thetic paper, by paper-making techniques. 

in order to obtain yarns and fabrics having the desired 
aesthetic properties, it is essential to start with a fibrid/ 
staple fiber paper, which has been fusion-bonded in the 
absence of pressure. If such papers are calendered, i.e., 
fused under pressure, the resulting yarns and fabrics are 
stiff and coarse. Thus, in the production of these pa 
pers, any calendering step is omitted. 
The papers may be prepared using the paper-making 

process and machinery described in the aforementioned 
patent to Morgan. Thus, a slurry of fibrids is fed through 
a beater to a stock tank where a slurry of staple fiber 
in the desired amount is added. The resulting fluid mass 
is agitated to provide uniform dispersion of solids and 
the amount of liquid present is adjusted. The dispersion 
is fed to the Fourdrinier wherein the waterleaf is laid 
down. The waterleaf is then pressed and dried without 
calendering. 

Fusion-bonding is accomplished by subjecting the dried 
sheet to a temperature above the melting temperature 
of the fibrids and below the melting point of the staple 
fibers. Suitably, fusion-bonding is accomplished by ex 
posing the dried sheet to a hot gas, such as air or gas 
eous products of combustion or by contacting the sheet 
with a hot surface. The equipment used must be capa 
ble of bringing the sheet up to the required temperature 
in a controlled and uniform manner in such a way as to 
allow the sheet to shrink. Two pieces of equipment 
which are satisfactory are the textile pin tenter frame 
and the National Heat-Set Machine (product of National 
Drying Machinery Company, Philadelphia, Pa.). Op 
tionally, fusion-bonding may be accomplished in con 
junction with paper-making, immediately after passage 
over the drier rolls. 

Fusion temperatures will, of course, be determined by 
the melting points of the fibrous components in the sheet 
Structure. In general, fusion temperature is desirably at 
least 30° C. below the melting temperature of the poly 
mer used in the preparation of the staple fiber component. 
Form any composite sheets containing polyamide, poly 
ester, or acrylic polymer fibrids, fusion temperatures be 
tween 180° C. and 230° C. are preferred. 

Fusion-bonded papers suitable for preparing the yarns 
and fabrics of this invention contain at least about 5% 
by weight of fibrids. Preferred papers comprise from 
about 15% to about 60% by weight of fibrids and from 
about 85% to about 40% by weight of staple fibers. The 
paper may be described as a fused, uncalendered sheet 
of staple fibers bonded by physical entwinement with a 
plurality of fibrids. The fibrids in turn, may be defined 
as a plurality of Supple wholly synthetic polymeric par 
ticles having one dimension of minor magnitude relative 
to their largest dimension, a large surface area and a 
fiber coarseness denier no greater than about 15. They 
may be further characterized by an ability to form 
a Waterleaf having a couched wet tenacity of at least 
about 0.034 lb./in./oz./yd.? when a pulp of the said 
particles is deposited from a liquid suspension upon a 
foraminous surface, which waterleaf, when dried at a 
temperature below about 50° C., has a dry tenacity at 
least equal to its couched wet tenacity. 
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The yarns of this invention are made by slitting the 
fused papers into strips or ribbons and twisting the 
strips into yarns. The paper may be slit into strips rang 
ing from about A6 inch to about 14 inches in width 
depending on the desired yarn denier. Different denier 
yarns can be obtained by varying the basis weight of the 
paper used and/or the width to which the paper is slit. 
Thus a 1 oz./yd. paper, such as described in Example I 
below, can be slit into 4 inch strips and twisted into yarns 
having a denier of the order of 2000. By increasing the 
width of this strip to 14 inches, coarse yarns having a 
denier of about 10,000 can be obtained. Fine yarns 
having a denier of the order of 100 can be obtained by 
using 0.2 oz./yd. paper cut to A6 inch wide strips. Con 
ventional paper or film slitting equipment, utilizing multi 
ple knives or rotary discs, is suitable for slitting the fused, 
fibrid-bonded paper. 

Twisting may be done on a conventional ring down 
twister, preferably equipped with a spring-loaded, rubber 
idler roll to provide positive feed of the paper between the 20 
idler roll and the drive roll. In addition, the strip may 
be passed through a forming die or trumpet prior to 
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a 10% solution. This solution is injected at a tempera 
ture of 90° C. through a nozzle with an inside diameter 
of 4 inch at a rate of approximately 100 cc./min. close 
to the impeller of a stirrer operating at maximum speed 
and placed near the bottom of a two-gallon, baffled tank 
containing about one gallon of water. The fibrids pro 
duced are filtered and washed with water until free of 
solvent and precipitant. 
The fibrids obtained are blended with 4 inch, 1.5 de 

nier polyethylene terephthalate fibers to give a 70/30 
fiber/fibrid slurry. This slurry is continously deposited 
on an inclined wire Fourdrinier paper-making machine to 
produce a paper having a basis weight of 0.5 oz./yd.?. 
The paper is subjected to a fusing temperature of 220 
C. for 1 minute on a textile pin tenter frame. The fused 
paper is then slit into 4 inch wide strips. The untwisted 
strips have a denier of 986, a tenacity of 0.34 gram per 
denier, an elongation of 17.9% and an initial modulus of 
9.3 grams per denier. The strips are then twisted on a 
ring downtwister into yarns having 5-20 turns per inch 
Z twist. The properties of the twisted yarn are given 
on the table below: 

Turnsfinch Z Twist Properties 

Denier----------- 8 y 
Tenacity (g.p.d.).-- . 52 l 
Elongation (percent).--------- 23.9 24.1 25.7 17.4 19 26.6 19.1 
Initial Modulus (g.p.d.).------ 8 9.1 8.96 14 10 9. 16 11.0 

the point of twist to insure formation of a round yarn with 
uniform twist and free of flat spots. The amount of 
twist imparted to the yarn may also be varied depending 
on the use for which the yarn is intended. Thus, for 
loosely woven, lightweight fabrics such as diffusion cloth, 
it is preferred to use slightly twisted yarns, i.e., yarns 
having up to about 5 turns per inch twist. In such uses, 
the yarns of this invention provide the added advantage of 
high covering powerfor a low-basis weight fabric. 

In the following examples the tensile properties of the 
yarns are measured on an Instron tester, using 10 inch 
sample lengths and elongating at 60% per minute (6 inch 
per minute crosshead speed). Measurements are made 
at 75 F. and 55% relative humidity. 

Initial modulus is determined by measuring the initial 
slope of the stress-strain curve. 
Toughness is determined by measuring the area under 

the stress-strain curve and then dividing this quantity by 
the yarn denier. 

Crease recovery is measured by the Monsanto crease 
recovery test according to the procedure described in 
MATM 6509-02, except that the sample width is deter 
mined by using the diameter of the twisted yarn. 
Wet strength is determined by TAPPI test T456.M49. 

EXAMPLE I 
An 80/20 ethylene terephthalate/ethylene isophthalate 

copolymer is added to N,N-dimethylformamide to produce 
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Properties 

Denier------------- 
Tenacity (g.p.d.). 
Elongation (percen 
Initial Modulus (g.p.d.).---------- 

The yarns obtained are soft, flexible, and bulky and can 
be knitted or woven into fabrics on conventional equip 
ment. 

One-fourth inch wide strips of the fibrid-bonded syn 
thetic fiber paper described in Example I are twisted into 
yarns having 7 turns per inch Z twist and woven into a 
plain weave fabric having 28 ends per inch in the warp 
and 22 ends per inch in the fill. The woven fabric is 
then subjected to a mild fulling treatment. The resulting 
fabric has a basis weight of 8.5 oz./yd.? and a thickness 
of 41 mils. The fabric has a tenacity of 5 lb./in./oz./yd.2, 
and 1.9 lb./in./oz./yd., and an elongation of 34% and 
26% in the warp and fill directions, respectively. The 
fabric has a soft, pleasant cashmere-like hand and is suit 
able for use in apparel. 

EXAMPLE II 

A fibrid/staple fiber paper having a basis weight of 0.45 
oZ./yd. and containing 65% by weight of 1.5 denier, 4 
inch poly (hexamethyleneadipamide) staple fiber and 35% 
by Weight of fibrids prepared by shear precipitation as in 
Example I from a 20/80 copolymer of poly (hexameth 
yleneadipamide) and a polycaproamide is prepared on an 
inclined wire Fourdrinier paper-making machine. The 
paper is fused, slit and twisted as described in Example 
I. Properties of the yarn are listed in the table below: 

Turnsfinch Z Twist 

0 5.5 6.7 7.9 11. 14.5 7.8 19.5 

840 848 807 828 877 901 825 846 
0.29 0.52i 0.545 0.553 O. 613 0.613 0.658 0.478 
7.5 20.6 22.2 25 26.6 29.9 26.5 13.3. 
3.8 4.04 4 3.5 3.9 3.68 4.48 4.94 

H-m-l. ...---------. 
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It is also possible to prepare low denier yarns having 
an increases tenacity by subjecting the twisted yarns to a 
hot-stretching operation. Equipment of the type com 
monly used for hot-stretching yarns, cords, and the like is 
Suitable for this operation. A multi-pass hot-stretching 
oven of the type shown in U.S. 2,807,863 may be used. 
Depending on the amount of stretch desired, the tempera 
ture and other conditions of stretching may be varied in 
accordance with common pratice well known to those 
skilled in the art. The temperature should be high enough 
to render the yarn sufficiently plastic to be deformed. 
In general, temperatures of 300 F. up to and slightly 
beyond the fusion temperature may be used. Yarns may 
be stretched up to as much as 100% of their original 
strength, if desired. Preferably, yarns are stretched 
in the order of 40-70% of their original length. The 
hot-stretching operation permits the production of high 
tenacity, fine yarns, which in general resemble worsted 
yarns. Preparation of a hot-stretched yarn is illustrated 
in the following example. 

EXAMPLE III 

The fibrid-bonded synthetic fiber paper described in 
Example II is cut into 4 inch wide strips and twisted 
into yarn having 7.4 turns per inch Z twist. The twisted 
yarn is then stretched in two Successive single passes 
through a hot-stretching oven Model C-300, sold by 
W. M. Steele Co., Worchester, Mass. The temperatures 
and conditions utilized in each pass are given in the table 
below: 

STRETCHING CONDITIONS 

Pass I Pass II 

Temperature (F.)------------------------ 325 350 
Draw Ratio------------ 11.22 1f1.33 
Yar) Speed (ft.fmin.)-- 25 43 
Stretch (percent)-------------------------- 2.3 33 

The percent stretch imparted to the yarn in the second 
pass is calculated on the yarn length after Pass I. After 
both passes, the total stretch imparted to the yarn, based 
on its original length, is 62%. The resulting yarn is more 
compact than the original yarn and is similar in appear 
ance to a worsted system yarn. Its denier is reduced by 
about one half, while its tenacity is nearly doubled. 
Properties of the yarn before and after the stretching are 
shown in the following table: 

YARN PROPERTIES 

Unstretched Pass I Pass II 

Denier--------------------- 90 657 485 
Tenacity (g.p.d.).--------- 0.58 0.84 0.95 
Elongation (percent) 22.7 9.6 4, 6 
Initial Modulus (g.p.d.).------------ 3.3 14.8 15.2 
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Fabrics having a cashmere-like hand can be produced 

from the yarns of this invention. In addition, these 
fabrics have a unique combination of softness, limpness, 
and conformability hitherto unattainable from spun or 
continuous filament yarns, as well as known paper yarns. 

It is also possible to prepare fabrics from blends of 
these yarns and, for example wool yarns. Such fabrics 
are soft and resilient and eminently suitable for use in 
outer apparel, such as suits, sport coats, and the like. 
The fabrics of this invention may be subjected to 

various chemical or mechanical finishing treatments to 
modify their hand, drape, or appearance. For example, 
the loft of these fabrics may be further increased by Sub 
jecting them to a felting or fulling operation. The fabrics 
may be subjected to dyeing, napping, shearing, Semi 
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6 
decating, calendering, embossing, or other finishing opera 
tions. They may be coated or laminated to other sub 
Strates. 
The fabrics, yarns, and/or the starting materials may 

be modified by incorporating various additives, such as 
dyes, fillers, sizes, plasticizers, etc. In some cases it 
may be desirable to incorporate the additives in the fibrids. 
This may be accomplished by adding the agent to the poly 
mer solution prior to fibrid formation. 

Twisted paper yarns prepared from fused, fibrid-bonded 
papers are softer and more bulky than known paper yarns. 
By reason of their aesthetic properties they can be con 
verted into fabrics, which more nearly resemble cloth than 
paper. In comparison with conventional kraft twisted 
paper yarn, the yarns of this invention are capable of 
elongating to a greater extent before breaking and have 
a significantly lower initial modulus. It is believed that 
these properties are indicative of the softness and flexibility 
of the yarns. In addition to their highly valuable aesthetic 
properties, the yarns of this invention, are tougher, more 
resilient, and have a greater wet strength than conventional 
paper yarns. These properties are important for apparel 
uses where durability and washability are vital consider 
ations. In the table below, the properties of yarns pre 
pared from a paper containing 80% by weight of 1.5 d.p.f., 
14 inch polyethylene terephthalate staple fibers and 20% 
by weight of fibrids prepared from an 80/20 ethylene 
terephthalate/ethylene isophthalate copolyester are com 
pared with those of a commercially available kraft paper 
yarn which has been treated with a melamine-formalde 
hyde resin to provide improved wet strength. 

Fibrid-Bonded Kraft 
Paper Paper 

Basis Weight (oz.fyd.)------------------- 0.75 
Strip Width (in.) 4. 3% -6 
Twist (turnsin.) 6. 7.8 3.5 
IDenier--------- 2, 143 4,700 3,212 
Tenacity (g.p.d.).-------------- 0.790 0.784 0.952 
Toughness (gm. infin.fdenier)------------ 0.140 0.195 0.06 
Elongation (percent)--------------------- 25.5 4.8 2.5 
Modulus (g.p.d.).---------- 13.8 7.5 40.8 
Crease Recovery (percent) 47 61 5 
Wet Strength (percent). 90 90 60 

In contrast to conventional paper yarns, the yarns and 
fabrics of this invention are suitable for uses which 
demand appealing aesthetic qualities coupled with tough 
ness, durability, and washability. They are eminently 
suitable for use in apparel and decorative fabrics. Thus, 
they may be used in suits, dresses, skirts, blouses, shirts, 
and the like as well as in such decorative materials as 
draperies, curtains, and slipcovers. Other uses include 
automotive upholstery, seat covers, and headlinings; floor 
coverings and rug backings; chair caning and upholstery; 
accessories such as handbags, hats and shoes; package 
strapping and tying twine; electrical insulation and cable 
filler cords; bagging and luggage. 
What is claimed is: 
1. A synthetic paper yarn comprising a twisted strip 

of a fused, uncalendered sheet of staple fibers having a 
denier within the range of from 0.5 to about 10 and a 
length from about /8 to about one inch that are bonded 
by physical entwinement with a plurality of supple wholly 
synthetic polymeric particles having one dimension of 
minor magnitude relative to their largest dimension, a 
large surface area and a fiber coarseness denier no greater 
than about 15, the said particles being further character 
ized by an ability to form a waterleaf having a couched 
wet tenacity of at least about 0.034 lb./in./oz./yd.? when 
a pulp of the said particles is deposited from a liquid 
suspension upon a foraminous surface, which waterleaf, 
when dried at a temperature below about 50 C., has a 
dry tenacity at least equal to its couched wet tenacity, said 
twisted strip having beween about 5 and 25 twists per inch 
and said strip before twisting have a width of between 
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about A6 to 1% inches and a basis weight of less than 2,482,895 9/1946 Brockman et al. ------ 57-165 
about one ounce per square yard. 2,532,923 12/1950 Kitchen ------------- 57-165 

2. A woven fabric containing the yarn of claim 1. 2,871,652 2/1959 Schwartz ---------- 57-155 X 
2,999,788 9/1961 Morgan ------------ 162-146 
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