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TECHNICAL ASPECTS OF PRODUCING HIGH
PERFORMANCE CARPET FIBERS

OTTO M. ILG BASF

The ease of installation, the easy care, the versatility, and the long-term performance of carpeting
make it the pkeferred choice of floor covering around the world. (Slide 1) In the residential sector, the feel-
ing of warmth and comfort, the wide choice of colors, and the low maintenance requirements have made
g{uﬁh#carpeting highly desirable. In the commercial sector, carpeting has found great acceptance as a pre-
t%rred floor covering in office buildings, hotels, public buildings, and airports. In the automotive industry,
carpet is used due to its versatility and styling potential , its aesthetics, durability, and weor performance.

In any of these applications, the proper choice of fiber properties is critical if the carpet is to live up to
i?é*éxpectotions. Particutarly in the commercial sector, it is very improtant that the fiber is tqilor-made or
specifically designed to meet the stringent requirements of the architects and building managers for heavy
use and lasting performance. It is for these end-uses that the term “High Performance Carpet Fibers” is es-
pecially applicable.
~ What does “high performance” mean in respect to carpet fibers? In over 40 years of nylon carpet fiber
history, several requirements have emerged as indispensabie. In carpet fibers, one basically differentiates
between staple fiber and Buik Continuous Filament (BCF). (Slide 2) In the early days of carpeting from syn-
thetic fibers, the blending of staple fibers assured a uniform dyeability in a carpet and the aesthetics of a
spun yarn were considered desirable and unique. An entire industry of processing staple fiber into a spun
yarn emerged and is still very strong in the western hemisphere. With the emergence of better and better
BCF processes, the need for staple fiber blending has become more and more unnecessary ; and the skilled
fiber maker and tufter can also produce carpets from BCF giving the appearance of a spun yarn carpet. It is
generally agreed that new installations of staple spinning equipment for carpeting are not very appealing
and the trend away from staple fiber and towards BCF will continue. Particularly for such an important and
Qghiﬁicant emerging market as the Peoples Republic of China, the high performance standards and technical
-copabilities of BCF make it the fiber of choice for the future. | will, therefore, limit my discussion to the sig-
nificant parameters and the technology for BCF.

Nylon 6 is considered the polymer of choice for BCF by many fiber praducers and carpet milts for several

" very good reasons. It offers ease of spinning and flexibility in processing, as well as high performance cou-
pled with the potential for carpet recycling. (Slide 3) BASF, as a recognized leader in the production of Ny-
lon 6 and its precursors worldwide, has developed a comprehensive line of suitable polymer offerings.

Starting with a high quality polymer, the fiber needs to be engineered, which means tailor-made, for
the very demanding end-use in commercial instaliations. Considering the stringent requirements of color
fastness ond cleanability, solution dyeing offers itself in many situations as the preferred coloration
method. Solution-dyed yarns not only have unsurpassed lot-to-lot color uniformity, but one can also obtain
very large lot sizes in a very uniform color. (Slide 4) By the proper choice of pigments and colorants, the
fastness to light and even harsh cleaning agents is superior to any post-dyed carpet. The virtual elimination
of dyebath effluent and waste streams is a significant step towards a cleaner environment and saves cost in
waste treatment facilities. While keeping in mind the high standards of performance criteria for the fiber and
h%ghesl industrial hygiene standards, BASF judiciously selects only environmentally friendly colorants. In
ower ‘20 years of solution dyeing of fibers, a vast experience in colorant selection, color matching, and color
control is at our disposal for the benefit of the customer.
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The choice of cross section is very crucial to obtaining the right balance between bulk, cover, wear
performance, soil hiding. and cleanability. (Slide 5) While the round cross section is stili prevalent in tex-
tile fibers, it has generally been replaced in carpet fibers by the trilobal shape. (Slibe 6) Various soil hiding
cross sections are known and some are in production, as demonstrated by this pentagonai hollow fiber.
(Slide 7) Voids or holes have shown to be effective for soil hiding, and the smooth surface offers good soil
release. Depending on the desired effect, hollow round fibers (Slide 9) or hollow combinations of round and
trilobal are possible. (Slide 10) For consistent production of such speciatized shapes, much know-how in
the field of polymer rheology . spinnerette design, and fiber solidification is very essential.

Extended investigations of the effect of cross-sectional shape have led to a good and quantitative un-
derstanding of the contributing factors to bulk. apparent value of a carpet, and the floor performance.
(Slide 11) In addition to spinning parameters, bulking and heatsetting conditions, the cross section clearly
has a dominant influence. One has to keep the end-use in mind, however, and maximum bulk is not always
the decisive facter. In order to cchieve special performance or appearance attributes, the mixing of fibers
with certain cross section or deniers has also been successful.

The spin finish or lubricant applied during the fiber manufacturing process is a key factor. Good.iubrica-
tion, low slinging tendency , uniform application, and the presence of an antistatic component make it pos-
sible to produce the fiber at high speeds. high efficiencies, and good vyields in first quality. (Slide 12) But
already in the choice of the spin finish, we must consider its suitability for further processing of the fiber in
twisting, commingling, heatsetting, and tufting. Particularly for solution-dyed fiber. where the finish is not
removed prior to or during a dyeing step, the soiling behavior and soil release properties are important fac-
tors in the choice of finish components

In-many applications. the single BCF yarn is combined with other yarns either by twisting or by air com-
mingling. (Slide 13) The nature and the degree of entangling or airinterlacing of the individual BCF bundie is
an important factor in allowing efficient combining of the ends. Even for trouble-free winding of the BCF dur-
ing the spin-draw-texturing process, the right degree of interlacing is a key process parameter. interlacing
produces short segments of interwoven fiber capillaries called nodes. It has been found that not only the
regularity or randomness of the nodes is of importance, but also the tightness of the nodes, leading to the
term “soft nodes” and “harsh nodes”. Years of producing and marketing solid color single yarns as well as
multicolor plied yarns have given rise to a weatith of particular equipment and processing know-how.

Providing static protection is an absolute must for any fiber processed into carpets for commercial ap-
plications. BASF. as a leader in static protection fibers, offers a variety of options. (Slide 14) The type of
conductive fiber and the amount to be combined with be BCF bundle is determined by the end-use require-
ment. The so-called stroll test expresses the static voltage generated through walking on a carpet sample
under precise test conditions. The choice of the proper antistat fiber in the correct amount can meet the re-
quirements of the residential sector all the way to the most stringent needs of computer rooms.

In order to maximize the development of butk and yet maintain a distinct definition of the individual
twisted fiber tips for a clean appearance, the optimum settings of the heatsetting equipment can have a
very significant impact. (Slide 15) Particularly with the advent of so-called turbo cooling chambers in con-
nection with certain types of heatsetting equipment, the diflerences in carpet uniformity and resulting bulk
and value can be quite obvious. The interaction of processing parameters again demonstrates the know-how
intensity of this industry. The fiber shrinkage to be expected in a given process has to be considered in the
choice of initial denier and in the applied twist level in order to optimize once again the product for the in-
tended application.

As the journey from the polymer to the finished product which | have just described shows (Slide 16),
any one parameter in the entire process is crucial in the processing and performance of the fiber and ulti-
mately the carpet. For a high performance carpet fiber, the selection of the right ingredients and conditions
is the formula for a successful product design, an efficient plant operation with high yield of top quality
product, and lasting satisfaction of a pleased customer.
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Slide 2. Staple and BCF
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Slide 3. Ultramid® Fiber Grade Polymer
(BASF Nylon Chip Brochure)



Slide 4. Color Spectrum in Solution Dyed BCF

Slide 5. Round Cross Section
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