






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































"Acrylic Fibers". In: Encyclopedia of Polymer Science and

ber of years, until shortly before World War II, because there were no known solvents .... Acrylic fibers are also resistant to all biological and most chemical agents. ... corporation of an active fire-retardant to meet any stringent flammability test ..... the polymer would not require water removal and the process would not have. 

















 Télécharger le PDF 






 541KB taille
 206 téléchargements
 915 vues






 commentaire





 Report
























ACRYLIC FIBERS Introduction The ﬁrst reported synthesis of acrylonitrile [107-13-1] and polyacrylonitrile (PAN) [25014-41-9] was in the 1890s (1). The polymer received little attention for a number of years, until shortly before World War II, because there were no known solvents and the polymer decomposes before reaching its melting point. The ﬁrst breakthrough in developing solvents for PAN occurred at I. G. Farben in Germany, where ﬁbers made from the polymer were dissolved in aqueous solutions of quaternary ammonium compounds, such as benzylpyridinium chloride, or of metal salts, such as lithium bromide, ammonium thiocyanate, and zinc 1 Encyclopedia of Polymer Science and Technology. Copyright John Wiley & Sons, Inc. All rights reserved.
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chloride (2). In the United States, DuPont discovered an organic solvent for PAN, N,N-dimethylformamide (DMF) (3,4). The same solvent was discovered independently by I. G. Farben at about the same time (5) (see ACRYLONITRILE AND ACRYLONITRILE POLYMERS). Using DMF as the spinning solvent, DuPont produced the ﬁrst commercial acrylic ﬁber under the trade name Orlon® in 1950. Orlon® was spun using a “dry spinning” process at a plant in Camden SC. Shortly afterward, Chemstrand, a joint venture of Monsanto and American Viscose (now Solutia), introduced Acrilan® acrylic, produced using Monsanto polymer technology and American Viscose wet spinning technology with N,N-dimethylacetamide (DMAc) solvent. As is common with new technologies, both products got off to rocky starts, Orlon with poor dyeing performance, Acrilan with ﬁbrillation, but by the late 1950s each had solved the initial problems and established viable markets. Modacrylic ﬁbers (deﬁned in the United States as those with 35–85% by weight acrylonitrile units) can be dissolved by more conventional solvents, such as acetone, and so were earlier on the market. Union Carbide introduced the ﬁrst ﬂame-resistant modacrylic ﬁber in 1948 under the trade names Vinyon N and Dynel. Vinyon N was a continuous ﬁlament yarn; Dynel was the staple form. Both were based on 60% vinyl chloride – 40% acrylonitrile copolymer. During the 1950s, at least 18 companies began production of acrylic ﬁbers. Because acrylic ﬁbers require a spinning solvent, and newly discovered solvents received patent protection, the range of technology used commercially is far greater for acrylics than for any other ﬁber. The most signiﬁcant were American Cyanamid’s aqueous sodium thiocyanate wet spinning process, and Asahi’s nitric acid wet spinning process. In the 1950s and 1960s, world production was concentrated in western Europe, Japan, and the United States. By 1960, annual worldwide production had risen to over 100 million kilograms. Once staple processes were developed, acrylic ﬁbers became a signiﬁcant competitor in markets held primarily by woolen ﬁbers. By 1963 the carpet and sweater markets accounted for almost 50% of the total acrylic production. In the 1970s, the growth rate in the United States and Western Europe decreased sharply. This was due to the maturing of the wool replacement market and loss of market to nylon in carpeting and to polyester in many apparel applications. In the 1970s there was rapid growth of acrylic ﬁber production capacity in Japan, eastern Europe, and developing countries. By 1981 an estimated overcapacity of approximately 21% had developed. The 1990s saw signiﬁcant shrinkage of acrylic production in the United States as DuPont and Mann Industries (formerly Badische) exited the business. Signiﬁcant change has continued into the new century. In 2002, Sterling (formerly Cytec) signiﬁcantly reduced production of commodity acrylics at their Pace FL plant. These changes have left Solutia as the principal U.S. supplier. In Europe, the changes have been mainly swaps of ownership, with Acordis now having both the Courtaulds and Hoechst businesses, and Fraver, an Italian ﬁrm, taking over Bayer’s business. Aksa in Turkey, with the world’s largest acrylic ﬁber plant, has become an important supplier to Europe. Explosive industry growth has taken place in the Far East, particularl y China, where plants based on DuPont and Sterling (Cytec) processes have proliferated. China now has 22% of world capacity, versus 9% 10 years earlier. Japan has reduced capacity, with Asahi Chemical being the latest to announce closure (March 2003) of their
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business. Modacrylics have all but disappeared from the marketplace, as demand for ﬂame-retardant textiles have been met by treated cotton or other synthetics at lower cost. A few new markets have emerged, such as carbon-ﬁber precursors and asbestos replacement ﬁbers, but the volume is small compared to that of the markets lost. For acrylic producers, proﬁt will continue to be sparse.



Physical Properties Acrylic ﬁbers are sold mainly as staple and tow. Staple lengths may vary from 25 to 150 mm, depending on the end use. Fiber ﬁneness may vary from 1.0 to 22 dtex (0.9–20 dpf; dpf = denier per ﬁlament), 2.2 dtex (2.0 dpf), and 1.3 dtex (1.2 dpf) are the most common forms. Tow is sold as a bundle of up to 2.2 million kilotex (2.0 million total denier). The ﬁber cross-section under microscopic examination is generally one of three shapes (Fig. 1)—round (wet spun, slow coagulation), bean (wet spun, fast coagulation), or dogbone-shaped (dry spun). It is also possible to produce acrylics with special shapes, such as ribbon or mushroom, by use of shaped or bicomponent spinnerettes. The cross-section may show particles such as TiO2 added to reduce luster or other pigment to provide coloration. The surface of acrylic ﬁbers is ﬁbrillar, with the ﬁbril size dependent on the spinning process (Fig. 2). The physical properties of these ﬁbers are compared with those of natural ﬁbers and other synthetic ﬁbers in Table 1. The elastic properties of these ﬁbers can be characterized as wool-like, with high elongation and elastic recovery. The tensile strength of acrylics and modacrylics is about the same, both considerably lower than that of other synthetics but higher than that of wool, of and about the same as that of cotton. These elastic properties rank acrylics and wool as compliant ﬁbers, yielding fabric with a characteristically soft handle. Acrylics with tenacities as high as 80 cN/tex (9 gf/den) can be produced (8), but these are usually from higher molecular weight polymers, with low comonomer content and higher stretch orientation. Specialty products such as carbon-ﬁber precursor and cement-reinforcing ﬁber are produced using this technology. The mechanical properties of acrylic ﬁber are deﬁcient under hot-wet conditions. This is primarily due to the fact that the wet T g of acrylonitrile copolymers is lower than the boiling point of water. Textile wet-processing must be carried out in such a way as to minimize yarn or fabric distortion. Shape retention and maintenance of original bulk under the lower temperatures in home laundering cycles are acceptable. Typical stress–strain curves for acrylic ﬁber in air and in wet conditions are shown in Figure 3. Moisture regain, a property that has a great effect on wear comfort, at about 2%, is reasonably good though not as high as that of cotton (7%) or wool (14%). This property can be enhanced by adding hydrophilic comonomers or by generating a porous internal structure in the ﬁber. Dunova, an acrylic formerly marketed by Bayer, achieved moisture absorption and transport by internal porosity. The adequate regain plus their high compliancy make acrylics competitive in the wear-comfort markets. However, acrylics cannot match the wrinkle resistance and crease retention of polyester.
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Fig. 1. Acrylic ﬁber cross sections (Scale: 1 mm = 10 µm).
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Fig. 2. Acrylic ﬁber structure comparisons (Scale: 1 mm = 0.5 µm).
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Table 1. Physical Properties of Staple Fibersa Property



Acrylic



Modacrylic



Nylon-6,6



Polyester



Polyoleﬁn
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Speciﬁc gravity Tenacity, N/texb Dry Wet Loop/knot tenacity breaking elongation, % Dry Wet Average modulus, N/texb dry elastic recovery, % 2% stretch 10% stretch 20% stretch Electrical resistance Static buildup Flammability



High High Moderate Moderate Moderate Low



Very high High Very high High Self-extinguishing Moderate



Limiting oxygen index Char/melt Resistance to sunlight



0.18 0.27 Melts Melts Excellent Excellent



Resistance to chemical attack



Excellent Excellent



0.20 Melts, drips Poor; must be stabilized Good



0.21 Melts, drips Melts Good Poor; must be stabilized Good Excellent



Very good 0.6 4–5



Very good 0.16 0.1–0.2



b To



Wool



1.14–1.19 1.28–1.37



1.14



1.38



0.90–1.0



1.54



1.28–1.32



0.09–0.33 0.13–0.25 0.14–0.24 0.11–0.23 0.09–0.3 0.11–0.19



0.26–0.64 0.22–0.54 0.33–0.52



0.31–0.53 0.31–0.53 0.11–0.50



0.31–0.40 0.31–0.40 0.27–0.35



0.18–0.44 0.21–0.53



0.09–0.15 0.07–0.14



35–55 45–60 40–60 45–65 0.44–0.62 0.34



16–75 18–78 0.88–0.40



18–60 18–60 0.62–2.75



30–150 30–150 1.8–2.65
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