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(57) ABSTRACT 

The disclosure relates to a carpet product, a process for 
manufacturing carpet, and an apparatus used in a carpet 
manufacturing process. The carpet product is made from 
tufted polymer ?lament yarn Wherein the individual yarn 
?laments of the yarn back loops are integrally fused so that 
the carpet resists fuZZing. The primary backing preferably is 
modi?ed polypropylene in the ?ll direction. Further, the 
primary backing may be coated With a polymer before 
tufting to adhere or integrally fuse the inside of the ?ber tuft 
to the primary backing. An optional secondary backing is 
preferably made of tape yarn in both directions. The process 
includes providing a carpet base having a primary backing 
penetrated by yarn, applying heat to the underside of the 
primary backing, extruding a heated sheet of polymer and 
continuously contacting the heated extruded sheet of poly 
mer With the base. The apparatus includes a source of carpet 
precursor, a heated cylinder for heating the underside of the 
carpet, an extruder and a casting roll against Which the 
extruded sheet and heated carpet are pressed. 
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CARPET AND CARPET MAKING METHODS 

RELATED APPLICATIONS AND PATENTS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 09/240,597, ?led Feb. 1, 1999, Which is a 
continuation of application Ser. No. 08/871,500, ?led Jun. 9, 
1997, now US. Pat. No, 5,876,827, Which is a continuation 
in-part of application Ser. No. 08/239,317 ?led May 6, 1994, 
and also is a continuation-in-part of application Ser. No. 
08/696,462 ?led Aug. 14, 1996, now US. Pat. No. 5,728, 
444, Which is a continuation of application Ser. No. 08/ 179, 
321 ?led Jan. 10, 1994, now US. Pat. No. 5,578,357, Which 
is a division of Ser. No. 08/064,380, ?led May 21, 1993, now 
US. Pat. No. 5,288,349, Which is a division of Ser. No. 
07/833,093 ?led Feb. 10, 1992, now US. Pat. No. 5,240, 
530, the contents of all of Which are hereby incorporated by 
reference. 

FIELD OF THE DISCLOSURE 

[0002] The application relates to pile carpet and, in par 
ticular, to a carpet in Which the face yarn is secured to one 
or more backing layers. Apparatus and methods for manu 
facturing such carpet are also disclosed. 

BACKGROUND 

[0003] Most carpets are composite structures in Which the 
face ?ber forming the pile, i.e., the surface of the carpet, 
penetrates at least one backing layer. The base portions of 
the facing yarn eXtend through the backing and are eXposed 
on the bottom surface of the primary backing. Such carpets, 
generally termed tufted carpets, may be cut pile or loop pile. 
Aspects of the present invention are also applicable to most 
other types of carpet, including Woven or knitted carpets 
such as Berber carpets and certain sports surfaces, such as 
arti?cial turf or grass. 

[0004] The basic manufacturing approach to the commer 
cial production of tufted carpeting is to start With a Woven 
scrim or primary carpet backing and to feed this into a 
tufting machine or a loom. The carpet face ?ber is needled 
through and embedded in the primary carpet backing, thus 
forming a carpet precursor or base, sometimes called greige 
goods. Upstanding loops on the upper side of the carpet may 
be cut to produce cut pile carpet. Yarn loops or knots are 
usually eXposed on the underside of the greige goods. 

[0005] Greige goods are typically backed With an adhesive 
coating in order to secure the face yarn to the primary 
backing. LoW cost carpet often receives only a lateX adhe 
sive coating as the backing. This type of carpet is Widely 
used in boats and is called marine backed carpet. Typically, 
the marine backed carpets are backed With a lateX adhesive 
coating that is Water and/or mildeW resistant. Higher cost 
carpet often receives both a lateX adhesive coating and a 
secondary backing. 
[0006] The face ?ber or yarn used in forming the pile of 
a tufted carpet is typically made of any one of a number of 
types of ?ber, e.g., nylon, acrylic, polypropylene, polyeth 
ylene, polyester, rayon, Wool, cotton and the like. Face yarns 
used in carpet include spun staple yarn and bulk continuous 
?lament (BCF) yarn Which is made up of tens or hundreds 
of individual ?bers, generally about 50-200 individual 
?bers, though more or less ?bers can be used. Fibrillated 
polypropylene grass yarn is also often used as a face yarn. 
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[0007] The individual yarn, once made, is often tWisted by 
itself or in combination With tWo or more yarns to increase 
the total denier. For example, tWo yarns of 1500 denier each 
can be tWisted together to produce a 3000 denier yarn, or 
three yarns of 1000 denier each can be tWisted together to 
produce a 3000 denier yarn made up of BCF or spun staple 
feeder yarn. The tWo or more yarns can be the same color or 

different colors. Thus, a much Wider range of yarn deniers 
and colorations is made possible. The yarns often are 
teXtured or air entangled to achieve a different appearance. 
The tWisting, teXturing and air entangling may require that 
the yarn receive a spin ?nish that makes the yarn surface 
easier to Work With in the ?ber processing. HoWever, the 
spin ?nish complicates adhesion of other materials in later 
processing, for example, in coating the yarns. 

[0008] Primary backings for tufted pile carpets are typi 
cally Woven or non-Woven fabrics made of one or more 

natural or synthetic ?bers or yarns, such as jute, Wool, 
polypropylene, polyethylene, polyester, nylon, rayon and the 
like. Films of synthetic materials, such as polypropylene, 
polyethylene and ethylene-propylene copolymers, may also 
be used to form the tape for Weaving the primary backing. 
When tape yarns are used, they are Woven into a backing 
fabric Which may consist of the same or different materials 
in the Warp and ?ll directions. The carpet face ?ber is usually 
embedded in the primary backing such that it Wraps around 
the ?ll material. 

[0009] The application of the lateX adhesive to the primary 
backing involves coating the bottom surface of the formed 
greige goods With a lateX polymer binder such as a styrene 
butadiene copolymer. The viscosity of the lateX adhesive is 
similar to Water and the lateX adhesive ?oWs relatively easily 
into the back of the carpet, Wetting out the ?ber bundles and 
penetrating the primary backing. The coated greige goods 
are passed through an oven to dry the lateX adhesive coating. 
In this manner, the face ?bers are attached to the primary 
backing by the lateX binder. 

[0010] It is knoWn in the art to prepare the greige goods for 
coating by subjecting the back of the greige goods to a gas 
?ame to reduce the bulk of the protruding face yarn, 
particularly in greige goods With large knots, in order to 
reduce the amount of lateX adhesive necessary to provide a 
smooth, Well-covered surface. It is also knoWn to apply 
pressure and loW level heat (i.e. beloW yarn melting tem 
perature) to ?atten the knots prior to the application of the 
lateX adhesive. 

[0011] If desired, a secondary backing may be bonded to 
the undersurface of the primary backing. To produce tufted 
carpets With a secondary backing, the bottom surface of the 
greige goods is coated With a lateX polymer binder. The 
secondary backing is applied to the coated bottom surface 
and the resulting structure is passed through an oven to dry 
the lateX adhesive coating to bond the secondary backing to 
the greige goods. 

[0012] Secondary backings for tufted pile carpets are 
typically Woven or non-Woven fabrics made of one or more 

natural or synthetic ?bers or yarns. In particular, secondary 
backings for tufted pile carpets are open Weave or leno 
Weave, having tape yarn in the Warp direction, usually of 
polypropylene, and spun staple ?ber in the ?ll direction. The 
spun staple ?ber is very costly, but is used to increase 
adhesion betWeen the backing and lateX adhesive coating 
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normally used. The spun stable ?ber is hairy When formed 
and, after the yarn is Woven, it is actually run against an 
abrasive roll to make the spun yarn more hairy. The latex is 
then able to Wet out all the little hairs, improving adhesion 
of the secondary backing to the carpet. HoWever, spun staple 
yarn is not as strong as tape yarn. Therefore, a strong and 
less expensive secondary backing material is desirable. 

[0013] The above-described methods have disadvantages 
in that they require a drying step and thus an oven to dry the 
latex polymer binder. The drying step increases the cost of 
the carpet and limits production speed. Furthermore, it has 
been reported that latex adhesive compositions generate 
gasses that may be the cause of headaches, Watery eyes, 
breathing dif?culties and nausea, especially When used in 
tightly sealed buildings. See Herligy, The Carpet & Rug 
Industry, October 1990. An additional problem sometimes 
encountered With the latex coating is that the latex may go 
all the Way through the primary backing and ruin the 
appearance of the carpet due to excessive penetration caused 
by the loW viscosity of the latex. In addition, overheating of 
the carpet may occur during drying of the latex, Which in 
turn may affect the shade of the carpet. 

[0014] Consequently, carpet manufacturers have been 
attempting to develop a neW approach for the preparation of 
tufted carpets. One such method is the preparation of tufted 
carpets With a hot-melt adhesive composition instead of a 
latex composition. 

[0015] Hot-melt adhesives are amorphous polymers that 
soften and How suf?ciently to Wet and penetrate the backing 
surfaces and tuft stitches of carpets upon application of 
sufficient heat. Furthermore, hot-melt adhesives tend to 
adhere to the backing surfaces and/or tuft stitches. 

[0016] The hot-melt compositions are selected for their 
adhesive properties in adhering to the tufts of face yarn, to 
the primary backing and to the secondary backing, as Well 
as adhering the various layers of the carpet product to each 
other. Such compositions are generally amorphous or sub 
stantially non-crystalline due to the adhesive properties of 
such polymers. 

[0017] By the use of hot-melt adhesive, the necessity of 
drying the composition after application is eliminated and, 
further, When a secondary backing material is desired, it can 
be applied directly after, or in conjunction With, the hot-melt 
composition application Without requiring an intervening 
drying step. 

[0018] Application of a hot-melt composition is generally 
accomplished by passing the bottom surface of the greige 
goods over an applicator roll positioned in a reservoir 
containing the hot-melt composition in a molten state. A 
doctor blade is ordinarily employed to control the amount of 
adhesive Which is transferred from the application roll to the 
bottom surface of the structure. Alternatively, the hot melt 
adhesive is extruded from a die and falls onto the greige 
goods, thereby coating the greige goods. After application of 
the hot-melt composition to the bottom surface of the greige 
goods, and prior to cooling, the secondary backing, if 
desired, is brought into contact With the bottom surface, and 
the resulting structure is then passed through nip rolls and 
heated. 

[0019] The activation temperature of a hot-melt adhesive, 
i.e., the temperature at Which the adhesive softens and ?oWs 
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suf?ciently to Wet and penetrate the backing surfaces and 
tuft stitches, is beloW the temperature at Which the backing 
and face yarns melt or otherWise distort. OtherWise, the 
backing and face yarns may suffer other damage due to 
heating. 
[0020] The compositions Which Work best as adhesives are 
those that can adhere to nylon or other materials from Which 
the ?bers are made. For example, as discussed in GB 
971,958, the adhesive composition may include modi?ed 
ole?ns such as ole?n copolymers of ethylene, butylene or 
propylene With polar monomers such as, but not limited to, 
methyl methacrylate, vinyl acetate, ethyl acrylate and 
methyl acrylate. The resulting carpet looks good and has 
many potential bene?ts over the latex-coated carpet. 

[0021] HoWever, it has been found that the tensile strength 
of hot-melt adhesives is very loW, on the order of one-tenth 
the tensile strength of polypropylene, and about one-seventh 
the strength of ethylene copolymers. Therefore, hot-melt 
adhesive carpets generally are de?cient in tuft pull strength 
(force required to remove a tuft from the carpet), particularly 
as measured by the ?berblock test or “Velcro Test,” Wherein 
a tWo pound Velcro® roller approximately three and one 
half inches Wide and one and one-half inches in diameter of 
Well-knoWn hook and loop fastening material is rolled 
repeatedly over the loop pile of the carpet, for example, ten 
times. The carpet is then inspected for protruding ?bers or 
fuZZ (short individual ?laments removed from the ?ber 
bundles). 
[0022] A further problem With hot-melt adhesive is that it 
begins to loose temperature and increase in viscosity as soon 
as it leaves the die or is extracted from the reservoir. The 
hot-melt adhesive loses some heat to the surrounding air in 
the short distance from die or reservoir to carpet. The carpet 
further acts as a heat sink for the heat of the hot-melt 
adhesive, causing the viscosity to drop off sharply. Nip 
pressure can be applied to help the hot-melt adhesive to 
penetrate the greige goods, but this forces the melt against 
and into the relatively cold carpet, even further loWering the 
melt temperature and viscosity. 

[0023] This is even further complicated by the fact that the 
carpet can be made from yarns that have been tWisted 
together, for example, tWo or more feeder yarns tWisted into 
one larger yarn. The tufting process may also stitch several 
yarns over each other, in effect burying yarns under over 
lapping stitches, thus preventing the adhesive from reaching 
all of the ?bers. Any ?nish or coating such as a spin ?nish 
that may have been originally applied to the yarn also 
complicates this by making adhesion of the melt dif?cult. 
The result is that total penetration and Wetting of the yarn 
back loops is usually not achieved and, thus, the tuft pull 
strength is very loW. 

[0024] Thus, conventional carpet and carpet manufactur 
ing processes have inherent problems. Speci?cally, the adhe 
sives used to adhere the tufts of face ?ber to the primary 
backing and to adhere the secondary backing to the primary 
backing include compositions Which require lengthy drying 
times, thus sloWing doWn the manufacturing process. Fur 
ther, these adhesives may excessively penetrate the ?bers, 
distorting the appearance of the carpet face. In addition, use 
of latex compositions as adhesives may produce noxious 
gases Which create health haZards. Many of the hot-melt 
adhesive compositions conventionally employed in the 
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manufacture of carpet do not result in reproducible consis 
tency regarding scrim bonds (force required to remove the 
secondary backing from the ?nished carpet), tuft pull 
strength and fuZZ resistance (an indication of the amount the 
individual carpet yarns may fuZZ and form pills). 

[0025] In the original parent application Ser. No. 07/883, 
093, now US. Pat. No. 5,240,530, there are disclosed certain 
methods for producing carpet. According to the teachings of 
that application, a thermoplastic polymer sheet may be 
extruded into contact With greige goods to integrally fuse the 
primary backing, face yarn and extruded sheet. Cut pile 
carpet is presented as exemplifying the use of the methods. 
No latex or adhesive application is required, nor is a backing 
step required, though one may be employed in some prod 
ucts. 

[0026] It is knoWn that latex adhesives, if properly 
applied, can provide suf?cient binding of carpet ?bers to 
permit manufacture of loop pile carpets Which can pass the 
Velcro® test. It is important that any proposal to replace the 
use of conventional adhesives be likeWise capable of pro 
ducing a carpet in Which the face yarn or ?bers are securely 
attached to the carpet, and, in particular, capable of produc 
ing loop pile carpet made With bulk continuous ?lament 
(BCF) face yarn or spun staple yarn Which can pass the 
Velcro® test. 

[0027] The present application includes disclosure of 
improved carpets and improved techniques for manufactur 
ing carpets Which retain various advantages of the carpets 
and methods initially disclosed in the original parent appli 
cation. 

SUMMARY OF THE DISCLOSURE AND 
OBJECTS OF THE INVENTION 

[0028] The present disclosure relates to a novel carpet 
product and method and apparatus for producing such a 
carpet. The present disclosure further relates to an improved 
carpet and method for producing a carpet that overcomes 
many of the problems associated With a conventional carpet 
and carpet manufacturing processes. 

[0029] The present disclosure particularly relates to a 
carpet having at least a primary backing, a yarn made up of 
a plurality of thermoplastic ?bers Wherein the yarn is tufted 
in the primary backing With back loops of ?ber on the 
underside of the primary backing Wherein a portion of 
substantially all of the plurality of ?bers is integrally fused 
together, and a greige goods coating of a thermoplastic 
polyole?n polymer having recurring polar moieties Which 
contacts one or more of the integrally fused ?bers and 
primary backing. 

[0030] The present disclosure further relates to a process 
for manufacturing a carpet including tufting a primary 
backing With a yarn to form a carpet base having portions of 
the yarn protruding from the upper side of the primary 
backing and back loop portions of the yarn exposed on the 
underside of the primary backing, heating the underside of 
the carpet base to heat the back loop portions of the yarn to 
integrally fuse individual ?bers of the yarn together, and 
applying a greige goods coating of thermoplastic polyole?n 
polymer having recurring polar moieties directly to the 
underside of the carpet base to adhere or integrally fuse a 
portion of substantially all the ?bers in the back loops. 
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[0031] A further object of the invention is a carpet having 
a primary backing coated on one side With a primary backing 
coating of thermoplastic polyole?n polymer having recur 
ring polar moieties Wherein a face yarn made of a plurality 
of ?bers in a ?ber bundle is tufted through the coated 
primary backing, having back loops on the underside of the 
coated primary backing, Which adhere or integrally fuse 
thereto, and a greige goods coating comprising a second 
thermoplastic polyole?n polymer having recurring polar 
moieties contacting one or more of the ?ber back loops and 
coated primary backing. 

[0032] Another object of the invention is a method for 
manufacturing a carpet including coating a primary backing 
With a primary backing coating of thermoplastic polyole?n 
polymer having recurring polar moieties, ?xing tufts of 
carpet ?bers to the coated primary backing so that the tufts 
protrude from the top surface of the coated primary backing 
to form a tufted base and back loop portions of the carpet 
?bers are exposed on the underside of the primary backing, 
contacting the loWer surface of the tufted base With a greige 
goods coating of thermoplastic polyole?n polymer having 
recurring polar moieties, and adhering or integrally fusing at 
least one of the coated primary backing or ?ber back loops 
to the greige goods coating. 

[0033] It is a further object of the invention that the 
primary backing adhere or integrally fuse to the yarn ?bers. 
Preferably, the primary backing comprises at least in either 
the Warp or ?ll direction a thermoplastic polyole?n polymer 
having recurring polar moieties, alloWing the ?bers of the 
face yarn to better adhere to the primary backing around 
Which they are Wrapped, thereby preventing pull-out of the 
?bers. Advantageously, the thermoplastic polyole?n poly 
mer having recurring polar moieties is in the ?ll direction. 
Further, it is preferable that the thermoplastic polyole?n 
polymer having recurring polar moieties for use in the 
primary backing is a propylene copolymer or polypropylene 
graft polymer. Various speci?c compositions are employed 
in preferred embodiment of the present invention. 

[0034] The present disclosure further provides a second 
ary backing Which comprises polypropylene tape yarn in 
both the Warp and ?ll directions, thus reducing cost and 
improving strength. 
[0035] It is another object of the present invention to 
provide a process for manufacturing a carpet made from 
thermoplastic polymers Which satis?es commercial require 
ments relating to resistance to fuZZing, yarn integrity, tuft 
binding and lamination strength. 

[0036] It is another object of this invention to reduce the 
cost of manufacturing carpets. 

[0037] It is a further object of this invention to improve the 
adhesion betWeen layers binding the carpet, thereby improv 
ing carpet strength, yarn integrity, tuft binding, laminative 
strength and resistance to fuZZing. 

[0038] The present disclosure also relates to carpet making 
machinery. In one embodiment, a carpet precursor is sup 
plied to an arrangement of rollers including a ?uid heated 
roller Which is pressed against the underside of the carpet 
precursor. In a preferred embodiment, an extruder directly 
extrudes a hot thermoplastic sheet onto the heated underside 
of the carpet precursor. The laminate so formed is pressed 
against a cooled casting roll. 
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[0039] In an alternate embodiment of the present inven 
tion, a preformed sheet of thermoplastic polymer is simul 
taneously heated and laminated With a carpet precursor in an 
apparatus including a continuous moving surface or belt. 
The belt is differentially heated so that it is relatively hot at 
the location Where it ?rst contacts the polymer sheet. The 
belt is moved and cooled so that it readily separates from the 
underside of the carpet after the carpet precursor and poly 
mer sheet have been adhered or integrally fused. 

[0040] Accordingly, it is an object of the present invention 
to provide machinery for producing a carpet from a carpet 
precursor contacting a polymer sheet. 

[0041] These and other objects and features Will be appar 
ent from the detailed descriptive material Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The ?gures listed beloW represent preferred 
embodiments of the invention described herein. 

[0043] FIG. 1 is a cross-sectional vieW of a carpet being 
manufactured in accordance With a preferred embodiment of 
the present invention; 

[0044] FIG. 2a is a cross-sectional vieW of a cut pile 
carpet precursor; 

[0045] FIG. 2b is a cross-sectional vieW of a cut pile 
carpet made in accordance With the teachings of the present 
invention; 
[0046] FIG. 3a is a cross-sectional vieW of a carpet 
precursor for a loop pile carpet; 

[0047] FIG. 3b is a cross-sectional vieW of a loop pile 
carpet made in accordance With the teachings of the present 
invention; 
[0048] FIG. 3c is a cross-sectional vieW of a loop pile 
carpet With secondary backing made in accordance With the 
teachings of the present invention; 

[0049] FIG. 4a is a side schematic vieW of an apparatus 
used in the making of carpet, employing a heated roller; 

[0050] FIG. 4b is a pictorial vieW of an apparatus of the 
type described generally in connection With FIG. 2a; 

[0051] FIGS. 5a and 5b are graphs illustrating the esti 
mated temperatures of carpet components as a function of 
time for the apparatus of FIGS. 2; 

[0052] FIG. 6 is a side schematic vieW of an apparatus 
used in the making of carpet, employing a heated plate; 

[0053] FIG. 7 is a side schematic vieW of an apparatus 
used in making carpet employing a continuous, temperature 
controlled surface; and 

[0054] FIG. 8 is a cross-sectional vieW of a loop pile 
carpet With a coated primary backing made in accordance 
With the teachings of one embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0055] According to the present invention, a thermoplastic 
polymer sheet is laminated With a carpet precursor to form 
a carpet product With desirable physical properties. Gener 
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ally, the carpet precursor is made of a face yarn Which 
interpenetrates a primary backing or grid de?ning the plane 
of the ?nished carpet. The carpet precursor may be Woven or 
knitted. 

[0056] In preferred embodiments, the carpet precursor has 
face yarn tufted in a primary backing and integrally fused to 
itself. A greige goods coating of thermoplastic polyole?n 
polymer having recurring polar moieties is contacted With 
the underside of the formed carpet precursor. A carpet 
product With eXcellent physical properties may be made 
using the techniques and apparatus described as folloWs. 

[0057] The carpet of the present disclosure is desirably 
prepared by feeding a primary carpet backing into a con 
ventional tufting machine. During the tufting process, carpet 
face yarn is also fed into the tufting machine Wherein 
hundreds of individual tufting needles may be employed to 
stitch through the primary carpet backing, thus forming a 
continuous Web of face ?ber tufted through the primary 
backing. At this point, the carpet face ?ber is secured to the 
backing to a degree suf?cient for movement of the tufted 
material for further processing, but not suf?cient for its use 
as a ?nished carpet. The tufted ?bers removed from the 
tufting machine are called greige goods. 

[0058] The greige goods taken from the tufting machine 
are ?nished to make the material suitable for ?nished carpet. 
First, the greige goods are preferably heated to melt the 
tufted ?bers together Within the primary backing, thereby 
integrally fusing the tufted ?bers to themselves and/or to the 
primary backing. After fusing the tufted ?bers, a greige 
goods coating comprising a thermoplastic polyole?n poly 
mer having recurring polar moieties is applied to the under 
side of the greige goods at a temperature suf?ciently high so 
as to create a heat bond betWeen the primary backing layer 
and/or carpet face ?ber and the greige goods coating. A 
temperature suf?ciently high to create a heat bond is a 
temperature at least equal to the melting temperature of the 
greige goods coating. More preferably, a temperature suf? 
ciently high enough to create a bond is a temperature at least 
about 100° F. higher than the melting point of the greige 
goods coating, even more preferably at least about 125° F. 
higher, and even more preferably at least about 150° F. 
higher than the melting point of the greige goods coating. 
For eXample, if the greige goods coating is polypropylene, 
a preferred temperature is at least about 450° F., more 
preferably at least about 475° F., even more preferably at 
least about 500° F. Of course, temperatures too high may 
result in unWanted degradation of the polymers. 

[0059] FIG. 1 illustrates some of the features of a carpet 
product of a preferred embodiment of the present invention. 
A primary backing layer is designated by the numeral 10. 
Face yarn is tufted in the primary backing forming a yarn 
pile 12 on the upper side of the carpet and back loops or 
knots 14 on the bottom. The tufted primary backing 16 is 
referred to here as the carpet precursor, carpet base or greige 
goods. On the left-hand side of FIG. 1, the carpet face yarn 
is loosely secured to the backing 10 by the tufting process to 
a degree sufficient for movement of the precursor for further 
processing, but the precursor is not suf?ciently mechanically 
stable for use as a ?nished carpet. 

[0060] The carpet precursor is desirably heated to a tem 
perature suf?cient to cause melting of the back loops such 
that at least a portion of substantially all of the ?bers therein 
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integrally fuse together and/or at least a portion of the back 
loops integrally fuse With other back loops. 

[0061] The precursor is then laminated With a greige 
goods coating 18 in a thickness of from about 3 to 15 mils 
to form the carpet product 20. Advantageously, the greige 
goods coating is a thermoplastic polyole?n polymer having 
recurring polar moieties. The carpet precursor is adhered to 
or integrally fused With the greige goods coating. 

Carpet Products 

[0062] FIG. 1 illustrates a preferred embodiment of the 
present invention: a carpet product including a face yarn and 
a backing material coated With a polymer. 

[0063] More speci?cally, preferred embodiments of the 
carpet may comprise a primary backing, a face yarn pro 
truding from a top surface of the primary backing, Where the 
?bers of the face yarn are integrally fused, and a greige 
goods coating of a thermoplastic polyole?n polymer having 
recurring polar moieties adhered or integrally fused to the 
back loops of the face yarn and/or to the bottom surface of 
the primary backing. 

[0064] The primary backing may preferably be a polypro 
pylene Woven or non-Woven material Wherein the ?ll yarn is 
a thermoplastic polyole?n polymer having recurring polar 
moieties to better facilitate adherence to or integral fusing 
With the inside of the ?ber bundle back loop. 

[0065] Alternatively, the primary backing may be coated 
With a thermoplastic polyole?n polymer having recurring 
polar moieties before tufting. Again, this facilitates better 
adherence to or integral bonding betWeen the primary back 
ing and the inside of the ?ber bundle back loop. Further, 
because this primary backing coating may adhere or inte 
grally fuse With the greige goods coating, it further helps to 
lock the ?ber bundle in place on the primary backing, 
preventing pull-out and fuZZing of the ?bers. 

[0066] The carpet product of the present invention may 
also include one or more secondary backing layers adhered 
or integrally fused to the carpet precursor by a greige goods 
coating. Preferably, the secondary backing comprises tape 
yarn in both the Warp and ?ll direction. 

[0067] The tufts of ?ber protruding from the top surface of 
the primary backing layer may be of any of the convention 
ally used ?bers or yarns for tufting carpet. Such materials 
preferably include nylon, polyester and polypropylene, or 
other thermoplastic synthetic materials When the ?bers are to 
be integrally fused to themselves. HoWever, the yarns can 
include any of the natural or synthetic ?bers knoWn by those 
skilled in the art. The ?bers protruding from the primary 
backing may be made of the same material as the primary 
backing itself. 

[0068] Any one or more of the face yarn, primary backing, 
primary backing coating, secondary backing and greige 
goods coating may comprise the same thermoplastic poly 
mer. Preferably, the thermoplastic polymer is a thermoplas 
tic polyole?n polymer having recurring polar moieties, also 
termed a “polar modi?ed polyole?n”. As used herein, the 
phrase “thermoplastic polyole?n polymer having recurring 
polar moieties”, or “polar modi?ed polyole?n,” is meant to 
include a random, impact or block copolymer, or a graft 
polymer. The polyole?n copolymer comprises, for eXample, 
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ethylene, propylene or butylene and polar monomers includ 
ing, but not limited to, methacrylate, vinyl acetate, acrylic 
acid, methacrylic acid, ethyl acrylate, butyl acrylate and 
vinyl alcohol. The graft polymers comprise, for eXample, 
polyethylene, polypropylene or polybutylene having a polar 
moiety grafted thereon, Wherein the polar moiety is prefer 
ably maleic anhydride Modi?ed polypropylene as 
used herein is meant to include both the copolymers of 
propylene and graft polymers of polypropylene set forth 
above. A polymer of polyole?n and an acrylate as used 
herein is meant to include a copolymer of ethylene, propy 
lene or butylene With one or more of methacrylate, ethyl 
acrylate or butyl acrylate, or a graft polymer of polyethyl 
ene, polypropylene or polybutylene With one or more of 
methacrylate, ethyl acrylate or butyl acrylate. Polymers of 
this type are set forth in Table Aof U.S. Pat. No. 5,240,530, 
herein incorporated by reference. 

[0069] In a preferred embodiment, all of the layers of the 
carpet comprise the same thermoplastic polyole?n polymer 
having recurring polar moieties. In this embodiment, all 
layers of the carpet integrally fuse With all other layers, 
forming a strong carpet product. 

[0070] In another embodiment, the primary and secondary 
backing and greige goods coating are formed of one polymer 
and the face yarn is formed of a different polymer. For 
eXample, the primary and secondary backing and greige 
goods coating are formed of a thermoplastic polyole?n 
polymer having recurring polar moieties and the face yarn is 
formed of nylon or polyester, or of natural materials such as 
cotton or Wool. In other embodiments, some or all of the 
backing may be formed from thermoplastic polyole?n poly 
mer having recurring polar moieties. It is preferred, hoW 
ever, to use a polymer for the primary and secondary 
backings With melting points similar to that of the greige 
goods coating to facilitate adhesion to, or, preferably, inte 
gral fusion With the greige goods coating. 

[0071] In some carpets, the bottom layer (either the greige 
goods coating or secondary backing) may be formed from a 
blend of thermoplastic polyole?n polymer having recurring 
polar moieties and thermoplastic elastomer to provide some 
properties of the elastomer such as ?exibility, non-skid 
character and other properties similar to rubber. 

[0072] The primary backing of the carpet product may 
include any synthetic resin that Will integrally fuse With the 
greige goods coating and may be, for eXample, a Woven or 
non-Woven fabric, a ?lm or a Web. Preferably, the primary 
backing is made of a thermoplastic polyole?n polymer, 
copolymer or terpolymer in the Warp direction, With a 
thermoplastic polyole?n polymer having recurring polar 
moieties in the ?ll direction, preferably a maleic anhydride 
graft polymer of polypropylene. This facilitates adhesion or 
integral fusion of the interior of the ?ber bundle With the 
primary backing, helping to prevent pull-out of the ?bers 
and making total penetration of the adhesive coating into the 
?ber bundle unnecessary. 

[0073] Further, the primary backing may be coated With a 
thermoplastic polymer, such as a thermoplastic polyole?n 
polymer having recurring polar moieties as discussed herein 
throughout, before tufting of the ?bers through the primary 
backing. The primary backing coating is preferably in an 
amount of from about 0.5 to 5.0 mils thick. Coating the 
primary backing before tufting promotes adhesion or inte 
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gral fusion of the interior of the ?ber bundles With the 
primary backing upon heating. Again, this helps to secure 
the ?bers in place Without necessitating total penetration of 
the ?ber bundle by the adhesive coating. Further, Where the 
primary backing coating is exposed to the greige goods 
coating through the ?ber back loops, adhesion or integral 
fusion of the primary backing coating and greige goods 
coating Will occur, effectively trapping the ?ber bundle 
betWeen the primary backing coating and greige goods 
coating. This increases tuft bind strength of the resultant 
carpet. 

[0074] The secondary backing material, if applied, may 
preferably include any synthetic resin that Will adhere or 
integrally fuse With the greige goods coating. Advanta 
geously, the secondary backing Will comprise the same 
thermoplastic polyole?n polymer having recurring polar 
moieties as the primary backing. The secondary backing for 
the carpets of the present disclosure may comprise a Woven 
or non-Woven fabric. AWoven secondary backing may be an 
open Weave or leno Weave, preferably having tape yarn in 
both the Warp direction and in the ?ll direction. HoWever, 
the open Weave is not necessary to obtain a suitable bond as 
may be required With use of a latex adhesive. 

[0075] The greige goods coating may be formed from a 
thermoplastic polyole?n polymer having recurring polar 
moieties. Apreferred greige goods coating is a copolymer of 
ethylene or a graft polymer of polypropylene. Preferably, the 
greige goods coating is applied in an amount of from about 
3 to 15 mils. 

[0076] The thermoplastic polyole?n polymer having 
recurring polar moieties used in the greige goods coating 
may be compounded With inert ?llers by either extrusion 
compounding or mixing operations. Such ?llers may include 
calcium carbonate, silicates, talc, calcium, glass ?bers, car 
bon black and Wood ?our. Other ?llers may also be suitable. 

[0077] The use of such ?llers in the greige goods coating 
may range from about 0.1% to as high as about 50%. At the 
high levels, an exceedingly stiff board like material may be 
made that may be used, e.g., as a trunk liner, molded ?oor 
mat or a door panel in an automobile. Because addition of 
a ?ller signi?cantly alters the performance and process 
ability of the polymer, ?lled systems may be designed to 
satisfy a particular product need With minimum effect on 
other performance aspects. 

[0078] It is desirable that, for some use applications, 
carpet made in accordance With the present invention pass 
the “pill test” (ASTM D-2859) for ?re resistance. Thus, in 
some applications Where enhanced ?ame resistance is 
required, a ?re-retardant may be added to the feedstock used 
to produce the greige goods coating. 

[0079] Optionally, blends of the thermoplastic polyole?n 
polymers having recurring polar moieties and thermoplastic 
elastomers may be used to make the greige goods coating or 
co-extruded layer. The thermoplastic elastomers (TPE’s) are 
a diverse family of rubber-like materials that, unlike vulca 
niZed rubbers, may be processed and recycled as thermo 
plastics. A listing of some suitable TPE’s is given in parent 
patent US. Pat. No. 5,240,530 at Table A, column 11, Which 
is hereby incorporated by reference. The TPE’s are not 
merely substitutes for thermosetting polymers, but may also 
replace or improve their properties. There are four general 
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groups of TPE’s that may be suitable for use in the present 
invention. The four general groups include polyurethanes, 
copolyesters, styrene block copolymers, and polyole?ns. 
Blending the elastomer With the polyole?n polymer pro 
vides some of the properties of the elastomer at a loWer cost. 
The compatibility is good for blends ranging from about 10 
to 97% elastomer based on the total amount of thermoplastic 
polyole?n polymer having recurring polar moieties and 
elastomer. 

[0080] As a class, the TPE’s may provide toughness, 
?exibility over a Wide temperature range, and resistance to 
abrasion, Weathering, and a variety of solvents and other 
chemicals. Thus, the properties of each of the materials in 
the group may be tailored for use in the carpet of the present 
invention by polymeriZation methods, blending, and incor 
poration of additives, ?llers, and reinforcements to form 
carpets having enhanced abrasion, Weathering and chemical 
resistance. 

[0081] Depending on the material composition of each of 
the possible carpet layers (yarn, primary backing, primary 
backing coating, greige goods coating, secondary backing), 
various adjacent or overlapping carpet layers Will adhere or 
integrally fuse. Integral fusion is typically achieved using 
chemically similar thermoplastics Which melt together, 
While adhesion requires that the materials stick together by 
either chemical or mechanical means. Adhered materials 
typically may be separated into the component parts. Adhe 
sion and integral fusion of the various carpet components as 
disclosed may provide a carpet having improved strength, 
fuZZ resistance and longevity. 

Improved Methods and Apparatus for Carpet 
Manufacture 

[0082] With reference to FIG. 1, an improved method of 
making a carpet product according to the invention is 
generally illustrated. Heat and pressure are applied (for 
example, by a heated roller) to the underside of the carpet 
precursor at location 22 suf?cient to heat the underside of the 
carpet precursor to above the melting point of the face yarn. 
This preheating of the carpet precursor causes a portion of 
substantially all of the ?bers in the back loops of the face 
yarn to integrally fuse together. Generally, the temperature 
should be about 50° F. above the melting point of the face 
yarn, preferably at least 100° F. above the melting point of 
the face yarn. A heated greige goods coating of thermoplas 
tic polyole?n polymer having recurring polar moieties 18 is 
brought into contact With the heated carpet precursor at 
location 24 Whereby the laminated carpet product 20 is 
produced. The carpet product may either be the ?nished 
carpet or subjected to further processing, e.g. application of 
additional backings. 

[0083] FIGS. 2 and 3 illustrate, by Way of example, tWo 
types of carpet products made in accordance With the 
teachings of the present invention. FIG. 2 relates to a cut 
pile, or grass, carpet and FIG. 3 relates to a loop pile carpet 
With optional secondary backing. 

[0084] FIG. 2a depicts a carpet precursor 200 from Which 
a carpet, for example, grass carpet, is made. A Woven 
primary backing 202 is interpenetrated by ?brillated isotac 
tic polypropylene yarn 204 in a preferred embodiment. Cut 
yarn ends or tufts 206 form the pile of the carpet. The yarn 
is loosely secured in place by back loops 208 exposed on the 
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underside of the carpet precursor. In this example the 
backing 202 is a Woven fabric made of polypropylene. 

[0085] FIG. 2b depicts a carpet product 210 made from 
the carpet precursor of FIG. 2a. A greige goods coating 212 
of thermoplastic polyole?n polyrner having recurring polar 
rnoieties has been integrally fused to the carpet precursor 
200. As shoWn in the ?gure, the back loops 208 and portions 
of the primary backing 202 have been heat bonded (i.e., 
adhered or integrally fused) With the greige goods coating 
212. Spaces betWeen the primary backing 202 and the greige 
goods coating 212 may be larger or smaller depending on the 
penetration of the greige goods coating into the primary 
backing during manufacture. In fact, the greige goods coat 
ing may more or less conform to the shape of the bottom 
surface of the primary backing and encapsulate the back 
loops. Thus, there may be little, if any, space betWeen the 
greige goods coating and the primary backing. The under 
side 214 of the carpet product may be essentially ?at due to 
the cooling contact made with the surface of a casting roller 
during processing. 

[0086] During manufacture, the back loops 208 may be 
heated sufficiently for individual ?brils of the yarn to inte 
grally fuse With each other. The preliminary heating of the 
carpet precursor raises the temperature of the carpet precur 
sor above the melting point of the yarn, rnelting at least a 
portion of substantially all of the individual ?bers of the yarn 
in the back loops such that the yarn ?bers melt and How 
together, integrally fusing the individual ?bers to each other 
both Within a tuft and betWeen tufts of yarn. The heat of the 
greige goods coating contacting the primary backing and 
integrally fused ?brils of yarn also may partially melt the 
polymers therein suf?cient to form a heat bond With the 
greige goods coating. This enhances the mechanical dura 
bility of the resulting carpet product. Further, the integral 
fusing of the ?bers lessens the need for the greige goods 
coating to fully Wet and penetrate the back loops of yarn. 
The integral fusing of the ?bers around the primary backing 
sufficiently secures the ?bers in place such that the carpet 
material will pass the Velcro® test without complete Wetting 
by the greige goods coating of the ?ber bundles. 

[0087] Preferably, the primary backing comprises a ther 
rnoplastic polyole?n polyrner having recurring polar rnoi 
eties in the ?ll direction, such that heating the carpet 
precursor alloWs the ?ll yarn to bond With the inside of the 
?ber bundle loop. A ?ll yarn made from therrnoplastic 
polyole?n polyrner having recurring polar rnoieties, prefer 
ably a graft polyole?n polyrner such as rnaleic anhydride 
rnodi?ed polypropylene, adheres to the innermost part of the 
?ber bundle back loop When heated. This provides a more 
secure bond betWeen the ?ber bundle back loop and the ?ll 
yarn around Which it is Wrapped, helping to prevent pull-out 
of the ?bers from the primary backing. By bonding the 
internal part of the ?ber bundle back loop to the ?ll yarn of 
the primary backing, total penetration and Wetting of the 
back loops by the greige goods coating is no longer required 
to hold the ?bers in place. 

[0088] Alternatively, the primary backing may be coated 
With a primary backing coating of thermoplastic polyole?n 
polyrner having recurring polar rnoieties before tufting the 
yarn through the backing. The primary backing coating is 
preferably a polypropylene graft polymer with rnaleic anhy 
dride. The primary backing coating is preferably in an 
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amount of from about 0.5 to 5.0 rnils thick. Upon heating, 
the coated prirnary backing Will adhere or integrally fuse to 
the inside of the ?ber bundle back loop, preventing pull-out 
of the ?bers and reducing the need to totally penetrate the 
?ber bundles With the greige goods coating to ensure suf 
?cient tuft bond strength. Further, the primary backing 
coating may adhere or integrally fuse With the greige goods 
coating, thereby locking the ?ber back loop betWeen the tWo 
coatings, holding it securely in place (see FIG. 8). 

[0089] FIG. 3a depicts a carpet precursor 300 from Which 
a level loop pile carpet is made. A Woven prirnary backing 
302 is interpenetrated by a rnulti-?ber face yarn or bulk 
continuous ?larnent (BCF) yarn 304. Such yarn may be a 
tWisted array of, for example, 120 small denier ?bers. Yarn 
loops or tufts 306 form the pile of the carpet. The yarn is 
mechanically secured to the backing 302 by back loops 308 
exposed on the underside of the carpet precursor. In this 
example the BCF yarn is made of polypropylene and the 
backing 302 is a Woven fabric also made of polypropylene. 

[0090] FIG. 3b depicts a carpet product 310 made from 
the carpet precursor of FIG. 3a. A greige goods coating 312 
of thermoplastic polyole?n polyrner having recurring polar 
rnoieties has been integrally fused to the carpet precursor 
300. As shoWn in the ?gure, the back loops 308 and portions 
of the backing have been heat bonded With the greige goods 
coating 312. As in the example of FIG. 2a, sorne voids or 
spaces may occur betWeen the greige goods coating and 
carpet precursor. Alternatively, the upper portion of the 
greige goods coating may partially or totally encapsulate the 
back loops. 

[0091] During manufacture, the back loops 308 are pref 
erably partially rnelted so that individual ?bers making up 
the yarn are integrally fused With each other by preheating 
of the carpet precursor before contacting it With the hot 
greige goods coating. The heat of the greige goods coating 
may further partially melt the integrally fused ?bers such 
that they heat bond With the greige goods coating and/or the 
primary backing 302. It has been observed experimentally 
that this improves the mechanical stability of the resulting 
carpet product and secures the tufts and component yarn 
?bers to a suf?cient degree that the carpet product can pass 
the Velcro® test, as explained previously herein. 

[0092] FIG. 3c depicts a carpet product 320 Which 
includes an optional secondary backing 322. In this 
example, the secondary backing is larninated With the hot 
greige goods coating 312 and integrally fuses With it. 
Preferably, the secondary backing is a tape yarn in both the 
Weave and ?ll directions. More preferably, the tape yarn is 
a thermoplastic polyole?n polyrner having recurring polar 
rnoieties for optimal adherence to or integral fusing With the 
greige goods coating. 

[0093] An apparatus for producing a carpet product is 
illustrated in FIGS. 4a and 4b. Carpet precursor or greige 
goods 430 is supplied at location 431 With the carpet pile 
facing doWnWardly. The carpet precursor is placed in contact 
With a heated roller 432, Whereby the underside of the carpet 
precursor is heated. This results in heating of the back loops 
or knots of the carpet precursor Which may be partially 
rnelted therefrorn, causing the ?bers of the back loops to 
integrally fuse. The heated carpet precursor 434 travels 
downstream in the apparatus for larnination With a greige 
goods coating 436. 
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[0094] The greige goods coating may be a thermoplastic 
polyole?n polymer having recurring polar moieties, such as 
a copolymer or a graft polymer. The coating may be applied 
as a hot extrusion such as from a die as shoWn in FIG. 4, or 
as a preformed ?lm or sheet Which is heated to alloW heat 
bonding to the carpet precursor, Which preferentially is itself 
preheated. The greige goods coating may be heated before 
application to the carpet precursor, or after contact there 
With. 

[0095] The heated roller 432 may advantageously be a 
?uid or oil heated roller, although other means may be 
employed to uniformly heat the surface of the roller, such as 
electrical resistance elements. When heated ?uid is 
employed, the ?uid enters the system at 438 (While shoWn 
in FIG. 4a off-center, the ?uid inlet is typically at the center 
of the roll), is circulated in the roller 432 and exits at 440 
(While shoWn in FIG. 4a off-center, the ?uid outlet is 
typically at the center of the roll). The oil is reheated and 
recirculated in a closed loop system designated generally by 
numeral 441. Advantageously, the system is operated to 
maintain the surface of the roller 432 at a uniform tempera 
ture across the Width of the roller. The optimum surface 
temperature of the roller is dependent on a number of 
variables, including the structure and composition of the 
carpet precursor, line speed, roller pressure and the area of 
the contact betWeen the roller 432 and the carpet precursor. 
In the system illustrated in FIG. 4, the roller 432 is 5.9 
inches in diameter. The surface of the roller may be main 
tained betWeen 330° F. and 650° F. or even higher, and 
preferably betWeen 400° F. and 500° F. At a line speed of 
about 10 feet per minute, the preferred roller surface tem 
perature Was about 400 to 450° F. using certain common 
carpet precursors as described in greater detail in the 
examples beloW. 

[0096] The roller 432 may be provided With a surface or 
coating Which resists sticking. In the system illustrated in 
FIG. 4, the roller 432 is Wrapped With te?on tape. A doctor 
blade 442 may be provided to remove built-up polymer 
melted from the underside of the carpet precursor. 

[0097] Water cooled nip roll 444 may be provided Which, 
together With the tension in the running carpet precursor, 
holds the underside of the carpet precursor against the 
heated roller. With reference to FIG. 4b, Which shoWs some 
additional aspects of the apparatus of FIG. 4a in perspective 
vieW, the heated roller and auxiliary rollers are designated 
432‘ and 444‘, respectively. The auxiliary rollers 444‘ are 
rotatably mounted to a pivoting bar assembly 446. The 
pressure of the carpet precursor against the heated roller is 
controlled by applying pressure to the pivoting bar assembly 
446 by means of hydraulic actuators 448. The pressure at 
nips 450 and 450‘ have been desirably controlled to provide 
a contact pressure at a tangential point betWeen the nip rolls 
450 and 450‘ and chill roll 432 of betWeen 1 and 4 pounds 
per linear inch of Width With a gap setting betWeen the 
respective rolls prior to introducing the carpet precursor of 
betWeen Zero and one inch. The contact pressure and gap 
setting Will depend upon the thickness and density of the 
carpet precursor. In the apparatus of FIG. 4, the hydraulic 
pressure may typically be set at 460 to 480 pounds per 
square inch to obtain the desired contact pressure at the 
recited gap setting. 

[0098] Referring once more to FIG. 4a, the rollers 444 
may be mounted so that their axes of rotation can be 
selectively positioned along lines 445. An additional roller 
447 may be provided, Whose axis of rotation may be 
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selectively positioned along line 449. During line start-up, 
rollers 44 and 47 may be moved doWnWardly so that the path 
of the greige goods 430 is located out of contact With the 
heated roller 432, thereby preventing overheating of the 
greige goods as it is being threaded into the line. In addition, 
during operation, the location of rollers 444 along lines 445 
may be adjusted to vary the heat input into the greige goods. 
Thus, the heated roller temperature can be maintained con 
stant and the Wrap angle (i.e. residence time) of the greige 
goods adjusted for line parameter variations such as greige 
goods Weight. 

[0099] As shoWn in FIG. 4a, the heated carpet precursor 
434 travels a short distance “d” to be laminated With the 
greige goods coating 436. Preferably, this distance is as short 
as possible to minimiZe heat loss from the carpet precursor. 
The heated carpet precursor 434 preferably may contact the 
heated greige goods coating as it is directly extruded doWn 
Wardly onto the underside of the carpet precursor. The greige 
goods coating is formed by forcing a thermoplastic poly 
ole?n polymer having recurring polar moieties feedstock 
451 through an extrusion die 452. In examples discussed 
beloW, the extrusion die temperature is about 510° F. Alter 
natively, the greige goods coating may be a preformed sheet 
or ?lm made by any method knoWn in the art, including 
extrusion and casting. It is desirable that the greige goods 
coating be above its melting temperature When it contacts 
the carpet precursor, advantageously 100° F. or more above 
its melting temperature, to assure good heat bonding. 

[0100] The greige goods coating and carpet precursor 
together pass betWeen nip roll 454 and casting or chill roll 
456. As shoWn in FIG. 4b, the nip roller 454‘ may be 
rotatably mounted on parallel pivoting arms 458. The nip 
roller and pivoting arms exert a pressure against the upper 
side of the carpet precursor Which consequently presses the 
greige goods coating against the casting roller 456‘. A 
contact pressure at a tangential point betWeen the nip roller 
454 and the chill roller 456 of betWeen 1 and 4 pounds per 
linear inch of Width With a gap setting betWeen the respec 
tive rolls prior to introducing the carpet precursor of 
betWeen Zero and one inch has been desirably utiliZed. The 
contact pressure and gap setting Will depend upon the 
thickness and density of the carpet precursor. Advanta 
geously, the casting roller is maintained at a controlled 
temperature. In the examples discussed beloW, that tempera 
ture is 130° F. 

[0101] A carpet product 460 is produced Which may be 
subjected to additional processing. Optionally a secondary 
Woven backing or non-Woven backing (not shoWn) may be 
simultaneously laminated to the greige goods coating 436 at 
the casting roll 456. 

[0102] In order to control shrinking of the carpet precursor 
or carpet product, a tenter frame (not shoWn) may be 
employed during the preheating and lamination operations 
or thereafter. 

[0103] Various polymers have been extruded or laminated 
onto carpet precursors as greige goods coatings. In particu 
lar, trials have been conducted using polypropylene 
homopolymer (prime virgin 5 mils), polypropylene copoly 
mer (recycled from shrink ?lm), polypropylene homopoly 
mer (recycled from ?ber), and thermoplastic elastomer 
polypropylene blend (50/50 blend). Alternatively, other ther 
moplastic polyole?n polymers having recurring polar moi 
eties, including copolymers of ethylene, propylene and 
butylene With polar monomers such as methacrylate, vinyl 
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acetate, acrylic acid, methacrylic acid, ethyl acrylate, butyl 
acrylate and vinyl alcohol, or graft polymers of polyethyl 
ene, polypropylene and polybutylene With polar moieties 
such as maleic anhydride, may be used as greige goods 
coatings. In all the trials, the extruded sheet exhibited good 
bonding strength to the back of the carpet. The greige goods 
used in the trials included a polypropylene primary backing 
With polypropylene face ?ber and a polypropylene primary 
backing With nylon face ?ber. In addition, certain carpet 
trials included a secondary backing of Woven polypropy 
lene. The secondary backing Was found to exhibit good 
adhesion With all the polymer types listed. 

[0104] The extrusion trials Were conducted With a 1.5 inch 
diameter, 24:1 (barrel length to diameter ratio) Sterling 
extruder. The extruder had a 20 horsepoWer DC drive and a 
single stage screW. The extruder Was equipped With three 
heating Zones, a screen pack collar and a pressure gauge. 
Speed Was controlled by a variable resistor dial and a 
tachometer Was connected to an RPM dial for speed indi 
cation. Typical extruder temperatures range from 340° F. to 
600° F. and pressures from 1000-3000 psi. Typical die melt 
temperatures range from 450-580° F. 

[0105] The apparatus used in the examples described 
beloW included a heated roller of the type shoWn in FIG. 4. 
In that apparatus, the die Width Was 12 inches. The molten 
polymer from the die Was deposited on a Water cooled 
casting roll (7.9 inch diameter, 13 inch Width). Water Was 
passed through helical passages Within the casting roll at 
high velocity to cool the casting roll as required. The nip roll 
Was 3 inches in diameter. The casting roll assembly Was 
driven by an eddy current clutch and a 1.5 horsepoWer 
motor. 

[0106] While speeds of 10 feet per minute Were actually 
used in the examples described beloW, it is contemplated that 
higher speeds Would be used in commercial production. In 
particular, since there is no drying step, speeds of 100 to 300 
feet per minute appear possible. Carpet Widths of 12 to 15 
feet may be produced. Such speeds and Widths require 
appropriate material and handling capability to move large 
rolls in and out of the process quickly. Thus, in contrast to 
conventional processes, the factor limiting line speed may 
be material handling and not the conventional adhesive 
drying step, Which is eliminated in the practice of the present 
method. 
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is represented on the vertical axis; time/position is repre 
sented on the horiZontal axis. Trace 500 represents the back 
loop temperature at various points in the process designated 
by letters A though E Which correspond to similarly labeled 
locations in the apparatus of FIG. 4(a). Trace 504 represents 
the carpet face temperature at the points A though E of FIG. 
4(a). The dotted line 504 represents the melting temperature 
of the back loop yarn. FIG. 5a illustrates a temperature 
pro?le in Which the back loops are maintained above their 
melting temperature, While the temperature of the carpet 
face alWays remains beloW the melting temperature. 

[0108] The temperature of the carpet product at various 
depths (W) as a function of time (processing stage) Was 
simulated. FIG. 5b is an example of such a simulation, and 
contains plots of temperature at three depths, W1, W2 and 
W3, Which are respectively 2 mils, 6 mils and 14 mils into 
the backside of the carpet base. The simulation is based on 
the folloWing assumed properties and parameters: 

Material = polypropylene; mp 325° F. 
Line Speed = 20 ft per minute 
Ambient temperature = 90° F. 
Temp. of melt at 480° F. 
extrusion die = 

Temp. of casting roller = 100° F. 
Temp. of heated 420° F. 
roller surface = 

Cast roller diameter = 5.9 ft. 

Cast roller Wrap angle = 200° 
Heated roller diameter = 5.9 ft. 

Heated roller Wrap 220° 
angle = 

[0109] The times indicated as A, B and C correspond to 
the similarly labeled locations in the apparatus of FIG. 4a. 
More speci?cally, time A corresponds to t=o, time B corre 
sponds to t=t (the time at Which the carpet base leaves the 
heated roller), and time C corresponds to t=t2 (the time When 
the extruded sheet ?rst comes into contact With the carpet 
base). The time t3 is the time When the carpet product leaves 
the cast roller. 

[0110] The folloWing table presents a summary of simu 
lations, including the simulation described in connection 
With FIG. 5(b), Which is labeled Example 5 in the table. 

Heated 
Teflon Wide Prefusion Temp. 
Coated Angle (° BetWeen Temp. After (t2) Temp. at (t3) 

Coating Roll on Time Time Time t>, t, t > t2 (Maximum) (° (° Thickness Temp Prefuse t1 t2 t3 Point Point Point 

Ex. (mils) (° Roll (sec.) (sec.) (sec.) W1 W2 W3 W1 W2 W3 W1 W2 W3 

1 10 120 90 1.158 2.658 5.233 120 <120 <120 390 300 220 250 240 205 
2 10 420 90 1.158 2.658 5.233 400 350 260 450 400 305 270 260 <260 
3 — 420 90 1.158 2.658 5.233 400 350 260 NO Extruded 155 149 129 

Sheet 
4 5 420 90 1.158 2.658 5.233 400 350 260 430 370 275 195 205 205 
5 5 420 220 2.832 4.332 6.906 405 380 320 430 380 320 195 215 230 

[0107] FIG. 5a presents a calculated temperature pro?le 
for the apparatus of FIG. 4 in graphical form. Temperature 

[0111] Examples 1 and 2 compare a simulated process 
With and Without heat being applied to the heated roller. 
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Example 3 illustrates the effect on the simulation of elimi 
nating the greige goods coating. Examples 4 and 5 employ 
a 5 mil extruded coating and compare the process for a 
heated roll Wrap angle of 90° (Example 4) and 220° 
(Example 5). Examples 1-4 have a cast roller Wrap angle of 
90°. As indicated above, Example 5 has a cast roller Wrap 
angle of 200°. 

[0112] The examples illustrate hoW process parameters 
may be used to control the internal temperatures of the 
carpet product at various depths to achieve melting of yarn 
?bers and integral fusing of yarn ?bers With each other and 
With the greige goods coating and primary backing, Without 
thermally degrading the face yarn or primary backing during 
processing. 
[0113] The carpet base of preferred embodiments of the 
present invention is a Woven polypropylene primary carpet 
backing. This backing is Woven from polypropylene tapes 
(tape thickness 1.0 to 2.0 mils). Preferably, one tape is a 
modi?ed tape of thermoplastic polyole?n polymer having 
recurring polar moieties, preferably in the ?ll direction. The 
thermoplastic polyole?n polymer having recurring polar 
moieties may consist of an ethylene, propylene or butylene 
copolymer, or graft polymer of polyethylene, polypropylene 
or polybutylene. Preferably, the modi?ed tape is a graft 
polymer of polypropylene and maleic anhydride. The tapes 
are machine direction oriented to arrive at tensile strengths 
in the range of about 4 to 6 grams per denier. Orientation of 
the thermoplastic polyole?n polymer involves organiZation 
of the crystalline structure by controlled handling and cool 
ing during production. This process makes it possible to 
make the backing strong enough for the end carpet use. 
HoWever, the backing cannot be heated for too long to a 
temperature above the original orientation temperature (240 
to 280° Without damaging the orientations of the ther 
moplastic polyole?n polymer. If the orientation is lost sub 
stantially throughout the tape thickness, the strength of the 
backing is compromised. 

[0114] It Will be clear from the foregoing that variable 
Wrap angles may be used at a constant line speed to change 
the internal carpet temperatures Without changing the appa 
ratus temperature settings or the process speed. The process 
response to a Wrap angle change is relatively instantaneous. 
The process response to apparatus temperature setting and 
line speed changes is much sloWer (i.e., it takes a relatively 
long time to reach the desired equilibrium process tempera 
ture at points W1, W2, and W3). 

[0115] This feature is very important, particularly for a 
commercial carpet manufacturer Who must routinely make 
many varieties of carpet (e. g. often the same carpet style Will 
be offered in one color line but at three different face ?ber 
Weights or qualities). In such cases, adjustment of the Wrap 
angles can provide the necessary heat adjustment (to accom 
modate the three different face Weights) on the ?y. LikeWise, 
adjustment of Wrap angles may facilitate start-up of a line 
and avoid burning through the carpet base When the line runs 
initially at a sloW speed. 

[0116] While adjustment of line speed and process tem 
perature settings may be used, the temperatures W1, W2 and 
W3 reach equilibrium much more sloWly and involve more 
complicated interactions. 

[0117] FIG. 6 is a schematic side vieW of an alternative 
embodiment of the present invention. The underside of a 
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carpet precursor 600 is passed in contact With an electrically 
heated plate 602. The carpet precursor 600 may be pressed 
betWeen the electrically heated plate 602 and a second plate 
604 Whose temperature is not controlled. Preferentially, 
electrically heated plate 602 is oriented at an angle With 
respect to second plate 604 in order to gradually increase the 
pressure exerted on the carpet precursor and iron the back 
loops as the carpet precursor moves from right to left across 
the electrically heated plate 602. Successful trials of the 
apparatus have been run Where the surface temperature of 
the plate 604 Was set at 600° F. Alternatively, a radiant heater 
(not shoWn) may be substituted for the heated plate 602. 

[0118] With continuing reference to FIG. 6, heated carpet 
precursor 606 is draWn to the nip 607 formed betWeen nip 
roller 608 and casting roller 610. A greige goods coating 612 
is extruded directly onto the underside of the heated carpet 
precursor from extrusion die 614. Casting roll temperatures 
betWeen 80 and 120° F. have been employed. Pressures of 
betWeen 50 to 70 psi at the nip 607 have been employed. 

[0119] Temperature variations across the heated plate 602 
have been observed to produce variation across the Width of 
the carpet product. Cool areas produce regions in loop pile 
BCF carpet, for example, Which fail the Velcro® test. Hot 
areas produce regions of apparent excess shrinkage and face 
yarn damage. In addition, the hot areas may deposit exces 
sive melted polymer from the greige goods coating onto the 
heated plate. 

[0120] FIG. 7 is a schematic side vieW of another embodi 
ment of the present invention. In FIG. 7, a carpet precursor 
700 is supplied to the apparatus, pile side doWn. Asheet 702 
of greige goods coating is also supplied to the apparatus. The 
sheet 702 may either be freshly extruded in a manner similar 
to that described above, or it may be formed at a different 
time and/or location and supplied from a feed roll. 

[0121] The apparatus of FIG. 7 includes a ?rst differen 
tially heated and cooled surface 704. The surface functions 
both as a heated surface for integrally fusing the greige 
goods coating sheet 702 to the carpet precursor 700 and as 
a casting surface for forming and cooling the underside of 
the carpet product. 

[0122] In preferred embodiments of the present invention, 
the surface 704 is a continuous belt Which travels around 
heated cylinder 706 and cooled cylinder 708. Stationery 
heating and cooling units 710 and 712, respectively, may 
also be provided to adjust the temperature pro?le around the 
path of travel of the belt 714. 

[0123] In operation, the belt is differentially heated so that 
it is relatively hot at location 714 Where it ?rst contacts the 
greige goods coating sheet 702. At a doWnstream location 
716, the heated greige goods coating sheet contacts the 
carpet precursor, the combination of Which is moved and 
cooled as the belt travels from left to right in FIG. 7. 

[0124] A loWer continuous belt system 718 may be pro 
vided for applying pressure to the upper side of the carpet 
product. An upper surface 720 of the loWer belt may be 
oriented at an angle With respect to the upper belt as 
illustrated in order to gradually increase the pressure exerted 
on the carpet product. The temperature of the loWer belt 718 
may also be controlled in a manner similar to belt 704, albeit 
at loWer temperatures. 
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[0125] At location 722, the carpet product and belt are 
sufficiently cool that the carpet product readily separates 
from the belt Without leaving signi?cant amounts of melted 
polymer (preferably no melted polymer) on the belt 704. 
From this location the carpet product travels doWnstream in 
the production line. 

[0126] FIG. 8 is a cross-sectional vieW illustrating a 
carpet and carpet-making process in accordance With a more 
preferred embodiment of the present invention. In the Fig 
ure, processing distances have been compressed for illus 
tration purposes, and processing steps illustrated schemati 
cally. Though this process is shoWn as a continuous process, 
it Will be understood that various steps may be performed on 
different manufacturing lines at different times. The illus 
trated process begins With a primary backing 800 (shoWn 
here as a Woven primary carpet backing With Warp strands 
802 and ?ll strands 804). Advantageously the primary back 
ing is made of thermoplastic polyole?n polymer having 
recurring polar moieties. 

[0127] A thermoplastic primary backing coating 806 may 
be applied to the primary backing 800. This layer may be 
omitted in some embodiments. Preferably, the primary back 
ing coating 806 is produced by extruding a thermoplastic 
polyole?n polymer having recurrent polar moieties onto one 
side of the primary backing 800 from extruder 8b8. Yarn 810 
interpenetrates the coated primary backing 812. Advanta 
geously, the yarn may be a nylon multi-?lament yarn. The 
yarn is tufted, looped or punched through the coated primary 
backing to form back loops such as 814. 

[0128] At the indicated location, pressure and/or heat may 
be applied to the product. This process may be performed by 
the heated roller systems described above. Where the yarn is 
multi-?lament yarn, at least a portion of the back loop Will 
be heated above the melting point of the yarn material so that 
at least a portion of substantially all of the ?laments inte 
grally fuse to one another. If the yarn is nylon, this may 
require temperatures in the range of 520° F. to 550° F. 
Because the yarn is typically tWisted, it Will be understood 
that this step may require heating only a portion (for 
example about 50%) of the thickness of the yarn to a 
temperature and pressure suf?cient to affect integral fusing. 

[0129] At a point later in the process, a second thermo 
plastic layer, or greige goods coating, 816 is applied to the 
carpet product. In a preferred embodiment, this layer is 
produced by extruding a second thermoplastic polyole?n 
polymer having recurrent polar moieties onto the carpet base 
812 from extruder 818. The greige goods coating may be 
extruded in hot, essentially molten, form directly onto the 
carpet product While the carpet base is still hot from the 
heating and pressing step. 

[0130] The end product of various of the processing steps 
depicted in FIG. 8 may have some or all of the folloWing 
advantageous features: 

[0131] (1) Integrally fused ?laments (such as nylon 
?laments) in the back loops of the yarn, Whereby the 
?nished carpet resists fuzzing. 

[0132] (2) A primary backing 800 of thermoplastic 
polyole?n polymer (especially one having recurring 
polar moieties) integrally fused or adhered With the 
primary backing coating 806 such as at interface 
820. 
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[0133] (3) A primary backing 800 of thermoplastic 
polyole?n polymer (especially one having recurring 
polar moieties) integrally fused or adhered With the 
integrally fused ?laments in the back loops 814. 

[0134] (4) Aprimary backing coating of thermoplas 
tic polyole?n polymer having recurring polar moi 
eties adhered or integrally fused to inner portions of 
carpet back loops, such as at interface 822. 

[0135] (5) Pressure ?attened back loops such as at 
824 onto Which further layers or backings may 
readily be applied. The back loops themselves may 
be integrally fused to one another. 

[0136] (6) A greige goods coating 816 adhered or 
integrally fused to the loWer portions of the back 
loops and/or the primary backing coating 806 such as 
at interface 826. 

[0137] (7) A greige goods coating 816 integrally 
fused or adhered to portions of the primary backing 
800 and/or primary backing coating 806 such as at 
interface 828. 

[0138] (8) An extruded and cast greige goods coating 
816 to Which further layers or backings may be 
readily adhered or integrally fused. 

[0139] One product of the foregoing process is a durable 
carpet With nylon face yarn and a ?exible, rollable polyole?n 
based backing Which has physical properties described in the 
art as a “good hand.” 

EXAMPLES 

[0140] The process parameters for preparing the carpet 
products of the folloWing inventive Example 1 and Com 
parative Example appear in the folloWing table. 

Example 1 Comparative Example 2 

Extrusion Temp. (° 600 575 
Back Pressure (psi) 430 710 
Greige Goods Coating 1O 1O 
Thickness (mils) 
Nip Pressure (psi) 90 80 
Drum Temp. (° 475 Not Applicable 
(hot oil) 
Face Fiber nylon nylon 
Greige Goods modi?ed ethylene methacrylate 

Coating Material poly-propylene Velcro Test Result very good; little to no fair to poor; moderate 

fuzz to heavy fuzz 

Example 1 

[0141] A sample of carpet of the present disclosure Was 
prepared according to the methods described herein. In 
particular, a nylon face ?ber Was tufted on a primary 
backing, to form a carpet precursor. The back side of the 
formed carpet precursor Was heated on a hot oil drum at a 
temperature of 475° F. to pre-fuse the nylon face ?bers to 
themselves. Agreige goods coating of a polypropylene graft 
polymer With maleic anhydride manufactured by Morton 
Chemical under the name of Tymor 212599-2 Was extruded 
in molten form from a die at a temperature of 600° F. onto 
the pre-fused carpet precursor at a thickness of 10 mils. The 




