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chapter 35

SYNTHETIC FIBER AND
FILM INDUSTRIES

‘The abibty of the chemist and the vhemical engineer to create, from the test tube .r.,n:m—_ the factory,
products that are often superior to naturally vceurring materials is one of the outstanding accomplish-
ments of this age, and nowhere is it so graphically portrayed as by the modern synthetic fibers.! In
the United States in 1972, $167 million was spent for research in this field.

HISTORICAL  Although the word “fiber” originally referred only to naturally occurring
materials {cotton, wool, etc.), it is now used extensively for synthetic products. The latter usage
includes both cellulosics and polyfibers. Cellulosics result when natural polymeric materials such as
cellulose are brought into a dissolved or dispersed state and then spun into fine filaments. Viscose
rayon, acrylics, and polyesters result from two methods of forming long-chain molecules: addition
—,.o—«imlﬁ-:c: and condensation vo_v.imiﬁu:o:. The polymer is then taken from its melt, or solution,
and v—,oaawwwa into fiber form. Cellulose acetate really lies between these two classes, since in this
case a natural polymer (cellulose) is converted into one of its derivatives (cellulose acetate), which is

dissolved and spun into fiber form.

These synthetics, from their humble beginning in 1900, have grown to a total world m-oa:n:c:
of more than 26,700 million b in 1974 and, for the United States, 10 8,100 million 1b in 1974,
including glass fibers. The United States started the manufacture of rayon in 1910 and produced in
1974, about 800 million Ib of rayon and 380 million Ib of acetate. Over 6,200 million 1b of fibers was
produced in 1974.2 The list of synthetic fibers, which in 1900 included only nitrocellulose, today has
many products, the more important ones being polyamides or nylons, fibers made from polyacryloni-
trile (Orlon, Dynel, Acrilan), polyesters, (Dacron, Fortrel), olefins (Marvess, Herculon), spandex
fibers (Lycra, Glospan), glass (Fiberglas, Vitron), and cellulosic fibers (viscose and acetate rayon). It
is the purpose of this chapter to present a picture of the chemistry and engineering behind our moden

“fashions out of test tubes.” Sec Table 35.1.

Three of the more important mnsm_.w_ properties of fibers are length, crimp, and denier. Con-

cerning length, there are essentially two types of fibers, continuous-flament and staple. Continuous
filaments are individual fibers whose length is almost infinite. Silk, rayon, nylon, and most other

h o

frue sy

are ed in this . Cotton and wool are examples of natural fibers in

the staple form, i.e., of short and more-or-less uniform length. Artificial staple fibers such as rayon,

acetate, nylon, and polycster result from the cutting of tow (untwisted continuous filaments) to uni-

form lengths, usually between 1} and 6 in. Crimp is the curl, or waviness, placed in synthetic fibers

by chemical or mechanical action, which is of great importance in the processability of slaple fibers.

L rave e al., Fibers, Ind. Eng. Chem.. Aanual Review, 53(10), 853 (1961}, Annual Suj
2 Teu. Organon, June 1975, p. 1.

1962, p. 17, and following years
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spinaing in Table 35.1. The manufacture of all true synthetic fibers first begins with the preparation
of a polymer consisting of extremely lung, chainlike molecules. The polymer is spun in one of three
ways (sec below), resulting in most cases in a weak, practically useless fiber until it is strecched further
to orient the molecules and set up crystalline lattices. Although the range of any one polymer is

The two intermediates which form the nylon salt are currently produced from petrochemical raw
materials (Fig. 35.2). The oxidation of eyclohexane is used to make adipic acid. Three processes for

“Bokton, Development of Nylon, Ind. Eng. Chem., 34, 53 (1942).

;) !
IE 1.
-4
s . B
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TABLE 35.1  Representative Synthetic Fibers TABLE 35.2 Comparison of Selected Synthetic Fibers :
and Films*
Fibes Wool Acryli Modacrylic Pol) Nylo
Classifcation spinming iber erylic facrylic olyesters vlon
Polyfibers 5;.& fiim Tensile ]-d.d_r. g/ denier 10-1.7 4.0-50 kX4 4466 47-56
Elongation, % 25-35 16-21 16 18-22 25-28
Polyamides, or nylon, fibers Elastic recovery 0.99 at 2% 0.97 at 2% 0.80 at 2% 90-300 at 4% 100 at 8%
Nylon 66, nylon 6, Qiana Melt Strength, pei 20,000-29,000 59,000--74,000 44,000-66,000 |  78,000-116.000 68,000-81,000
Polyesters Stiffnems, g/denier® 39 24 30 23-63 20
Fibers: Dacron, Trevira, Kodel, Fortrel Melt Abrasion resistance? 90 330 1,570 2,520
Films: Mylar, Cronar, Kodar, Estar Melt Water absorbency® 21.9% at 90 RH 2% at 95 RH PR 0.5% at 95 RH 8% at 95 RH
Aerylics and modacrylics Effect of heat Becomes harsh 100°C, Sticking point Sticking peint Sticking point Melts 263°(.
Orlon fiber Dry devomposes al 130°C 235°C 235°C 240°C
Acrilan fiber Wet Effect of age Little Litte Lictle Litke: Slight
Creslan fiber Wet Effect of sun Weakened Very resistant Slight Little Weskened
Dynel fiber {vinyl-acrylic) Dry Effect of acids Resistant Resistant Resistant Resistant Weakened
Vercl fiber Dry {concentrated, room temp.)
Vinyls and Vinylidines Effect of alkalies Susceptible Partly resistant | Resistant Resistant Resistant
Saran fiber and film Melt EBect of organic salventa Resistant Resistant Resistant Resiatant Resistant
Vinyon N tiber? Dry Dyeability Good Good Good Difficult Good
Spaudes Resistance to moths None Wholly Whally Wholly Wholly -
Lycra Dry Resistance to mildew Good Wholly Wholly Wholly Wholly
Numa Wet
Giosy Sources: Wool va. Synthetics, Chem. Week, 69(3), 11 (1951); Moncrief, Man-Made Fibers, 6th od., Wiley, 1975, *Crease resislance.
pan Wet Y’ ¥
TWet flex test, number of flexcs.  *RH, Relative humidity.
Olefins Y
Polyethylene films Melt
Polypropylene fibers and flms: Avisun, Herculon Melt always limited by controlling the degree of orientation, erystallinity, and average chain length, a
Class fibers single polymer can be used to make a number of fibers with different mechanical properties; i.e., 2
Fiberglas Melt some can be weak and stretchy, others strong and stiff. The two elements important in determining
Ceblulosic fibers and films the range of the polymer’s mechanical properties are the atiractive forces hetween the molecules and
Regenerated celiulvse the flexibility and length of the molecular chains.
Mﬁnn»ﬂ-oﬂ” {viscose), cuprammonium Wet The three spinning procedures are melt, dry, and wet. Melt spinning, developed for nylon and
: ne Wet ; i . R
Collutone exgors also used ...oq ?.J.d.:oq. polyvinyl, vo_.ﬁwn.cv&m:aﬂ and E__uqm, _=wc_<0m pumping molten m.c_v:.:.\q
Acetate fibers and Gilms: Acele, Esteon Dey through spinneret jets. The polymer solidifies into filaments as it strikes the cool air. In dry spinning,
Triacetate fiber: Arnel Dy as described for acetate, the polymer is dissolved in a suitable organic solvent. The solution is forced
*Completely synthetic or T tClan. .—:.o:mr spinnerets, E.:* dry ,m_wBS:m wmm__._. upon the n<w194,m:o= of the solvent in warm air. Orlon
sified a5 melt, dry, or wet.  %60% vinyl and 40% acrylonitrile and Vinyon are spun in this manner. Viscose rayon, Acrilan, and Dynel staple are examples of
Cott d wool Leri o . . wet-spun fibers. Here, as the solution emerges from the spinneret, it is coagulated in a chemical bath,
-tton .:__ Sc.—._ possess natural crimp. P::_*.. is also introduced in some cases in continuous-filament Several polytibers can be spun in several ways: Table 35.1 lists the method belicved 1o be in widest
«un._‘_m to alier their wE,EE,n:ea and qma_., eg., in 3._:.: carpet yarn. Denier is a mcasure of weight per commercial use. For a comparison of selected synthetic fibers, see Table 35.2.
unit length. Each fiber has a cross section, and special characteristics are imparted by manufacturing ,
polyfibers with different cross sections. A fiber has a cross section corresponding to 1 denier if
9.000 m of 1 weighs 1 g, POLYAMIDE, OR NYLON, FIBERS
r_.u__-_..—i_m, as in_._ as fibers, are changing. Nitrocellulose, once largely used especially for photo- NYLON (nylon 66)  This fiber was the first truly allsynthetic fiber, resulting from the brilliant
m———.mw HC E_< has given way to acetate and polyester. Many other films are suited to the demand for research of Carothers of the Du Pont Co.? Tt opened up the entire field of true synthetic ibers, and
their special properties, e.g., cellophanc, Saran, Teflon, and polyethylene. in 1974 worldwide production was 5.7 billion Ib. U.S. production was a little over 2 billion Ib, and of
this 70% was nylon 66 and 30% was nylon 6. In the rest of the world the split was 38% nylon 66
POLYFIBERS AND FILMS and 62% nylon 6. Nylon 66 is commonly produced by reacting hexamethylenediaming and adipic
Th il ; 1 It acid to form “nylon salt,” or hexamethylene di ium adipate. This compound by polymerization
i . osie & 4 lascif N Toos o . . . . .
¢ rapidly growing and fonc c fibers are fied chemically and by the method of with the removal of a molecule of water, becomes polyhexamethylene adipamide, a linear polyamide. '
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z:..an_o:mE:m Caprolactone

:zo&\ Peracetic un_a
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Chlorobenzene ——————m Phenal Cyclohexanone
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A
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Fig. 35.2 Various routes to nylon. (ddapted from Marshail Sittig)
the production of h hylenediamine are in t fi
y current use: i
b w&m.mo o se: from butadiene, from propylene, and

Formulations of the reactions involved are presented in the following discussion

NYLON INTERMEDIATES

1. Adipic acid. 1973 U.S. production was about 1.6 billion b,

nylon fibers and plastics. of which 95% was used for

CH. air, 125°C . 80°C
T e GHUOH + CHGO T HOOCCH),C00H + N0 + yNO
Cyclobexane N ) Ho
i r:Em“a:E .%r”“.a.s N Adipic acid
genation of
benzene

2. Hexamethylenediamine

CH,:CHCH:CH, + Cl,— CICH,-CH:CH-CH,0

Buadicn: 1,4 Dichlorobutene
from dehydrogenation (distill our)
of butane

.m...ai:...:_.
g s ad At vﬁwﬂa ECT, 24 e, vol. 1. pp. 405-421 (119 ref); Haines, Cycloheaane and Adipic Acid.
11F (e o 34T, 23 (1962) (howchart): Guscione, Therual Deslkytio for Cyclhoane, Chem, g, (Y 1 ) 70018,
oy S, B a...ﬁ..r morwﬁ_..aﬂm ibers Ind. Eng. Chem, 55(1), 57 (1963); Dufen -l High Purity
Gylabenane, . Prog., 60(9), : Scientific Design, Chem. Eng. News, Juie 6, 1966, p. 17, U.S. Pars. 3 243 400,

804 3,240,620 3,239,552, Austin, Chem. Eng. (V..), 812}, 131 (1974, 81011}, 104 .wﬁa— 5 Pt 3243496,

Nylon Intermediates 609

Latter  —oior 20CMa9), NG CH,-CH: CH-CHy N + 2NaCl

CuQ, 80-95°C,
yield 5% 1,4-Dicyancbutene
NC-CH,CH:CH-CHy (N i NCCHp,CN  —i—s  HyN(CHy)NH,
1,4-Dicyanobutene w—o—wmcbm-lwwﬂ Adiponitrile NH, Hexamethylenediamine
Other routes to hexamethylenediamine:
a. HOOC(CH,),COOH + 2NH, 5% NH,CO(CH,) CONH, — 222 NC(CH,),CN
Adipic acid Adipamide Adiponitrile

b. m,.-no:.o_v.:n —..vi:x__io_.:h:o-_ of acrylonitrile in solubilizing concentrated solulions of tetra-

byl Ifonate:®

Y Id

2CH,:CHCN ﬂ.ﬂ&.ﬂ. NC(CH,) CN
Acryloitrile Adipoaitrile

ﬁ.:
NC(CH,),CN 5 ere> HaNICH )N H,

10.000 pei

yield 90%

3. Nylon sali and nylon
xHOOC(CH,) COOH + xH,N(CH,)NH, ——

Adigic acid Heaamethyleaodiamine
£(—HN(CH,)eNH,00C(CH,),C00—) 205 ( HN(CH,)gNHOC(CH,),CO~ )
Hexamethylene dismmonium Polyhexamethylene:
adipate, o nylon sakt adipamide, or nylon

in the manufacture of the fiber,% the aqueous nylon-salt solution starts on the top level and the
En—n:»_m move down by gravity through the various steps, which may be divided into the following

coordi of unit i {Op) and ch I conversions (Ch) as depicted in the

1 r
flowchart in Fig. wm 3:

The h n ium adipate solution is pumped to the top level into cvaporators
and concentrated _OE Acetic acid is added 1o the evaporator charge to stabilize the viscosity (Ch).

After evaporation, the salt solution flows into jacketed autoclaves equipped with internal coils
and heated by Dowtherm vapor (Fig. 35.4). Herc the rest of the water is removed, the pigment
dispersion agent (Ti0;) is added, and polymerization takes place (Op and Ch).

After polymerization is completed, the molten viscous polymer is forced out of the bottom onto
a casting wheel by specially purified nitrogen at 40 to 50 psi. Each 2,000b batch is extruded as
rapidly as possible to minimize differences due to thermal treatment of the polymer.

A ribbon of polymer about 12 in. wide and 1 in. thick flows on the 6-fi casting drum. Water
sprays on the inside cool and harden the underside of the ribbon; the outer is cooled by air and
water (Op).

The ribbons are cut into small chips, or flakes, before being hiended. Two or more batches are
mixed to improve the uniformity of the feed to the spinning machine (Op).

The blenders empty into hoppers on a monorail which supply the spinning area (Op).

New Trails to Nylon, Chem. Week, Oct. 12, 1963, p. 85; acrylouitrile costs half that of adipic acid; Monsanto: New Routes 1o
Adiponitrile (from acrylonitrile), Chem. Eng. (N.Y.), T2(20), 88 (1965), and 72(23), 238 (1965) (Chemical Engineering award;
excellent fowehart and photographs); New Adipo Provesses, Chens. Week, May 12, 1971, p. 32, Sec Acrylonitrile, this chapter;
Sitting, Polyamide Fiber Manufacture, Noyes, 1972,

6Lee, Nylon Production Technique, Chem. Eng. (N.Y.) 53(3), 96 (1946) (pictured Howchart, p. 118).

e e ks e e— L — e —_——cr04 < 1 S5 . TR
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A typical spinning unit is com

jacket which k posed of a metal vessel

, where i i

melters are also used in place .c“,:M‘.”_M:; dritbls hro
The molten polymer passes thro

They deliver it to a sand filter, whic
The filaments are solidified by ai

—_E:E:.E:w chamber,

length of the

=m¢~rn_.é.‘=3_a:=~rmworm5ra
. _,::—.omw-,A
h is followed by screens and spinnerets AWOE PTG pumpe.
r in a cooling chimney and i . ,
o . i y passed in a bundle through -
Lo E_QEM”JM.J E“ﬁa.:n.m content is brought to equilibrium in order ”. “mwrw_w.n””,
ymer {Up). "this is not a problem after the stretching or drawing, o

M_Wrwma Autoclaves in Du Pont nylon plants
- L .
polymerization wskes place. In other words, small molecules are

10 make large ones, and
Marmoig 5 omes. ne n..w._o:n.:v-e.c..”ﬁ 1 created. Plants are located at

In these receptacles the chemical Pprocess
joined iogether
Seaford, Del., a

g2, Tenn., and st Camden, S.C.

Polyesters 611

After lubrication in a finish roll, the yarn is streiched or drawn to the desired degree by passing
it through a roller system. Here the strength and elasticity characteristics of nylon are developed,
because the molecules are oriented from their previous comparatively helter-skelter arrangement

(Ch). Stretching may be from three- to sixfold, dep ding on the hanical properties desired,
being nger when the ori ion by hing is greatest. The nylon filament is then shipped to
various i ers for pr ing (Op).

In many plants continuous p ing is more ical for larger production items. Here

the pressure and temperature of the autoclave cycles are reproduced in a series of pipes and vessels.
The continuous process favors uniformity of large-scale product, whereas the batch process favors
flexibility among several products. Nylon is also a popular plastic molding powder and bristle
material. Like all other synthetic fibers that have become competitively popular, nylon in both the
filament and mS_u—n form must have certain properties that are superior to natural fibers. It is stronger
than any natural fiber and has a wet strength of 80 o 90% of its dry strength. s good flexing
qualities make it very desirable for women’s hosiery, and it has good stretch recovery. Nylon’s high
tenacity has made it important in parachute fabrics and related nonapparel #ems. Nylon can be dyed
by all acid and dispersed dyes (acetate). It has a low affinity for direct cotton, sulfur, and vat dyes.

NYLON 67 or nylon caprolactam, is based on a polymeric fiber from only one constituent, cap-
rolactam (Fig. 35.2), HN—(CH,);CO giving the polymer (—(CH,);CO—NH—),. Nylon 6 had
a U.S. production of about 600 million 1b in 1974, or about 43% of nylon 66. Nylon 6 is widely
used in Europe and Japan. [t possesses an expanding market for molding resins as well as for fiber.
Most processes start only with lower-cost caprolactam® (Fig. 35.2) from cyclohexanoneoxime from
cyclohexane from benzene.

Other nylons have been prepared and have some interesting properties. Of these only nylon
610, prepared from h hylenediamine and sebacic acid, is produced commercially. Nylon 4
(from pyrrolidone) has received much publicity but has no commercial significance. Nylon 7 (7-
amincheptanoic acid), nylon 8 (caprylactam), and nylon 9 (9-aminopelargonic acid) are only labo-
ratory products.

POLYESTERS

hihal 9 d

An important example of a polyester is polyethylene terep the c tion product of
dimethyl phthalate or terephthalic acid and ethylene glycol (Fig. 35.5). Terephthalic acid is
made by oxidation from p-xylene in the presence of nitric acid or air. 1t is then esterified with
methanol. About 0.6 Tb of glycol and 1 Th of ester are added to the transesterification reactor for
each pound of polyester. The polymerization is carried out at 260 to 300°C, using a vacuum. The
reaction releases methanol and glycol, and a polymer chain containing approximately 80 benzene
rings is formed. After filtering, the material is melt-spun in a manner similar 1o that described for
nylon. The filaments are stretched, with the application of heat, to about three to six times their
original length. Table 35.2 shows some of the interesting properties of this fiber: resilience, strength,
and crease recovery. It is particularly well suited for woven fabrics such as men’s summer suits,
men’s shirts, and women’s dresses and blouses, and for knitwear for sweaters and shirting. Because
of its strength, this polyester is important in the tire-cord and cordage fields; it is also used for sewing
thread, fire hose, and V belts. In staple form it is employed as stuffing for pillows, sleeping bags.
and comforters. lts production in 1974 approached 3 billion Ib.

IAclion, Nykon 6 and Relatcd Polymers, Ind. Eng. Chem., 53(10), B27 (1961); Caprolactam, Chem. Week, June 6, 1962,
p. 74, and Mar. 14, 1964, p. 57 (outline of process).

SNew Processes Add Flavor and Caprolactam Price, Chem. Eng. (N.Y.), 68(6), 92 (1961). Flowchart, Chem. Eng. News,
Avg. 28, 1967, p. 82; Caprolactam, Chem. Eng. (N.Y.), BL(6), 54 (1974).

SRossmassler, Polyester Fibers, ECT. 1st ed., vol. 13, pp. 841-847, 1954 {41 refs.); Terephthalic Route, Chem. Week,
Mar. 9, 1963, p. 57; Brown and Reinhart, Polyester Fiber, Science 173(3994), 287 (1971).
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Flowchart for the manufacture of polyester hbers. [Chen. Eng. (N.F.), T0(3). 76 (1963},

It is manufactured from ethyl ; alic aci i
e po et ethylene glycol and terephthialic acid or dimethyl terephthalate!? and

Dimethyl terephthalate:

s~  HNO.

CHCoHONg =50 pHOOC - CH, - COOH 22 CHL000- CoH, -COOCH, + 2H,0
“ R 2
pralene Terephihalic acid, 001% Dimethyl terephthalate,
impure H,80, impure '

y €

The dimethyl terephthalat is purified by distillation and then subjected to alcohc ysis with ethylene

e P ¥ ) cohol h 'yt
CH,00C-( 4+ COOCH, + 2CH,0H — cH, ol =25 IOQNI» OC-CeH,-CO GH,0H + 2CH,0H

[
‘ 1] 0
Polymerization of the monomer:
260-300°C
Monomer Ire—— :C_n»:gOOc.ﬁmmfr.cc_acuz..c: + n-4HOC,H OH
Polyetbylene tersphthalate Half of glycol
distilled off

‘The polymer melt can be s 2 ¢ i
l pun and streiched for polyester fiber, or cast on a wheel
film. Figure 35.5 is a flowchart of the entire process.!? e el to form polyster
o .C:m of ﬂm big disadvantages of polyester fiber has been its great attraction for oily seil and its
sture repellency. A new process to graft acrylic acid chemically to the polyester surface and thus

provide permanent weltability and soil release has
1 asc has been announced. An electrical discha in @
gas is used to effect the grafting.2 el i wgon

__“_M_E.:.s. QM-F h—w..m (N.Y), 81422), 114 (1974).
uccioni, Simple Chemicals Take Tortuous Route to Dacron, Chenr, & i
desoription); Mitsubishi, Pure Tercphthalic Acid, Chem. Eng. (N.Y), 220y, 70 Am.m.mr A.:_.z,.Hw,A.w.,_Mw .A....s_&. o
Tvluene Route to TA, Chem Eng. News, Aug. 16, 1965, p. 30. . e
Route 10 a New Polyester, Text. Ind. (Atlanta), March 1975, |, 91

po—T T Methanol

Cotalys

DMT
briquettes

B T

+ and Modacrylics 613

Ethylene Ethylene POLYMER
glycol .__“S_ MELT

TOW-DRAWING
MACHINE

STAPLE

CUTTER
Dacron
filoment

POLYMERIZER]

SPINNERET

i
1
1
|
“
—

TRANSESTERIFICATION 260-300°C
REACTOR polymer BOSBIN DRAW
WINDER
“ Ethylene A\
glycol m.odaﬂ.s FILM
Methanol STRETCHER
Vacuum Polyester film
Mylar)
Catotyst - b
. CASTING
WHEEL
POLYMERIZER
230°C Film bose
esier monomer (16 photographic film ptant}
TRANSESTERIFICATION 260-3007C
REACTOR polymer

ACRYLICS AND MODACRYLICS

Polyacrylonitrile {(—CH,CHCN—), is the major component of several industrial textile fibers, but
Du Pont’s Orlon was the first 1o attain commercial-scale operation. Dyeable acrylics are generally
copolymers with modifying constituents.

Orlon is made by polymerizing acrylonitrile. The ivory-white polymer is dissolved in an
organic solvent, generally dimethylformamide, although it can be dissolved in many concentrated
solutions of salts, like lithium bromide or sodium sulfocyanide, or more successfully in other organic

l , such as dimethoxy ide and tetramethylene cyclic sulfone. The solution is fillered
and then dry-spun, utilizing the same spinning technique long used for acetate, namely, in solution
through spinnerets, with the solvent evaporated to furnish the dry fiber. Unlike nylon which is
drawn at room temperature, acrylics, like polyester, are drawn at elevated temperatures in a special
machine. The fibers are stretched to three to eight times their original length to orient the molecules
into long parallel chains for final strength. The staple fiber has esthetic properties like those of wool.
The acrylics’ resistance to chemical attack, and especially 1o weathering, makes them highly useful
in several fields. Other acrylics, like Acrilan and Creslan, are spun wet into a coagulating bath. The
end uses for acrylic fibers comprise sweaters, women’s coats, men’s winter suiting, carpets, and
blankets. Blends with wool and other synthetics are common in some end uses. Acrylics are also
suitable for pile fabrics and filter cloth.

MODACRYLIC FIBERS (Modified acrylics)  This is a generic name for synthetic fibers in which
the fiber-forming substance is any long-chain synthetic polymer composed of less than 85% but at
least 35% by weight of acrylonitrile units (Federal Trade Commission).

Dynel is the name given by Carbide and Carbon Lo their staple copelymer modacrylic fiber
made from a resin of 40% acrylonitrile and 60% vinyl chloride. The resin is converted into staple
in a continuous wet-spinning process {cf. viscose rayon). The white resin powder is dissolved in
acetone, filtered, and run through a spinneret, where the fibers are formed in an aqueous spinning
bath. The fiber is dried, cut, and crimped. Dynel is similar to wool in many respects and has some
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. i . . . . RECOVERY
: superior characteristics. It is used for work clothing, water-softener bags, dye nets, filter cloth, REACTOR TOWER impurifies
! 5 blankets, draperies, sweaters, pile fabrics, etc. wet Acrylonitrile
H i ACRYLONITRILE in 1974 had a production between 1,000 and 2,000 million Ib, of which about cdmﬁnn aerylonitrile product
m : 70% went 1o make acrylic fibers. The —CN group sharply increases the reactivity of the unsaturated
: double bonds. This intermediate can be made by a ber of reactions,3 for pl
L CHICH + HON ot _ oy chon Fiuidized
0 Acetylene B0°C 15 g Acrylonitsile oa.%n.mu. SEPARATION
) E 2. CH,:CH-CH,~> CH,:CH— CHO s 804 CH,:CHON + 2H,0 5-30 psig
Propylenc Acrolkein Yield 78% 750-925°F Heavy
s . Aqueous impurities
i B olydate on S0, . oduct
_ 3. n:ww—__a Gl + NH, + 1.50, “BEEoree 30, oo CHON + 3H,0 product
Yiene Wet PURIFICATION SYSTEMS
X acetonitrilte ul Donﬁ%ﬁ_»
: . . . iy e en mHO - produ
4. Cll, -~ CH, + HON —— HO-Cll, -CH,CN ~5o02%h CH,:CHON y oy
0 Cyanohydrin Tomann:
‘m Unly process 3, the Sohio process, is in commercial use in the United States (Fig. 35.6). This A
+ process accounts for about 85% of world production. Propylene
“ VINYLS AND VINYLIDINES
1 ;. H,0 Heavy
H M Saran is the copolymer of vinyl chloride and vinylidene chloride. It is prepared by mixing the two 2 impurities w
i % monomers with a calalyst and __cm::m. Color is added by introducing the pigment into the mass. . lene yields from 0.73 Ib to an excess
H ; . . b ' . . . cess. See lext, reaction 3. One pound of propylene y N G G 4
The copolymer is heated, extruded at 180°C, air-cooled, and stretched. Saran is resistant to mildew, . Mﬂ.m.u_.w.aq uc._.“_hm_ﬂﬁw__ﬂw_.“ﬂ._n »_Mm .mwca-c.cw to 0.11 Ib of acetonitrile plus about w._w ﬂv ,w._w“‘& o_,..asm mﬂ._«;“m
8 1b of ac cle, allahs . Pat. 3,044, !
bacterial, and insect attack, which makes it suitable for insect screens. lis chemical resistance makes 0l Co. Aorsvc.-..m US. patents, Idol, Pat. 2,904,580 (Sept. 15, 1959) and Callahan et o
it advantageous for filter-cloth applications; however, its widest use has been for automobile seat 1962).
- covers and home upholstery. Much film is made from Saran.
R Viayon is the trade name given to copolymers of 90% vinyl chloride and 10% vinyl acetate. ing diisocyanates with long chain glycols
s . o . ; . . . e s
; The copolymer is dissolved in acetone 10 22% solids and filtered, and the fibers are exiruded by The segmented polyurethane structure is achieved “"by reacting __ _Wq weight range.” The product
p M . . . . y p! 9l 2 “ -
m;. the mQ.m?::Em technique. After standing, the fibers are wet-twisted and stretched. Resistance to which are usually polyesters or polyethers of 1,000 to N.Q_vo -Mc ar.=m or m_.rw—um water. This gives L
W acids and alkalies, sunlight, and aging makes Vinyon useful in heat-sealing fabrics, work clothing, is then chain-extended or coupled through the use of mhv.oc > a diam| The n_v.a L fiber is
3 § icati . ich is into fibers by dr 13 " TP
- . filter cloths, and other related applications, the final vc_v._.:m_... ir_n_a:_m S=<”z& _:.cr b _.‘”6 .W,rv:er. ome oriented but exhibit a spontancous
wu | *“one of tangled disorder,” and, when ) i the force. This fiber is used in foundation garments, 4
: ! ; clease of . > f
t SPANDE) return 1o the disordered state upon X i in conjunction with other
MM SPANDEX hose, swimwear, surgical hose, and other elastie Eo&:dﬂvﬁ:&:ﬂ.ﬁm “nm.is“m.?.m - ownd a core
g . . . L e - ~ . i . .l 1ich 4 *
: Spandex, a generic name, is defined by the Federal Trade C as "a f ed fiber in fibers, such as acrylic, polyester, acetate, rayon, or natural fibers, w
E which the fiber-forming substance is a long chain synthetic polymer comprising at least 85% of a of the elastic spandex fiber.
Aw segmented polyurethane.” Trade examples of these are Lycra, Glospan, and Numa fibers. Lycra, 14 '
S Du Pont’s spandex fiber results from the following reaction: :
. P ¢ POLYOLEFINS o
H i : ap, and poly-
: b 1] 0] O H H o0 . Iyethylene film, widely used as a wrap
; i | | [ [ Polyolefin fibers and films are rep _.nmniﬂu_ mv : VM v...mw_w cases, such as ropes, laundry nets, carpets,
m g nHO—R—OH + nCR—R'—NC—> (—OR—0—~C—N—R'—N—C—), propylene fibers.!> The latter have excelled in spec al “osm-:: tion in the United States was
i & Glycol Diisocyanate Polyurethane blankets, and backing for tufted carpets. F 1974 wE.EM N ) reﬂ. and water-saving mulch for
| W 526 million 1b. Polyethylene ilm is extcusively cxploite w_w y lso claimed, and future growth
H 4 **Acrylonitrile, Cost Estimate on NH, and HCN reaction, Chem. Week, July 21, 1962, p. 63; Sherwood, Raw Materials tton, strawberries, melons, and vegetables. Weed control is also B !
3 for Man-made Fibers, Ind. Eng. Chem., 35(1). 39 (1963); Sitig, Acrylic Acid and Esters Noyes, 1965, p. 18 {flowchart); cotton, -
i Chem. Eng. (N.Y.), 68(2), 127 (1961); Petrochemical Complex: Goodrich New Methods Make Low-cost Vinyl, Acrylonitrile, appears promising. iaves
4 Chem. Week, Aug, 29, 1964, p. 101; Gucsione, Acrylonitrile’s Latest Synthess from Propylene, Chem. Eug. (N.Y.), 72(6), 150 24 (196%) (10 pp.
(965) (SNAM procesa); Moncrief, op. cit, chap. 28; Austin, Chem. Eng. (N.¥.), 81(3), 13] (1974). Oct. 6, 1962, p. 89; Dyeing of Polypropylenc for Textiles, Am. Dyes. Rep.. 54(4). 34 {196 vp-
Hieks, “Lyers” Spandex Fiber, dm. Dyes. Rep, 58, 334 (1964); Smith, Lyera Spandex Fiber, Mod. Tex., 44, 47 (1963); 15Chem. Week, Oct. 562 p B
Hicks et al, Spandex Elastic Fibers, Science, 147, 373 (1965) (full account). Moncrief, op, cit. (1975) chap. 26 many roferences); see (hap. 34.
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FLUOROCARBONS

Teflon is polytetrafluorethylene [(C,F,),] (Chap. 20} and as fiber or film is nonflammable and
highly resistant to oxidation and the action of chemicals, including strong acids, alkalies, and
oxidation agents. It retains these useful properties from >450 to 550°F and is strong and tough.
A very important property is its low friction, leading, with its chemical inertness, to wide use in
pumnp packings and shaft bearings.

GLASS FIBERS

Fiberglass wearing materials were prepared as early as 1893, when a dress of fibers about five times
the diameter of the present-day product was made by Owens. Since that time, however, numerous
impr have been di ed, until at present fibers as small as 0.00002 in. in diameter and
of indefinite length are possible. The largest and original (1938) manufacturer of glass fibers is the
Owens-Corning Fiberglas Corp., which markets its product under the trade name Fiberglas.1®
Production in 1974 was 683 million Ib, with thermal and acoustical insulation accounting for about
56%, textiles for 35%, and numerous miscellaneous uses for 9%.

Glass fibers are derived by two fundamental spinning processes: blowing (glass wool) and
drawing (glass textiles), as outlined in Fig. 35.7. Textile fibers!? can be made as continuous filaments
or staple fibers and are manufactured from borosilicate glasses composed of 55% silica and sub-
stantial amounts of alumina, alkaline earths for fluxing, and borates. The low strong-alkali level
reduces susceptibility 1o corrusion. Glass for textiles must be equal in purity to the betier grades of
optical glass and, when molten, must be free of any seeds or bubbles that would tend to break the
continuity of the fiber. In the continuous-filament process, specially prepared and inspected glass

marbles are melted, or a batch of molten glass is particularly purified. Either is allowed to =3,<.

through a set of small holes (usually 102 or 204 in number) in a heated platinum bushing at the
bottom of the furnace. The fibers are led through an “eye” and then gathered, lubricated, and put
on high-speed winders, which rotate so much faster than the flow from the bushing that the filaments
are drawn down to controlled diameters. It is used for electrical insulation in electric motors and
generators, structural reinforcement for plastics, fireproof wall coverings, and tire cords.

In the production of staple fiber, glass marbles are automatically fed at regular intervals 10 a
small eleetrically heated furnace. The molten glass discharges ly through a spi
Directly below the orifice plate is a jet discharging high-pressure air or steam in such a manner as
lo seize the molten filaments and drag them downward, decreasing their diameter. The individual
fibers are projected through the path of a lubricating spray and a drying torch onto a revolving drum.
The resulting web of fibers on the drum is drawn off through guides and wound on tubes and, afier
drafting and twisting to form yarns, sent to weaving and textile fabrication. A new process treats
the fabrics at high temperature to relax the fibers, thereby increasing the drapability and “hand”
and removing all sizing from the yarns to make them receptive to finishing materiais. Coloring can
be achieved by the use of resin-bonded pigments applied during finishing. End-use applications
include draperies, curtains, and bedspreads. With Owens-Corning’s new Beta hber yarns, the finest
denier ever produced, other commercial uses, including wearing apparel, are being tested.

In the manufacture of glass wool for thermal and acoustical insulation, borosilicate glasses,
composed of approximately 65% silica and 35% fluxing oxides and borates, are melted in farge re-

*Gumes Slayter, inventor; Kozlowski, Fiber Glass Industry, Glass Ind. 41{6). 1. 1960 (products, applications, companies,
huiques, and properties); Koch and d'Hauteville, Glass Fibres, Ciba Rer.. 1963-1965; Glass Fibers Make Bid for Radial
Tires, Chem. Eng. News, Oct. 12, 1970, p. 19.
VICL. Chopey, Glass Fibers, Chem. Eng. (N.Y.), 68(10), 136 (1961) (outline Howchart); Warlick, Carpet of Glass, Textile
Ind. (Aulanta), Janvary 1975, p. 40.
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Fig. 35.7  Flowdhart for Fiberglas production produc

Basic Ingredients for Conti Al Fiber, %
Silicon dioxide 52-56 Boron uxide 8-13
Caleium oxide 16-25 Sodium and potassium oxides 0~
Ahuminum oxide  12-16 Magnesium oxide 0-6

generative furnaces. In blowing, molten glass at 2800°F sireams through the small holes of a platinum
alloy plate cailed bushings, or from a centrifuge, at one end of a standard glass furnace. The sireams
are caught by high-speed gaseous jets and yanked out into fibers that are hurled onto a moving belt.
This woolly mass is impregnated with various binders and formed into countless shapes for use as
insulation or, in the case of fibers as coarse as broom straw, set into frames for use as air filters.
Glass-fiber mats and wool have now largely superseded rock wool for insulation.
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CELLULOSIC FIBERS AND FILMS

HISTORICAL  Cellulosics Fepresent a mature industry in contrast to the rapidly developing poly-
fibers but are stil} very large in size. They were the first to be developed. In 1664, Hooke prophesied
that “silk equal to, if not better than, that produced by the silkworm will be produced by mechanical
means.” Swan exhibited in London in 1885 nitrocellulose fabrics woven from fibers prepared by
squeezing collodion through fine orifices. 1t remained for Chardonnet, “"father of the rayon industry,”
to establish the first commercial unit for m...&:n..:ﬂ artificial silk, in 1897,

RAYON AND ACETATE

The basic process of producing cupra ium rayon was patented in 1890, and the viscose process
was discovered in 1892, The first patent for the production of cellulose acetate fil was issued

rayon and acetate exceeded the consumption of silk. Viscose, cuprammonium, and acetate yarns
proved superior 10 denitrated nitrocellulose, which was discontinued in 1934.
USES, ECONOMICS, AND RAW MATERIALS In 1974, the U.S, production and consumption
of rayon and acetate were as shown in Fig. 35.1. The 1974 world production of rayon and acetate
700 million Ib. Tm:un::_mmi_.wm. according to process, this was viscose, 88, acetate
, 12, :mmr,_n._wc:w viscose yarn is used mainly in cords for tires, hose, and v&::@
The difference in strength between ordinary and high-tenacity viscose depends on the amount of
orientation'® imparted 10 the fiber molecules when they are made. The hydroxyl groups in the cellu.
luse molecule allow water absorption to take place in the fiber and are the source of low wet strength.
Hydroxy) groups serve as sites for hydrogen bonding and thus in the dry state serve to hold molecules
together despite strong bending, resulting in fibers which tend to maintain their dry strength well
even at rmm_.. temnperatures. The price of rayon and acciate varies wnnc:::m to the size of the filaments,
process of manufacture, and type of finish. Textile rayon and acetate are used primarily in women’s
apparel, m..mvmlnw. :E_c_miq? and blends with wool in carpets and rugs.
Up to a few decades ago, the acetate process used only cotton linters as the source of cellulose.
Now the viscose process is based on sulfite and a Jittle sulfate pulp. If sheet celiulose the form used

In viscose manufacture, js desired, the sulfate pulp, after the bleachi g treat has been pleted,
is blended with several other batches, passed successively _rac:m._ a beater and a refiner (see Man.
ufacture of Pulp for Paper in Chap. 33), and formed inte sheets on a Fourdrinier.19 Viscose rayon
18 4 major consumer of sulfuric acid, caustic soda, and carbon disulfide. Titanium dioxide is used in
nm?m_a::m the yarn. Cellulose acetate employs large quantities of acetic anhydride, glacial acetic
acid, sulfuric acid, and acetone. In addition to this important consumption of basic chemicals, the
fiber industry needs significant quantities of dyes and other chemicals,

The viscose and the cuprammmonium processes produce a filament of regenerated cellulose, and
the acetate forms a thread that is a definite chemical « pound of cellulose: cellul acelate.
>:r::m__ each of these Processes is quite different as far as details of procedure are concerned, they
all follow the same general outline: solution of the cellulose ::d:w__ a chemical reaction, aging or
ripening of the solution {peculiar tu viscose), hliration and removal of air, spinning of the fiber, com-
r::.:m the tlaments into yarn, v:_.:.f:m the yarn (not necessary for acetate), and :-:mr:.m ?_mmcrm:m,
washing, oiling, and L.,v._.:m..

+Molecules lined up in one direction by stretching during spinning und drawing. See Fig. 356,
YECT, vol. 17, p. 17, 1968,

Vit bkt *Sardah i A
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REACTIONS
Viscose.?®

(CeHo0,-OH), + sNaOH — (CeHo0,-ONa), + xH,0

Cellubone Alkah celiulose
0—C \m
H,0,—0—C
(CHg0,-ONa), + 200, — | CgH40 /wZn i
Celiulose xanthate
S p S
2t OH
7 0,,(0H),0—C + 228, + 2xNa(
—0— 2¢H,0 —— | C,,H,;0,,(0H),
3{ CH0,— O n/ + X i /me A
SNa /2« Ripened xanthate
7 2 — (CgHg0,-OH),, + CS, + SNaySO
FHS CeHgO4 r T XSy oty
ﬁ-u—.—ﬁOE_O:FClﬁ/ + NINUCA { mS”iM on 3 2
, SNa/: ¥

Cellulose acetate. .
—— [CeH,;0,(0,CCH),], + ZCH,CO,
[CeH, 0 (OH),), + 3x(CH4CO),0 [Cel ﬁ“=m—mlu§§nu 3
Ceuloss
Cuprammonium.®

H,;05), + Cu(OH), + NH,; + H,0 — solution of cellulose
e O

Cellulose solution + NaOH (5%) — partly coagulated cellulose
Partly coagulated cellulose + H;S0,(13%) — (CgH ,(0;),

Cuprammonium rayon

YISCOSE MANUFACTURING PROCESS

ati but, because it consists of
. . cellulose, as shown by the equations ut, t g
- ?:m—.m_m _..__..»Eh“-: _w—.mv:..w_ ma of the original wood pulp or cotton, it possesses different phys

smaller
ical properties. )

CHEMICAL CONVYERSIONS AND UNIT OPERATIONS
can be broken down into the following sequences:

The ?‘oﬁwmm,nu as shown in Fig. 35.8,

e fro h 4 is charged 1o a
The cellulosic raw material (sheets made from sulhte or sulfate ic”x_ 1:_—” _u;.m nnw..: .
sleeping press containing pe ed stes € is stee) either chwise or contin
. ining vertical perforated steel plates and is steeped 47 —E. , h . :
:— _- i {1 - w_ wﬁ_::c_: (170 ) for about 1 h at to 6 (Ch) to dissolve a-cellulose.
ously in a caustic sod 7 to 20%) f b 56 to 62°F

*The cellulose molec posed i c tod as (CoHg0,0H) .
i deterniined number of ghucose units, berc represen -
iy i comsons rosghons L oot Euh s cai » o ksl g
o el vt s v ___a..a.s_.g_aex is considerably smaller than the original cellulose fed. Some (S, breaks
the cellulose molocule, 50 that the viscose-rayon moler "
e up E...S._&._.ss o e o s s desribod in 7536, ECT, vol. 17, p. 704, 1968. Production
Y e The ium process with a flow disgram was described in CP1 2, pp. 7536,
O Bartndr und S ﬂﬁh.._._...s.a. Push into Fibers, Chem. Eng. (N.¥.), 71(14). 110 ma_w:mﬁ_ﬁjﬁ ﬁcﬂ_ﬂ
N?} 59.”: Hn.wuuna.._m .—N 25 (1939); Continuous Rayon Spinning Process, Chem. Lng. (N.Y.), ,
cose Rayon, Chem. 2 -

Moaericf, op. cit, Chap. 9.
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The excess liquor is drained off, thus removing inpurities such as cellulose degradation prod-
uets 8 The soft sheets of alkali cellulose are reduced 1o small crumbs in a shredder (Op). This
requires 2 to 3 h, and the temperature is maintained at 65 to 68°F.

) The crumbs of alkali cellulose are aged either batchwise or continuously for 24 10 48 h at 75°F
in large steel cans. Some oxidation and degradation?* occur, alth ugh the actual chemical change is
unknown (Ch). ;wmmcu:w. correct aging produces a solution after xanthation of correct viscosity
for spinning.

. The aged crumbs are a.,o—%om into large, cylindrical xanthating churns. Carbon disulfide weigh-
ing between 30 to 40% of the dry recoverable cellulose is slowly added under carefully controlled

 See Lipsett, Indusirial Wastes, chap. 4, Atlas, 1951, for chemical-was s rexovery in the
dialyser process is included.

oy Process is e

*Lewis, Squires, and Broughton, Industrial Chemistry of Colloidal and Amorphous Materials, pp. 360H.. Macmillan, 1942,
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temperature and reduced pressure over 2 h of churning, during which time the crumbs gradually

irn yellow and finally deep orange, and coagulate into small balls (Ch):
€S, + (CeHg0, - ONa), —— (CgHy0,— O—CS—SNa),

Still in batch form, the cellulose xanthate balls are dropped into a jacketed dissolver (vissolver)
containing dilute sodium hydroxide. The hate particles dissolve in the caustic, and the final
duct, viscose soluti ins 6 to 8% cellul hate and 6 to 7% sodium hydroxide (Ch).
This reaction takes 2 to 3 h. If desired, delustering agents such as titanium dioxide or organic
1&5&:9»«. are added to the viscose solution in the mixer. The result is a sticky, golden-brown, vis-
cous liquid. From here on this description (Fig. 35.8) through ripening and spinning is contin-
uous (Ch). . .
During the ripening chemical reaction

P

3(CoHg0, —~0— CS—SNa), + 2:H,0 —— [C,gH,;0,,(OH),—0 —CS—SNa),

the proportion of combined sulfur decreases and the ease of coagulation increases (Ch). Thirty years
ago, this conversion took 4 to 5 days; now improved technology has reduced it to about 24 h. In a
series of tanks (only one is shown in Fig. 35.8), the reaction proceeds under deaeration and con-
tinuous blending with modifiers (viscose additives, mainly amines and ethylene oxide polymers)
that control lization and regeneration rates (Ch).

Finally, in two continuous vacuum-flash boiling deaerators (at high vacuum and below room
temperature), small air bubbles are removed that would either weaken the final yarn or cause breaks
during spinning (Op).

Spinning is effected when thin streams of viscose from 750 to 2,000 holes in each thimblelike
spinneret are injected under gear-pump pressure into the spin bath; they coagulate, and the cellulose
is regenerated (Ch) to form fiber:

[C15Hz7045(0H),— 0—CS—5Na], + $xH,50, — (CeH,0,-OH)y, + 2CS, + $xNa,50,

Sulfuric acid in the spinning bath neutralizes free NaOH and decomposes xanthate as shown,
and various viscous by-products containing sulfur, liberating CS,, H,S, CO,, and S. Salts such as
ZnS0, and Na,50, coagulate the xanthate, forming relatively stable metal complexes. The sulfuric
acid/salts ratio is a key control point, which, alth gh gulation and reg ion take place

gether, that the hate gels before the acid can attack and decompose it. Four percent
or more glucose prevents crystallization of salts in the filaments (Ch).

In Fig. 35.8 threc separate continuous spinning and treating procedures are outlined for the
coagulated filaments:

L. Testile yarns are twisted into continuous yarn as the filaments leave the spinncret. They
are dyed (then or later) and sent to coning and warping (Op).

2. Tire yans are stretched to impart strength over a series of thread-advancing recls where
wash and other treatments are applied (deacidifying), desulfurizing (Na,S), and bleaching (Op
and Ch).

3. Staple yarns are spun on the machine in the lower part of Fig. 35.8 by combining filaments
from many spinnerets without twisting and cutting them into uniform lengths. Each year more vis-

cous filaments are made into staple fiber.
The actual p of i pinning has reduced the time elapsed from hours to minutes.
Three types of spinning are in general use: continuous, bucket, and bobbin. Three-quarters of

United States production is from the long-used bucket type (Fig. 35.9).

ized Recovery Nabs (S,, Chem. Eng. (N.Y.). 70(8). 92 (1963).
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Fig. 35.9 Spinning in the visoose process
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\ s 'a b » after which the sheet i

_.”.:.,MM“ “ev ﬁ_,\“:mt_mﬂﬁw.mg.wm w:“. mrwv.._:v:.z.n film is passed :.:Emr a glycerin vmw?. «“mr“”\ ..N_” _H“.cl_u“

g o W:n m..mmw ..:—_E _n_.. it is m....mP Much cellophane is m:&mmaza:._w made moistureproof b

e 1052 o i ?”...g _n w:._“uv_n ::.‘Ewo__:lcmn lacquer. Charch of the Du Pont Co. was wsmz_nm

oot e p .M al of the Buffalo wne.,:o: of the American Chemical Society for this achieve.
Phane is widely used as a packaging and wrapping material. Viscose may be .,.EE:MMM

2
“Candle filters are & thin roll of metal scroen wrapped with fitor cloth,

“laskeep and Van Horn, Call ?
- » Cellophane, Ind. Eng. Chew, 44, 9511 (1952 i ha g
yden. Manufucture and Properties of Regenerated Celtulose: Films, :A.N. m..w.:.whwmaw_. nw.us M___M.\_..Aow_:.:ﬂ o rlerenee:
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to prepare a durable cellulose sponge by introducing a mixture of various sizes of Glauber’s salt
crystals, hemp or fibrous material, and viscose into a box which is placed in a coagulating bath to
regenerale the cellulose. The blocks are then leached with warm water to remove the crystals of salt,
and cut into small-sized blocks for sale.

CELLULOSE ACETATE MANUFACTURING PROCESS

Cellulose acetate (and its homologs) are esters of cellulose and not r g d cellul The spinning
solution may be used to produce fibers, trangparent film, or photographic film, or precipitated to
form molding powder for plastics and the basic constituent of cellulose lacquers.?8

UNIT OPERATIONS AND CHEMICAL CONVERSIONS (Fig. 35.10)  The raw material for the

pinning solution is prepared by charging 100 Ib of acetic anhydride, 100 Ib of glacial acetic acid,
and a small quantity of sulfuric acid as a catalyst to a jacketed glass-lined, agitated, cast-iron acetylator
(Op). The mixture is cooled to 45°F, and 35 Ib of wood pulp is added slowly. The acetylation requires
510 8 b, and the temperature is maintained below 86°F (Ch). .

The viscous fluid is diluted with equal parts of concentrated acetic acid and 10% sulfuric acid
and allowed to age for 15 h at 100°F. Hydration of some of the acetate groups occurs {Ch). No
method has been devised at present whereby cellulose can be converted directly 1o a product of the
desired acetyl Itis y o form it first to the triacetate and then partly hydrolyze
off the required proportion of acetate m..ecvm.nw

The hydration is stopped by running the mixture into a large volume of water and precipitating
the secondary acetate (Op). The secondary acetate is centrifugated to separate it from the still strong
acetic acid which is recovered, concentrated, and used over as shown in Fig. 35.11.

The fakes are washed several times by decantation (Op) and are then ready to be used in pre-
paring the spinning solution by dissolving the dry flakes in acetone in a closed, agitated mixer. If
desired, a delustering pigment is added (Op). Several batches are blended, filtered, and sent to the
spinning machine (Op). The selution is forced through the spinnerets into a current of warm, moist
air (Op). The acetone evaporates and is recovered, leaving a filament of cellulose acetate (Op).

These filaments are twisted and coned in the same manner as those of the previously described
rayons {cf. Fig. 35.3) (Op). Some yarns are sold withont a twist. Filament yarn is made by twisting

Recovered glacial acetic acid

Glaciol acetic ocid

Acetic ontydride
Cotron ,\Ssm\w. IIE[d
or wood pu b

Acetylator

catalyst

Cellulose

gcetote for

films, rayon,
plastics

Centrifugals

Pulg (wood plus cotton linters) 0.70 Ib. Sulfuric ocid 0.1 10, per Ib. of
Acetic anhydride 20 b Direct labor  0.04 man hes. QH::.“_.;«S
Acetic acid® 3.251b. Acetone loss 0.2 (b,

..xk.n.&\\ is obour 5 1b. per 1b. of cellulose ocetate
Fig. 35.10 Flowchart for cellulose acetate manufacture.

28Smith, Cellulose Acetate Rayons, Ind. Eng. Chem., 32, 1555 (1940); for a pictured fowchart on cellulase acetate staple
yarn, see Chem. Eng. (N.Y.), S2(1), 132 (1945).
ZNow also the triacetate (Arnel) is dissolved and spun directly.
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the threads before winding on the bobbin. Tow consists of threads gathered without twisting and is
cut into short lengths for usc as staple fibers.

The economical operation of the process depends on the recovery of as many of the chemicals
as possible. For cvery pound of cellulose acetate about 4 b of 30 to 35% aqueous acetic acid is
obtained. Dilute acetic acid from various parts of the process is run through a Dorr Thickener to
remove the last traces of acetate and then concentrated in a distilling unit and reconverted to acetic
anhydride. The acetone-laden air from the spinning machines, for example, may be passed through
activated charcoal to absorb the solvent (which is subsequently recovered by steaming and rectifica-
tion) or by cooling the air in water towers and simultancously dissolving out the acetone, the waler-
acetone mixture subsequently being rectified. Liquid absorption and distillation are also employed.

The f: e of transp cellulose acetate sheeti g comparable with cellophane (viscose
sheeting) is carried out by extruding an acetate “dope™ of the required properties through a narrow
slot onto a rotating drum, where, in the presence of warm air, the acetone solvent evaporates. The
resulting sheet is pliable and moistureproof.

Cellulese triacctate fiber, Arnel, is spun and sold by Celanese Corp. It is reported to possess’

“resistance to glazing at high iruning temperatures, complete machine washability, low shrinkage
in stretching, good crease and pleat retention, and an adaptability to a wide range of colors, designs
and prints.”* 1t is reported to be considerably superior to normal acetate in fiber properties and
uniformity. The tricky part is to manufacture pure triacetate and then to dissolve it prior to spinning,
The catalyst employed here is perchloric acid (versus sulfuric for ordinary acetate).

FINISHING AND DYEING OF TEXTILES

The textile industry, with sales of over $30 billion in 1976 is second in size to the food industry, and
many of its mill operations abound in chemical-engineering problems.3! Dyeing;32 bleaching; print-
ing; special finishing; such as for crease recovery, di ional stability, resi to microbiologi
attack and to ultraviolet light, and flame resistance; scouring; water ireatment; and waste disposal
are outstanding examples of mill treatments where such unit operations as filtering, heating, cooling,
evaporation, and mixing are involved. Some mill operations are discussed in a general manner else-
where, e.g., under water treatment and waste disposal-in Chap. 3, but here brief mention is given to
the use of special finishing agents. Textile processors and finishers spend over $1 billion for chemicals
and dyes in each year. ’

The modification3? of fibers and fabrics by special treatments to change their properties and to
unprove their usefulness is increasing yearly. Three important finishes consist of fumep fing, or
fire retarding, mildew-, or rotproofing, and water repellency. These are by no means the only lines of
treatment. Temporary Hameprovfing of cellulosic fibers is achieved by the application of ammonium
salts or borax and boric acid. Ideal fabric flameproofing, which allows cleaning or laundering and yet
maintains desirable fabric characteristics, is yet to be achieved, although much research is directed
toward this aim3! and some processes are finding commercial acceptance. Mildewproofing of cellu-
losic fabrics may be obtained by the usc of many organic and inorganic compounds. Commonly used

Wrove et al., Fibers, Ind. Eng. Chem., 47, 1973 (1935); Moncrief, op. cit., Chap.-12.

$iChemical Engineering in the Textile Tndustry. Chem. Eng. (N.Y.), 55(3), 127 {1948)

*#Rose, Color Rides Synthetic Fihers, Chem. Eng. (V.Y.), 68(6). 8+ (1961). M
Fabrics, Noyes, 1976; Szilurd, Bleaching Agents and Techniques Noyes, 1973,

2Smith, Use of Textile Auiliries, Chem. Eng. News. 29, 548 (1951); Chemical Processing, Chem, Eng. News, 30, 4153
{19523 Johuson, Artistatic Compositions for Textilcs wnd Flastics, Noyes, 1976; Casper, Nonwoven Textikes, Noyes. 1975,

*Little, Flanproofing Texiile Fabrics, Heinhold, 1947; Sympusiua, Flame Retarding of Textiles, Ind. Eng. Chom., 42,
414 (1950); Flamc Resistant Textiles, Chemist, August 1970, p. 300; Textile Makers Spur Flammability Rescarch, Chem, Eng
News, Mar. 30, 1970, p. 34.
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Fig. 35.11 The manufacture of acetic
anhydride and the recovery of scolic acid,
important stages in the manufacture of
acetate rayon, take place in these towering
columns and stills at the Waynesboro, Va,
plant of E. L. du Pont.

materials include acrylonitrile, chlorinated phenols, salicylanilide and organic mercurial aci@cf_mm,
copper ammonium fuoride, and copper ammonium carbonate. To ,13&:8 water-repellent finishes
durable to the usual cleaning processes, special quaternary ammonium compounds w,..n heat-treated
on the fiber. Shrinkproofing of wool employs various chlorinating _..z,x..numnm, amvaﬁ&_« m,oq mb.,,.rm,
shirts, knitting yarns, and blankets. Another method for m___‘m:rwnoo?:m.io«.w: fabrics is ~.o coat
them with a melamine formaldehyde product. Thermosetting resins are being widely used to impart
crease or wrinkle to ceHulosic fibers, G ly used products include :Ew,?niw_mnrw%
and melamine-formaldehyde resins. The fabric is treated with water-soluble pr d get
with a condensation catalyst. The treated fabric is dried and heated at an n_ﬁws_am _m.:caz::.,n to
develop the resin within the fiber structure. Many other mmﬁom.m_ treatments ..,a_. fabrics :—.a_:% Eo.r
proofing, improving of resiliency, stiffening, softening, n::::w..:.m electrostatic charge nzq.—zm v._‘c.rw_mu”
ing, sizing, lubricating, and inhibiting atmospheric gas fading. In recent years n—_m::ew_.s-zm es
have actually been used to react with the fiber material, ¢.g., ccz.e? and n—_nnm.rw .o. change its prop-
erties by esterification (earboxymethylation) or amination (2-aminoethylsulfuric acid).
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chapter 36

RUBBER INDUSTRIES

Rubber has become a material of tr d ic and gic importance and is an excellemt
|’ of the industrialization of nations. In the United States, the per capita consumption of
rubber is approximately 34 Ib per person; in India it is scarcely 4 1b per person. Transportation, the
chemical, electrical, and electronic industries, and the space effort are all major consumers of rubber.
When supplies of natural rubber were shut off b of Japan's i of ruber-prod
early in World War II, the United States built up a synthetic rubber industry which has continued
to expand enormously, so that at the present time 70% of the rubber consumed in the United States
is of synthetic origin. The rubber industry i the prod
for natural and synthetic rubbers, the various rubbers themselves, the importation of natural rubber,
the production of rubber chemicals, and finally the fabrication of rubber products.

MISTORICAL  Columbus found the natives of the West Indies playing games with rubber
balls. Rubber articles have been recovered from the sacred well of the Maya in Yucatan. Rubber,
as we know it, is a product of the Americas but has achieved its gr growth by transpi
to the Far East. The name “rubber” was apparently given by Priestley, the discoverer of oxygen,
who first observed the ability of the material to “rub out” a pencil mark. The fact that rubberlike
materials resulted from mere efforts to purify and keep such materials as styrene, butadiene, and
the isoprene produced from the destructive distillation of natural rubber very early led to attempts
10 produce synthetic rubber. By the outbreak of World War 1, inferior grades of rubber were being
produced from dimethylbutadiene in Germany and in the US.S.R. Extensive research during the
1920-1930 period led to discovery of the emulsion copolymerization of butadiene and styrene, and
of butadiene and acrylonitrile.

Goodyear is credited with the discovery of the cure, or vulcanization, of rubber with sulfur
in 1839. This overcame the natural tackiness of rubber and commercialized it. Since then it has
been found that many substances affect the rate of this reaction and that some subsidiary materials
modify or imp: the pound, making it possible to shape or fabricate an article which is then
fixed into its final form by the curing reaction. The historical occurrence of most significance was
the curtailment of natural rubber importation caused by Japanese invasions in 1941. This stimulated
greatly both research and manufacture of various syntehtic rubbers in the years following.
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STATISTICS AND ECONOMICS

The cost of natural rubber has been subject to great fluctuations over the years. The price stability
of the synthetics has undoubtedly contributed to their successful invasion of the market. Table 36.1
shows the consumption of various rubbers in the United States over a 22-year period, and it is
clearly seen that natural rubber is being suppl d, but not suppl d, by synthetics, and that

the world would be hard-pressed to exist with natural rubber as the only source of supply.
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