AU A AR

AU9187660

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-87650/91
(19) AUSTRALIAN PATENT OFFICE  (10) Acceptance No. 650067

(54) Title
CARPET YARNS AND CARPETS WITH IMPROVED BALANCE OF NEWNESS RETENTION AND
BULK
) International Patent Classification(s)
(51)® DO2G 003/28 A47G 027/02 D02G 003/02 DO1D 005/253
(21) Application No. : 87650/91 (22) Application Date ; 06.09.91

(87) PCT Publication Number : W092/04486
(30) Priority Data

(31) Number (32) Date (33) Country 7
579911 07.09.90 US UNITED STATES OF AMERICA

(43) Pubhcatlon Date ; 30.03.92
(44) Publication Date of Accepted Appheaxlon 09.06.94

(71) Applicant(s)
E.l. DU PONT DE NEMOURS AND COMPANY

(72) Inventor(s) 7
WAE-HAI TUNG; FRANK WERNY . -

(74) Attorney or Ageat ‘
CALLINAN LAWRIE , Private Bag 7, KEW VIC.3101

{56) Prior Art Documents
US 4492731 )
EP 201812

(57) Claim_ 7 - |

1. Bulked continuous filament nylon yarns comprised of
filaments havmg a &enier per filament of 10-25 and a &ﬂobal filament
cross-section of Vmodiﬁcation ratio :bet_:jween 1.4 ‘and 4.0, the yam
having? a relationship ‘b'e,tween_ bulk level and modification ratio
wherein bulk level equals or exceeds 33 minus the product of 2.35
times the modification tatio for modification ratios between 1.0 and
5.0. | -

4, Ply-twisted yarns comprised of two to four bulked
continuous filament nylon ply ya‘rftsfeach having a denier i:er filament
of 10-25 and a trilobal filament cross-section of modification ratio
between 1.4 and 4.0 wherein the relationship between bulk level and
modification ratio for each of the plies ié the same as set forth in claim
1 and wherein the twist level in twists per inch equals or exceeds the
sum of 4.1 and the product of 0.19 times the modification ratio.



s
ANNOUNCEMENT OF THE LATER PUBLICATION OF AMENDED CLAIMS
P _ (AND, WHERE APPLICABLE, STATEMENT UNDER ARTICLE 19)

AUavh e AR s w vl

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :

(11) International Publication Number:

WO 92/04486

19898 (US).

(72) Inventors: TUNG, Wae-Hai ; 101 Surrey Drive, Seaford,
DE 19973 (US). WERNY, Frank ; 334 Old Bailey Lane,
West Chester, PA 19382 (US).

(74) Agents: CAPLAN, Mark, J. et al.; E.I. du Pont de Ne-
‘ mours and Company, Legal/Patent Records Center,
1007 Market Street, Wilmington, DE 19898 (US).

PANY [US/US}; 1007 Market Street, Wilmington, DE |

DO1D 5/253, A47G 27/02 Al (43) International Publication Date: 19 March 1992 (19.03.92)
(21) International Application Number: PCT/US91/06246 | (81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CK (European patent), DE (Euro-
(22) International Filing Date: 6 September 1991 (06.09.91) pean patent), DK (European patent), ES (European pa-
tent), FR (European patent), GB (European patent), GR
‘ (European patent), IT (European patent), JP, LU (Euro-
(30) Priority data: ‘ pean patent), NL (European patent), SE (European pa-
579,911 7 September 1990 (07.09.90) US| tent).
{(71) Applicant: E.I. DU PONT DE NEMOURS AND COM- | Published

Wiuth international scarch repuost.
With amended claims.

Date of publication of the amended claims:
14 May 1992 (14.05.92)

350067

L2 s o
Szj-
o A
e
ol

dat

370 <

wd
a4
»1 ..

284 N

T~Cc @
/

341
0”2+
”. - N '\._{-.

20 T
2o
241

.....

“MmODR A
f
¢

22+
204
104

H b of

(54) Title: CARPET YARNS AND CARPETS WITH IMPROVED BALANCE OF NEWNESS RETENTION AND BULK.

-
-
.. /»
—~
Bk SN
oL, e,

N

(57) Abstract

| of twist,

" — " i il L PEDNEN | 1 % 4 1 t 1 3 1
T ¥ Y T Y T 4 ¥ T T t 1 ¥ t 1 L 1 1
1.0 1.2 1.4 be )8 2.0 2.2 .4 2.8 2.0 2.0 3.2 34 2.0 3.8 4.0 4.2 4.4 4.0 4.0 8.0

Modificotion Raotio

Bulked continuous filament carpet yarns having high levels of bulk are disclosed. When ply-twisted together at unusually
- high twist levels and tufted into carpets, such yarns produce cut-pile carpets having a superior balance of carpet bulk and new-
 fiess retenition when compared to carpets of identical construction made with yamns having conventional levels of yarn bulk and/
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TITLE
CARPET YARNS AND CARPETS WITH IMPROVED BALANCE OF
- NEwWNESS RETENTION AND BULK
TECHNICAL FIELD

The present invention relates to highly bulked
continuous filament yarns which can be ply-twisted together
at high-twist levels and tufted into cut-pile carp>ts which
exhibit a superior balance of newness retention and carpet
bulk.

BACKGROUND OF THE INVENTION
The great majority of residential carpets sold in
the United States use synthetic polymeric pile yarns in a
construction known as saxony. Two or more nylon, polyes'-r,

or pplyprop?lene crimped "singles" yarns are twisted
together and set in the ply-twisted configuration either in
saturated steam or in dry heat, and such twisted yatrns are
tufted into a primafyrtafpet backing and cut to form a'
cut-pile, The carpet is then dyed in an aqueous bath near
100 °C or on a continuous dye range, rinsed and dried. A
latex adhesive is applied to the underside of all tufted
carpets to retain the fpﬁfs‘infpositiqn, and the tufts are
then sheared to.a uniform pilé height. |

Cutapiié‘saxohy garpgts made from synthetic fibers
have excellent bulk andrdurabiiiEY'vérsus similar carpets
made f:dﬁ“naturél fibets sﬁchras woeol., Carpet yarns
comprised of synthetic fibers typically have higher bulk
than carpet yarns compriéed'of natural fibers, making it

possible to produce carpets from synthetic fibers having

higher bulk at lower face weight than carpets‘made from
natural fibers. '

In a new cut-pile saxony carpet, each ply-twisted
yarn is seen as aa,individual tuft, and the tufts are said
to have "pencil peint" or "pin point" definition. However,
as the carpet becomes worn, the plied yarn components begin
to untwistrand‘the individual filaments in each yarn

PCT/US91/06246
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separate from the bundle and intermingle with those from
neighboring tufts. As this process progresses, the tufts
are no longer seen as individuals and the surface of the
carpet takes on a matted appearance. The contrast between a
high-traffic, matted portion of a carpet and a low-traffic
portion (near furniture, for example) which has retained its
tuft definition, becomes undesirable. Therefore, appearance
or newness retention is a carpet property on which consumers
place considerable value in that carpets with poor wear
properties must be replaced more freguently.

- Several methods for improving the wear properties
of carpets have been disclosed in the art. Hatt U.S. Patent
No. 3,900,623 describes carpets having a cut-pile in which
the filaments in :he tufts become unwound and entangled at
the tips to foérm strong coherent tufts. Wilkie & Talley
U.8. Patent Nos. 43839,211 and 4,882,222 disclose saxony
carpets made ftomjbleﬁds7ef conventional and high shrinkage
fibets which have lmproved appearance ‘retention properties
when compared to saxony carpees of the same construction
without the hlgh chr1nkaqe £1bers The use of

heat-activated bxnder flbers in. carpet yarns to improve

retention of tuft 1dent1ty 1s dxsclosed in the publzshed
patent appllcatlons Seklya Jr Keka1 60-224,831, Hackler
PCT-WO 88/03969, and. Watt & Fowler GB 2205116-A. The binder
fibers melt durlng thst-settxng ot latexing operations and
bond the filaments ef the yarn together, resulting in
improved twist retentlon and enhapced wear properties
Hackler, U.S, Patent Ne. 4 871, 604 des¢ribes carpets in
which the pileiyern has‘been coated wlth a heat-activated

Binder fibers and binder powders, however, tend to give the
finished c¢arpet an undesitabiy harsh hand.

Appearance retention and bulk in conventional
cut-pile carpets are related to various yarn properties and
carpet construction parameters, the most important of these
being the yarn modification ratio, yarn bulk, denier per
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filament (dpf), total yarn denier, degree of ply twist, carpet pile height
and pile weight. Other variables that may affect carpet appearance
retention include dyeing method, heatsetting method, type of backing,
and whether or not padding is used under the installed carpet.
Hollow-filament yarns of rectangular-shaped cross-sections which have

‘'yarn bulk values as high as 30-35 are made and used for commercial

carpet constructions which are charactenzed by having high pile
densities (greater than 148 kg/m (4000 oz/yd3)), where pile density is
calculared by dividing the weight of the carpet in ounces per square
yard by the pile héighf measured in inches; and multipiying by 36.
Such yarns are not sultable for cut-plle residential carpets, however,
where pile densmes are typrcally much lower (less than 133 kg/m
(3600 oz/yd"')) Yarn bulk values (% bulk crimp elongation, as
measured and descnbed heremafter) for trilobal cross-section yarns

used in resrdentral cut-pxle carpets bave not exceeded 20-25 because,

: ’typ:cally, mmal appearance is poor and as yarn bulk or carpet bulk

mcreases, newness retentxon decreases For thesé reasons, no effort

~ has been made to produce yarns havmg extremely high bulk values

wftuch are suitable for use in resrdenﬁal cut-plle carpets.

One method fori unprovmg newness retention is to increase ply

~ twist levels. However, thh current carpet yarns, increasing the ply

twist to high levels results m a srgmﬁcant reduction i in carpet bulk,
grvmg the carpet a ”lean” appearance and undesn:able hand, thus

aesthetrcally acceptable carpet.

The current invention proﬁdes carpet yarns having new levels
of high bulk which when ply-twisted at high twist levels and tufted
into cut-pile saxony carpets yield carpets having an improved balance
of bulk and appearance retention versus prior art carpets of equal

carpet construction. While addition of high twist is known to reduce

carpet bulk
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and improve appearance retention proportionately, we have
found that high bulk yarns, while they also lose bulk and
gain newness retention upon twisting, achieve a better
balance of bulk and newness retention than lower bulk
conventional yarns. Thus, the current invention involves
carpet yarns having new, high levels of bulk ply-twisted
together at unusually high twist levels., Carpets tufted
from such yarns surprisingly exhibit an improved and high
level of newness retention and bulk when compared with
carpets of equal construction made with yarns of
conventional bulk and twist levels,
| SUMMARY OF_THE_INVENTION
The high bulk yarns of the present invention

include bulked continuous filament nylon yarns comprised of

filaments having a denier per filament of 10-25 and a
trilobal filament cross-section of modification ratio

between 1.4 and 4.0, the yarn having a relationship between

bulk level and modification ratio cotresponding to a point
above line A on Figure 1. They further include bulked
cohtinuous’filament nylon yarns, irrespective of filament

croSs-section, which have a yarn bulk level of at least 35.

The ply-twisted yarns of this invention include

ply-twisted yarns comprised of two to four bulked continuous

filament nylon ply yarns each having a denier per filament
of 10-25 and a trilobal filament cross-section of
modification ratio between 1.4 and 4.0 wherein the
relationship between bulk level and modification ratio for
each of the plies corresponds to a point above line A on
Figure 1 and wherein the relationship between twist level
and modification ratio corresponds to a point on or above
line E or, preferably line F, as shown on Figure 2.
Particularly useful in making carpets with excellent
preoperties are thoseAply-tWisted yarns wherein each ply
corresponds to a point above line B or line C on Figure 1
and where the relationship between twist level and

modification tatio cotresponds to a point on or above line E

PCT/US91/06246
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or, even more preferably, line F shown on Figure 2.

In Figure 1, Line B depicts the relationship between
bulk level and modification ratio corresponding to the
equation

$ BCE = 33 = 2.35(MR)
for modification ratios between 1.0 and 5.0 where % BCE is $%
bulk crimp elongation and MR is modification ratio.

In Figure 1, Line C depicts the relationship between
bulk level and modification ratio where

% BCE = 40 at modification ratios between

| 1.45 and 1.75;
% BCE = 52 - 6.7(MR) at modification
‘ratios between 1.75 and 2.5; and

% BCE = 46 - 4.4(MR) at modification

| ratios between 2.5 and 5.0.
In each cese, % BCE is % bulk erimp elongation and MR is
modification ratio. 7

In Figure 2, Line E depicts the relationship between
twist levels {in units of twist per
ratio corresponding to the equation

TPI = 4.1 + O. 19 (MR)
for modification ratlos between 1.4 and 4.0 where TPI is
twist per inch and MR is modlflcatlon ratio.

inch) and modification

In Figure 2, Lihe F depicts the relaticnship between
twist levels (in units of twist pér inch) and modification
ratio corresponding to the egquation |

TPI = 3.3 + 0.85(MR) also in the range of
modification ratios from 1.4 t0 4.0 where TPI is twists per
inch and MR is modification ratio.

Cut-pile carpets made from these high-bulk,
high~twist yarns exhibit a superior combination of newness
retention and carpet bulk wlien compared to carpets of the
same construction having conventional levels of bulk and/or
twist. These properties are observed in carpets throughout

SUBSTITUTE SHEET
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the entire range of pile weights typically used in
residential applications, i.e. from very low weights such as
20 oz/yd2'70.68 kg/m2) up through "upper end" constructions
having 50 oz/yd2 (1.70 kg/m2) or more. Similarly, such
properties are found in cut-pile constructions having pile
heights of 7/16 inch (1,11 cm) or more.

While the figures and examples discussed hereinafter
relate to nylon 6,6 yafns and carpets, other polymers useful
in residential carpet applications, notably other nylons such
as nylon 6 and nylon copolymers, polyester, polypropylene and
their copolymers may similarly be used.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of yarn bulk as it relates to
modification ratio which shows bulk values for high bulk,
trilobal yarns of the prior art and for new high bulk yarns
as exemplified heéerein.

Figure 2 is a plot of yarn twist level as it relates
to modification ratio setting forth lower twist limits for
ply—twiét yarns of the invention. 7

Figure 3 is a schematic depiction of the process used
for making the high bulk yarns described herein.

Figure 4 is a plot of newnéss retention as it relates
to carpet bulk, showing the balance of properties for various
carpets having 34 oz/yd? (1.15 kg/m2) pile weight and 9/16
inch (1.4 cm) pile height. . - T

Figure 5 is a plot of newness retention as it
relates to carpet bulk, showing the balance of properties

SUBSTITUTE SHEET
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6
for various carpets naving 32 oz/yd’ (1.08 kgs/m’) pile
weight and 1/2 inch (1,27 cm) pile height,

Figure 6 is also a plot of newness retention as it
telates to carpet bulk, showing the balance of properties
for various carpets having 40 oz‘/ydz (1.36 kg/m*) pile
weight and 5/8 inch (1.6 cm) pile height.

Figure 7 is a plot of newness retention as it
relates to carpet bulk, showing the balance of properties
for various carpets having 50 oz/‘yd2 (1.70 kg/m’) pile
weight and 5/8 inch (1.6 cm) pile height.

’ DETAILED DESCRIPTION
The carpet yarns of the current invention have bulk

levels higher than those previously available in the art.
The relationship between/bulk>level\and modification ratio
(MR) for the trilobal yarns of the invention is detailed in
Figure 1. The bulk levels were measured uéing the procéss
of Robinson & Thompson; U.S. Patent No. 4,295,252 which is
described below. Yarns having deniers of approximately
800-2000 and denier per filament (dpf) of approximately
10-25 and comprised of fibers having trilobal cross sections
with MR values of 1.4 to 4.0 are useful in the current
invention. MR values ocf 1.4 to 2.8 are preferred for use in
making carpets with high levels of newness retention.

The area below line A depicts the range of bulk

levels for typical trilobal residential carpet yarns present

in the marketplace prior to the current invention. As can
be seen, yarn bulk level tends to decrease as modification
ratio increases. Line A itself, with bulk levels of 20-25,
depending on modification ratio, zepresedts the previous
upper limit for bulk in trilobal carpet yarns. Hollow
filament yarns having square cross sections, with typical
bulk levels up to as high as about 30-35 have been used in
high pile density commercial carpet constructions. The
yarns of the current invention have bulk levels
corresponding to points lying above line A. Lines B and C
correspond to yarns of the current invention for different

PCT/US91/06246
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7
process conditions which are described more fully in the
Examples below.

It has been found that using two or more, though
preferably two, of the high bulk singles yarns of the
current invention and twisting them together at high twist
levels produces ply-twist yarns which can be tufted into
carpets having an improved balance of carpet bulk and
newness retention over carpets of the same construction
tufted from yarns of lower bulk and/or lower twist. The
bulked yarns are ply-twisted using conventional methods
known in the art prior to tufting into carpets. The degree
0f twist required in order to achieve the desired balance of
properties in the tufted carpet depends on the modification
ratio of the yarn. Typically, yarns having higher
modification ratios require more twist in order to obtain
good carpet performance. Figure 2 is a plot of twist versus
modification ratio. Twist levels corresponding to points on
or above line E shown in Figure 2 are required in order to
produce the twisted yarns of the current invention which
when tufted into cut-pile carpets have the desired balance
of carpet bulk and newness retention. Twist levels
corresponding to points on or above line F in Figure 2 are
preferred to provide carpets having superior newness
retention (at least 2.5) while still exhibiting good bulk.
Twist levels of as high as 7 tpi (2.8 twists/cm) have been
shown to produce carpets having excellent properties.

While typically each yarn bundle has filaments of
identical cross-section and two or more such identical yarns
are ply-twisted together, singles yarns having mixed
modification ratios or ply-twisted yarns made from singles
yarns having different modification ratios are also
considered to be within the scope of the present invention.
In such cases, the modification ratio should be considered
to be the weighted average of the modification ratios of all
the filaments in the singles or ply-twisted yarn.

A spinning and bulking apparatus useful in preparinc
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the yarns of the current invention is outlined in Figure 3,
The polymer is spun at temperatures cf from about 280 -
300°C using a spinneret assembly 1 into a quench zone where
they are rapidly guenched at 2 using cross-flow air
(4-21°C). After quenching, the filaments are treated with
finish by contacting finish roller 3 which is partially
immersed in a finish trough (not shown). The yarn is then
wrapped around motor-driven feed roll 4 and its associated
separator roll 4’, passed around draw pin assembly 5,5’ and
then wrapped around draw rolls 6 (internally heated to
produce a surface temperature of from 200 to 220°C and
enclosed in a hotAchest 7) and stretched to from two to Zour
times its original length before entering the bulking jet 8.
The yarn is crimped in jet 8 using air which is heated to
200 - 240°C and exits the jet to impinge upon a rotating
drum 9 which has a perforated surface on which the yarn
cools in the form of a bulky caterpillar 10 to set the
crimp. Cooling of the yarn is facilitated by pulling a
vacuum through the perforated drum and using a
room-temperature water mist quench 11 (typically 80 + 20
ml/threadline/min). Chilled water may also be used for more
effective cooling, - ?rom the drum, the threadline passes
under stationary pin assembly 12,12’ to motor-driven takeup
roll 13 and its associated separator roll 13’'. The speed of
takeup rell 13 is adjusted to maintain the caterpillar 10 at
the desired length by chahging the take off point from the
drum. The caterpillar take off point is also controlled by
the position of pins 12. The residence time of the yarn on
the bulking drum is controlled by the length of the
caterpillar, with longer residence times resulting in better
cooling of the yarn and higher bulk in the final yarn
product. The yarn then proceeds to a winder where it is
wound in the desired package configuration.

The above conditions are useful in sginning nylon
6,6 yarns. Other polyamides and polymers such as
polypropylene or polyester may be spun in a similar process,
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9
however the temperatures used will differ due to the
different melting points of the various polymers. ther
variations to the above-described apparatus and spinning
process may be envisioned by those skilled in the art.

In general, increasing hot roll and bulking ai:
temperatures results in yarns having increased bulk.
However, the higher the bulking temperature, the more
difficult it is to set the crimp. It is important to cool
the yarn sufficiently in order to achieve high bulk in the
final yarn product. The mist quench and residence time of
the yarn on the rotating drum are important factors
determining the degree of cooling. It is possible to
achieve higher yarn bulk levels for yarns having higher
denier per filament (dpf). Low dpf filaments have lower
crimping force and the crimp is more easily pulled out
during the winding process. The nature of the finish used
may ais® have a small effect on the bulk level obtained,
with low-friction ethoxylated ester-type finishes tending to

i

(1]

0 result in increased bulk.
TEST METHODS
Yarn bulk was measured using the method described in
Rcbinson & Thompson U.S. Patert No. 4,295,252. Unless
ctherwise indicated, yarn bulk levels are reported herein as
bulx crimp elongation ($BCE) as described in Robinson &

Thompson. The bulk measurements were made at 1 m/min for

1
o

-.3 minutes using a sample length of 16.35 meters. The
tensioning weight used was 0.1 gram/denier (0.1l gs/dtex}.
The pressure of the air in the heatinc chamber was 0.05
inches ¢f water, and the temperature of the heating ai:r was

[o ]

170 - 3°C.

An alternate method whit.. may be used to measure
ra Bulk levels is percent yarn crimp elongation (%YCE).
His method will be particu arly useful fc:r polymers cther
than nylon €,% in that the _.operties cf such other polymers
would require temperature adjustments to the process for
measwucing $BCEZ as set Zorth in the Rebinsen & Thompson

(A}
H

3
.,...
"

U
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patent. In this method, each of three relaxed yarn
specimens approximately 1 meter in length are extended
manually until just taut and then coiled. 2.5 liters of
water are placed in a 12 liter bucket and brought to an
active boil. A brass sieve, U.S. Sieve Series No. 10 with
2.00 mm openings, Tyler eguivalent 9 mesh, is placed into
the boiling water. The yarn specimens are uncoiled and
dropped slowly into the boiling water and left for 1-2
minutes. The sieve is removed from the boiling water and
placed in a bucket of ¢old water for 0.5 minute. The yarn
samples are then removed and blotted gently between paper
towels to remove excess moisture, The specimens are then

placed into aluminum foil cups and dried in an oven at 105

{+ 5) degrees C for 1 hour. The specimens are conditioned
at 70 (% 2) degrees F (21+ 1°C) and 65 (+ 2) % relative
humidity for a minimum of 2 hours befere testing. The:
specimens are sepafétéd and one end of a specimen taped to
the inner surface of a togglé elamp which is mounted 50 cm
above4th§ zero line gf'a vertically‘mounted meter stick.

The specimen is allowed to hang freely and cut at the 55 cm

mark. A small piece of 1/4 inch (0.64 cm) masking tape is
wrapped around the yarnm so that it coincides with the zero
line on the meter stick. For yarn deniers below 1300 denier
(1444 dtex), a 125 gram weight is used. For other deniers,
a weight equal to_O,i g/dénierfisgusedy The weight is
¢lamped onto the yarn Sé‘%hatlthejtape tab is just inside
the clémp;and,ﬁhe weight‘Léwefed;sévthaﬁ the yarn specimen
just supports the to;ai load. 'ihérspecimen is'&llowed to
@a&g for a minimum of 3 minutes and the extended length
(#pecimen elongation) is measured at the Eep'edge of the

. mzasking tape. The procéss ig repeated for each of the

additional specimens. The percent yarn crimp elongation =

$YCE is calculated as (specimen elongation/50 cm) x 100.

YYCE values are typiéally/determined using the average value
of the three specimens. $YCE may be converted into %BCE
using the equation %YCET = (0.96) %BCE + 4.9,
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Modification ratio is as defined and measured in
Bankar et al., U.S5. Patent No. 4,492,731, the disclosure of
which is incorporated herein by reference.
Carpet bulk was measured as the compressed-pile
height in inches of a carpet sample that is loaded with a
pressure of llb/in2 (703 kg/mz). The carpet sample is
placed on a platform which is attached to a vibrator which
vibrates the sample lightly for 10 seconds prior to
measuring the pile height using a thickness gauge, which is
also attached to the vibrating platform. The vibration
allows the foot of the thickness gauge to settle into the
surface of the carpet.
~ Carpet appearance retention may be measured by
subjecting a carpet to a specified number of human traffics
- and visually determining a rating based on the degree of
matting’versﬁs a control sample. Wear tests which clos. 7
Co%relate,to floor Erafficking were conducted in a Vetterman
drum test apparatus, Type KSG manufactured by Schoenberg &
-€Co. (Baumberg, Fed: Rep}‘ef‘GErmany), according to.1S50
{International’ Stanéards Otganlzatien) document TC38/12/WG 6
N 48. As specxfzed ;he drum is llned with carpet samples
) with the plle fac;ng 1nwards and contalns a steel ball
whavxng fourteen (14) rubbet buffers ‘which rolls random’v
.1nsede the rotat;ng drum, A c;rcular brush within the :um
is in llght contact with the carpet sutrface and removes
loose pxle fibers whzch are conh;nueusly temoyed by suction.
After 20,000 cycles, the samples ate temoved.and lnspected .
_ to evaluate texture retentlon . Texture retentlon is x '
teperted cn a scale of 1-5 thh a ratxng of S correspondxng
to an untested control sample, 4 c@rrespend1ng to a lightly
worn sample, 3 to a moderately worn sample, 2.5 to the
‘tuining point from acceptable &o unacceptable wear, a rating
of 2 correspending to clearly unacceptable wear, and 1
corresponding to an extremely matted control sample.
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EXLAMPLES
EXAMPLES 1-3

Nylon 6,6 polymer with 70 relative viscosity (RV)
was spun at 290°C through a 160 hole 1.75 modification ratio
(MR) spinneret at 73 lb/hr (33 kgshr) throughput. The
extruded filaments were separated into two 80 filament
bundles and were quenched by 300 cubic ft/min (8.5 cubic
meters/min) of chilled cross-flow air at 48°F (9°C) in a
chimney approximately 6 ft {1.8m) long. The filaments were
coated with a low-friction, ethoxylated ester-type lubricant
and pulled by a rotating feed roll at 853 ypm (775 m/min).
The two filament bundles were drawn by a pair of heated draw
rolls operating at 2388 ypm (2171 m/min). A set of
stainless steel draw pins was used between the feed roll and
the draw rolls to localize the draw point. The draw rolls
were heated internally by condensing vapor to 170°C. :The
draw rolls serve to draw ahd’hegt the filament before
jet/screen crimping. After making eight wraps around the
draw rolls, each heatedyfilamedt bundle was pulled by a
separate dual-impingement bulking jet of the type described
in Coon, U.S. Patent No. 3,525,134, where 200°C, 100 psi
(690 kPa) hot air was impinged on the filaments at a 30
degree angle to érimp and interlace the filaments. The
crimped yarns were relaxed in a compact form (caterpillar)
on a 15 in (.38m) diameter perforated rotating drum at 60
rpm. The caterpillar was cooled by air on the bulking drum
from the 11 to 1 o’clock position by pulling a vacuum of 10
inches of water on the drum and was then removed by a
take-up roll at 2027 ypm (1853 m/min), and an additional
lubricant was applied prior to winding on a package. The
yarn produced in this example was 1220 denier (1356 dtex),
15 dpf {16.7dtex/filament), had a modification ratio of 1.75
and a yarn bulk level ($BCE) of 23.
' The BCF yarn of Example 2 was similar to Example 1
except that the draw toll temperature was raised to 210°C.
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The resulting yarn had a 1.75 MR cross section and a 38.5
yarn bulk level (%BCE),

The yarn of Example 3 was prepa. . in a similar
process to Example 2 except that a 1.45 MR spinneret was
used. The resulting yarn had a bulk level (%BCE) of 40.

The ‘yarns produced in Examples 1-3 were converted
into two-ply cable twisted yarns having 3.5, 4.5, 5.5 twist
per inch (154, 1.8, and 2.2 twists/cm), heatset in a Superba
heat-setting apparatus using saturated steam at 270°C and
tufted into 1/8 in (.32 em) gauge, 9/16 in (l.4em) pile

‘,height cut-pile'earpets.at 28 and 34 oz/sq yd (0.95 and 15

kg/mz) and 5/8 in (l.6cm) pile height at 40 oz/sq yd (l.

kg/mi) The tufted carpets - z2re then dyed by passing tnouqh
a Gaston County/ Zima Flu1dyet on a continuous carpet dyeing
range. The carpet passed first through a Pad/Wet out bath at

~100°F (38°C).. It then passed through a dyebath at 80°F
(26, "°C) and a pH of 6 The runnxng qpeed of the carpet was

5 ypm. (4. 5 mpm) with a 100% wet- out pickup and a 350% wet

‘pickup. oz ‘dye. Pad sqgueeze out pressure was 45 lbs in the
fegwet eut bath, -while ln\the Fluxdyer the’ cushion pressure was

0,25 bar. and the a1: preSSure brake was 0.5 bar. The

"~carD°ts then passed threugh a vertlcal steamer at 212°F

‘ (100°C) for 6 mit. The wet: carpets were then passed rough

a Flexnzp to ‘apply a fluerecarbon ant;sozl treatment and air
1dr1ed at 250°F. (121°C) K The dry carpets wete then '

over sprayed w1th an antlstaln treatment and dried ‘again,

~followed by machzne latex;ng, cut;ng and shearing. The
z'ﬂtlnished carpets were tested for. earpet bulk and for newness
. ' teétention (NR) in a Vetterman drum accord1ng to the

“5arocecures desc:lbed above and subjectlvely rated for

newness retention by- a panel of experienced researchers.
The test results are Summatlzed in Table 1 belcu

n e fm s K s b o <h s & Afe endale e
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TABLE 1
Iten MR Yarn Twist Carpet Wt carpet
L : ’ $BCE (tpem) (tpi) kg/m? oz/yd?  Bulk
1A 1.75 23 1.4 3.5 0.95 28 0,282
) 1 A¢ 1.75° 23 1.4 3.5 1,15 34 0,321
§ 1 Arr 1,75 23 1.4 3.5 1.36 40 0.375
.. 1E 1,75 23 1.8 4,5 0,95 28 0.259
1 B! 1,75 23 18 4.5 1,15 34 0.289
o1 ¢ 1,78 23 2.2 5,8 0.95 28 0.224
10 1¢f 1,75 . 23 2.2 5.5 1,15, 34 0.253
© 1 grt ,1 75 - 23 - . 2.2 5.5 1,36 740« 0,292
P 1, 75 _.33 1.4 3,5 0,85 28 0.328
LAt 1,75 h38 - 1.4 3.5 1,15 34 S 0.371
1§ 2 At 1,75 38 1.4 3,5 1.36 40 0.436
] +eTF 7B (1,75 0 38y 1.8 4.5 0.95 28 0.296
- T2 BY 1475 138 0 - 1.8 445 - 10157734 0.348
f',ﬁkBﬁfﬁp,l 75 ~x»38 S8 4.8 0 1,36 40 0.409
S e €4 e 5 f. 38 .. 2,2 . By5 0.95 28 - 0.274
. 2. 5.5 1,15 . 34 0.298
+ = 555 L 136 40 - 0.366
. 5 A,,z7o%ss 28 - 0,312
- 5 .0 . 1y15 34 0,360

3 . 0 i MR 3 36 40 . - . 0.438
- T S - SR 2 40, . f'jj” 0.95° 28 - 0.284
oo c 3 BY e -1.48 0 8 50 -~ 71,15 34 - 0,341
W e T B Le s (40 i 1.8 438 . 1,36 240 . 0,387

. ~0,95 28 . . 0,256
- © 1418 34 0 0,294
. 1,36 40 - 0,340
%
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The above results for 34 oz/sq yd (1.15 kg/mz)
carpets are plotted in Figure 4 in the form of newness
~retention as a function of carpet bulk. The low-bulk yarn
~and carpets of Example 1 are considered to be part of the
prior art. Carpets corresponding to points 2A' and . 3A’,
although showing very high bulk, fall outside the invention
because they were prepared from yarns of only 3.5 tpi (1.4
twists/cm), and consequently have poor newness retention.
it is apparent from Figure 4 that at a given carpet bulk the
' carpets construcred frem yarns of the current invention in
Examples 2 and 3 have a much higher newness retention rating
than those of Example‘l.v Similariy; at a given newness

" retention rating, the carpets constructed from‘yarns of the

current 1nvent10n have much hlgher bulk than those of
'Example 1,
EXAMPLES 4-6
 Nylon 6,6 polymer (70 RV) was spun at 290°¢C througn
a 160 hole l 75 MR spinneret at 67 lb/hr (30,4 kg/hr)
throughput in a process szmzlar to that used for Examples
. 1-2. The feed roll was operated at 785 ypm (718 m/min) and
the draw réil'speed'was 2197 ypm (2009 m/min; 2.8 draw
'ratlo) The bulking jet axr temperature was 200°C. The
yarn was cooled by air on the bulking drum from the 11
o’clock position to the 1 o’ élock posrtlon ;For Example 4
the hot roll temperature ‘was 170°C for Example 5 the hot.
roll temperature was 190°C. and for Example 6 the hot roll
.temperature was 210°C. ‘ ‘

: ~ 'The yarns produced in Examples 4-6 were converted‘
into5tWD-p1y, cable- tw;ste@ yarns having 4.75 and 5.75 tpr
(1.9 and 2.3 twists/cm), Superba heatset at 270°C, and
tufted into 1/8 in (0.32 cm) gauge, 1/2 in (1.27 cm) pile
height ¢ut-pile carpets at 32 and 4J oz/sq yd (1.09 and 1.36
kg/m’) and 1/8 in (0.32 cm) gauge, 5/8 in (1.6 cm) pile
height cut-pile carpets at 50 oz/sg 1 (1.70 kg/m?). The
tufted carpets were theh dyed in a ¢ .:inuous dye range,
‘latexed and tip sheared in the same manner as in Examples




16

1-3. The finished carpets were tested £¢; carpet bulk and

newness retentlien. Yarn and carpet properties are
summarized in Table 2.

TABLE 2
5 Item MR ‘Yarn Twist Carpet Wt. Carpet
- . . (tpl) kg/n oz/yd Bulk NR
4 A i.75 4,75  1.09 32 0.244 2,
4 B 1.75% -*5.,75- 1.09 ¢ 32 0.185 3
- 4 B’ .75 . 4 , ' 5.75 1.36 40 0.239 3,
10 -4 B! 1.75. - 18 . 5:75 - 1.70° 50 0.265 3
o S A 1.95 L4475 7 2,09 32 0.27% 2
5B - 1.75 5.75 . 1.09 . 32 S 0,221 3
S s B/ . 1.75 . .5475 . 1,36 . 40 _° 0.280 3
S 5 B*r...- 1, ‘75H s 875 1470 50 . 0.313 4
15- ° &a . 1.75 o © 4,95 0 1.09 .32 6.323 2.
h 6B . .1.75. . : 8.7577 1,09 32 0,281 3,
K 6 B. ¢ 175740 oW 8.75 0 1536 40 0,320 3
< 6 B!V LTS ';5 75;,@ S1%70 0 80 0.375 3
-ébﬁ /:jﬁ~ - Nylon 6 6 yarns were spun in a p*ocess sinilar to
T tha; used in Examples 4 -6 except that a 2.5 MR spinneret was .
o ,‘5‘ used. Fcr axanple 7 the hct roll tenperature was 17©°C, for
s o zxanple 8 thA‘"“ '
k.. - . 9 the hot ro >
25"v‘?‘-w’ The yarns

inte twe«ply cable d
tpi L. 5, 1 9, oryz. ists per cm), Superba heatset at
, 270°C and tufted inta 1/8 "ih 16,32 en) gauge, 172 in (1.27
o cm) pile height cut-pile carpets at 32 and 40 oz/sqg yd (1.09
4¢.  and 1, 16 kg/m?) and 1/8 in (0. 32 em) gauge, 5/8 im (1.6 c¢m)
- pile height cut-pile carpets at 50 oz/sq yd (1.7kg/m2). The
tufted carpets were then dyed in a continuous dyeing machine,
 “latexed, and tip sheared in the same manner as in Exanmples
1-3., The finished carpets were tested for carpet bulk and
- pff newriess fetenticn; varn and carpet propertlies are summarized
- ' wm‘—r§kﬁt'3

3
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TABLE 3
Item MR Yarn Twist Carpet Wt. Carpet
$BCE  (tpem) (tpi) (oz/yd?) (kg/m2) Bulk NR
7A 2.5 18 1.5 3.75 32 1.09 0.300 1.3
5 78 2.5 18 2.3 5,75 32 1.09 0.242 2.9
78! 2.5 18 2.3 - 5.75 40 1.36 0.297 3.2
7B 2.5 18 2.3 5.75 50 1.70 0.349 3.3
8 A 2.5 29 1.9 4.75 32 1.09 0.285 2.0
B 8 B-. 2.5 29 2.3 5.75° 32 1.09  0.262 2.8
10 § B* 2.5 29 - 2,3 5.7 40 1.36  0.334 2.7
g8 B’Y 2.5 29 - 2,3  B5.75 50 1.70 0.401 3.3
9B 2.5 as’ 2.3 5,75 32 1.09 0.305
9 B’ S 2.5 ° 35 2.3 . 5,75, 40  1.36 0.376
9 BT - -2.,5 . 35 2.3 .75 50 1.70 0.442

EXAMP&E§ 10-12
. Nylon 6, 6 yarns were spun in a process similar to
“that used in Examples F=9 excgpt‘that a 3.4 MR spinneret was
7»u§ed.w For‘Exampie‘lQ the hot roll temperature was 170°cC,
20 ' for:Examplé 11 the hot rollk température was 190°C, and for
E Exampietizlthgfﬁot roll temperature was 210°cC. .
The yérhs prcduced in Examples 10-12 were converted
into two-ply,\cable-tw1sted yarns having 4.75 and 5.75 tpi
\ (1. 87 and 2. 26 tw1sts/cm), Superba heatset at 2709C and
'25{ f ‘tufted into 1/8 in (06.32 cm) gauge, 1/2 in (1.27 cm) plle
) height cut-plle carpets at 32 and 40 oz/sq yd (1.09 and 1.36
kg/m2) and l[§ in (0.32 ¢m) gauge, 5/8 in (1.6 cm) pile
height carpets at 50 oz/sq yd (1.70 kg/m2). The tufted
-, ‘carpets were then dyed in a continuous dyeing machine,
36 " latexed, and tip sheared in the same manner as in Examples
o T1s3. The finished carpets were tested for carpet bulk and
hewhness retention. Yarn and carpet properties are
summarized in Table 4.

SUBSTITUTE SHEET
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TABLE 4
Itenm MR Yarn Twist Carpet Wt Carpet
~ $BCE (tpem) (tpl) (oz/yd?) (kg/m2) Bulk
| 10A T 3.4 18 2.3 5,75 32 1.09 0.274
5 10 A’ 3.4 18 2.3 . 5,75 40 1.36 0.352
- 10 AYY 3.4 18 2.3 5.75 50 1.70 0.396
So11aA 340 25 - 1.9 4,75  32° 1.09 0.324
10 12A 0 3.4 31 1.9 4,75 32 1.09 0,339
12 B 3.4 32 .23 5.75 32 1.09 0.307
12 B? 3.4 3% 2,3 5.75. 40 1,36 0.392
12 B4 3.4 0 31 2,3 5:75 50 1.70 0.451

P Fignres 5-7 compare Examples 4-12 in three
15' dxfferent carpet constructions usmnq the: data from Tables
2= 4., in all three constructions it is observed that the
ccntrol examnles 4 7, and 10 shcw elther bulk or newness
;3 IR retent;on, or a balance cf bulk and newness retentlcn
. yt lnferlcr tc Examplesﬁﬁ 6, 8 9, and 11 12.
20 .. The carpet data frcm Examples 4-12 are plotted
Akas newness retention versus carpet bulk in Figures 5= 7.
Figure.s shcws ‘data fcr 32 oz/sq yd& (1,09 kg/m2), 0.5 in
(1 27 en) pil height carpets. -Each, point correspends to
data for yarns prccessed under identical conditions and

75 twisted to the ‘same . twist level, “the points being
. connected tc indicate a grouping at the same twist- level.
Each point on a line ccrresponds tc a different MR yarn.‘jr
"Figures & and 7 show similar plots for 40 cz/sq yd (1.36

‘ kg/mz), 0.5 in (1.27 cm) ‘pile Height and 50 oz/sq yd -

30 {1.70 kg/m?), 5/8 in (1.6 cm) pile helght carpets,
respectively.  From each figure it can be seen that when
ﬁrgh~bulk, high- twist yarns of the invention are used in
tufting the carpet, the combination of carpet bulk and
newness retention are superior to those ¢arpets madé from

38 yarns not having high bulk and/or high twist levels.

- It will be noted that a "best-fit" straight line,

L labelled as lines X, Y and 2 respectively, can be drawn
el through the data on Filgures 8~7 as an approximatlon ¢f the
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boundary between carpets having the desired balance of
carpet bulk and newness retention from those which are
deficient in one or both properties. As can readily be
seen, by varying yarn bulk, twist and modification ratio,
carpets having a desired balance of both carpet bulk and
newness retention can be obtained. Alternatively, carpets
having extraordinarily high levels of either bulk or newness
retention can also be obtained, one property being
sacrificed to increase the other.
| | ' EXAMPLES 13-17

The yarns .0f Examples 13-17 were produced in a
p:ocess smmllar to that used in Examples 1-12. The
filaments were spun and quenched as per the previous

‘Vexamples, except that after the quench chimney they passed
" through an 1nter-flocr tube approximately 8 £t (2.6 m) long,
" where no addltzonal cross flow a1r was used.  This extended

the hsld-up txme durlng the quench process to provzde

ffurther coollngif In addxtlon, the pin 5 in Flgure 3 was
’ ”‘removed and the twc‘pxns 5' were instead a roTI and a
1{51ngle statxonary dfaw plne; The yarns were spun ‘at 76 1b/hr
<.:e34 5 kg/hr), the feed'

‘oll speed was 875 ypm (795 mpm), the
was 2624 ypm (2385mpm), and the draw
in caterp;llar form: was allowed to

speed of ‘the . draw rel
ratio. was 3. 6 . The yatr;
um fot & longer perxed of. tlme,’a

vacuum of 15 1nches of waterﬁhrnd in scme ‘cases a mist .
e} was used " The caterplllar

htake-off pclnt was at thf*

t

5. e'cleck p951t10n versus the 1

t1 ﬂprev1ous Examples.‘;ﬂ The ‘
tedfby“mGV1ng the pins. 12 1n Fagure
5‘o"c1‘”k posxtlon to approxzmately
the 7- 8 B'eloek. posxtlon.f Table 5 summatlzes the precess

take cff po;nt was ad

Il

' ccndltzons used and yarn bulk prepertles
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Example

13
14
15

16
17

Roll Temp

(°C)

220
210
220

210
220

TABLE 5
Jet Temp

20

(°C)

200
220
220

220
220

Yarn properties reported in the

PCT/US91/06246

Mist Quench Yarn Bulk
No 48
No 48
No 43
Yes 47
Yes 49

Examples above are

plotted as yarn bulk (%BCE) versus MR in lines B and C of

Figure 1.

and 12).

Data for yarns produced using
temperature of 210°C are plotted on line
Data for yarns produced using a draw roll

a draw roll
C (Examples 3, 6, 9

temperature of 190°C are plotted on line B (Examples 5 and

11).
171

Point D on Figure 1 corresponds to the yarn of Example
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The claims defining the invention are as follows:

1. Bulked continuous filament nylon yarns comprised of
filaments having a denier per filament of 10-25 and a trilobal filament
cross-section of modification ratio between 1.4 and 4.0, the yarn
having a relationship between bulk level and modification ratio
wherein bulk level equals or exceeds 33 minus the product of 2.35
times the modification ratio for modification ratios between 1.0 and
5.0.

2. The yarns of claim 1 having a relationship between bulk
71evelrlan_d, modification ratio wherein bulk level equals or exceeds (a)

40 at _modiﬁcation ratios between 1.45 and 1.75, (b) 52 minus the

eree
&
*re e
eB e
¢« €

D X THY 4

Foeé
K
[ XL

product of 6.7 times the modification ratio for modification ratios -
" between l .75 and 2.5, ai'td (c) 46 minus the product of 4.4 times the

modlﬁcatlon ratxo for modxﬁcatlon ratios between 2.5 and 5.0.
K 3;, The bulked contmuous filament nylon yarns of claim 1
havmg a bu]k level of at least 35 |

| 4 Ply-tmsted yarns compnsed of two to four bulked
| continuous filament nylon ply yarns each having d denier per ﬁlament
of 10-25 and a tnlobal ﬁlament cross-sectxon of modification ratio

' between 1.4 and 4.0 wherem the relatlons}up between bulk level and

modlﬁcatlon ratio for each of the phes is the same as set forth in claim
1 and wherein the twist level in twists per inch equals or exceeds the

‘sum of 4.1 and the product of 0.19 times the modification ratio,

5. Ply-t’msted yarns of claim 4 wherein the relationship
between bulk level and modification tatio for each of the plies is the

: sameassetforthmclalmz

6.  Ply-twisted yarns of claim 4 wherein the twist level in

twists pet mch equals or exceeds the sum of 3.3 and the product of

- (.85 times the modification ratio.
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- 7. Ply-twisted yarns of claim 6 wherein the
relationship between bulk level and modification ratio for
each of the plies is the same as set forth n claim 1.

8. cCut-pile nylon carpets having a pile weight
of at least 20 ounces per square yarn (0.68 kg/m2) and a
pile height of at least 7/16 inch (1.11 cm), the pile being
tufted from ply-twisted yarns comprised of two to four
bulked continuous filament nylon ply yarns each having a
denier per filament of 10-25 and a trilobal filament cross-
section of ﬁo&ific&tidn ratio between 1.4 and 4.0 wherein
the relationship between bulk level and modification ratio
for each ofzthevplies is the same as set forth in claim 1,
and wherein the relationship between twist level and
modification ratio is the same as set forth in claiﬁ 4,

9. Carpets of claim 8 having a pile weight of at
least 32 ounces per square yard. (1.09 kg/m2).

lor_'carpets'of claim 8 having a pile weight of
gi least 40 ounces per squareiyard,(1,36'kg/m2).

11, Carpets of claim 8 having a pile weiéht of
at least 50 ourices per square yard (1.70 kg/m2).

’ 12. Carpets of claim 8 wherein the relationship
‘between twist level and modification ratio for each of
the ply yarns is the same as set forth in claim e,

s Fo T G W A e T bl g ey
. - @ Cee e o077 A

135 3
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- 13,
between twist
the ply yarns

14.
between twist
the ply yarns

15.
between twist
ply varns is

ORI

23

Carpets of claim 9 wherein the relationship
level and modification ratio for each of

is the same as set forth in claim 6.

Carpets of claim 10 wherein the relationship
level and modification ratio for each of

is the same as set forth in claim 6.

Carpets of claim 11 wherein the relationship
level and modification ratio for each of the
the same as set forth in claim 6.

SUBSTITUTE SHEET
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m--d---- Exampla 1
'1.75 MR, 23X BCE
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- =if- - Example 2
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3.5,4.5,5.5 tpi
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