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PREFACE

Tue nylons, the polyesters and the acrylics continue to dominate the
fibres scene.  Their growth has been, and continues to be, amazingly
rapid; so rapid in fact that the production of cotton has had to be
cut back by legislation in the U.S.A., and there are large unsold
stocks of wool throughout the world. These two effects are un-
desirable, and it seems reasonable to think and hope that they will
be only very temporary. Cotton and wool are two of our finest
fibres, and the proper function of man-made fibres is to supplement,
not to supplant, them. By early 1973 there had been some improve-
ment in this respect.

With the world-wide increase in the production of synthetic fibres
there has come a sharp fall in their prices, particularly in those of
the polyesters, which can now be made much more cheaply than
polyamides. This fall in prices is to be welcomed. Just as cheap
rayon brought down the price of cotton in the "fifties, so now we are
seeing the cheap synthetic fibres bring down the price of wool.
Synthetic fibres made from alpha amino-acids, fibres that we have
awaited so long, have not yet come out in strength, bul there seem
to be two or three on the threshold, and their coming may augur a
new era for man-made fibres. They are, in fact, overdue, but
nevertheless they will find the going rough to begin with.

Increased fibre production has led also to a spalte of improvements
in the dyehouse, and activity in this department has never been so
greal.  The new developments in dycing are to be welcomed by all
the textiles industry. The synthetic-fibres industry grows apace.

My thanks again 10 the manufacturers who have so generously
supplied information and illustrations, ! am particularly indebted to
those who have given me a great deal of heip with this the sixth
cdition. It is forty-odd years since I was dotng some of the spadework
in fibre stretching: it is 25 years since | wrote the first edition, and it
15 only with contemporary help that the usefulness of the book can
be maintained.

Throughout the text of this book various words are used which
are Registered Trade Names. These are indicated by being printed
with an initial capital.

R. W, MoNCrin

e




CHAPTER 1
FUNDAMENTAL CONCEPTIONS

ALL ordinary yarns, either man-made or natural, consist of a number
of fibres or filaments. In the case of man-made fibres this number is
usually in the range 15-100—i.e., most yarns will be composed of not
fewer than fifteen and not more than 100 filaments. Ifasingle thread
of a man-made fibre yarn is broken, the individual filaments- will
usually be observed to splay out. They can always be pulled apart
mechanically. The reason this multi-filament construction is adopted
is that it confers pliability and flexibility on the yarn; a yarn com-
posed of a number of fine filaments is much more fiexible than a
solid, thick filament of the same diameter as the yarn. The use of a
large number of very fine copper wires in ordinary lighting-flex may
be recalled as an analogy. The purpose is exactly the same: to
obtain flexibility.

Monofils

For special purposes, monofilament yarns are made. One
familiar application of this is when the monofilament is relatively
thick and is used as bristle. Most readers will be familiar with the
use of nylon bristle in tooth-brushes. Very strong synthetic fibres,
such as nylon, are sometimes spun in very fine monofils to give the
sheerest of stockings, and such fine yarns of 7, 12 and 15 dcniers are
usually monofils. They are made as monofils to give durability be-
cause coarse filaments are less nm.mm_w damaged than fine, and as the
monofil is itself so thin it is sufficiently pliable to be knitled without
difficulty. Ttis easier, (00, to make a coarse single 15 denier filament
than a muli-filament 15 denier yarn, and the prices of monofil 15
denier nylon, for example, are lower than those of 3 filament 15 denier
(cach filament being of 5 denier) nylon. This is illustrated in the
figures on p. 1021. Sometimes, too, for special decorative or novelty
effects, relatively thick monofilament yarns may be used, but the
great majority of artificial-fibre yarns are spun in multi-lilament
form.

Continuous Filament
All the yarns that have just been discussed, multi-filament and
monofil, are continuous filament yarns and are like real silk in the
sense that the filaments are very long indeed, miles long in some
3
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4 MAN-MADE FIBRES

cases. They are glossy, lustrous and silky, and were the first kind
of artificial silk. At first, all artificial silk was continuous filament
—long almost endless filaments, Nowadays, less than one-half of
the fibres that man makes are continuous,

Staple

Most of the other half of man-made fibres are discontinuous; they
have been chopped up into short lengths of a few inches. In this
way they have become more like cotton, which has a fibre length of
about 1-14 in., or wool, which is usually within the range of 3-6 in.
fibre length.  All man-made fibres are spun continuously, but more
than half of their weight is chopped up into short lengths, usually
of from 1 to 6 in. Often this cutting is done continuously as the
filaments are made; the chopping up is part of the process. The
chopped up fibre is called staple fibre ™ and is used for spinning
(p. 732) on the cotton and worsted systems, being very largely used
for blending. The staple man-made fibre and a staple natural fibre
are spun together as a blend. That way the mixing of the two fibres
is very intimate. Blending or mixing of fibres should be done at as
early a stage in manufacture as possible. Of such blends, that of
polyester (Terylene) and wool is as well known as any. Such a
blend could not be made from continuous filament fibre; only by
using the chopped up staple of the man-made fibre does perfect
blending with wool (or cotton or linen) become possible. Some-
times, perhaps most often, the man-made staple is spun on its own
without the admixture of a natural fibre; spun rayon fabrics for
frocks, curtains and underwear have been ubiquitous for twenty
years. Continuous filament fibres are long fibres, often miles long,
and an end is reached only at the end of a bobbin or other package,
or if a thread accidentally breaks. Staple fibres are very short,
nearly always just a few inches. Sometimes for special reasons
fibres of different lengths, say of 11 in. and 3 in., are mixed in staple,
but this is unusual, Nearly always all the fibres in a bale of staple
fibre are the same in length.  Staple fibres are mixed up in random
arrangement and have to be sorted out, made parallel to each other
and twisted in old traditional textile operations to make them into
yarns,

Tow

Tow is fibre that is spun with tens or hundreds of thousands of
filuments bundled together into a loose rope and wound up on to
some sort of spool or package. It is used for direct-spinning opera-
tions (p. 736 et seq.) in which the filaments are cut or broken at

FUNDAMENTAL CONCEPTIONS h)

intervals of a few inches and spun directly .::o yarn. ,ﬂoi. serves
the same end as staple fibre, but the cutting into m_.o.: fibres is done
at a later stage. The disadvantage of staple fibre is that although
the filaments are all spun parallel one to another, and w_:_om_ms they
end up parallel in the final yarn, in between they are .B_xna up,
pointing in all directions, It scems wasteful to randomise parallel
filaments and then sort them out and make them parallel once
again, The use of tow avoids this; the Em_:niw are spun .E:u__n_
and are kept parallel right up to the ms_m.roa yarn, ,_,oi._w often
supplied in a rope of about 200,000 denier, say 40,000 filaments

each of 5 denier.

Denier

The coarseness of a yarn or a filament is :m:m__<. ms.cmng as
*“denier . The denier was the unit used in the realsilk industry
long before man-made fibres came. It is defined as ‘.o__ozm“. .

Definition. The denier of a yarn (or filament) is the weight in
grams of a length of 9,000 metres of that yarn (or filament).

If, for example, 9,000 metres of a yarn weigh 100 grams, :,m yarn
is said to be 100 denier; if 9,000 metres of another yarn weigh 45
grams, that yarn is 45 denier; if 9,000 metres of a single filament
‘weigh 3 grams, that filament is of 3 an_:nq.. An instrument very
suitable for rapid determination of denier is .:_n q.oavu_o: Denier
Balance (Fig. 1). A 9-metre length of the yarn is run off ona wrap-
reel, hung on the hook of the balance, the pointer turned approxi-
mately to the expected denier on the dial, the cm_m.snn q.o_msv.na, a
final adjustment of the pointer made, and the denier of the yarn
read directly,

Conversion Factor for Cotton Counts
Many readers may be more familiar with the use of cotton counts
—i.e., the number of hanks of 840 yd. which will weigh 1 Ib.—und it
is useful to have a factor by which cotton counts may rapidly be
converted into denier and vice versa. This may be obtained in the
following way: . .
Consider a yarn of 1 s cotton counts. What would its denier be?
As the yarn is 1 s cotton counts 840 yd. weigh 1 b,

. 39-37
or 840 metres weigh 453-6 x ~36 Brams
. 3937 9000
so 9,000 metres weigh 453-6 x 56 X gap Brams

= 5,315 grams,
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Hence the denier is 5,315.

If the yarn is x s cotton counts, then 9,000 metres will weigh 3,313
) x
grams. Accordingly, to find the denier of a yarn from its cotton

counts, divide 5,315 by the cotton counts, Conversely, to find the

cotton counts of a yarn of known deni L
denier. y wn denter, divide 5,315 by the

For example, 50 s cotton counts = Wmuo‘_m o_._cmananq

2/60 s cotton counts = m%% or 177 denier

30 denier = 39~ °f 177 s cotton counts

150 denier = ul...wl_m or 354 s cotton counts

M

e

[White Elcctrical Instrument Co. Lid., Malvera.)

b s e o

Fia. 1.—Torsion Denier Balance,
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Conversion Factor for Worsted Counts

Remembering that the basis of the worsted system of counts is
the number of hanks of 560 yd. in 1 lb., the reader will find it easy
to calculate that the conversion factor from worsted counts to denier
is 7,972.

For example, 20 s worsted counts 1,972

o~ o 399 denier

1,972 or 40 s (nearly) worsted

200 counts

It will be noted that approximations have been made in these cal-
culations. The reason for this is that counts and denier are slightly
variable; there is no point in describing the denier of a yarn as
398-6 when even the average of batches of it will vary by + 2 denier.

i

200 denier

Uniformity of Denier

Yarns are not absolutely uniform in denier. They are nearly so,
and uniformity is a very desirable characteristic. It is not unusual
for a tolerance of + 3 per cent to be allowed—i.e., in a batch of 100
denier yarn, extremes of 97 and 103 deniers may be found,

Filament Denier

Yarns of the same denier may be spun with different numbers of
filaments. A yarn of 100 denier may be produced with twenty
filaments and also with sixty filaments. The former would have a

filament denier of ._%% or 5, and this is relatively coarse, and would be
found in cheap * bread-and-butter ** viscose. The latter would have
100

a filament denier of 0 °F 167, and would be a speciality yarn

suitable for the manufacture of high-class materials. The more
filaments there are in a yarn for a given denier, the more soft and
supple it is. Very fine filament yarns are suitable for fabrics where
draping, anti-crease properties and softness of handle are required.
Such yarns are, however, more liuble to abrasion than those of coarse
filament yarns, and for purposes where bard wear is a sine qua non
coarse filaments are to be preferred.  Men’s linings are, for example,
harder wearing if made from coarse filament yarns, There are uses
for both coarse and fine filament yarns.

Tex and Millitex
Another unit which is sometimes used instead of denier is the tex,
which is defined as the weight in grams of 1,000 metres (instead of
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9,000 metres used in the denier definition). The millitex is one-
thousandth of the tex, so that one and the same filament could be
described as 9 denier or | tex or 1,000 millitex whilst others could be:
1 denier or. 0-111 tex or 111 millitex; 4} denier or 0'5 tex or 500
millitex; 100 denier or 11-] tex or 11,100 millitex; 90 s cotton
counts or 59 denier or 66 tex.

Another way to look at it is that the tex of a yarn or filament is
its weight in milligrams per metre.  Sometimes the term decitex or
dtex is encountered; its relation to the others is:

0-1 tex = 1 d(eci)tex = 100 millitex = 0-9 denier

The tex is a universal unit, used for all fibres: man-made, wool,
cotton, ete. The terms tex (for tows) and decitex (for yarns and
single filaments) have become more widely used, and, in those
organisations which were originally chemical, tex and diex have
largely displaced the term denier. But in those organisations with a
long textile and fibre tradition, denier is the term still mainly used.
Possibly too, the desires of the Textile Institute have led to the wider
use of the tex terms. There is much that is good and traditional in
our fibres industries, and where possible it should be retained,
especially in nomenclature. Perhaps we shall be able to talk about
deniers for a long time yet.  Whether is it more enlightening
to speak of a 150/30 yarn (meaning 150 denier 30 fils) or of 167f30
(meaning 167 decitex 30 fils)? Both mean the same.

Twist

Nearly all yarns are twisted, as this protects the filaments from
damage. Untwisted yarn is almost impossible to weave or knit
without damage. The twist is expressed in turns per inch (t.p.i.).

£

/ﬂ >

7

[Leonard Hill, Lid.)

FIG. 2.—The two directions of
twist.

[Leonard Hill, Ltd)
F1G. 3.—Balanced and unbalanced
yarns,
Direction of twist is described as * S”or*2z

", the meaning of which
will be clear from Fig. 2. This“SandZ*»

system is unambiguous,
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and fortunately has almost universally replaced Ew.ému_:wﬁ _:”.:"_acn_w
icti i s are doubled or fo s
-onflicting systems. Sometimes, too, yarn .
wwm then m:%ao:u::m or folding twist should be such that :E.u\u_:.
is balanced. Fig. 3 illustrates balanced and unbalanced yarns; the
r tend to twist if held in U no_.a._. .
_mﬁni 4 shows a simple type of twist-tester. O:.o end of :_o. v&w:
is rn_w in a clamp, the other end is rotated until a =nna_.n can .o
._5.2: from one end to the other through the :.:i_m._ﬁ_ ___:_:o_:.u.
The number of turns that has been required to untwist the wunsg__m
read on the engraved dial. Stroking the filaments e<.:._ :.m :n._n le.
will often electrify them, cause them to balloon, and so simplify their
aration. . .
mnm:.o addition of twist always increases the an.:_nn of any :c...n.
For fairly low twists (up to say 30 t.p.i. for 70 ao_:nb the increase in
denier is not great, but at one point sccondary twist develops (the

[Goodbrand & Co., Lid.}

FiGg. 4.—A twist-tester.

already twisted fibre starts to ** corkscrew ), E.E :E.: the denier
rises quickly. This effect may be seen in the following table of
ligures for Dacron polyester yarn.

Denier with twist (t.p.i.) of
Initial denier

of Dacron. L] os | | oo _ 16 _m.,v.:_ 0. | 100,
a0 0atilsy . .| 40| 40| 40| 405 | 41| 42| 44 _ 4
%w m“ w“w : _ 0! 01 | n ” Nﬁ “ Nﬁ _ 8 _ -

210 (34 fils) . 210 _ 213 _ 216 | 226
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This behaviour is not peculiar to Dacron; all fibres behave some-
what similarly. As twist rises strength falls and clongation at break
rises, as shown by the following figures for 210 denier 34 fils Dacron,

Tenacity (gm/denier)

Twist (t.p.i.). Elongation at break

(see p. 11). (per cent) (see p. 13).
1 71 Ii
23 66 15
36 53 16
47 39 17
Nomenclature

* Artificial silk ** was the early name for all man-made fibres,
When such fibres were first spun the avowed aim of the manufacturer
was to make something that would replace real silk, and the name was
then quite apposite. The description ** artificial silk ** is less appro-
priate to-day, as artificial fibres have long passed the stage of imitating
real silk. New fibres have been produced which have properties
entirely different from those of any natural fibre, Man-made fibres
is the most usual description nowadays,

Rayon. The word * rayon * is now used universally to describe
fibres made by the viscose and cuprammonium and acetate processes.

Whilst there are no hard-and-fast rules, the reader is advised to
use the word ** rayon ”* for fibres of cellulosic origin (viscose, cupram-
monium, and cellulose acetate), and the term * synthetic fibres » for
the true synthetics, nylon, Vinyon, efc. Al of them can be referred
to collectively as ** man-made fibres *'.

Viscose Rayon. One other point to note is that manufacturers
always use the term * viscose rayon ” for the fibres. They do not
speak of the fibres as * viscose ', but restrict this term to describe the
solution from which the fibres are spun. Converters and merchants
(in fact most people who do not manufacture it) often describe the
fibre as ** viscose ”, but, to be quite correct, the reader should refer
to the fibre or yarn or fabric as ** viscose rayon” and not as ** viscose”’.

Azlon. The name * Azlon ™ has also been tentatively approved
by the Federal Trade Commission as a gencric term for reconstituted
protein fibres, irrespective of the type of protein used as the base of
the fibre.  This term appeared to include soya-bean, casein, ground-
nut and zein fibres which comprise a group with diverse com-
positions and properties, but *“ Azlon ™ seems never to have become
popular.  Most of the Azlons have failed and been discontinued.
Ardil (pea-nut protein) and Vicara (maize protein) were the best,
but they are no longer made.

FUNDAMENTAL CONCEPTIONS I

i crylics i
>n__.“_Mﬂa~M_..M_oN_ .-.uwr_quwao_.n_ Trade Oo.:.imv,mow_ _:mw an_.__:%a, M_ﬂ_orwp __ %_“

cement of the federal Textile Fiber u.qo ucts w. .

V:M.MMMMHBF 1960). >nnoa.=.,m 10 ~_:an. mMQ__-M_ MWMW_.M_”MM_.“WMM_”WM“

comprise at least 85 per cent of acrylonitrile. R e aany
contain from 35 to 85 per cent acrylonitrile. el ¢ .

“__Mw“:o fibres: Orlon, Acrilan, Oﬂ::ww_"w. MMMmWMzwﬂmﬂww_wﬂ_u ,_;M,r_,_c.”_n

ic fibres: Verel, N n.

ﬁmom_._ _w._mm”m_.a._w aﬂnqm__m_“vw”m::ma :::v“:o verb .:._o spin " and its
ao:é_“?om are used in the following two nczw a_zn:u._: senses. .

1. To spin viscose rayon, by nx::a_:m a viscose mw_ch““ow
through a fine hole into a coagulating bath, o._. .mo nn n_: le a
solution of cellulose acetate in acetone through a fine :o e o
an air-drying medium, or to extrude a melt of 3_.0: J. _Mocms:"
fine hole into a cooling E.:o%_.-na. .>=.:E=.=rao _._ﬂnm r
“ spun " in this way, just as a spider spins its iov ora m__,_.ioqi
spins its cocoon. This always results in a continuous _..:_sns
which may, however, immediately or later be cut into stapie
mrwqp.__,w_dm%”. cotton fibres into a yarn by arranging :Ep_: _M
parallel formation in a bundle and maa:m_.:\.v::_:m%:. m__”:,
thinning the bundie and at the same time twisting it. A m__ﬁ_. :
process is carried out on wool, mohair, flax, mmm:._vvo. efc. Man
made fibres which have already cn..ws “spun’ in the first sense
(extruded) are sometimes then cut _._:o staple ___.:n. u.:a m._:_.: in
the second sense, i.e., parallelised, thinned and twisted intoa yarn,

i . ak arn”’ i case it is from
Both meanings are ** to make a yarn ”, butin the first ca

a solution or a melt, in the second it is from fibres. A staple fibre

yarn has been ** spun " in both scnses of the word.

No one who has worked amongst textiles s;_._ find confusion in
the two meanings of the word ** spinning ", but it may well be con-

fusing to the student,

Tenacity

v

The tenacity or strength of rayons is usually expressed as grams

per denier.

It a load of 250 grams will just break a 100-denier yarn,

the tenacity is said to be 2:5 grams per denier. Some _._.v:v_ such _u
the regenerated proteins have tenacitics of the order of | gram pet

denier; others, like nylon and Fortisan, of 6-7 grams per denier.

Sometimes the tenacity or tensile strength is expressed in _,.E_:_av
H 10 . . v 7> a
per square inch instead of in grams per denicr, and we can derive the

relation between the two methods of expression as follows:
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Suppose we have 1-denier filament o

. f speci . .
cross-sectional area will be : peciic gravity 1, then its

1
900,000 °™-*
vaw“w:mo e,cco m. or .ooc.ooc cm. of it weigh 1 gram.
.:.n specific gravity of the filament is not 1 but 2
sectional area of the 1-denier filament will be )
_ 1 2
00,000 x 2 °™-

y is d then the cross-sectional area of a

» then the cross-

and mw. the specific gravit
I denier filament will be

1
900,000 <™-*
or ’

1 .

- 900,000d x 2-543 In-*

is by definition has a breakin

. g / gload of 1 gram, at "
1 in.% in cross-sectional area would have wm gnw_wm.nmsw“%a onw._.u ment

900,0004 x 2-54% grams, or
900,000d x 2-542
4536 Ib.

or 12,8004 1b,

Accordingly to co i
nvert tenacity expressed as ier i
i . grams per den
tensile strength expressed as Ib./in.? we can use the nqunmmmo_.mq e

Tensile strength = (12,8004 x gm./denier) Ib./in.?

.;:mOoE_n:os::nm. i
. pecific gravity of 0.9 i
2 grams per denier has a tensile uﬁnzm-«. o? ® ond & tenacity of

12,800 x 092 x 2 1b./in.2 or
23,500 Ib./in.2

O_u.mu with a specific gravity of 2-54 and
denier has a tensile strength of :

12,800 x 254 x 6-3 Ib./in.2 or
_ 205,000 1b./in,?
oﬂ. M«wh_%um.wn.a a load o...mvo—: 90 tons to break a glass * filament *
¢ mnnnmmo M_,_mﬁ.wmv. M%__.:M_u:__s:r a tenacity of 7 grams per denier and
. of 1 as a tensile strength of 136,000 Ib. /in 2-
“w:_u.z_aﬁ_”: a 8:»2.& of 5:5 grams per denier and a mvmom:o m_..\._w: .
as a tensile strength of 80,000 Ib.fin.2; o:?u-::.o:m::v“

rayon with a tenacity of 2 i
: grams per d a speci i
1:53 has a tensile strength of uw.oﬂo _%vﬁwga # specifc gravity of

a tenacity of 6-3 grams per
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Although in engincering practice the terms *‘ tenacity ” and
« tensile strength ” are used synonymously, it is convenient in dealing
with fibres to confine the expression ‘ tenacity ” to that property
(cohesiveness) which is measured in grams per denier and ** tensile
strength ** to that which is measured as Ib./in.%. There is the density
factor that divides one from the other and two fibres with similar
“tenacity ” values may have very different * tensile strength ™
values; e.g., glass and nylon both have tenacity values of about 6
grams per denier but the tensile strength of glass (because it is more
dense) is more than double that of nylon. Sometimes one encounters,
instead of grams per denier, the term grams per decitex. Relerring
to p. 8 we see that | decitex = 0-9 denier, so that | gram per decitex
= | gram per 0-9 denier, or |11 grams per denier. A fibre with a
tenacity of 2-5 grams per denier has a similar tenacity of 2-25 grams
per decitex. It savours a little of pedantry to those of us who have
been brought up on deniers.

Elongation at Break

The elongation at break is an important characteristic of a yarn.
If a length of 100 cm. of a yarn can be stretched to 112 cm. before it
breaks, it is said to have an * elongation at break " or an ** extension ™’
of 12 per cent. Except for special purposes, such as tyre-cord, a
minimum extension of 10 per cent is desirable to facilitate textile
working. Ordinarily, there is no advantage in an extension being
higher than 20 per cent. Often, in the manufacture of yarns, it is
possible to make a yarn with either a high tenacity and a low elonga-
tion at break, or a moderate tcnacity and a reasonably high elonga-
tion at break. As a rule, the manufacturer compromises, and pro-
duces a yarn that will have the highest strength compatible with an
extension high enough not to give trouble in winding, weaving and
knitting. Often two kinds of filament will be spun; a very high
tenacity yarn with a fairly low extension intended for industrial use,
and a yarn with a somewhat lower tenacity and higher extension and
generally a softer handle for apparel use. As an example, Tergal,
the French cquivalent of Terylene, is made by Sociét¢ Rhodiaceta
in high tenacity of 6-5 grams per denier with 10 per cent extension
and also in normal filament with 5 grams per denier tenacity and 20
per cent extension. Rhodiaceta even make a third variety their
staple fibre, which has a tenacity of only 3-5-4 grams per denier but
an extension at break of 40-25 per cent.  Such modifications are
usually dependent on the degree of stretch that is applied to the fibre
cither during the actual spinning operation, or in the drawing
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Elasticity

The elasticity of a (ibre is its ability to recover from strain. It a
fibre is stretched 10 per cent—i.e., 100 cm. becomes 110 cm., and
then, on release of the tension, it reverts to its original length of 100
cm.—it is perfectly (or 100 per cent) elastic. If, on the other hand, it
contracts to 102 cm., then it is 80 per cent elastic; if it contracts to
104 cm., it is 60 per cent elastic. Usually fibres have a high elasticity
for low stretches—i.e., if stretched 5 per cent they regain very nearly
their original length, but they may have only a relatively low elasticity
for high stretches. A fibre with a low elongation at break may have
a high elasticity, and, conversely, a very extensible fibre may have
only a low elasticity. It is important to distinguish clearly between

L3

* elongation at break ™ and * elasticity ™.

Breaking Length

Occasionally the strength of a fibre will be expressed as ** breaking
length ™. This is the length of a fibre which will just break under its
own weight, and it is usually very long. If we consider a viscose
filament with a tenacity of 2 grams per denier, we imply that a length
of 18,000 metres will just break under its own weight—i.e., the break-
ing length is 18 km. Similarly a yarn with a tenacity of 4 grams
per denier will have a breaking length of 36 km. The strongest
yarns hitherto made on a manufacturing scale have breaking lengths
of about 80 km. It will be appreciated that the breaking length of a
100-denier yarn will be the same as that of a 2-denier single fila-
ment, because, although the former is stronger, it is proportionally
heavier.

Stress-Strain Diagrams

The stress—strain diagrams of fibres and yarns are ofien very
informative. In them the strain—i.e., the elongation undergone by
a fibre or yarn per unit length—is plotted against the stress, or load
applied to it.

The stress-strain diagram—or ** characleristic curve ”, as it is also
called—is obtained by using a strength-testing machine of auto-
graphic type. The testing machine shown in Fig. 5(a) is supplicd
as an autographic model; the axes of the diagram it records arc at an
angle of 45°.  Other machines, including the Inclined Plane Tester,
shown in Fig. 8, give diagrams in which the axes are at 90, The
latter machine operates at a constant rate of loading, the former
at a constant rate of extension. For everyday use in the laboratory
and for plant control the writer’s preference is for the machine
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shown in Fig. 5, but for prototype testing of fibre and yarn
characteristics the Inclined Plane model is preferred.

Instron Testers. These are the most widely used in the industry
today. Compared with the old plunger-in-oil type they are heavy
and expensive, Like them, they are constant rate of extension
machines. The fibre sample is gripped by the two jaws shown in
Fig. 6 and an electric motor started; the upper jaw moves upward
at a rate of 20 mm. per minute and the recording chart moves hori-
zontally at 100 mm. per minute. The machine’s output is a stress—
strain curve of the type shown in Fig. 7. Other spceds can be used,
and the load range 0-10 kg. in the curve shown in Fig. 7 can be
changed. The basic function of the instrument is to plot load against
extension (stress-strain) curves for all types of textile materials.
Other properties, viz. stress relaxation, cyclic loading effects or
hysteresis and resilience, can also be evaluated. There is an excellent
booklet * Mechanical Testing of Polymeric Fibrous Materials ",
written by G. A. M. Butterworth and N. J. Abbott and published by
Instron Ltd. at High Wycombe. Those who want to know a little
more than most about textile testing should get it.

If the stress-strain curve is a straight line, then the fibre is obeying
Hooke's Law, and so long as the ““ curve ” s straight, the fibre will
be elastic. Usually, after a very few per cent extension the elongation
of the fibre becomes greater than would be required by the straight-
line curve. This generally means that plastic flow is setting in, and
that the fibre is no longer truly elastic. The Yield point corresponds
to the break in the curve where it departs from the straight line. For
most fibres this break takes place very early,

A fibre which will be most satisfactory for textile purposes is one
that does not stretch much for small loads, so that during winding it
does not stretch appreciably; the advantage of this is that even if
the winding tension varies slightly from spindle to spindle, the yarn
will not suffer seriously different degrees of stretch from spindle
to spindle, as it would if it were susceptible to high stretches for very
small loads. Consequently a stress—strain diagram which for small
loads up to, say, 0-2 or 0-3 gram per denier is straight, is desirable,
A fibre which gave the stress—strain diagram shown in Fig. 9 would,
other things being equal, be preferred to another fibre which gave
that shown in Fig. 10 in so far as freedom from liability to winding
strain was concerned. But it js impossible 10 have every desirable
characteristic in any one kind of fibre, und there are otheg good
reasons for preferring fibres with the Fig. 10 type of characteristic
curve to those with the Fig. 9 type. 1t is usually found that the
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nylon cord, probably of about 1,500 denier, test length S cm., which begins

to break after an extension of 1-2 cm. or 24 per cent. Breaking load is
about 8 kg., time ta begin to break about 29/100 min., say 17} sec.

Fig. 10 type have a better and softer handle and that they drape
better. Most fibre curves have inflexions as in Fig. 10 but in some
it is much more marked than in others; celtulose acetate (Fig. 97)
has a more pronounced inflexion than viscose rayon (Fig. 76) and
is softer (o the touch. Wool and the regenerated protein fibres have
the best handle of alt and they all have a low initial modulus (¢f. p. 321)
and a high compliance ratio (¢f. p. 322) which appears on the
characteristic curve (Fig. 193) as a flattening for moderate extensions.
It is probably true to say that the fibres with the softest handie are
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- [Scott Testers, Inc.]

FiG. 8.—Inclined Plane Tester (constant rate of loading).

This machine records the stress-strain diagram for a yarn.
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Regain

All fibres exposed to the atmosphere pick up some moisture. The
quantity of moisture picked up varies with the relative humidity and
with the temperature of the atmosphere.  Measurements are there-
fore made at standard conditions, which are arbitrarily fixed at 65
per cent relative humidity (R.H.) and 70° F. Tt takes some time—
often a matter of hours—for a bundle of fibres to become in equili-
brium with an atmosphere; if fibres are to be tested they should
first be * conditioned * for several hours in a conditioning room
maintained at 65 per cent R.H. and 70° F, |If the fibres are in the
form of a thick, highly twisted yarn or a heavy fabric they may
require two days to reach cquilibrium; for small bundles of loose
fibres two hours s usually sufficient. Usually the moisture content
of a fibre or yarn is described as regain.

Definition. The regain of a fibre (or yarn) is the percentage
weight of moisture present, calculated on its oven-dry weight, (The
* oven-dry weight ** is the constant weight obtained by drying the
fibre at a temperature of 105-110° C)

Thus, if 100 parts by weight of a textile material contain 10 parts by
weight of moisture, the regain is 100 x 10/90 = 111 per cent, and
the equivalent moistyre content is 10 per cent. Note carefully that
the regain is always calculated on the oven-dry or bone-dry weight of
the fibre or yarn, |t follows that the pereentage regain is always
greater than the bercentage moisture content,

Some fibres absorb moisture much more readily than others;
those that pick Up more moisture than others are said to be more

o
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It has sometimes becn observed, _Hc.. n.xu_:s_n with N.n.q_«_c_c. ___:rwv“
(p. 579), that the moisture regain is _=.m_.2 s__n__,_vnm:_.__ ._”_E&_,E__”
approached from the wet end, i.c., by aQ:_m a in._v: : _r”_._ ._,u ) hen
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30 per cent, the moisture content :_,.,:F. fabric s m_ﬁ.:n_ when it
approached from the wet state than from the dry state.

Determination of Maisture Content

Until recently the usual method for determining the moisture o.:n_m
M S04 ¥ odd 19 JEvggr

teat of a fibre has been to dry it and ccmc_én. the arr?,_w.u _:_..: r_:w,___
on drying; nowadays electrical and other devices are available whic

cuable very rapid determinations 1o be made of moisture content.
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Fiii. 11.-—The moisture content of a fabric at a given R.H. is different as it is

approached from the dry or the wet side. The hysteresis curve illustrates
this, .

Thermogram Method. This gives accurate results but the apparatus
is costly and requires expert supervision. Smail samples of fibre or
fabric are dried at constant temperature and their weight measured at
time intervals. The drying curve (weight-time) is automatically
recorded.

Drying to Constant Weight. All that is necessary is an oven in
which fibre can be kept at about 105° C.: the fibre is removed at
intervals and weighed. When two or three successive weighings are
the same, it is judged that dryness has been reached. The only diffi-
culty about this method is that the sample has to be removed from
the oven to be weighed; in fact it is usually popped into a glass
weighing-bottle with a ground glass cover so that there js not much
opportunity for it to pick up moisture. This method is the simplest
of all, and in the author’s view is very good. Anybody cun carry it
out faithfully with a little practice, and weighing is a4 measurement
that can be made exactly and casily. For mills which do not possess
laboratories this is probably the best method.

Conditioning Room. This method avoids the difficulty of exposing
the sample to moist air while it is being weighed; its disadvantage is
that it is slow and that it requires a conditioned room kept at constant
temperature and humidity. In large plants, such rooms are available
and staff work in them making physical measurements, eg., of
breaking load and extension of fibres. Given a certain set of con-
ditions, say 65 per cent relative humidity and 70° |-, 21”7 C)), the libre
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will eventually reach an cquilibrium state. 1t can be weighed when
taken into the room and repeatedly weighed until it reaches a constant
weight; if for example it is cellutose acetate, the equilibriun state will
be reached with a moisture content of 6 per cent. The advanced
worker will prefer this method to that of hot drying; it does no
permanent damage to the fibre, whereas hot drying may ::2‘:1
structure.. Whatever method is used, practice is necessary, including
practice with samples of fibre of known moisture content.

Sugar Selution Method. This is novel and interesting and has beens
described by A. F. Miaglyachenko, L. M. Patsova and N. V. Poltavets
[Legkaya Promyshlennost (Light Industry), 1970 (4), 13-16]. A 5 per
cent sugar solution is flooded over a4 sample of fabric which has been
dricd at 105° C., and the fabric is soaked in it for ¥ hours to allow
cquilibrium conditions to obtain. The sugar solution is then Giltered
offand its concentration is casily and quickly determined by measuring
its refractive index in an Abbe refractometer, a measurement which
young assistants can easily carry out. The fabric will have adsorbed
waler, but no sugar, so that the concentration of the sugar solution
will have increased, and this increase will indicate how much water
the fabric has picked up. In an example, the dry weight of the
fubric was 5:0294 grams; the weight of the 5-000 per ocent sugar
solution was 25-2550 grams containing 1-26275 grams sugar. Al
the end of the experiment the solution contained 5060 per cent
sugar, so that the weight of this solution must have been 126275
divided by 0-05060 or 24-9555 grams. which is 0-2995 grams less
than the starting solwtion.  Accordingly. a picee of Tabric weighing
Y0294 grams has picked up or adsorbed 0-2995 BrAMS wiler, i,
M4 per cent. The method measures the cquitibrium value of
adsorbed moisture content: this should be fairly constant for fibres
of one kind such as viscose, but will be ve y dilferent from one kind
ol libre to another, c.g., viscose and cellulose acetate.

Soviet Numbering System

Ihe numbering system used by the Russian industrialists is a
etric one; it indicales the length in metres of a yarn or filiment
that weighs one gram.  The equivalent deniers (grams per 9,000
metres) and tex (grams per 1,000 metres) and millitex (milligrams
Per LOOD metres) values for some metric numbers ire shown in the
following table:

NN )
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Soviet metric Denier Tex Millitex
number

1 9,000 1,000 1,000,000
10 900 100 100,000
50 180 20 20,000
100 90 10 10,000
500 18 2 2,000
1,000 9 1 1,000
1,500 6 067 667
3,000 3 033 33
4,500 2 022 222
9,000 1 011 11

A convenient method of conversion is:
Russian metric number == 2=~ The higher the Russian metric

number, the finer is the yarn or filament and in this respect it is in
line with our own cotton and worsted numbering systems.

FURTHER READING

N. Eyre, ** Testing of Yarns and Fabrics ™, pp. 27-48. Textile Manufacturer
Monograph No. 4 (1947) (denier, tenacity, twist, etc.), .

M. V. Forward and S. T. Smith, ** Moisture regain of 66 nylon continuous fila-
ment yarn *, J. Text. Iust., 46, T158-T160 (1955).

CHAPTER 2
THE STRUCTURE OF FIBRES

WHAT is the one feature common to all fibres? Let the whole gamut
of them pass through the mind: cotton, flax, hemp, jute, ramie, silk,
wussah, wool, rabbit, alpaca, mohair, llama, camel, viscose, cellulose
acetate, nylon, Vinyon, Velon, Pe Ce, Ardil, Vicara, alginate, glass,
asbestos, stainless steel, aluminium, and all the others. Most are
organic, a few, like glass and asbestos, are inorganic; some are of
animal origin, some of vegetable; some have continuous filaments,
others have short filaments ; some are transparent, others are opaque;
some will burn, others will not; some are weak, others are strong.
With almost any property but one the diversity of fibres will readily
provide examples in which the property is well-marked—or in which
itis to all intents and purposes absent.

THE SHAPE OF Finres

One property, however, is common to all fibres——that is, that all
arc very long in relation to their breadth. A little refection will
show that a high length : breadth ratio is the essential characteristic
o a fibre.  The material of which the fibre is constituted does not
determine that it will be a fibre; there are many substances—of
which mention can be made of nylon and of cellulose acetate—that
arc used in the form of moulded plastics as well as in fibre form. It
1> purely and simply the shape that is characteristic of a fibre. One
would not think of a nylon moulding or of a cellulose acetate sheet as
“ libre.  The primary characteristic—the one indispensable pre-
requisite for a fibre—is a high length : diameter ratio,

Length ; Breadth Ratios of Natural Fibres

'he universal possession by fibres of the high length: diameter
talio may be observed by examination of the following typical figures
tor some of the natural fibres:

ical diameter, | Length @ diameter.,
1,400
3,000




CHAPILR Y
VISCOSE RAYON

Tue process of making viscose yarn was discovered by C. F. Cross
and E. J. Bevan—1two chemists who brought about a much better
understanding of the chemistry of cellulose.  The process was dis-
covered in 1891, and patented by Cross, Bevan and Beadle in 1892,
but took some considerable time 10 establish itself,

Development of Viscose

The greatest single factor in the development of the viscose process
has undoubtedly been the support given to it by Courtaulds, Lid.,
although there have naturally appeared other viscose producers. The
pioneer work was undoubtedly carried out by Courtaulds, Lid., who
not only founded and developed an important new industry, but also
introduced it to America under the name * The American Viscose
Co.” During the 1939-45 War this American Company was sold
to American interests in order to provide dollars for Britain, Other
names prominent in viscose manufacture are du Pont de Nemours &
Co. (but see p. 163), the Industrial Rayon Corporation and the
American Enka Co. in America; Snia Viscosa in ltaly; the Glanz-
stoll' Corporation in Germany and Toyo in Japan,

In this country Coventry was the home of the first viscose
spinning-plant, and immense quantities of yarn still come from
there. The present happy position of the viscose industry not
only in this country, but throughout the world, is undoubtedly
largely due to the industrial genius of the late Mr. Samuel
Courtauld.

In 1912 it was unusual to see artificial silk in & Lancashire mill. 1
remember, as a boy at about that period, seeing a few bobbins of it,
and being considerably impressed; it was still so unusual as to be a
novelty.  Nor was it very good, for when washed the fabrics into
which it was made nearly fell to picces on account of its very low wet
strength.  However, even at that time it found employment as eftect
threads in stripes for dress materials and shirtings.  In later years
the wet tenacity was greatly improved.

Contrast that state of afiairs with a world production of nearly
3 million tons of viscose rayon in 1964. The growth in production
may be realised from the following figures:

o2
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. World production

Year. ! of viscose rayon.
1900 1,000 tons
1910 . SO00 .,
1920 R . . . 15,000,
1930 . . ) o 200,000,
1940 . . . o 1100000,
1950 . . . . 300,000,
1960 . . . . 2,300,000,
1963 . . . . 2,700,000
1967 2700000

Such a consumption will eventually mike inroads on __F..:.:_,r.q
supplies. However, cellulose is abundant in the ,‘nm,...:.:_c hingdom
and there arc many other possible sources ol it than timber.  Wheat
straw, esparto grass and bamboo all contain about 50 per cent
cellulose. Bamboo is being developed in India as a cellulose
source. Timber does however have the big advantage as a raw
material for fibres that it is abundant in the arctic and sub-arctic
forest regions, so that its growth docs not interfere with the world’s
food supply.

One factor that has had a considerable bearing on the growth of
the consumption of viscose rayon is the suceess which has attended
the introduction of viscose staple fibre.  This material which, at
first, had a rough and unattractive appearance and handle and was
easily crushed and creased, has been vastly improved, and is now an
attractive and deservedly popular maiterial,

Viscose rayon has always been the cheapest of the artilicial .,__._;.
and probably for that reason, more than any other, its production
is much greater than that of all other artiticial fibses taken _:m.r.:_n?.

ILis surprising to find nowadays that some of the older spinners ol
viscose rayon, presumably dazzled by the benelits of the synthetic
libres, are giving up viscose spinning.  Du Pont. one ol the biggest,
have discontinued viscose rayon.  ‘Feijin, in Japan, has closad ity
rayon staple plant at lwakuni, which had an output ol 58 million (b,
of yarn per annum,  This plant had been built before the war, and
it latterly required so much maintenance that it had become un-
economic to operate.  We shall possibly see in the neat decade much
of the cellulosic libre manufacture drift to India and China,  Japan,
too, will probably reduce her production, and spend more and more
of her skill and industry on the synthetic fibres.

The increase in the production of rayon, its distribution between
continuous filament and staple, and the relation it bears 1o the
production ol natural libres are discussed in Chapter 31.
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Chemical Nature

Viscose rayon is regenerated cellulose. The cellulose comes from
wood, of which it is the major constituent. It is purified, treated
with caustic soda, which converts it into alkali cellulose, then
treated with carbon disulphide, which converts it into sodium
cellulose xanthate, and then dissolved in a dilute solution of caustic
soda. This solution is then * ripened ”, the solution becoming at
first less viscous and then increasing nearly to its original viscosity ;
it is then spun into an acid coagulating bath, which precipitates the
cellulose in the form of a viscose filament. The cellulose which
constitutes the final filament differs chemically from the original
cellulose of the wood in only one respect—that it has suffered
some degradation during the manufacturing processes: the very
long cellulose molecules have been partly hydrolysed and have been
broken down into shorter, although still very long, molecules. When
artificial fibres are made by chemical processes from naturally
occurring polymers, as in the case of viscose from wood cellulose, or
Bemberg or cellulose acetate from cotton cellulose, or alginate from
seaweed, it is desirable so far as possible to keep the inevitable
degradation of the materials to a minimum. If the natural long-
chain polymers are broken down considerably there is a significant
loss in strength and fibrous properties. In the present state of our
knowledge some breakdown is inevitable, but ways have been found
of reducing this depolymerisation very considerably, compared with
that which obtained in the earlicr days of the industry. It should
never be forgotten that good fibres can be made only from long poly-
meric molecules and that, as a result, both in the manufacture of the
fibre and in processes to which the yarns and fabric made from it are
subjected, conditions which encourage hydrolysis should not nor-
mally be allowed to obtain. 1In viscose, the cellulose molecules are
about one-quarter as long as those in the wood cellulose from which
it was made.

Chemical Reactions for Manufacture. The chemical reactions that
are involved in the manufacture of viscose are as follows:

1. The cellulose is treated with a 17-5 per cent solution of caustic
soda which converts it into soda cellulose. The reaction is usually
expressed :

(CeH ,,0y),, + nNaOH —-> (C H,0,0Na), -} nitl,0
Cellulose. Caustic soda. Soda cellulose.
and, according to this equation, 162 parts by weight of cellulose
should require 40 parts of caustic soda. In practice it is found that
twice as much caustic soda as this is required.

~ vam
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The reaction between the soda cellulose and the carbon disulphide
may be represented:

SNa _
(CH,O0Na), -| 1.CS, —-> | SC.
0C,11,0, ],
Soda Carbon Sodium cellulose
cellulose. disulphide. xanthate.

Each glucose residue in the cellulose polymer chain must be thought
of as reacting in the following way.

CHOH-CHOH CHOH-CHIONa
/3 3 . -
~0-CHs+ HC— --> -0 CH HC
S0 cH 0
_ _
CH,OH CH,OH
CHOH-CHONa CHOH-CHO-CSSNa
/ N
-0 -CH HC--4 CS, O CH HC
/ \ - AN
CH—O cn-—o
o CH,OH

The reaction takes place on the hydroxyl group in position 2 in the
glucose residues in the cellulose polymer. According to the above
equation 162 parts by weight of cellulose should require 76 parts of
carbon disulphide. In practice it is found that only about 70 per
cent of the theoretical quantity, i.e., 52 parts of carbon disulphide, is
required. The measurement of the requisite quantity of carbon
disulphide is shown in Fig. 52. .
When the sodium cellulose xanthate is dissolved in weak caustic
soda to form the viscous solution known us ** viscose ” the xanthate
radicles probably combine looscly with the molecules of ciustic soda.
When the viscose solution is first made, it is very thick. On
standing, it becomes thinner and then, later, more viscous again,
This process is known as “ ripening ”, and whilst it is going on,
some of the sodium cellulose xanthate decomposes, regencriting
cellulose which is maintained in emulsion form by that part of the
sodium cellulose xanthate which is still undecomposed, this latier part
acting as a protective colloid.  1f the ripening process was allowed to
proceed far enough, the cellulose would eventually be precipitated
when there was no longer a suflicient amount of the undecomposed
sodium cellulose xanthate to hold it in emulsion; but in practice,
just before this precipitation is due to begin, the solution is spun. It
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[Courtaulds, Ltd.]

Fi6. 52.—The requisite quantity of carbon disulphide being measured for
addition to a batch of ** crumbs ™.

is spun into a coagulating bath of sulphuric acid which completes the
conversion of the sodinm cellulose xanthate to cellulose:;

CUHOH-CHO-CS:SNa

—0- CH e - ) LHLSO,

cH 0
|
CHLON ¥

Sodium cetiulose xanthate,

CHOHCHOH

o Cn HC ] S, | ANaySO,

(O] B 9]

_
CH,OH

Viscose.

—meap
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This completes the serics of chemical reactions by which viscose
is made. Essentially they consist of the following stages:

1. Wood cellulose and concentrated caustic soda react to
form soda cellulose.

2. The soda cellulose reacts with carbon disulphide to form
sodium cellulose xanthate.

3. The sodium cellulose xanthate is dissolved in dilute caustic
soda to give a viscose solution.

4. The solution is ripened. .

s. It is extruded into sulphuric acid which regencrates the
cellulose, now in the form of long filaments (viscose rayon).

/

It will be appreciated that natural cellulose is built up of glucose
residues in this way :

CHOH CHOH .,

|
|

CHOH-CHOH

nCHOH CHOH HO-CH CH O-H 4 (  HHO
N P S / m
CH—-0 A_,:E 0 ,
CH,OH . CH.,0H —
Glucose. Cellulose.

The first step in this natural polymerisation is the formation of one

molecule of cellobiose from two molecules of glucose

CHOH CHOH

2CHOM  CHOH
,ﬁ_‘.:‘ 0
CH,OH

Glucose,

~ A_..:...o_,_
c:c::_c:ﬁ:o

CHOI HC O CH CHOH | H,0
ci - o CHOH CLON
CH,OII

Cellobiose.

When the polymerisation proceeds further the molecules of cello-
biose condense and form a long string of glucose residues,  In wood
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cellulose the molecule contains about 1,000 of these glucose residues.
In viscose rayon the cellulose contains about 270. The cellulose
molecules have been broken down in the chemical- processes by
which the viscose is made, but apart from the fact that the viscose
cellulose molecules are shorter than the wood cellulose molecules,
they are similar. With that one exception, viscose yarn is the same
chemically as wood cellulose. There is also a difference in the
packing of the molecules between native and regenerated celluloses,

MANUFACTURE

Preparation of the Wood Pulp. The starting material is timber,
usually spruce. After it has been feiled it is floated on rivers to the
mills. Here the bark is removed and the wood is chipped into
pieces about § x } x } in. The chips are treated with calcium
bisulphite, and the treated chips then cooked with steam under
pressure for fourteen hours. This treatment does not greatly affect
the cellulose, but it decomposes and solubilises the encrusting sub-
stances, so purifying the cellulose, After cooking, the mass is diluted
with water on which the pulp floats; the pulp is then sucked through
slots about 0-2 mm. wide. It is concentrated to 30 per cent cellulose
content, bleached with hypochlorite and converted into paper
board. The bleaching that the cellulose receives in these preparatory
stages greatly reduces the need for bleaching of the rayon, and in
fact some rayon is not bleached—i.c., the only bleaching it has
undergone is the pulp bleach.

Steeping and Pressing (Formation of Soda Cellulose). The flat,
white sheets of board contain about 90-94 per cent of pure cellulose.
They are first conditioned by storing in a room at a definite humidity
and temperature. This conditioning is necessary so that a known
weight of cellulose can be weighed out for each batch (Fig. 53). The
sheets are then stacked vertically in the press (Fig. 54), and then
soaked in a 17-5 per cent solution of caustic soda for from one to
four hours.  This process is known as steeping or mercerising.  The
boards become greatly swollen, and the hemicelluloses are dissolved
in the caustic soda, and turn the liquor brown. About 8-2 per cent
of the original wood pulp dissolves. The cellulose itself is swollen,
but not dissolved.

Then the excess alkali is pressed out by a hydraulic ram in the
press—ihe unit in which the soaking has been carried out. The
pressing leaves a moist mass of soda-cellulose, which passes straight
into a shredding machine.

Recovery of Caustic Alkali. The alkaline liquors that are ex-

- - — J—

{Courtaulds, 1.t4.)

FiG. 53.—The sheets of wood pulp are carcfully weighed for cach baich.

FI1G. 54.—The wood puip is placed in the press prior to ru
caustic soda.

[Comrtandds, TH1)

win the
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pressed are allowed to diffuse through parchment-paper membranes.
The caustic soda passes through the membrane, and, after being
made up to strength by the addition of fresh alkali, is re-used. Ulyi-
mately, when it is so foul that it can no longer be used, it is disposed
of to soap-works. The recovery of alkali is an important factor in
the economic operation of the viscose process.

Shredding. The shredding machine consists of a drum inside
which revolve a pair of blades with serrated edges. The shredders
are water-cooled, and will take 200 Ib. of pressed soda-cellulose at a
time. In two to three hours they break it up into fine ** crumbs *,

Ageing. After shredding, the * crumbs " are aged. They are
contained in a galvanised vessel with a lid, and through oxidation
with atmospheric oxygen, degradative changes set in. Some de-
polymerisation occurs, and the degree of polymerisation (number of
glucose residues in a cellulose molecule) falls from about 800 to 350
in this process.  Of recent years it has been found possible, by using
a rather higher temperature, which is automatically controlled, to
complete the ageing in from one to one and a half days. (If it were
allowed to continue for a matter of months the crumbs would
become water-soluble when the degree of polymerisation fell below
100.)  Until recent years it was customary to age for about three and
a half days at 22° C.—ie., in a comfortably warm room. The
higher' the temperature, the more rapidly does ageing—which is
mainly a process of depolymerisation—proceed.

The American firm, Oscar Kohorn & Co., Ltd., who are primarily
machinery designers and manufacturers, have developed a ** Rapid
Ageing Process **, in which the ageing of the soda-cellulose is carried
out during the shredding process, by careful control of temperature
and other physical conditions. This saves a process in practice,
together with labour costs, and cuts down the time necessary 10 make
viscose. It is claimed that in the Kohorn process the quality and
filterability of the final viscose are better than usual because of the
reduced oxidation and degradation that take place during ageing,

Ageing consists essentially of storage under controlled atmospheric
conditions. Oxidation and depolymerisation occur, and thesc
changes considerably influence the properties of the viscose yarn
that will eventually be made.

Churning (Xanthation or Sulphidising). Aficr ageing, the soda-
cellulose crumbs are introduced into rotating air-tight hexagonal
churns (Fig. 55). About 10 per cent of their own (crumbs) weight
of carbon disulphide is added (Fig. 52), and the crumbs and di-
sulphide are churned up together; a deep orange, gelatinous mass of
sodium cellulose xanthate is formed. Noie that theoretically 162
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parts of cellulose require 78 parts carbon disulphide. ,_,_E.c_:_:__u
contain about 30 per cent nn__c_.Own. so that 162 parts crumbs m_.dm_:__a
need 23 parts carbon disulphide—i.e., _.oo parts v___o.:_a :F. ;
parts carbon disulphide, so that :_.n quantity actually used, 10 parts,
is about 70 per cent of the theoretical quantity.

[Oscar Kohorn & Co,, Lid.)
FiG, 55— Xanthating barattes in a plant installed by Oscar Kohorn & Co., Lad.,
Ncw York,

The ™ crumbs ™ are churned with a definite quantity of carbon disulphide.

Churning is continued for about three hours, En churns rotating
at about 2 r.p.m.  Each churn (which .mm ,é_n?_:nr.c?.& _EEm a
charge of about 200 Ib. At the completion o_. churning the vessels
are exhausted by vacuum to remove m__-m_sn__:& vapours .:.:_ the
charge is dumped in mixers. (Sometimes churning and mixing may
be carried out in the same, specially designed, .<nmmn_.v

Mixing (Solution). In the mixers the sodium nc::._:zn xanthate
is stirred with dilute caustic soda solution for four to live hours, the
vessel being cooled. The xanthate dissolves to a c_.r.:._.._:.::_.
viscous _E:,E. similar in appearance to honey.  This liguid is known
as ** viscose ™', but is still too impure, oo acrated and wo young 1o
spin. It contains about 6-5 per cent atkali and 7-5 per cent cellulose.
It is transferred 10 a secondary mixer or blender, which :_r.r..v. the
charges from cight primary mixers. Note that it is always desirable
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to blend the materials from which rayon will eventually be made, as
inequalities are thus balanced out and there is a better chance that
the rayon will be uniform in quality and characteristics.

In the secondary mixer or blender the viscose is stirred and pumped
round. As it still contains some undissolved fibres from the original
wood pulp, fibres which have resisted all the chemical treatments, it
is filtered. The first filtration is carried out through cotton-wool,
and the viscose is then twice filtered through cotton filter-cloth. If a
delustred yarn is eventually required, a pigment, perhaps 2 per cent
on the weight of the cellulose of titanium dioxide, will be added to
this solution and dispersed by stirring. Air-bubbles are then re-
moved by exposing the viscose in air-tight tanks to a vacuum.

Ripening. The viscose solution is stored for 4 to 5 days at 10-18°
C., and during storage it ripens.  During the ripening the viscosity at
first falls, and then rises, so that by the time the solution is ready to
spin, the viscosity has risen almost to its original value. Ripening
is an essential part of the viscose process; ** young viscose cannot
be spun satisfactorily; neither can viscose that is even a few hours
too old. Two tests which are available to determine when viscose
is ripe enough to be spun are as follows:

l. Acetic Acid Test. Before it is ripe the viscose solution
will dissolve in 40 per cent acetic acid, but when it is ripe the
viscose will precipitate in this acid.

2. The Hotteuroth (Anmmonium Chioride) Test. Twenty grams
of the viscose to be tested arc mixed with 30 c.c. distilled witer,
and to this solution is then added from a burette with stirring,
a solution of 10 per cent (wi/wt) ammonium chloride, The ripe-
ness figure is the number of c.c.s of ammonium chloride solution
necessary to bring about coagulation of the viscose to a gelatin-
ous condition. The lower the number, the riper the viscose.

Of these two tests the acetic acid test is no tonger used; the Hot-
tenroth, called after its originator, is most universally employed.

When the viscose solution is ripe, it is drawn off o settling tanks,
where all air-bubbles are removed from it by exposure (o a vacuum
for twenty-four hours. This is essential, tor any bubbles in the
spinning solution would arrest the spinning and there would be
discontinuities in the filaments.

The normal time interval that clapses between the start ol the
steeping operation and the viscose solution being ready for spinning
is about a week, most of the time being taken up in ageing of the
alkali-cellulose and ripening ol the viscose solution. Probably, in
most modern plants, improvements have been ellected to reduce this
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time to about five days. The Kohorn Process, in which the ageing is
carried out simultancously with the shredding, and in which the
normal ripening time has apparently been reduced, cuts ;c,.:_ the
total time considerably, so that viscose ready for spinning 15 pro-
duced in approximately forty hours from the start of the steeping
operation. o o

Spinning. When the viscose solution is ripe, it is forced by
compressed air (2-6-5 atmospheres) to the spinning frames, ::.a ._._r._ﬁ.
distributed. It is metered by a small viscose pump for cach spinning-

(Dobson & Barlow, Ltd.)

F1G. $6.—Spinning pump of gear wheel type.
This pump meters as well as pumps viscose solution o the filter candle and
thence to the jet. s metering action ensures uniformity of denser.

head. The viscose pump is usually of the gear wheel type, and the
wheels and plates are constructed of stainless steel to resist the etching
ellect of the viscose with which they come in contact.  Pumps used
in the early days of rayon spinning did not approach the performance
of to-day’s gear pump. The pump used on Courtaulds’ original
spinning machine at Coventry in 1903 was a single plunger type.
Later came double plunger types, and ultimately the gear pump
which has the outstanding advantage that it gives a constant output
(so that denier will not vary) irrespective ol the input pressure. The
viscose, which the pump (Fig. 56) meters continuousiy, lubricites
the pump-wheel shaft.  The metering pump’s action ensures constant
and regular delivery of viscose to the hlter and spinning jet, at the
exact rate required for the denier being spun.  Alieration in the
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speed of the pump drive enables the denier to be changed. The
pump illustrated delivers 0-6 c.c. per revolution.

From the pump the viscose passes to the filter, which may be
either of the candle or disc type, either of which filters the viscose
through fabric.

After passage through the filter the viscose passes into the glass
“* rounder-end ', which carries a spinneret (sec Fig. 51). The spin-
nerets are submerged in the acid bath, and are usually arranged so that
the filaments emerge almost at right angles to the surface of the bath,

The jet is precision-bored with orifices of diameter usually between
0-05 and 0-1 mm. diameter. The number of holes in the jet, together
with the rate of delivery from the spinning pump, and the godet speed
(i.e., take-up speed) determine the filament denier. The spinning jet
is made from tantalum, or one of the noble metals—e.g., gold,
platinum or rhodium—on which the bath liquids have very little
action. The drilling of these jets is, as may be imagined, a highly
specialised art.

The spinning bath is made of sheet lead. Fresh acid is fed into it
by a pipe which runs along its bottom, and a weir overflow controls
the level of the bath. A channel carries away overflow from the bath,
as well as acid centrifuged from the spinning pot and drips from the
godet rollers, The bath contains a solution which consists essenti-
ally of 10 per cent sulphuric acid plus sodium sulphate. As the viscose
solution passes through the jets into the acid bath, it solidifies into fila-
ments, owing to regeneration of the cellulose. The bath, ata tempera-
ture of about 40-55° C., may be made up as follows, although the
exact composition will vary from one manufacturer to another;

Sulphuric acid . . . 10 parts by weight
Sodium sulphate . . . 18

Glucose . . o2, »
Zinc sulphate . -, »
Water . . . . 69 ”» 1

Sometimes, too, magnesium sulphate is a constituent of the bath.
At one time it was usual to use 5 per cent glucose, but for reasons
of economy more than 2 per cent is not as a rule used now, and in
fact some first-class viscose rayon is spun without any glucose in the
bath. The composition of the spinning bath has been arrived at
empirically, and it is not safe to describe too boldly the functions of
the ingredients, but, with this reservation, they may be indicated as
follows: the sodium sulphate precipitates the sodium cellulose
xanthate from the viscose solution into the form of filaments, and the
sulphuric acid converts it into cellulose; the glucose gives pliability

e e bt ———————
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e [Courtundis, L4d.)
Fi. 57, Godet roliers.

These can be seen on the s s machines in Figs. o) and :_.. z.__,r.:..___._y

imparted 10 the filkiments by running the top godet at a higher speed than

the bottom godet.

Vi, S8.—Disgram showing viscose /
rayon spinning esscntials, "
One side of a two-sided machine g
is shown, «\

1. Scction of main viscose
feed. A l

. Pump. . /

. Candle filter.

. Glass rounder end.

. Coagulating bath.

. Section of acid replenis|
pipe.

7. Spmneret.

8. Bottom godet.

Y. Top godct.

10. Funael,

11. Topham Box.

12, Drive for Topham Box.

13. Traverse.

14, Fresh air inlet.

15. Fumes sucked owt.

16. Sliding windows.

17. i
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and softness to the yarn, probably because it increases the viscosity of

the coagulating bath, and thus retards a little the chemical change from

sodium cellulose xanthate to cellulose; the zinc sulphate is respon-

sible for added strength, an important feature, and also for the serrated

cross-section, for if’ it is omitted the filaments are round or oval in

section and do not dye so well as when they are serrated or indented,
Factors which affect the quality of the viscose rayon are:

1. temperature and composition of the bath;
2. speed of coagulation;
3. length of immersion;
4. speed of spinning;

5. stretch imparted between the godets

As the filaments emerge from the jet (they do not stick together)
they are led to an eye at the surface of the bath, and thence guided
round the bottom godet rollers. The godet rollers are illustrated in
Fig. 57. The filaments pass from the bottom godet round another
guide, made of glass or other acid-resisting material, round the top
godet, then over a second glass guide and again round the top godet
rollers. The lilaments (bunched together as a yarn by the first guide
they meet at the bath surface) pass round the godets at the speed of
the godets—i.e., they do not slip—and as the top godet is driven
faster than the bottom, the filaments are stretched, usually about 100
per cent, between the bottom and top godets. The yarn passes from
the top godet downwards through a glass funnel to the centrifugal
spinpot, known as the Topham Box or Topham Pot. The diagram
in Fig. 58 illustrates the essentials of the viscose Spiniing process.
Fig. 59 shows a complete Viscose Rayon Spinning Machine. Figs.
60 and 61 show Viscose Rayon Spinning Machines in operation.

Spinning Speeds.  There has been a gradual increase in the spin-
ning speed as the viscose process has developed.  Probably most
viscose rayon is spun within the range 60 80 metres per minute.
Attempts to modify the process 1o run at higher speeds have been
made; the von Kohorn high speed spinning systemy for viscose
filament yarns incorporates some modilications to the precipitation
baths and enables speeds of 140-150 metres per minute to be obtained
and it can be used for any denier

The Topham Box.  This is the take-up device for sake-spun viscose
rayon. 1t consists essentially of a bucket on a spindle driven by an
electric motor. The complete assembly is shown in Fig. 62, Fig. 63
shows a cut-away view of the bucket of Topham Box. Fig. 64
shows & cut-away view of another type of Topham Box; in this the
cake of viscose rayon can be seen inside the bucket.

¥
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for the degree of stretch to be kept constant and to be the same from
spindle to spindle. Differences in tension greatly affect the lustre
of the yarn,

Fig. 65 shows a doffer removing a cake from a Topham Box;
several other cakes already removed may be scen standing on the
table.

Purification. The yarn collccted in the Topham Box is impure and
relatively weak ; it has to be purified. Purilication consists of four
operations, viz., (1) washing; (2) desulphurising, a process which is
sometimes called sulphiding; (3) bleaching; (4) washing.

At one time the yarn was wound into skeins, and these were
washed, sulphided, bleached and washed, and then re-wound on to
bobbins or cones. These operations were carried out with the hanks
suspended from ebonite-covered rods, which as they were carried
down a long machine were sprayed with the purification liquors. It
is, however, a costly operation to wind yarn into skeins and then
re-wind it, and an operation, moreover, that requires highly skilled
and practised operatives.

Nowadays it is more usual to carry out the purification with the
yarn still in cake form, and this effects a considerable economy,
besides avoiding the possibility of damage (hairiness due to broken
filaments) that is likely to occur in skein-winding and backwinding,
The cakes are mounted on perforated spindles, as shown in Fig. 66,
and the purification liquors are fed to the spindles and forced through
the cakes.

The first wash is with water; the second is with sodium sulphide
solution to remove sulphur, and possibly compounds of sulphur,
residual from the xanthate. The yarn is still not quite white, so it is
next treated with a slightly alkaline solution of sodium hypochlorite
to bleach it; this is followed by a wash with dilute hydrochloric acid
and a final wash with water. The cakes are then dried.

Owing (o the improved quality of the wood-pulp that is available,
it has been found possible in some cases to cut out the hypochliorite
bleach, and a considerable proportion (although probably not the
bulk) of viscose rayon is not blcached at all.

Again, some manufacturers purify their cakes without taking them
out of the pots. The full pot is removed from the spinning machine,
and is rotated and simultancously sprayed with the puritication
liquors, which leave the pot through the perforations in its sides.

Textile Processing.  Some consumers will take delivery of viscose
rayon in cake form, and twist dircetly (rom the cakes.  For others
it is first wound on to cheese, cone, or bobbin before despatch.

Bobbin Spinning. Not all viscose rayon is collected in cake form
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in the Topham Box. Some is wound, withoul twist, on to spools or
bobbins with perforated barrels.  These are then put in pressure-
Jyeing type of machine, and the purification and bleaching Q:.:c.a
out with the yarn on the perforated bobbins,  Finally, the yarn is
dried, und then oiled, twisted and wound on 10 ordinary bobbins for
despateh,
CONTINUOUS SPINNING

Three ways of purifying viscose have been described: (1) in hank
form, the hanks having been wound from the cakes in which the viscose
wis spun with twist; (2) in cake form with twist in the yarn; (3) on
perforated bobbins without twist.  Clearly methods (2) and (3) repre-
sent a great saving of labour compared with method (1), for in this
Jast method the hand-winding and subsequent backwinding from hank
1o cone or bobbin are expensiveinlabourand therefore in cost. Atone
time all viscose was purilied in hank form, but to-day more and more
viscose is being purified in cake form. All these threc processes are,
however, discontinuous or batch processes, and usually manufuc-
turers prefer for any process a continuous rather than a batch method,
Usually a continuous process is well suited 1o a large production at
an economical cost. It viscose rayon has to be collected in cake
form, wound into hanks, given several wet processes of purification
and then re-wound on 1o cones or other packages for textile use, such
processing will involve heavy labour costs.  If the process is short-
ened by treatment of the yarn in cake form, much is saved, but still
cach cake has to be handled, put in a pressure parilication plant,
treated, taken out and as a rule re-wound. Considerable labour
is still involved, and the manufacture of viscose rayon cven by this
method is a process much more complicated than the dry spinning of
cellulose acetate,  Accordingly, various methods have been devised
for continuous processes in which viscose could be extruded, puriticd,
dried and wound in the first instance on i bobbin on which it could be
supplicd to textile manufacturers.  Those processes which have
icached production dimensions are:

1. The Nelson Process which Lustratil Ltd. announced in 1947
that they had been operating for some years.  The sole licence
for the manufacture and supply of the machinery for this process
to all countries except N. and 8. America and the U.S.8.R. has
been acquired by Dobson and Barlow Lud., to whom | am in-
debted for much of what follows regarding this process.

2. The Industrial Rayon Corporation ol America Process.

3. The Filamatic, a process announced by the Amcerican
Viscose Corporation.

MUY
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The Nelson Process

The cardinal difliculty in the continuous spinning of viscose is that
the wet treatments which it has been usual to give to viscose spun into
cakes have occupied considerable time.  If, for example, viscose were
spun at a speed of 70 metres per minute and it required 30 minutes
(washing, bleaching, etc.) to purify it, then a run of 2,100 metres—
more than a mile—would be required in which Lo give the treatment.
Floor space has to be kept within reasonable confines. In the Nelson
Process three factors contribute to keep the floor space within very
reasonable confines. They are:

1. The method of presentation of the yarn to the treating
liquors. It takes very much less time to wash a single end of yarn
than it does to wash a large hank or cake. This single fuctor
may cut down the time necessary for purification to one-tenth
of what would otherwise be required.

2. The desulphurising and bleaching processes are omilled,
so that the only treatment the yarn has to undergo is (a)
completion of the coagulation process which started as soon as
the yarn was extruded, (b) removal of the acid liquors from the
yarn by washing, (c) drying.

3. The use of thread storing and thread advancing rollers.

Elimination of Desulphurising. The climination of the desulphuris-
ing process (treatment with sodium sulphide) was the crucial step in
the development of the process. Long ago it was known that if
sulphur (and possibly some sulphur compounds) was left in viscose
rayon and the usual sodium sulphide desulphurising wash omitted,
yarn of dull or subdued lustre was obtained; this mcthod was, in
fact, one of the earliest used for making delustred yarns. It was at
first suspect on the grounds that sulphur or sulphur compounds lelt
in the yarn would oxidise to sulphur dioxide or sulphur trioxide and
that the sulphurous and sulphuric acids so formed would tender the
yarn or fabric. In the Nelson Process it is found that the sulphur
residual in the viscose rayon is usually from 0-2 to 0-3 per cent,
although it can be kept down to 0-1 per cent.  There is no tendering,
not even if much larger quantitics of sulphur are left in the viscose
rayon. Evidently the carly fears that residual sulphur would cause
tendering were groundless.  Nearly all fabrics made from rayon
receive somie wet treatment for de-sizing, scouring or dyeing purposes
and in any such process the residual sulphur in Nelson Process viscose
rayon is removed, so that there is nothing (o fear in this respect,
Very occasionally, fuabrics are woven for use, e.g., in upholstery, in
the loom state, ie., they receive no wet processing and in these rela-
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tively rare cases, Nelson Process viscose might not be suitable unless
the yarn were given a scour before weaving,

Flimination of Bleaching. Once the decision to omit the desul-
phurising process had been taken, little difficulty was _‘oqnmc.n: n
omitting the bleaching. Actually, too, considerable quantities of
cake-spun viscose rayon are not bleached. This has been made
possible by the improved quality of the wood-pulp available, and by
the fact that if it is necessary to obtain really perfect whites, then the
viscose rayon can be bleached in fabric form. The decision to omit
the desulphurising and bleaching processes clearly cut down the time
nceessary for the purification of viscose rayon to a fraction of what
would otherwise have becn necessary.  Even so, if we assume that,
as a result of the presentation of the yarn in single-end form and of
ihe omission of these just-discussed processes, the time of treatment
is reduced from, say, thirty minutes to two minutes, a considerable
problem still remains.  In two minutes a machine spinning at 70
metres per minute will produce 140 metres of yarn, How is this to
be disposed during the purification processes? The answer in the
case of the Nelson Process is by the provision of thread storage and
thread advancing rollers,

Thread Storing and Advancing Rollers.  The thread storing and
thread advancing rollers are the essential feature, the heart of the
Nelson Process. They consist of
two rollers skew to cach other, as
shown in Fig. 67. The yarn passes
round these rollers more than 100 R
times, and, as the diameter of the [ '
rollers is 6% in.—which  cor- -[
responds to a circumierence of
nearly 20 in.- the time  taken
to make this journey, cven it the !
rollers were close together, would
he about one minute at a speed of
0 metres per minute; because, as -
is shown in Fig. 68, the rollers are
some distance apart, the time taken
by the yarn to pass Irom onc end
ol the rollers to the other is between N
wo and three minutes.  Here, | A_”q.. Showing how two tollers

> skew o cach other cause a
then, is a solution to the problem thicad o advanee along theim.
ol purifying viscose rayon as il
moves continuously from coagulating bath to take-up bobbin in a
feasonable space: by storing ™ the contindously moving yarn on
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two rollers, a length of time running into minutes is provided for the
purification process. The rollers are cach 3 fi. 8 in. wide, and
are made of ebonite, except for the drying end, which is of corrosion
resistant metal. Note that the spiral passage of the yarn along the
roller is achicved by having two rollers a little out of parallel, as
shown (exaggerated) in Fig. 67. In the Nelson Process the two
rollers are a little out of parallel in two planes.

FiG. 68.— Diagrammatic
sketeh of the Nel-
son Continuous
Rayon Spinning
Machine.

Note filaments emerg-
ing  from coagulating
bath at right-hand side,
passing round the
thread-advancing  rolt-
crs, and being taken up
as dry yarn on the
bobbin at the lefl,

IR

{Dubson & Burlow, Ltd. )

Manufacture. The viscose is metered by a pumip through a filter and
through the spinnerets which are submerged in a lead-lined tank
containing the usual coagulating liquor,  The thread emerges at right
angles to the surface of the bath, and is driwn up almost vertically
1o the top roller; it descends to the bottom roller and travelling round
the lower hali’ of its circumference, returns to the top roller.  During
the process it advances itsell along the axes of the rollers (due to the
slight inclination of the axcs of the two rollers towards cach other),
and in this manner travels around the rollers and across the
machine from the wet side to the dry side. The standard machine
has forty-cight spindles and s 45 f. long and 6 [, wide.
The rayon is spun on one side of the machine, called the ** wet
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Jde ™, and by its journey along the tilted rollers reaches the

.
* dry side ; it passes on the rollers across the width of the machine.
During the first fifty turns round the rollers (about 75 metres of yarn)
coagulation is completed, partly by acid carried by the yarn from the
hath, partly by acid sprayed on to it on the roller; in the next thirty
turns the yarn is washed with two jets of water directed on (o the top
surlace of the lower roller.  The yarn now passes to the metal section
of the rollers, which are electrically heated, so that in another thirty
turns the yarn is dried. In 110 turns the yarn travels about 165
metres, so that if the spinning speed is about 70 metres per winute
it takes the yarn nearly two and a half minutes to pass from coagula-
ting bath to take-up bobbin. On leaving the drying section of the
rollers the thread is guided over an oiling device, then through a
lappet, and down to a cap-spinning or ring-spinning bobbin. The
cap bobbin holds 12 oz., the ring bobbin 3-3} Ib. yarn. This process
is an elegant solution of the problem of continuously spinning viscose,
and is being extensively adopted by some of the leading spinners.
It has already been used on a large scale, and gives a good product
which can be made into the finest fabrics,

‘The Yarn Spun. In practically every respect continuous spun
viscose rayon is similar (o that spun by the older methods.  Because
the viscose emerging from the spin-
neret is converted into a thread
which is not again touched by hand
until it is dry, it is claimed that the
uality is greatly improved and that
this results in fewer warp breaks in
weaving and in comparative free-
dom from bright picks, bars and
stripes in the finished fabric.

Astretch can beapplied by having
a reduced diameter on the end of
that roller 10 which the thread
passes directly from the spinning-
hith : asthethread next passes round
the normal diameter of the roller, ‘A
1Uis stretched.  Yarn of 2-filament "™ v i r
denier with a tenacity of 25 grams S Hhabons, 1)
perdenier and anextension at break — Fig, 09,275 devier 19 ils viscose
o 20 per cent can be spun. . ryon .,._z._:., __.v” . .:_c. Nelson

The most important physical dil- Contintons Proves
teienee from batch-treated yarn is that Nelson Process yarn, having
been dried unrelaxed, shrinks on re-wetting; an alowianee of 4 per
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cent must be made for this in respect of expected cloth widths, warp
lengths, hosiery lengths, etc. Fig. 69 shows a cross-section of viscose
rayon spun by the Nelson Process. The filaments are uniform and
normal for viscose rayon (compare Figs. 79, 80).

A

[Conrtaulds, Lid.) (Courtaulds, Ltd.}
7t~ Two  cages G sprocket
above and a spider below) set

rically will  also advance

Fi. 70.—A  diagrammatic  repro- Fiai.
duction showing the principlc of
the advancing  thread by two
reels set cceentrically.

The Industrial Rayon Corporation Process

The Industrial Riyon Corporation of America have developed and
successfully operated a continuous-spinning  process for viscose
rayon. The same problem-—viz,, providing suflicient time for the
purilication of the rayon-- had to be solved. Their method was (o
store the continwously moving yarn on helical reels.  These are
smill and made of moulded plastic materials which resist the attack
of the chemicals used in the spinning process.  Lach treatment can

--en
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be isolated on one or more small advancing reels.  The advancing
helical reet was first suggested in some German patents as carly as
1910, was then forgotien for a long time, was taken up again in
America in connection with the
spinningof cuprammonium riayon
and linally adopted and used suc-
vesslully for viscose rayon by the
Industrial Rayon Corporation.
‘The Thread Advancing Reel.
I he thread advancing reel, which
i» the ** heart ™ of the Industrial
Rayon Continuous Spinning Sys-
tem, consists of two skewed reels,
one inside the other. The prin-
ciple on which it works is as fol-
lows: If a belt passes round two
pulleys that are skew to cach
other, the belt worms its way oll
as they rotate; similarly, yarn
passed round the pulleys travels
or advances along them (Fig. 70).
I reels or cages are used instead
of pulleys, as shown in Fig. 71,
the yarn still travels along them.
I now one cage is placed nside
the other, skewed, the thread
advancing recl is made (Fig, 72).
The Industrial Rayon Cor-
poration started their plant at
Painesville, Ohio, in 1938; the
introduction  of this process
marked a revolutionary change
in the methods of spinning vis-
cose in America, although even
it that date Lustrafil Lid. were

SHROCKET

[Cototandd-, 1id.)

.. . G, 720 Daiagram showing how  the
alread g . drocess D 73 Didgru Lo How the
drcady using the Nelson Process sprocket fits into the spider on an

in this country. World rights ceeentric aais o torm the co-
(excluding US.A. and South plete thivad wdvancing recl.
America) of the Industrial Rayon Process have been purchased by
Courtaulds, 1d., who have built a factory in which Industrial
machines have been installed.

Fhe preparatory processes used are those common 1o all viscose
plants, but as the yurn emerges from the cougulating bath itis drawn
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up to the first of the thread advancing reels, on which the yarn after
many revolutions is advanced from the back to the outer end, and
then falls to the next section, in which eight more advancing reels
(made of plastic) carry the yarn through a like number of processing
treatments for washing, desulphurising, bleaching and conditioning.
The arrangement is shown diagrammaticatly in Fig. 73. Note that
whereas the Nelson Process omits the desulphurising and bleaching
processes, the Industrial Rayon Corporation Process includes them.
The treating liquors are applied through glass tubes placed immedi-

REEL~ 1 RAYON YARN

Fig.  73.—Diagrammalic
arrangement of Indus-
trial Rayon Corporation
Continuous pinning

|
£ 2 ACID WASH Process.
uu“.‘ %hom%hm%crv:_om Z_m:n that .___n m.::_n__:m
- are formed in the coagulat-
ﬁ.wuuamw.w%ﬂwmoni_”wu:m ing bath at the top of the
a7 BLEACH wAsH  bicture, and work their way
-18 EMULSION downwards round ten thread
19 DRIP STAGE advancing reels to be taken
10 DRYING ReELs up (dry) on the twisting
bobbin at the bottom of the
~ picture.

TWISTING
aoBein

FILTER PRESS
[Courtaulds, Lid.}

ately above the individual reels, so that the liquor lows on to the
yarn as it passes over the surface of the reels in a single layer. Asa
result, every inch of every filament receives the same uniform treat-
ment. Finally the yarn passes to an aluminium drying reel which
is internally heated with hot water or steam; then the dry yarn is
cap-twisted on to plastic bobbins which hold about 3 Ib. yarn. It is
then ready for shipping. During the process the yarn has passed
round ten reels; its time of processing is five and a half minutes, and
more than 400 metres of yarn is travelling between jet and bobbin
at the spinning speed, which is probably of the order of 80 metres per
minute. FEach machine has 200 spindles; it has three operaling
levels, whereas the Nelson Process is operated entirely {rom floor

VISCOSE RAYON 191

level.  The Industrial Rayon machine is double-sided, the Nelson is
single-sided.

‘I he quality of the yarn produced by the Industrial Rayon Corpora-
Lion Process is very good, and especially it contains relatively few
koots and broken filaments.  Before the 1939- 45 War this process
was producing 9,000 tons per year of viscose rayon; during the War
the production was largely diverted to 1,100 denier high-tenacity
varn for tyre cord. The stretch necessary to give the high tenacity
was applied by merely changing the gear ratio of two of the ten
thread advancing reels.  The process is in operation under-licence
throughout the world.

Conclusion

It seems clear that two processes of spinning viscose continuously
have shown themselves satisfactory. A huge production of viscose
varn has been made by them, yarn that is claimed (o be superior in
quality to that made by batch processing.  In addition, the Filamatic
Process, although not yet publicly described, doubtless makes a third
sutisfactory process.

It has been reported that the Avisco Filamatic Continuous
Spinning Process gives in a matter of seconds a dried and finished
yurn of uniform physical propertics and dyeing allinity, yarn which
is suid 1o be spun at a high speed.

Note that the main differences between the Nebon and the
Industrial Rayon Corporation Processes are that the tormer uses one
pair of thread advancing rollers; the latter uses ten single thread
advancing reels;  the former omits desulphurising and bleaching;
the latter includes them.

Cuaemicar, Cramp

There is no need for continuous fiksments 1o be crimped, but staple
hibre is made a litle more like wool by the insertion of crimp.  The
usual method is to pass the fibre through Quted rollers or some such
deviee which will erimp it mechanically just before it is cut into
saple. The finer quatities of wool such as 70 s merino have more
crimp than coarser qualitics, and a good crimp seems to enhance the
quality of any yarn ; even coarse wool, straight and free from crimyp,
has been crimped o make better carpets.

About 1939 it was observed in Japan that when viscose rayon was
spun into a coagulating bath which was not, by ordinary standards,
strongly enough acid, the viscose filaments were finely crimped,
Phe process has been developed well and to-day most of Tapan’s
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staple viscose is sold chemically crimped. If the spinning coagula-
tion bath contains 120 grams per litre of acid, the filamenis are
normal and do not crimp, but if the acid content is only 90 grams
per litre then the filaments show a fine crimp; if the acid is reduced
to 70 grams per litre they show a lot of crimp. In order, therefore,
to make the crimped yarn, the viscose is spun into a bath with a low
acid content and a high salt content. The coagulated filaments are
immediately stretched 40 to 50 per cent in a second bath at 90° C.,
they are stretched a little more in air as they leave the bath, and are
then squeezed and cut into staple. The fibres are still straight, but
when wetted further by immersion in water they crimp. Then they
are dried and baled. If tow is being madc it is straight whilst it is
dricd under tension but crimps on wetting.

When the fibres that crimp are cxamined it can be seen that they
are asymunetrical ; all the serrations are on one half of the filament
and the skin on this haif is thinner than on the nearly smooth half
(Fig. 74). It is the asymmetry that is responsible for the crimping
but the mechanism of the formation of the asymmetry is less clear ;
it has been suggested that the reduced acid concentration retards the
decomposition of the xanthate, but that
the dehydration and coagulation of the
viscose which are brought about mainly
by the salts, which are high in concen-
tration, in the bath proceed at their
usual speeds. The coagulation process
causes a skin to form round the fila-
ment whilst decomposition is incom-
FiG. 74.—Cross-section showing plete; decomposition goes on and the

asymmetry of * chemical . . .
crimp ” fibre. products of it burst the skin at one side ;
coagulation and serration start again
but the viscose is already too far decomposed to do more than form
a very thin skin. This results in a fibre with one half nearly smooth
in section and covered with a thick original skin (top half of
Fig. 74) and with the other half serrated but with the thinnest of
(secondary) skins (lower hall of Fig. 74).

When a fibre is wetted it swells, and when a fibre with thick skin
on one side and thin skin on the other is weltted, it will, if free, coil
in such a way that the thick skin is on the inside of the coil—on the
inside because it swells less than does the thin skin.  If held more or
less straight in yarn or fabric form it is not free to coil, but makes the
lirst movement to do so, and this results in crimp.  The two factors
which contribute to the crimping power are (1) the asynumnetry of
the serrations, (2) the irregularity of the skin thickness— the filamenis
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are called ** broken-skin filaments ™ ; either will give crimp if pro-
duced alone, ordinarily the two causes of asymmetry are produced
simultancously.

‘There is another way of producing skin asymmetry which also
gives o crimping fibre.  This is by making ** conjugale filaments ™,
“_:.: from a special jet (Fig. 75) wherein two different viscose solu-
tions, one young and one old, are deliberately combined to give a
lilament with one side made from young and the other from old
viscose. The young viscose gives a thick skin and the old viscose a
thin skin.  In Fig. "75 young viscose T
is fed into space C on one side of the c '
dividing septum B, and old viscose is i 8 |!
fed into D; both are squeczed side I
by side through the spinneret hole A ; |
there is no turbulence, but only vis- A )
cous flow so that the two solutions T_:.__N:m_m.i_hwmww_,,_“:-bh....:.,.q_w%,__:_.,m“
emerge side by side from the same filament.
spinneret,

This principle is the basis of the method used for making Orlon
Sayelle, an acrylic fibre which develops a spiral crimp when finished
(p. 568).

Sarinig

Sarille is a crimped viscose staple made by Courtaulds: its aim iy
1o produce wool-like fabrics, but with its cellulosic structure it can-
not proceed very far along this path. It has been used for dress
fabrics with a full soft handle.  In the knitwear trade it flinds its wiy
into interlock and double jersecy. The success of the candlewick
bedspreads that are made out of rayon staple has been attributed 1o
Sarille.  The crimp is due to asymmetry of structure of the fibre and
is permanent in the sense that it will reassert itself in the absence of
tension. I maximum relaxation of fabrics made from Sarille is
allowed, the crimp exerts its full action, shrinking the fabric and
making it bulky. Shrinkage should be about 10 12 per cent, and
accordingly Fabric must be woven sufficiently wide to wllow for this.
Sarille is usually spun on the cotton system: the coarsest filament
denier possible for the required yarn counts should be used in order
to yield crispness and voluminosity.  For example, a I-denier 2-inch
staple can be spun into a 22 s (cotton counts, i.c. 240-denier) yarn,
Very often the manufacturer of man-made fibres has his eye on the
uses 1o which wool is put  how fine to make a * woollen pullover
or cardigan or dress out of cellulose or polyacrylonitrite.  The pur-
chasing public s perhaps not so diseriminating as it once wis.



CHAPTER 11
CELLULOSE ACETATE

CELLULOSE is chemically stable: its derivatives are not easily made,
and it was not until 1869 that its acetate was prepared by Schutzen-
berger, who made it by heating cellulose with acetic anhydride in a
sealed glass tube. In 1894 Cross and Bevan showed that the action
proceeded readily at atmospheric pressure if either sulphuric acid or
zinc chloride was present to act as a dehydrating catalyst. Using
this method they obtained a cellulose triacetate, and found that it
was soluble in chloroform.

It was discovered, in 1903, that if the cellulose triacetate is partly
hydrolysed back to a stage half-way between the triacetate and di-
acetate, it loses its solubility in chloroform, but becomes soluble in
acetone, which is a much more convenient solvent to use. If, how-
ever, cellulose is directly acetylated in the first place to the 24-acetate
stage it is not acetone-soluble (¢/. p. 296).

In the 1914-1918 war aeroplanes had fabric wings, and it was found
that if they were coated with a solution of cellulose acetate in acetone
they tightened up and became impervious to air. The cellulose
acetate was manufactured in Switzerland by the brothers Dreyfus,
and as their supplies were inadequate to treat the aeroplanes of all
the Allies they were asked to come to England to start a factory for
the manufacture of cellulose acetate in large quantities. This they
did at Spondon, near Derby.

When the war ended in 1918 there was a very large production of
cellulose acetate coming from the Spondon factory, but no demand
for it. After a period of intensive research carried out under the
inspiring leadership of Dr. Henry Dreyfus, a method of converting
it into artificial silk was discovered, and by 1921 this fibre was
marketed as “ Celanese . In 1924 an allied company was also
making and selling it in America. Since the 1957 merger of British
Celanese with Courtaulds, ordinary acetate has not been quite so
much to the fore in the U.K. Nevertheless, ordinary acetate has
one of the most beautiful handics in the world of fibres. 1t is making
great strides in Japan (in 1964 they made 70 million Ib.) and, un-
expectedly, in Chile. In America it js manufactured and sold as
Celanese by the Celanese Corporation of America, as Estron by the
Tennessee Eastman Co., as “ acetatc ™ (the genceric term) by du
Pont de Nemours and Co., and as Seraceta by the American Viscose
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i ery L antities of the order of 50 million Ib.
».::53:_0_“\.0 w/_\mr%\c“”m M_MMM:_W_VM_M%B Rhodiaceta firms in Europe,
™ v\rwmq._u_u;:no and Germany. Acelate fibre is :._mc an:nn.a
::E.c «:-.M name Aceta by Farbenfabriken Bayer: it was previ-
.___.._2 rade under the sume name by the former 1.G. Farben-
E__v_x:j_m_o One of the earliest and best spinners of acetate v;::.
”“wwu.,_ﬂkssm.m_ Lid. of Lancaster; they still make it, but N._,_,ww:c _M_.a_mm_d
independent, having been taken over by Monsanto of Americ:

1962. .

“hemical Constitution .
A,_”_a,s.w long-chain molecule which forms the basis Aﬂw ﬂn::._omm
acetate is cellulose, the abundant natural _uo_.véna. It _vc_ e m..“:.
basis as is used for viscose and cuprammonium yarns, but :_c ¢
case of cellulose acetate most of the hydroxyl groups have been
.F%wwn”_n_m.ﬂ from which cellulose is built up is the glucose Eo_nn:__n.
Two stereo-isomeric forms are known, «- and m-m_cnom,n.. cc.ﬁ osv..,
the latter is a building-brick of cellulose. The constitution o

slucose is;

CH,0H CH.OH
H C-—0_ H H o ¢——0
_\\ i N m ﬁ_u <l N
| Y
on n N4
b e—¢7 o OH N
o du H o OH

a-Glucose pB-Glucose,

Two molecules of B-glucose will combine to give one molecule of
cellobiose :

ﬁ_,.:_..o:
CHOH~ CHOH CH— Io/
AN -
:onﬂ CHOH | HOCH CHOH >

/o:;. --0 CHOIt-CHOH
|
CH,OH ,

Glucose. Glucose,
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a_u:“O:

CHOH—CHOH CH——0
=oo\ B {0 N
ﬁ_ WOloloﬂ CHOH + H,0
L /
A_E o CHOH—CHOH
CH,OH .

im:.u. is split off in the condensation of two molecules of glucose
uma in an ..”xnn:_‘ similar way two molecules of cellobiose will com.
c::.“. mv_.:mam off another molecule of water, and giving a lon o
chain. .—._:w process of condensation goes on continuously in Zﬁ:nnq
and results in the formation of the long-chain polymer cellulose "8.

CHOH—CHOH

/
HO—CH WO|O H .

AN
Ilfl;O\

- : nom n

It Ms___. co. ocmn_éma that glucose has the empirical formula C¢H,,0
w“.um M M“ .Hﬁ nmzﬂwsm m<o___<ﬂ..ox<_ groups, and, as would be nano_-n&.
all be acetylated, and glucose penta-acetate i :
» and - is known.
On______mmn. however, has the empiric formula C¢H,,0;, and contains
only W_ ree hydroxyl groups in each glucose residue, so that it is not
_womm. e c.o unn-x_»no it beyond the triacetate stage. A triacetate is
k M.MMM. . h:_“o r.m—_w_. monﬁ:n. nor does it seem possible that a higher
uld ever be made. The formula of cellulos
. 0 -
fore be rather more informatively written as may there

. [CeH,0,(0OH),],
Cellulose triacetate, which is the substance that was made by Cross

and Bevan and that was later spun from chloroform solution by the

Lustron Co., and which has recently (Cl
Co,, hapt J agai
commercially, has the constitution : Y (Chapter 12) becn spun again

Cellobiose.

i wooo:u A_uooozu_ -
\n: CH
HO—-CH “cH-0-n
N 7
A_u:l, —0

L CH,0COCH, N

n
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Whereas the empiric formula of cellulose is CgH (O, which corre-
spondstoa (unit) molecular weight of 162, that of cellulose triacetate Is

C¢H,0,(OCOCH,),

which corresponds to a (unit) molecular weight 288. Therefore,
when cellulose is converted into cellulose triacetate there is a gain in
weight of 77-8 per cent. Conversely, when cellulose triacetate is
converted back into cellulose, as it easily can be by saponification
with alkali, there is a loss in weight of 43-7 per cent.

Assuming that an acetone-soluble cellulose acetate containg 23
acetyl groups per glucose residue, its formula will be:

Ce¢H;.;05.4(OCOCH,),

with a (unit) molecular weight of 259. On complete saponification
there will be a loss of about 37-5 per cent in weight.

Many other esters of cellulose have been made; of these, the mixed
cellulose acetate-butyrate has been used to some extent, but for fibres
cellulose acetate is supreme. Cellulose formate has also been made
and spun into fibres. If, with a view to modifying the properties of
cellulose acetate yarn or fabric, it is desired to insert other acid
radicals, it is more convenient to do this by treating the yarn or fabric
with a solution of the acid chloride in an inert solvent—i.e., a solvent
for the acid chloride but a non-solvent for the cellulose esters; this
process is best conducted in the presence of an acid-acceptor such as
pyridine to take up the hydrochloric acid formed and prevent it from
damaging the ccllulose acetate.

Although in the carly days of rayon the acetone-solubility of the
secondary acetate was the deciding factor in making it instead of the
triacetate, the position is different to-day. There are solvents such
as methylene chloride which are available for the triacetate and from
which it is now spun (p. 252). But the secondary acetate should not
be displaced by the triacetate, because the secondary is a better
fibre, more kindly to the handle with higher moisture regain and
stronger. Although the original adoption of the secondary acctate
depended on its solubility characteristics, thirty years’ cxperience has
shown that it is a good fibre, particularly suitable for underwear and
dresses,

Manufacture

Cellulose acelate rayon is made from cotton linters—i.e., cotton of
very short staple length which is removed from the cotton seeds, but
which is unsuitable for spinning. The linters are purified by kier-
boiling and are bleached. Wood pulp is also now being used
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increasingly for the manufacture of cellulose acetate, but in Russiy
cotton is still the main raw material for cellulose acetate.

The chemicals needed are: (1) acetic acid, which nowadays is
frequently made by catalytic oxidation of alcohol, (2) acetic anhy-
dride, which is made by dehydrating acetic acid at high temperatures
to give ketene :

CH,COOH —> CH,=CO + H,0
Acctic acid. Ketene.

and then passing the ketene into more glacial acetic acid with which
it combines to form acetic anhydride:

omuoo/o

CH,C0”
Acetic ==_..Eqan.

CH,COOH + CH,=CO —»
Acctic acid. Ketene.

and (3) acetone. The cracking of petroleum yields large quantities of
isopropyl alcohol, some of which is oxidised to acetone. In addition,
sulphuric acid is needed, and a good supply of water. The water,
and in fact all the chemicals used, must be substantially free from
iron,

The stages in the manufacture of cellulose acetate rayon are as
follows:

Cotton Purification. Cotton linters—fibres too short to be spun—
are purchased in bales. The bales are broken and the linters kier-
boiled under pressure for from four to ten hours with an alkaline
liquor, which may be a solution of either sodjum carbonate or
caustic soda, or a mixture of the two. They are then rinsed, washed,
bleached with sodium hypochlorite, washed and dried.

Pre-treatment. The purified cotton is steeped in glacial acetic
acid to make it more reactive so that it will acetylate readily.

Acetylation. The pre-treated cotton is loaded with an excess of
glacial acetic acid and acetic anhydride into a closed vessel fitted with
a powerful stirrer. Suitable quantities are:

100 Ib. purified linters (air-dry weight),
300 Ib. acetic anhydride.
300 1b. glacial acetic acid.

These are thoroughly mixed together, but as yet no chemical reaction
takes place.

When the mixing has been accomplished, 8-10 Ib. of sulphuric
acid dissolved in about eight times its own weight of glacial acetic
acid is added. The sulphuric acid reacts with the acetic anhydride
to form sulpho-acetic acid, which is the real acetylating agent.

~=sada,
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-ctic anhydride and aceltic acid would only u.noq_u.n ..:a nn_._—."_c“,”
\.yrn slowly indeed—far too slowly for 835.086._ v.qmn:nol.wim _o !
”_r_m<w:_c==qmo acid. Sometimes the sulphuric ”o:_ is w.q%”: Nnﬁ ._.v__n

i i notes the reaction—i.e.,
.atalyst, and in the sense that it promotes the react )
e.._”m_h“._nw:o: of the cellulose—the description is .Eﬂin? _o= _~w.“
.%__-2 hand, the quantity of sulphuric acid used is _oo=m_a2mc_,n M_a_n H_
s . J : )
i ight of cellulose that is acetylated, and,
compared with the weig 1t of : d, and, furfher
i med in the reaction;
re, the sulphuric acid is consu ! .
_hmvnns the sulphuric acid may more Eovnq._v. be regarded as one of
he reaction. L.
ents than as the catalyst of t o L
:.m_.wn%wgé_s:oz reaction is powerfully nxopr.mgzw st Lm%mm_“ﬂ_w_“
¢ low in order to avoid undue degri
10 keep the temperature low . due depradaor,
] ] far as possible, the bre
e cellulose—i.e., to avoid, S0 n ¢
w_”n_“.o:m-o:&: nn__c_mmn molecules into shorter ::w_no:_nm ﬂm anm%%%a
lation vessels have to be co .

-ellulose, Consequently the acety .

R___u_wq the first hour of the reaction the Savn:::qm is rn%w sn_wwﬂ
20° C.. and for the next seven to eight hours at 25-30 m . M M.___:
wnno:_.nm gelatinous and very viscous. At the a:.a o u:o“h w:.
hours all the cellulose will have been converted into ce .__ A_vmm
acetate—i.e., the cellulose will have been completely acety a na. N

Samples are continually taken from the mass and examine ,.:Z.
that it can be known when this point has been reached. e
indications that acetylation is complete are:

1. The fibres have all dissolved; a mu_zv_n. nxu_::wng _—:52_:
low-power microscope no longer m:oi.w (as it amvmm in the early
stages of the reaction) swollen but ::a_.mmo?na .__‘.Rm. bich is

2. The sample is completely soluble in chloroform, w pch s
a good solvent for cellulose triacetate. AZoR.. rozoém.m Lt
is not a solvent, although it is a powerful swelling agent, fo
secondary or commercial cellulose acetate.)

The degradation that the cn:c_om.o _Ew. ::m..uqmosn. gcn___,_,.ucﬂc,ww_mw
tion can be assessed by measuring :..a m,_mnow:Q of ._. m% :...—. o
ester. The cellulose triacetate which is _EE& by the _m.:. "F_ﬂw a-
tion of the cellulose, as described above, is known as ™ primury
mo,“”.ﬂ_..o_wwmw. In order to convert the n:_ono_,o_.s..-m.o._:c_o _vo:.“”nmw
acetate into the acetone-soluble mnncsm_sé. acetate it __u :_:...P . WM et
with the excess acetic acid and anhydride, into ,5:2. v.o —,.w ;p “ _
cent solution of acetic acid results, .Ea ::cinm to .vr.::_. or .im _:V“
hours at a higher temperature.  Acid hydrolysis takes _M_ ...nn,a ._”_J._.i
acetone-soluble product results. Samples are remove . ..:,_; _r. ,rT
at intervals, so that the reaction can be stopped when the acetyl cor
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tent has been reduced by the desired amount, When this is the case,
the whole mixture is poured into excess of water, which so dilutes (e
acid that it will no longer hold the cellulose acetate in solution, and
a precipitate of chalky flakes of cellulose acetate is formed. This jg
the secondary acetate, The degree of polymerisation is now about
350-400. The liquors which contain acetic acid are conducted (o a
recovery plant, where the acid may be extracted from the water with
asolvent—e.g., cresol, The secondary acetate is thoroughly washed,
centrifuged and dried at a low temperature. The product from each
batch is tested for viscosity, ash, and acetyl content, and every care
is taken to blend different batches with each other. Blending—
mixing of parts of one batch with parts of another—is carried out

ester—i.e., cellulose acetate sulphate (often called sulpho-acetate)—
has the sulphate radicals removed. In the early days of making
cellulose acetate rayon the importance of freeing it from combined
sulphuric acid was not fully appreciated, and when rayon containing
combined sulphuric acid was stored, afier a time sulphuric acid was
slowly liberated, and degraded the rayon. |p addition, the presence
of sulphuric acid in the rayon alters the dyeing affinity.  Cellulose
acetate rayon to-day is for alj practical purposes free from combined
sulphuric acid,

Preparation of Dope. The secondary acetate blended from many
batches is mixed in a closed vessel with a powerful stirrer with about
three times its weight of acetone. [t dissolves slowly, and after
twenty-four hours it will be completely dissolved. If a dull yarn s
required, titanium oxide will be added at this stage, and if a spun
black pigmented yarn is required, black pigment will be added. The
product from several of (hese solution vessels is again blended in a
mixing-tank, and the dope (the name used for the solution of the
cellulose acetate ip acetone) if it has not been pigmented is water-
white and viscous, It is filtered and de-acrated, and then run into a
feed-tank. The dope contains 25-35 per cent of cellulose acetate
and has a high viscosity.

Spinning, Dope is fed from the feed-tank through pipes to the
spinning cabinets (Fig. 95). A metering pump ensures that a con-
stant flow (so many grams per minute) of dope is fed to the spinning
jet, but between the pump and the jet is a candle-filter to give a final
filtration and avoid trouble due to solid particles interfering with the

smooth flow of dope through the Jets. The spinneret consists of g
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—U “ i = — s ﬁ —-. —v b .w m.
ela. ate ﬂ—‘u—oc —u i—:ﬂ—u a ::EGO—. On. sSma —-Q ﬂ. S ernaps c : min
in )

of holes in the jet ao.nn:i:nm ::w A
number of filaments in Em yarn;

il the number in a 150 a..w_:nq.wu_,: 8
is sixty, the filament denier will be
2-5; if it is thirty the filament
denier will be 5. The same total c
denier—i.e., yarn denier om.. say,
150—is often spun in a variety of = D
different filament deniers; very fine D
filaments are desirable for some
purposes, coarser for others. As
the dope is squeezed o=m of the
jets (Fig. 96) it emerges into the E
spinning cabinet n:.a travels ver-
tically down this a distance of from
2 to 5 metres to a feed-roller,
from which it is guided on to a
bobbin. If the vogm:.mm a cap-
spinning bobbin, twist is _=m2.8a in F
the yarn as it is taken up; _.... for
example, the spinning speed is 300 —

metres per minute and the cocE: I.Y,_'l_.lll
is rotating at 10,000 r.p.m. a twist
of 13099 = 076 turn per inch Fi1G. 95 .—Diagrammatic H

300 % 397~ representation of dry
will be inserted. Take-up speeds spinning plant,

are normally between 200 and 400
metres per minute, >u<m=8.mn- dope Tine.
ously, a slight stretch will be im- Spinning pump.

A

—w H o _-
parted to the yarn in its draw- _m “M_“F.;:a c,
down from the jet; this imparts E. Spinning cabinet,

some degree of orientation to M m.hnmrzwo“w_q_r )

the molecules and yields filaments H. Cap and bobbin.

of w:.ﬂ:ﬁﬂww W-.ﬂ”nﬂn. than —V—‘-Ov\ so:—a 1. —wc—uwu_:.&"._-sﬂ_”whu_:»:n.
otherwise have. The diameter of ). Hotairinlei(

. Cross-section of I

C).
K. Air and acetone vapour outlet
the filament as taken up on the (80° C).

in i fore dependent on ,
w.ﬂww—»w%oh. “o qAnC the B_”n at which dope is fed by the w:..:%. A,WV _”_»_m
diameter of the jets, (3) the rate of draw-down. In the nv.,v. ﬁ_,E. .::u
air is fed in near the bottom at a temperature of _o.A . _,;. this
evaporates practically all the acetone in the dope emerging fron
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Jets, and the acetone-l: ir is withdr: ¢

cabinet and taken wim% n“v wh_. amn%mwwaqm%= here e sy he
may be recovered either by (1) adsorptio
w.oEcE:m in water-towers, or (3) absorptio
:o:.o.. sodium bisulphite.
acetic acid from the earlier p
economical manufacture of

ant, where the acetone
n on active carbon, (2)
. n 1n a concentraled solu-
man_n:.. recovery of both acetone and
reparative processes is essential for the
cellulose acetate rayon, and in modern

[American Viscoss otporation)

Asth .“u_o. 96.—Cellulose acetate spinning,

. ¢ dope emerges from the spinnerets th i
€ walrl

It encounters evaporates the acetone, leaving 5.=<._..w__n__h_.q_

filaments,
W_N._.M:”ro losses are very low indeed. Important factors in the
ow o um_._,v_.ogmm M.a the temperature, moisture content and velocity
proceeding up the cabinet. Usually ; i
baps 1 o1 3 e coing P ct. ually a trace of oil—per-
—will be applied to the vy: i
to the cap-spinning bobbin, i t daman v 500 on
n, in order to prevent damage |
- . . ‘ > ﬂo a-
B.ﬂ_\wn_: ”ﬂ_:&:m. _N.:a also to prevent electrification ’ the fila
n the yarn has been collected on the ¢ inni
. r : cap-spinning bobbin |
_mm ”Mum_z.nwn textile use, and this method of spinning, r.:om:. as ::”::
_%co.::r , has owso:.m E.E considerable advantages in economy c«
ur over the wet-spinning processes employed for viscose, Per-
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haps it is the clegance and simplicity of the dry-spinning process
which have most largely contributed to the advancement of cellulose
acetate fibres. A single workman can spin more than 200 Ib. of
acetate silk in his working day.

Subsequently the yarn may have more twist inserted in a separate
operation before it is woven or knitted. Some makers supply the
yarn on large packages; Farbenfabriken Bayer supply their acetate
filament yarn on cones weighing up to 2 kg. and guaranteed knotless.
The adoption of large packages is onc of the signs of up-to-date
processing; large packages mean less labour for package changing,
and labour is so costly nowadays that it is well worth spending
money on the development of large packages.

Propertics

In considering the properties of cellulose acetate rayon, one
has to bear in mind that the hydroxyl groups originally present
in the cellulose have, for the most part, been esterilicd. Ac-
cordingly, the fibre is less hygroscopic and more water-repelient
than viscose. At the same time, its ** organic " nature has been
increased, and it is correspondingly more prone to swell or dissolve in
organic solvents. The esterified condition of the hydroxyl groups
caused considerable dyeing difficulties when cellulose acetate rayon
was first made, but these have long been largely overcome by the
employment of special dyestuffs and the introduction of a method of
dyeing from dispersion instead of solution of dyestuffs.

Tenacity. Cellulose acetate rayon has a tenacity of about 1-4
grams per denier and an clongation at break of about 25 per cent.
Corresponding figures for wet yarn are about 0-9 gram per denier and
35 per cent. Its water-repellent properties ensure that there is less
proportional decrease in tenacity on wetting than is the case with
viscose. Up lo about 5 per cent increase in length cellulose acetate
has a high elasticity, but if it is stretched to higher clongations
plastic flow or creep occurs, and the deformation is not fully recovered
when the load is released. The stress—strain curves for wet and dry
cellulose acetate yarns are shown in Fig. 97,

Resistance to Heat. Cellulose acetate is thermoplastic—i.c., it
softens on heating. 1t melts at about 230° C. with decomposition. It
a very hot iron is used (o iron fabrics made from it, * sticking ™
and eventually fusion occur. The acetate decomposes when melted in
air, charring taking place. It will burn if ignited, but on account of
the simultancous mehing, the spread of combustion is often slow.
Cellulose uacetate might reasonably be said to offer only a low fire
risk, when in bulk. Unfortunately, when used lor Kiddies® clothing
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it is almost as dangerous as viscose or cotton, Research is urgently
needed to find a way of making such fibres flameproof. The
number of fatal accidents and serious injuries sustained by young
children due to “ clothes catching fire ” is stjll shockingly high.

Lustre. The lustre is normally bright, but may be subdued by the
incorporation of titanium dioxide in the dope. The lustre of bright
cellulose acetate is greatly dulled by immersion in boiling water, and
reappears on ironing, usually patchily. Care has to be taken not
to dull it in dyeing, whilst for ordinary home washing warm water
is safest.

Solubility. Cellulose acetate is readily soluble in some organic
solvents—for example, acetone, methyl ethyl ketone, methyl acetate,
ethyl lactate and dioxan—and is swollen by a large number of others,

2.0
515 ”
[-1
£ 10 (standard regaip )
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FiG. 97.—Stress-strain diagram of cellulose acetate yarn,
including chloroform, methylene chloride, ethylene chloride and

Cellosolve. It is unattacked by ether, which is a suitable extractant
for use with it.
Hygroscopicity. The moisture content under standard conditions

is 65 per cent—considerably less than that of viscose.

Specific Gravity. The specific gravity is 1:32—very similar to
that of wool,

Handle, The handle of cellulose acetate is particularly soft, and
fabrics made from it drape well. These properties have very largely
contributed to its successful development,

Electrical Properties. Cellulose acetate is an excellent insulator,
It will readily develop static charges, and for some purposes it is
desirable to apply an anti-static finish,
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i S ¥ ildew find no
i ssuch as moths and mildew
i jcal Resistance. Organism smo nd mildew find 0o
_pwn_wn_..,.ﬁn in cellulose acetate. Cases of as_:nmr_.:n w_y:r_m_:.\_w. .q_,_m:_.a.:_r.
i ani eding on the oil or finishing mate-
i i the organisms feeding mate
B the 1 setate will not produce dermatitis,
d e acetate will not pre

. ied to the fibre. Or__c_om.r..rr ( oduce i
:..Mun_._mﬂm_mu_ Resistance. Cold dilute acids do :Er..:.rr.p :,____u”:cr,ma
i i d formic—attack it in the cold.

d acids-—e.g., acelic an in .
Mﬂ_.“m“nmuvo:.@ :\._..m.. they remove acetyl groups-—but dilute
ions up to pH 9-5 are safe. . lulos
mo_-_““““..ssnﬂ :.v:n_.r Some tendering takes place .i_..o_._. rw“”_v cw
1ate is exposed to light, but it is usually not very V.L,_o:.e.q.Ew oss ©f

”MME 15 per cent in tenacity has been reported after 2

e in a Fadeometer. T
oxﬂmw_n:._.e_oa Under the microscope the _czm::a:#._ <._E_z __u.w_d.._“
of a wn__.oop_. featureless cylinder, whilst the cross-section is lobed i

shown in Fig. 98.
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,///... . _ — — : ... . |
/, B . o

i v sl . 3 - v .
Fia. 98.—Photomicrograph of cellulose acctaic :_.::r_w_v ( ~ 500)
Note the lobed outline and the absence of serrations,

{Courtandds, 114 )



CHAPTER 12

CELLULOSE TRIACETATE
TRICEL, ARNEL

THE first cellulose acetate that was made was cellulose triacetate, but
as it was not soluble in solvents that were then available and were
safe to use (see p. 232), it was never made on a big scale in the early
days of rayon. Small quantities of about 300 Ib, per day of 150
denier cellulose triacetate yarn were in fact spun from a chloroform
solution by the Lustron Company in America, starting in 1914 and
conlinuing until 1924, but the process never reached any size,
Nevertheless, considering the incomplete knowledge of the chemistry
of the product that was then available, and considering also the
frightening toxic hazards of using chloroform as a spinning solvent,
this production, negligible as it seems to-day, must be rated as a
stupendous achievement. Otherwise, until a few years ago all the
enormous quantities of cellulose acetate rayon made have been of
the secondary acetate.

Lately this position has changed and the manufacture of the tri-
acetate has been carried out on a large scale: Tricel (British Celanese
Ltd.) is made in the U.K.; Arnel is made by the Celanese Corpora-
tion of America and Trilan by Canadian Celanese Lid. Courpleta,
formerly made by Courtaulds, was discontinued after the 1957
merger with British Celanese. Its properties had been almost the
same as those of Tricel. The two main reasons for the development
of these fibres are:

1. Solvents for the triacetate which are easy and safe to handle
have become available cheaply and in large quantities. Methylene
dichloride, which is an excellent solvent for triacetate, but is not a
solvent for secondary acetate, has been available cheaply since 1930.

2. The development of the synthetic fibres such as nylon, Orlon
and Terylene has shown that there are uses to which a hydrophobic
fibre can be put, and that there are many things that can be done
with one of these that can never be done with the hydrophilic
viscose and (secondary) cellulose acetate rayons and natural fibres.

It is mainly this new knowledge which had accrued that has driven
the rayon manufacturers to make iriaceiate; the solvents had been
available for long enough,
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Chemical Constitution . o .
The chemical constitution of the primary triacetate is discussed on
nw . [ N ﬁw
" _:_uu.:_ be sufficient to note here that it is the ?.ofﬂ c_.. .oo.zvhrm_:
wylation of cellulose and that all of the threc _J\_“__EQ m.EMMQ n
tach ¢ i ¢ as in the ' secon
are acetylated, whereas ir ¢
cach glucose residue . e or oy
i hich we have been famili !
cellulose acetate, with w . e s
i n carried out to reduce then . :
o abox esidue.  The information
' 1 3 to about 23 per glucose re . informal
wﬂccﬂw MM\M: on pp. 233-235 may be supplemented by reference to
alrea .

the formula: OCOCH,

H COCH, mzu
——C_ H H LT!,i -0 _
e\ AN | \u .
OCOCH; H . /

€ ococH,H A
AN

OCOCH,

,OJ -
1%
NG
n, =
A_VOOOI".

In this the heavy bonds indicate the nearer na_mnm of :E_.mﬁ:m“._._h
i idues lie, The acetyl groups stand awu
which the flat glucose residues lie. 1] groups stand away

l : at, in effect, the triacetate fibre

(rom these planes so that, in , e fibre moleeul
consists of a long core of some hundreds of m_:rcv.r. ?u_EJS._‘:“wﬂ
up serially, and bristling with acetyl w_acmo_::_.,ﬂ,. | _a_F vww__.r.:_h the

in vi : iscose bristles with hydroxyi ¢

sidme as in viscose rayon, but visco th hydroxyl and not
acetyl groups; the core in secondary acetate bristles ,s.::_ a ._“:“_A”__”..r
of acetyl and hydroxyl groups in __E.::_o of 23 : q.: ._ ‘__,r.““““u .__ca -
cular weight of triacetate is 288 and its N._co_.v\_ S;:w " as ,Mf_ | :w o
15 3 x 60/288 or 625 per cenl; in practice it varies from 6 25,

Manufacture . . i

The raw material is either purified cotton linters ,.:. .v_?”._.ﬁv\ _ww___r.
grades of wood pulp- in cither case a pure ?_._:. of r.r__: s_v_r_ ._cn:”
reactivity of the cellulose is n:_.z.:nna by _:‘n:r.”:_:r_: with ¢
acid.  Two methods of acetylation are available - steritied witl

l. Non-solvent process. The activated cellulose is .rv_.r_.:w_vm J___c
acetic anhydride in the presence of a .:o:-wo_.<n.: m:r:r,_v nmr__n_mrzcn,
which preferably has a slight swelling action on the
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cellulose. An acid catalyst such as sulphuric acid, toluene sulphonic
acid, or perchloric acid is used ; this acid catalyst must subsequently
be removed from the fibre by heating in a non-solvent medium with
acetic acid, thus purifying the solid cellulose triacetate which is then
dried.

2. Solvent process. The activated cellulose is esterified with acetic
anhydride and acetic acid, using sulphuric acid as a catalyst. Alfer-
natively, methylene chloride can be used instead of acetic acid,
When acetylation is complete, all the cellulose fibre will have passed
into solution. There is no need to hydrolyse any of the acetyl groups
off, as in the preparation of secondary acetate (p. 237), but it is
neccssary 1o give a brief hydrolysis to remove combined sulphuric
ester groups which, if left in, would make the product unstable, The
cellulose triacetate is then precipitated into water, washed and dried.

The fibrous or flake cellulose triacetate is made into a 20 per cent
solution in methylene chloride which may contain a small proportion
of alcohol. Methylene chioride boils at 42° C. against acetone at
57° C., and as it is dearer, and as there are always some recovery
losses, it is likely that cellulose triacetate will be more costly to
produce than the normal acetate. Nevertheless, its lower boiling
point should effect some economy (less heat) on the dry spinning
process that follows. The dry-spun cellulose triacetate fibre is
passed over a wick containing an anti-static agent and is collected
on cap-spinning bobbins if it is in the continuous filament form,
If required for staple, a number of ends are collected into a tow as
they leave the spinneret, no twist is inserted, and the tow is crimped
and cut to the desired length.

Wet Spinning. Cellulose triacetate is dissolved in glacial acetic
acid and this is extruded into either water or dilute acetic acid,
Arnel 60 was wet-spun, and it was considerably stronger than
ordinary dry-spun Arnel. But it has been discontinued, and
probably all of today’s triacetate fibre is dry-spun,

Properties

Always the properties of a fibre depend on its constitution, and
those of triacetate derive naturally from (1) the cellulosic backbone
of its molecule, which gives it the very moderate strength of ordinary
rayons and a similar extensibility, and from (2) the forest of acetyl
groups which pretty well surround the cellulosic core and which have
no liking for water molecules, and consequently make the fibre
resistant to water and wet processing, give it a low moisture regain
and water uptake and make it less easy to dyc. But there is one
other property of the fibre which could hardly have been forescen,
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although it derives from its hydrophobic orﬁu_ﬁnqwmz.ﬁu_ .__M._w _w __n_w.“
i thetics so that it will h
iacetate can be heat-set like the syn . .
”_n__p..__n have been deliberately inserted even .__. mccmoa__n:cv. i_._m,:.nmu
and so that it will resist subsequent creasing. ZOSE_.._.VG .~ e :.._
.o:..:.nn that is attributed to thermal sctting E:._ a_Em:Am_o_.“._
_.,:.E_E‘ is very great. Triacetate shares low v..oa:&..c: costs <<p_. .,
”_5 cellulosic fibres, and highly valued 52:5_-%:5« vm.ovﬁn_. ,_www
i i their less attractive features:
ith the synthetics, but it also shares el act s
”_“,.Mrno_w:ﬂw_v. _oi.m:nzm.r and durability of omd_:.:.« cellulose
acctate, and the low moisture regain of the &::—_n:nm.. ..
In detail the properties of triacetate are as follows:

i t R.H. and 70° FF.)
jty: 1-2 grams per denier dry (65 per cent R.] .
s:w_.mm.«mn_nwwam vnmq denier wet. Loop and knot tenacity both 1-0 to

. r denier. N
! _mwﬂwﬁw%m?.. 20-28 per cent (standard conditions) and 35-40

Ewmﬂh AMM”WLNE. or load in grams per denier .\.ma.&.n.m@. 1o Eu.w “
| per cent stretch (p. 321): w.uo... :W,o mw“:n as ordinary acetate, whic
i to a good soft handle. .
ms.w_n_numwﬂ.ﬂ_”w_oﬁ 132 mm_:.\n%. Ordinary acetate is usually quoted
as 1+ ich is practically the same, .
.;hxww._.aew_—vﬂwi..v nwo-uo%, C., much Em_.on than :9::5._ .mn“w“”m
(235° C.) both with decomposition. With both fibres t n:.g_.m::nm
softening and sticking when ironed at much _oinq. -n&%.ﬁ.._ .:.
but even so triacetate shows a marked s.aﬁ::umn in safc .:c-:_m
icmperatures over ordinary acetale ?nn. Fig. 100). _._ is m,c:_.iom__:w\
that the melting point is nosmu,%-mz« higher than that of nylon
ich is just over 2 . _

qnwwwwwu““w_w .mm_m?.nm show _osm::&:m_ m:r.,:o:m. m.za ,:—m ,oBm,v-
section is bulbous (Fig. 101). The n__n.n-osnn.o_ appearance Qs.a.su
triacetate and normal acetate (Fig. 98) is insufficient for positive
aﬂnwﬂwﬁﬂ.@ : Shrinks and melts to a bead when ignited, but i_““
burn and flame, especially if the fabric is of an open structure, suc
is a voile or ninon—about the same as normal acetate. .

Moisture regain: Regain of :Enn::o. at 65 per cent x._“m _w.
45 per cent. (compare nylon 42 and oa:._mQ acetale m.&. A om
the natural fibres had high moisture regains; so had viscose m:.
cuprammonium rayons, and ordinary acetate rayon was the first
fibre to have a much lower regain. Then came nylon, much _os.an
and later Terylene and the acrylics with very .:::.u_. lower regains,
The trend which one has hoped to see, and which is slowly coming,
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CHAPTER 19
NYLON

THE word nylon is generic; it is spelt without a capital letter and can
be used in the same sense as * glass *’ to indicate a group of similar
materials. An exception to this is provided by some European
countries, notably France, where the word Nylon is a registered
trade mark of Société Rhodiaceta.

Discovery of Nylon. Nylon was a product of the genius of Wallace
H. Carothers. This man was a brilliant organic chemist at Harvard
University, and forsook the academic life to undertake fundamental
research work with the enormous American chemical combine of
E. I. du Pont de Nemours & Co., an organisation similar to, but
vastly bigger than, I.C.I. in this country. Probably the reasons which
induced Carothers to enter industry were the greater facilities, more
numerous assistants, greater laboratory space, and the unlimited
apparatus and equipment which a large industrial organisation can
provide, but which in the “twenties were not so readily available at
a university. Carothers tackled many chemical problems, made
many chemical discoveries and it became quite a problem for the du
Pont management to find commercial applications for these dis-
coveries. In the first place, the programme that Carothers under-
took was one of fundamental research, withowt regard for any
immediate commercial objective.  Carothers’ initial interest was only
general polymer research. The fuct that some of the newly syn-
thesised polymers were fibre-forming was a surprising and important
discovery, but not the objective of the original fundamental rescarch
programme. This provides an outstanding example of the good and
useful results that can accrue from fundamental research, It was
solely with the extension of knowledge of polymer structures as his
goal that Carothers started his work in the ficld of fundamental
polymer research—-work thit led not only to nylon but (v neoprene
(a synthetic rubber with excellent chemical resistance), Lo macrocyclic
compounds such as the synthetic musks, and to mell spinning itsell.

Some two years after he started his work Carothers directed his
attention particularly to the possibility of linding any product that
might be used as a synthetic fibre. He found promise in some
polymers known as polyesters, and finally achieved success with
other polymers known as polyamides. In 1928, when Carothers
embarked on his rescarches, polymers were not a favourite subject

g
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of study. Chemically, they were infusible, unreactive and insoluble
—quite different from the substances the chemist more usually
handled. These polymeric substances were intractable, and usually
if an experiment produced a substance that was infusible and in-
soluble it was said to have ** failed ™ and the product was consigned
to the waste-bin.

Preparation of Polyesters. Carothers appreciated that these
* failures ” were much more closely allied to those materials, such as
wood, rubber, cotton, wool and so on, that we encounter in our daily
lives than are the soluble, small-molecule compounds which the
chemist delights to manipulate in his laboratory. Carothers was not
only a philosopher, but also an experimentalist, and when given a
free hand and practically unlimited resources by his employers, he
deliberately set out to make these chemically intractable polymers,
He reasoned that just as ethyl alcohol and acetic acid will react with
each other to form ethyl acetate, an ester, thus:

C,H,OH + CH,COOH —> CH,COOC,H, + H,0
Ethyl alcohol.  Acetic acid. Ethyl acetate.

80, in a similar way, would a di-alcohol, usually known as a glycol,
react with a diacid. Thus hexamethylene glycol would react with
adipic acid to form an ester in this way:

HO(CH,);OH + COOH(CH,),COOH —>
HO(CH,){OCO(CH,),COOH -+ H,0

Then two molecules of the ester would react to form a molecule
twice as long, in this way:

HO(CH,),0CO(CH,),COOH -|- HO(CH,),0CO(CH,),COOH —>
HO(CH,)(OCO(CH,),COO(CH,)(OCO(CH,),COOH - H,0

Next, two molecules of this ester would react to give a molecule twice
as long, and so on. By building up these condensation products
from molecules that had reactive or functional groups at either end of
the molecule, Carothers prepared some very long molecules indecd.
When these were made from glycols and acids they were called
polyesters—i.e., polymeric esters—and it was one of these polymeric
esters that gave the first promise to Carothers of being a useful fibre.
A chemist—his name has never been publicised, but one of Carothers’
assistants—dipped a glass rod into a still containing one of these
polymeric esters. Doubtless to his considerable astonishment and
excitement, the molten material which adhered to the rod as he
withdrew it stretched out into a long filament which solidified. Per-
haps to his still greater surprise, this filament, even after it was cold,
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could be stretched by hand to several times its original length, but,
unlike rubber, did not, on release, return to its original _.n:E._r It
is casy to imagine the excitement that must have n:us:_am in .:E
laboratory on that day, to think of the gratification and ms.._w_.sn:.o:
it must have afforded Carothers to see his reasoning from first prin-
ciples so convincingly substantiated. Carothers had thought: Take
molecules that can react at both ends, react them and long molecules
will result. If the molecules are very long in relation to their other
dimensions, they will exhibit fibre-forming properties,

The Introduction of Polyamides. Even so, there was still much -
hard work to be done. The fibres made from the polyesters were not
altogether satisfactory, they were not very strong, and so mqn.wp were
the difficulties confronting the experimentalists that at one time the
idea of dropping the work was seriously entertained. Then Om:.xrna
with rare insight realised that the solution of the problem lay in the
substitution of polyamides for polyesters; these were made, and
immediately showed such a big improvement that there could then
be no possibility of dropping the work. These uo_vé:_anm. (poly-
meric amides) could be made from diamines and diacids in this way :

NH,(CH,),NH, + COOH(CH,),COOH —>
Hexamethylene diamine, Adipic acid.

NH,(CH,){NHCO(CH,),COOH + H,0
and then two molecules of this condensate would react to give:
NHy(CH,){NHCO(CH,),CONH(CH,){NHCO(CH,),COOH

and this long molecule would then react with itself, eventually form-
ing a long polymer. Another way in which the polyamides nO:E be
made was by starting with a molecule which at one end had an amino-
group and at the other end a carboxylic acid group. This could
react with itself in this way:

NH,(CH,);COOM + NH,(CH,);COOH —>
e-Amino caproic acid. Z:.."AO_,FV.,.OOZ:AO_ 1,),COON
Two molecules of this condensate would then react to produce:
NH,(CH,);CONH(CH,);CONH(CH,);CONH(CH,),COOH

this would react with itself, and so both methods gave very similar
polyamides, which were fibre-forming.  The first method was chosen
for use in preference to the second simply because it was easier and
cheaper to make diamines and dicarboxylic acids than it was to make
amino-acids.

The result of the research was that strong fibres could be produced
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~—fibres which were different from any other fibres, in that they were
truly synthetic. The long-chain polymeric molecules had been
built up in the laboratory by man from short, simple molecules, In
no case previously had a fibre been so made. True, artificial fibres
such as nitrocellulose, viscose and cellulose acetate had been made,
but all these had used the original polymer which Nature had pro-
vided in the form of the cellulose molecule in the wood or cotton
used as the raw material. Carothers synthesised the polymer—nhis
nylon was the first true synthetic fibre—his achievement was
outstanding.

By 1938 the du Pont Company were making nylon at a small pilot
plant at Wilmington in U.S.A. Since then other large plants have
been built in America. In this country the fibre is spun by I.C.I.
Ltd., at Doncaster, at Pontypool, and at Gloucester; and by other
manufacturers throughout the world.

The history of nylon is one of the great romances of science;
the success of nylon has exceeded all expectations.

CHEMICAL STRUCTURE
Normal nylon, which is made from adipic acid,
COOH(CH,),COOH

and hexamethylene diamine, NH,(CHy)(NH,, is referred to as ** 66 "
nylon because each of the raw materials contains 6 carbon
atoms. A similar polyamide can be made from sebacic acid,
COOH(CH,),COOH, and hexamethylene diamine and by the same
reasoning this is known as the * 610" polymer. Another
polymer known as nylon 6 and made from caprolactam

CH;—CH,—CH,—CH,—CH,

O NH

which reacts as if it were e-amino-caproic acid, COOH(CH,);NH,
has also been made on a very large scale (p. 376).

The *“ 66 ™ type is preferred to the 610 polymer, partly for reasons
of superiority of the fibre—it has, for example, a melting point
higher than that of the “ 610 ** polymer, and also because organic
compounds containing 6 carbon atoms in a straight line are con-
veniently and cheaply derived from benzene or one of its substitution
products such as phenol. There is no such cheap raw material for
sebacic acid—it can be made from castor oil, which is probably not
available in unlimited supply, or it can be synthesised rather deviously
from one of the 6 carbon atom compounds. The manufacturing

NYLON RXY)

chemist finds it much cheaper and more convenient to make oqmﬁ.._n
compounds which contain six carbon atoms than any other _:_:= ”...

Stabilisation. It should be noted vu:_nc_mq_z.:_ﬁ .:.o mo n.n: o.m
of nylon are long and straight, that there are no w_an-n_wu:; E_Qo_w.u-
linkages. Those polymers which are spun as nylon have Eo_noc_,:
weight averages of the o_dn_.. of 12,000-20,000. If m:o mo nmom ar
weight is below 6,000 it is unlikely ::.: the polymer will .,omsw. ibres
at all; the fibres that are formed with low molecular weight @Q
6,000-10,000) are weak and brittle; then, as the degree of co_v\_sn:w.“.
:.o: and the molecular weight Snmnumn. the fibres become mﬁqo”w..
Correspondingly, the molecular weight must not be allowed to ! n_m
come too high; if it is well over 20,000 the polymer becomes a.__.:r.c
to melt or to dissolve. Therefore, the process of ,polymerisation
must not be allowed to go on Ennm_:..n_z. but must be stopped ata
given molecular weight. This is achieved by a process known as
“ stabilisation . If, instead of SE..& a.xmn.:\ equivalent quantities
of adipic acid and hexamethylene diamine, an excess of, say, 2 per
cent of the former is taken, the time will soon develop when all m_,n
long polymeric molecules have carboxylic groups at both ends, in-
stead of a carboxylic group at one end w..a an amino-group at the
other. When this happens, it is vaOmm_Ea. .mo_. m,o_w.:an:mm:o_._ to
proceed further, and the polymer is * m:&_:mwa ... vnq?.%m it is
advisable to elaborate this nxv_msuzoz.% stabilisation a little. Tt
will be appreciated-that if, instead of taking B:.Eo_nm:_uq quantities
of diamine and diacid, onc takes | equivalent of diamine to 2 of acid,
then the reaction will go as far as:

-+ 2COOHR'COOH —>
NH,RNH, -+ COOHR'CONHRNHCOR’COOH

It can go no farther, because all the end-groups are now .:na_n. and
there are no free amino-groups for them to react with. .anr
suppose that, instead of using a ratio of _ 2 om diamine to acid, we
use one of 1: 1:5 or 2: 3. Then the reaction is as follows:

2NH,RNH; 4 3COOHR'COOH —> .
’ ’ COOHR’CONHRNHCOR’CONHRNHCOR'COOH

This time a longer polymer has resulted, and as the E.:o of diamine:
diacid approaches unity, the length of .uo:;:ﬂ formed, before
stabilisation prevents longer chain formation, will cwnc:_n greater.
A ratio of 1 diamine : 1-02 diacid gives a polymer s,_.__, a .m:.c___wna
molecular - weight of about 12,000 and one .i_:o: is m.::%_o.z:
nylon preparation. Stabilisation (this Bn._:.a is used on ?oa.:.n:o_:
can also be effected by using exactly equimolecular quantitics of
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diamine and diacid and adding perhaps 1 per cent of a mono-
functional reagent such as acelic acid; this has the same effect us
the excess of diacid; when the length of molecular chain becomes
sufliciently great all the amino-groups are prevented from further
participation in polymerisation because they are * protected ™ by
acetyl groups. Accordingly, polymerisation can be stopped at 3
predetermined stage by using excess of one of the reactants, or by
introducing a mono-functional reageat. As a corollary it will be
appreciated how important it is that the reacting malerials, usually
adipic acid and hexamethylene diamine, should be very pure; the
presence in them of a small quantity of impurity may be quite
sufficient to prevent the polymer growing long enough to give high
tenacity fibres. The word “stabilise” is used in two senses in relation
to nylon and similar polymers. The first is that of limiting the
polymer growth during formation and this is the process that has
just been described; the polymer is stabilised at a defined molecular
length of chain. The second is quite different and it relates to
stabilising the polymer (most often in the form of atready-spun
yarn) against degradation when exposed to heat; this is discussed
particularly on pp. 391 and 895. The two ideas must be kept separate.

It is sometimes said that nylon is made from coal, air and waler;
whilst this statement is perhaps a little misleading, it may be justified
as follows. Phenol is a coal-tar derivative, the hydrogen necessary for
the reduction processes can be obtained from water, and the ammonia
from the nitrogen in the air and from hydrogen. All the primary
materials necessary for the manufacture of nylon are available in this
country. But most of the world’s nylon is made from oil.

MANUFACTURE

It is possible to synthesise adipic acid and hexamethylene diamine
in more ways than one, but the method which was at first used on
production started with phenol.  Phenol s made usually by
sulphonation from benzene, and benzene, in turn, is made by the
distillation of coal tar or alternatively from petroleum,

The phenol is reduced by passing its vapour together with hydrogen
gas over a catalyst.  Alternatively, it may be reduced in the liquid
state inan autoclave, but the vapour-phase method has the advantage
that it can be carried out continuously. The product is cyclohexanol,

The cyclohexanol is oxidised with concentrated nitric acid to adipic
acid, the ring being broken. In late 1973 the price of adipic acid in
the U.S.A. was 18-5 cents per Ib.
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Adipic acid is one of the compounds required for making 3\_.:_., ;. :..n
other is hexamethylene diamine, which can be made from :p.___:c :m,:_
as follows.  The adipic acid is caused to react with ammonia (o give

the amide: .
COOH(CH),COOH - 2NH; —-> CONH(CH)CONH, -| 21,0
Adipamide.
The amide is dehydrated over a suitable catalyst to give the corres-
ponding nitrile
CONH(CH,);CONH, —> CN(CH,),CN +- 2H,0
Adiponitrile.
The nitrile is reduced with hydrogen in the presence of a cobalt or
nickel catalyst in an autoclave;
CN(CH,),CN - 4H; — NH,CH(CH,),CH,NH,
) Hexamethylene diamine,
The hexamethylene diamine and the adipic ”.n:._ are then .,_v.zc_,.ﬁ_.
separately in methanol and on mixing the v,:_:::_._v_ a precipitate of
* nylon salt ’ or hexamethylene diammonium adipate,
NH,(CH)NH,COOH(CH,),COOH

is thrown down. The salt may be purified at this stage. i ,

Modern Modification. Nowadays, the usual route for the first
stages is no longer benzene — > phenol — » eyclohexanol but
benzene — cyelohexane —-> cyclohexanol.  Air is passed through
eyclohexane at 120 -150° C. under a pressure of 4 atmospheres to
keep the system liquid; cobalt naphthenate is present as a catalyst
and the cyclohexane is converted to a mixture ol eyelohexanol and
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cyclohexanone. This mixture is oxidised to adipic acid with nitric
acid in the presence of a copper-vanadium catalyst. Molten adipic
acid and preheated ammonia are fed to a boron phosphate catalyst
at 360° C. and converted to adiponitrile in a yield of 90 per cent.
Sometimes instead of the boron phosphate which requires frequent
renewal, a molybdate/phosphate mixture mounted on silica is used as
a catalyst; the yield is rather lower but the catalyst has a longer life,
Reduction of the adipic nitrile to the diamine is, as before, by hydro-
genation, The modern method just described is really very similar
to the classical method; surprisingly so after an interval of 20 years.
Alternative Syntheses of Nylon Salt. The considerable increase
in the production of nylon has brought about a shortage of raw
materials, and in particular of benzene. The supply of this chemical
from the coke ovens is limited, and even although the petroleum
companies are doubling their production, benzene s still not so freely
available that it is cheap. During the 193945 war benzene was
obtainable at 15 cents (13d.) a gallon (the American gallon is about
five-sixths of the Imperial gallon), whereas late in 1956 its price was
about 36 cents (31d.). Early in 1962 it was 31 cents (27d)). This
considerable increase in price and shortage of raw material directed
altention to other ways of synthesising nylon salt. Two of these syn-
thesesare believed to have beenused on production; theyareas follows.
From Oat Hulls and Corncobs. Various cereal products, notably
husks and bran, can be used to make furfural and this chemical is
made in large quantities by the Quaker Oats Company. The
furfural is converted by the du Pont Company to furan which is
hydrogenated to tetrahydrofuran (cf. Lycra synthesis on p. 489):

H HC———CH H,C——CH
— || | — %
—CHO HC CH Hy H,
N/ ANV
(¢} (0] 0O
Furfural, Furan, Tetrahydrofuran.

H
Cereal
Waste — H

The tetrahydrofuran is treated with hydrochloric acid which converts
it to I :4-dichlorbutane, which in turn is treated with sodium
cyanide to give | : 4-dicyanobutane, which is adiponitrile, This is
reduced by hydrogenation to hexamethylene diamine. The adipo-
nitrile could also be hydrolysed to give adipic acid ; in practice this
is not done because it is cheaper to make adipic acid from phenol.
Only the hexamethylene diamine half of the nylon salt is made from
furfural, and it is combined with adipic acid made from benzene to
give nylon salt,
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1.C H, H, CH, H, _\ m_\:u

/O\ 1 Cl NC CN
Tetrahydrofuran. I ; 4-Dichlorbutane. Adiponitrile.

pad %:

COOH(CH,),COOH NH,(CH,)gNH,-

Hexamethylenc
diamine.

Adipic acid.

From Butadiene. Butadiene has been made in enormous quanti-
ties for synthetic rubber; it is prepared from vn:o_n:_:. ‘_.__o
butadiene is converted to dichlorbutene by treatment with oEo:_E
gas at 70° C, without a catalyst, yield 75 per cent. The a._o___o_.-
butene is treated with hydrocyanic acid in an aqueous Ena_._:: at
pHS with calcium carbonate present as an acceptor base to pick up
the hydrochloric acid released; the presence of some o._n_.op_m,
chloride speeds up the reaction. The __A.a_nu\m:oc.:nn:a that is
formed is extracted with an organic solvent and then freed f rom the
| solvent by fractional distillation, yield 95 per cent. The dicyano-
butene is reduced with hydrogen at 25 atmospheres pressure and
100° C. in the presence of palladium to give a 96 per cent yicld of

adiponitrile. The reactions may be represented:
¥ 1ICN
CH,:CH-CH!CH, LN CICH!CH:CH;CH,Cl ——>
Butadiene, Dichlorbutene.

iy
NC-CH:CH-CH,CH,CN >

Dicyanobutenc,

NC:CH,CH,ClL,:CH,CN
Adiponitrile.

Of the threec methods, the first from benzenc doubtless holds, and
will continue to hold, pride of place. Benzene is cheap; in August
1973 it was 3-7p/kg in the U.K. and 45 cents/lb. in the US.A. As
regards the second from furfural, any operution bused on an ugri-
cultural commodity is subject (o price fluctuations, but in Junuury
1957 the price of furfural was 12 cents (104.) per 1b. and in January
1962 it was 115 cents. The price rose and in the U.K. in August
1973 it was 22-4p/kg and in the U.S.A. it was 18-75 cents/ib. .

The third method depends entirely on the supply of _u—_:_m__c:c‘
which is currently priced at about 10 cents per lb. mno:czzﬁ._‘_%.
therefare, there is a good deal 1o be said for the two alternative
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methods. In the end butadicne or some similar 4-carbon compound
such as butanediol will probably win.

There is no difficulty nowadays in making chemicals on a large
scale; there are usually several possible routes and which one will
be used depends on the prices and availability of the raw materials.

Polymerisation. Sufficient stabiliser is added—acetic acid is used
for this—and the salt is melted under an atmosphere of nitrogen,
Air has to be excluded, or the salt would discolour, and eventually
the polymer would char; nitrogen is the most convenient gas to
use to provide an inert atmosphere, but hydrogen may be used in-
stead, or, again, a vacuum may be used. It is important only that
air is excluded. Water that is split off from the nylon * salt ” a
polymerisation proceeds is allowed to escape. If matt nylon is re-
quired, an aqueous suspension of titanium dioxide is added to the
reaction mass during the course of polymerisation; a quantity of
0-3 per cent pigment on the weight of the polymer is sufficient. A
temperature of 280° C. and a time of four hours are suitable condi-
tions for polymerisation. 1t is quite possible to polymerise nylon in
another way—viz., in solution in phenol or m-cresol—but on the
manufacturing scale it is unlikely that any solvent is used. The
molten polymer maintained at a temperature of 285-290" C. is
extruded through a slot on to a wheel, in ribbon form several inches
wide; this ribbon is quenched with cold water as soon as it solidifies,
in order to reduce the size of the crystals,

Spinning. Nylon is melt spun. The ribbon of nylon is broken
into nylon chips. These are fed through a hopper, A (Fig. 118), into
a spinning vessel, B. In this they fall on to an electrically heated
grid, C, which has a mesh too small to pass the chips until they have
melted. As it melts, the molten nylon passes into the pool D; it is
desirable to keep this pool small in order to reduce the risk of decom-
position and discoloration to which nylon in the molten state is
subject. There is therefore a float control on the pool level which
controls the electrical heating of the grid—if the pool level rises, the
current heating the grid is automatically reduced, and vice versa. In
this way the level of the pool of molten nylon may be kept practically
constant. A nitrogen atmosphere is maintained over the pool of
polymer. The melt (288° C.) is metcred by a pump F through a
filter (not shown) to the orifices £. The filter may consist of several
layers of metal gauze, the first relatively coarse, the next fine and
ultimately very fine, about 300 mesh, and between the gauze layers
there may be layers of sand graded in particle size: as the meh
passes through the sand, impuritics are removed. The orilices are
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of about 0-010 in. diameter and are drilled countersunk in a m._..un_
plate 0-25 in. thick and about 2 or 3 in. diameter. The m:n: solidifies
immediately it issues from the jets and the so-formed ___.,.Eo._:m pass
through a cooling chamber in which a cold air current G is swept
across them. If one of the orifices has been too large the filament
issuing therefrom will be heavier than the others and wilt bow more
in the airstream than its companions, and if it touches one of them
it will fuse to it; it is therefore essential for this reason, as well as
for uniformity of denier, to have all the spinning orifices equal in
size.

The spinning speed is about 1,200 metres per minute. As the yarn
cmerges from the cooling chamber it is at a tempcrature of :coE
70° C. It is next run through a steam chamber , (0 wet it before it
is wound ; if it were wound without this treatment it would later
extend a little in length on the package as it picked up moisture from
the air to gain equilibrium and would slough off the package. If,
however, the yarn is wetted by the steam before winding, this trouble
is eliminated. A very slight twist which facilitates subsequent
handling may be inserted during spinning.

Meclt spinning has two big advantages over solution spinning :

1. 1t avoids the need for a solvent recovery plant and the
losses which always occur during recovery, however well it is
done;

2. The high spinning speeds that are possible.

Glass Beads for Filtration. The sand that is used for filtration is
guartz sand; it is milled in water so that any grains with sharp edges
are rounded, and is then graded for size by screening; it is cleaned
free from dust, washed in a 50 per cent solution of nitric acid, is
rinsed with distilled water until it gives a neutral reaction and is
finally dried. In order to cut out much of this work and in particular
the nitric acid treatment, it has been suggested by A. I. Golman
(Khim. Volokna, 1969, 69, sec also abstract by author in 7Tevr.
Weekly, 12 September 1969) of the Klinskii Combine in Russi,
that glass beads should be used as the filtering material instead of
yuartz sand.  The beads are formed at 600 C., and screened., the
preferred size being 1-2 mm.  They are superior 1o the sand in that
the quality of fibre spun does not deteriorate as spinning continues.
Furthermore, they can casily be regenerated for re-use.

Steam Spinning. Some depolymerisation always takes place in
the melt and is known to be determined by the amount of water
present; in order to reduce it, the polymer flake is dried before it is

ML 12
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used for spinning, but there is always a little moisture present, and
as this is variable the degree of depolymerisation that takes place is
also variable. A method has been patented (Brit. Pat. 653,757 of
1951) in which a known amount of moisture vapour, usually 0-16
per cent, is added to the nylon in the spinning melt chamber
so as to maintain a constant quantity of moisture; some depoly-
merisation occurs, but the amount that does is controlled and
constant. This steam spinning gives a more uniform yarn.

A process has been developed commercially by von Kohorn
International Corporation in which the molten pool of polymer
waiting to be extruded is maintained under a steam instead of a
nitrogen atmosphere. It is said that this reduces the depolymeri-
sation of the nylon with the resultant formation of a little monomer
which normally occurs. (This steam spinning process will not be
extended to the polyester Terylene, which is too prone to hydrolyse
in the melt.)

Cold Drawing, The filaments as they are first spun are not very
strong; their tenacity is 1-0-1-3 grams per denier, and they are dull,
They are, however, cold drawn by stretching about 400 per cent,
giving bright filaments with a tenacity of 5-8 and elongation of 17
per cent. The exact degree of stretch varies with the yarn being
spun; fine filaments cannot be drawn down so much as coarse fila-
ments. The reason for this difference is not really established, but is
probably bound up with the partial orientation of the molecules on
the outer parts of the filaments due to being drawn over the sides of
the orifice; the finer the filament, the greater the proportion of
** skin " to bulk, and consequently the better is its orientation; if fine
filaments are already (before having been cold-drawn) a little better
oriented than coarse filaments, then they will not be capable of being
cold-drawn so much as the coarse filaments because the stage at
which orientation is almost perfect will be reached earlier.

The stretching operation is simple and is llustrated in kig. 119,
Nylon yarn is pulled off the bobbin L, which is the primary spinning
package; it passes round guides M, N, between a pair of nip rollers
O, which determine its initial speed, and goes over a deflector P and
then two or three times round roller Q@ which has a linear speed
about five times that of rollers O ; then it passes through a guide X,
and on to a take-up bobbin S, twist being inserted as the yarn is
taken up. The cold-draw, or degree of stretch, is equal to the ratio
of the linear speeds of rollers Q and 0. When a length of undrawn
nylon is held one end in each hand and pulied out, the sensation is
rather like that of pulling out a telescope; photographs that have
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Fia. 118,—Diagrammatic re-
presentation  of nylon
spinning plant.

Fig. 119.—Diagrammatic
representation of cold
drawing of nylon.

been taken during the stretching operation show that the nylon
filament necks-down very quickly and not gradually along the frec
length of the yarn. When the yarn is cold-drawn and the filaments
fine down they become lustrous and strong. This is due to the
orientation of the molecules. As spun, the molecules are arranged
in a random manner and are probably folded, and as they arc cold-
drawn the folds are removed as shown on p. 100. The final crinkle
in the stretched nylon corresponds to the clongation at break.
When a filament of nylon has been stretched almost to breaking
point, the molecular crinkle has been straightened out. Further
stretching causes breakage of the lilament. This may be duc cither
to breakage of the molecules or to overcoming the forces (Van der
Waals) that hold the molecules together.  Breakiage of a fibre consists
cither in breaking the molecules, or in tearing them sepiurate from
cach other, whichever is easier; the longer the molecules the less
likely they are to be torn apart (p. 75).

During the orientation process oil may be applied (o the yarn; any
high-grade vegetable oil is suitable. The oil is applied simply to
facilitate textile processing—it has nothing to do with the oricntation.
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[British Nylon Spisners, Lid.]
Fia. 120.—Nylon yarn being tested for denier.
A known lengin is reeled off the package and weighed. In the illustration,

lengths are being reeled off ten packages simultaneously.

Afterwards the yara is twisted and is ready for use for textile purposes.
Fig. 120 shows nylon yarn being tested for denicr. In the carly days
of cellulose acetate spinning, olive oil was the usval lubricant. It
oxidised in air and not always uniformly, so that parts of highly
oxidised oil were difficult to remove in the dychouse and causcd
fabric to be stripy. Then tea-seed oil was used, and this was belter,
and then tricthanolamine oleate, which washed off very casily indeed,
was used. But what was simple and straightforward in the early
days is not always thought to be so now. One helpful fibres chemist
tells me that finish formulation is a delicate art. 1 am gratcful for
the knowledge but mildly dismayed. Perhaps he would agree that
what oil goes on in the spinning must come off in the dychouse.

PROPERTIES
Nylon fibres are produced with a range of properties; some which

are intended primarily for industrial application have a very high
tenacity, others intended for apparel have lower but siill high
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wenacities;  where tenacity is very high, .nx_o:mmz_f is _:.<<2.
hepending on type, the tenacity and clongation at break range from
58 grams per denier and 18 per cent to 43 grams per ;m.:c_. and
45 per cent.  The wet strength is also very high—-about 80-90 per
cent of the dry strength, a valuable feature.  Another most valuable

[Lritish Nylon Spinners, Lil.}
16, 121.—Throwing or uptwisting nylon yarn from bobbin to cheese.

feature is that even when knotted the strength of nylon is very high,
A half-hitch in a nylon yarn reduces the tenacity by only 15 per cent.
Nylon has good flexing qualities and good resistance to abrasion--
some four or five times that of wool. A stress—strain diagram for a

nylon yarn compared with one for Dacron is shown in Fig. 154
tp. 445).



CHAPTER 20

NYLON 6, NYLON 7, NYLON 11
PERLON, CAPROLAN, KAPRON, ENANT, RILSAN

THE linear polymer made from the «,e-six carbon amino-acid is
known as nylon 6. The acid is 6-aminocaproic acid:

NH,(CH,);COOH
and the polymer, nylon 6, is
H[—NH(CH,),CO—],OH

where n is about 200,

In 1899, the acid was prepared by S. Gabriel and T. A. Maass;
they heated it and found that a tenacious hard material resulted.
This was a lump of nylon 6, but they were too far ahead of their
time and there was nothing to suggest to them that the material
might have some practical applications.

Carothers investigated the fibre-forming possibilities of the
polymer of amino-caproic acid as early as 1930; he had some
difficulty with it and it was not until 1932 that he published a
description of fibre-forming nylon 6 polymers. Carothers and du
Pont a little later selected nylon 66 (from hexamethylene diamine and
adipic acid) as the most promising fibre and nylon 6 was neglected
for a while in America. But in Europe work on it was pushed
forward and in 1937 Paul Schlack of I.G. Farbenindustrie at Berlin-
Lichtenberg polymerised caprolactam to obtain a polyamide that was
similar in many ways to du Pont’s nylon 66. The polymer, nylon 6,
was spun into a fibre in several of the I.G. factories and was called
Perlon L; all these factories were situated in what is now the Eastern
Zone of Germany and after the war they were all dismantled and
their technical staffs dispersed. But a few of the people re-assembled
at I.G.’s Bobingen factory in Western Germany and by 1948 were
again producing Perlon. Because Bobingen has been merged with
Farbwerke Hoechst A.G., much of Germany’s nylon 6 production
is now called Perlon Hoechst. Another large part of it is made by
Bayer and is known as Bayer-Perlon.  Strictly, the word * Perlon ”
is the trademark of the nylon 6 fibre produced by members of the
Perlon Warenzeichenverband.

Incidentally, it may be noted that during the war small quantitics
of nylon 66 were made in Germany under the name Perlon T, and
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turthermore that a polyurethane fibre (p. 487) was made and called
Pertfon U. But for a long time, Perlon—the word without a suffix—-
was used to denote nylon 6. Nowadays it is simply called nylon 6.

All over the world nylon 6 is made: Allied Chemical in America call
it Caprolan, in Russia it is called Kapron, in Japan itis called Amilan
(Toyo) or often just nylon. These names represent the products of
but three of the many, perhaps fifty, manufacturers who make nylon 6.

Growth of Nylon 6 . .
In America du Pont and Chemstrand have concentrated on nylon
66; so have B.N.S. and latterly I.C.1. in Britain. The enormous pro-

duction of this fibre has overshadowed the world production of

nylon 6. Furthermore, whereas nylon 66 melts at about 260° C., nylon
6 melts at about 215-220° C., which puts it at a quite serious
disadvantage. Why, then, was nylon 6 manufactured at all? Firstly,
those organisations in Germany which had developed the fibre would
naturally tend to produce it, rather than switcn to du Pont’s nylon 66.
Secondly, the process for nylon 6 is in some respects simpler than
that for nylon 66; Schlack’s discovery that nylon 6 could be made
simply by heating caprolactam made a big difference because capro-
lactam can itself be made from cyclohexanone and hydroxylamine
which are both easy to make. Thirdly, therc has always been g
recognition of the superior resistance to light degradation of nylon 6.
Fourthly, there has been a growing appreciation that its lower
melting point may not make nylon 6 less suitable than nylon 66 for
tyre cords; there is no likelihood of the temperature of a tyre
exceeding 130° C. in use, and at temperatures such as this the
resistance of nylon 6 to degradation is actually superior to that of
nylon 66. Even in America, birthplace of nylon 66 (and indeed of
all nylon), nylon 6 is advancing; at the end of 1961 five manu-
facturers there were making a total of about 50 million Ib. a year,
about 12 per cent of the U.S. production of nylon 66. Yet the
libre was not made in the U.S.A. at all before 1954,

A new factor which may push nylon 6 in future to the disadvantage
of nylon 66 is the discovery by Snia Viscosit of a new and cheaper
method of making caprolactam from toluene; this process has
already been licensed to some spinners.

Nylon 6 has demonstrable advantages over nylon 66 in respect of
dyeability, elastic recovery, fatigue resistance and thermal stability,
In the U.K. British Enkalon now produce it in Northern Irelund,
Courtaulds make it under the name Celon at Aintree and Spondon.
It was at one time reported that 1.C.1. were to use a Soviet process

— ———
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for their caprolactam but it appears now that both the Soviet Union
and 1.C.1. are to use a Swiss (Emser Werke/Inventa) process. In the
event (1972), 1.C.1. have never produced nylon 6 commercially.

Manufacture
The reactions by which nylon 6 has been made are as follows:

From Benzene through Phenol. Coal is the raw material, tar is
obtained from it and on distillation one of the fractions obtained is
benzene.  The benzene is chlorinated to give monochlorbenzene:

Cl

N
+ Cly —> C 4- HCI
Benzene. Chlorbenzene.

The chlorbenzene is treated with caustic soda to yield sodium

phenate :
Cl ONa

B e

C + 2NaOH —-»

Sodium phenate.

and on acidification, phenol results

Na OH
/
f + HCl —» 4+ NacCl

Phenol.

The phenol is reduced with hydrogen under pressure in an autoclave
using nickel as a catalyst to give cyclohexanol

H CH
7N
N CH, CH,
+ 3H, —» | |
CH, CH,
// \\
CH,
Phenol. Cyclohexanol,
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Ihe cyclohexanol is purified by distillation and then partially
dehydrogenated using copper as a catalyst 1o the ketone cyclo-
hexanone

OH ﬂ
b !
AN s
CH: CH, CH: CH,
| | - H o | ]
CH: CH, CH, CH, -
N N
CH, CH.
Cyclohexanone.

Hydroxylamine which is produced from ammoniacal liquor, also
derived from the coal tar, is then reacted with the cyclohexanone
to yield cyclohexanone oxime. The hydroxylamine is used as :,.n
sulphate (NHOH'H,SO,) in aqucous solution at 20°C. As it
reacts with the cyclohexanone, sulphuric acid is liberated and
ammonia is passed in to neutralise the acid, the temperature rising
10 90° C.  After settling, the organic phase is crude cyclohexanone
oxime,

m.o:
nﬁ\ /ﬁ:
T I A 1
amine. ﬁM:u ﬁz—\—u
N
CH,

Cyclohexanone. Cyclohexunone oxime.

The oxime is then caused to undergo the Beckmann transform-
ation by treatment with sulphuric acid which converls it into capro-
lactam;

C.NOH

VRN

cH, CH, .

_ I ° —> CH,CH,CH,CH,CILCONI
CH, CH, | o

// \\

Cyclohexanone oxime.

Caprolactam.
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When the rearrangement is complete, the sulphuric acid is washed
out, ammonia is added to it and the resulting ammonium sulphaic
is sold as a fertiliser.

The impure lactam is purified by distillation and is allowed to
crystallise.

Synthesis from Aniline. A synthesis that has been used in
Germany and in Russia is of caprolactam from aniline; it has the
advantage that it does not require the use of hydroxylamine. Aniline
is hydrogenated at 280° C. and 100 atmospheres pressure in the
presence of cobalt and calcium oxides which act as catalysts; there
is a 93 per cent yield of cyclohexylamine. Treatment with hydrogen
peroxide converts this to cyclohexanone oxime, first as an addition
compound with the peroxide; the oxime is liberated from this by
treatment with a 2 per cent solution of ammonium tungstate in
water. Then the oxime undergoes the Beckmann re-arrangement
with conc. sulphuric acid at 130° C. The main stages of the synthesis
may be represented:

zzn z:» -O:

F ' -
RN d . VAN ‘
CH _OI u:..v H, H, ru‘.EIY CH,; CH, - JH,0
w: H H, CH, H, CH,

N\ N/ AN

CH CH, CH,

Aniline, Cyclohexylamine. Cyclohexanone oxime,

It is an elegant synthesis and it enabled nylon 6 to be made cheaper
than it has yet been possible to make nylon 66. But now it will be
largely replaced by the toluene synthesis.

Synthesis from Toluene. The Snia Viscosa process (Belgian Patent
582,793) is in principle as follows:

The starting material is toluene, which is a product of tar distilla-
tion and which nowadays is also one of the products of an oil
refinery—a petrochemical. The toluene is oxidised to benzoic acid,
this is hydrogenated over a platinum or palladium catalyst to
hexahydrobenzoic acid. This reduced acid is then reacted with
nitrosyl sulphuric acid (HNO, -|- SO, or HOSO,0ONO) at 60° C. in
the presence of oleum (sulphuric acid enriched with 50,); it gives a
90 per cent yield of caprolactam. The first stages of the synthesis
are orthodox:
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CH CH CH,
AN VRN VRN

CH ‘CH, O_I m.OOC: A_u:.h A_u:.OOC:

R .

CH CH CH CH CH, CH,

SNy N N S
CH CH CH,

‘Toluene. Benzoic acid. Hexahydrobenzoic acid.
The conversion of hexahydrobenzaic acid to caproluctam is novel;
it can be written: o

CH, CH,

AN T, co

“H. COOH CH.
A_:“ T * "SNH - €0, | H.S0,
X + HNO, | SO, —-»
CH, CH, H, CH,
N N
CH, CH,

Caprolactam.

Courtaulds making the toluene in their petrochemicals plant at
Spondon were at one time preparing to use this process, so were

_Allied Chemical in America. It is a process which could bring the

price of nylon 6 down to be competitive on a weight basis with
* super ** high tenacity cellulosic fibres, and consequently very much
cheaper than them on a performance basis in tyre cord. Only 1:1 1b.
caprolactam is needed in practice to produce 1 Ib. nylon 6. Whether
it is actually used may be doubted. . .

Syntheses from Cyclohexane. Cyclohexane is easily obtainable by
catalytic pressure hydrogenation of benzene, In the Toray process
which is used in Japan the action of light and hydrogen chloride is
used to convert eyclohexane and nitrosyl chloride into cyclohexunone
oxime hydrochloride, thus:

CeHyz |- NOCI ™" 5 CyH;uNOH-2HCI

HCI
Then the cpclohexanone oxime is caused to undergo the Bechman
rearrangement to yield caprolactam:
H,80,

CeHi1oNOH .2HCl =" » CH:CH:CH2CH.CHLCO | 2HCI
_ NH _
The yield in the first stage of the pracess is 86 per cent by inmm_:“
the second stage is commonly practised in other v,z_::.cmau and gives
4 high yield. The light which is used to promote the first stage musi
not contain any component of wavelength less than 3,650 A, other-



382 MAN-MADE FIBRES

wise some tarry material, which is useless and wasteful, is produced.
Light of this wavelength is ultra-violet; nothing of waveleng(h
shorter than 3,930 A (violet) is visible. The Toray process is known
as the PNC (short for photonitrosation of cyclohexane) process,
Such a simple chemical as caprolactam can be synthesised in
many ways. It may be doubted if the phenol-based route is sijll
used and if the Snia Viscosa process ever was. Perhaps the Toray
PNC is the most important process industrially. Manufacturers do
not readily disclose their important processes. So many are protected
by patents that the two or three industrially important methods may
be hidden under a welter of possible or problematical processes,
Polymerisation. Two alternative methods are used:

1. The lactam is liquefied, filtered and healted in an autoclave
under high pressure and about 200 of the small monomeric
molecules unite to give one large polymeric molecule of Perlon
H[—-NH—(CH,);CO—}],,0H. Although the number 200 is
assigned to this molecule this at the best represents a number
average and actually the polymer will consist of molecules of
different lengths. The polymer, Perlon, is known as ** nylon 6"
because each repeating unit contains six carbon atoms,

2. The lactam has 10 per cent of its weight of water added,
and the polymerisation is carried out at a high temperature with
a controlled escape of steam. This process takes longer than
the first but is easier to control in that there is less chance of
locally overheating and so spoiling the molten material during
the early stages of polymerisation. The caprolactam, it will be
noted, behaves on being heated as if it were e-aminocaproic
acid and this is the fundamental basis of the process.

Whichever method of polymerisation is used, some unchanged
monomer remains and this is washed out with water in an extractor,
otherwise it would weaken and spoil the final fibre.

Spinning. The washed and dried polymer is melted to a clear
liquid. 1t is one of the advantages of nylon 6 that because its
melting point is lower than that of nylon 66 it can be melt-spun at a
lower temperature. It is metered through pumps to the spinning
orifices and is spun straight into atmosphere; the spinning speed can
be as high as 1,000 metres/min. The polymer freezes at once in the
cold of the atmosphere and the fibres which result from the fi reczing are
passed round two rollers; the first applies water and a wetting agent
and the second an oil-water emulsion. This conditions the yarn.

The method used for nylon 66 of passing the yarn as it is spun
through a steam chamber is not suitable for Perlon (nylon 6) because
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(here is such a relatively high concentration of :.i:.o:@. ._.d :M
perlon that the filaments of the yarn would become sticky _._ w.n.:_:m
and liable to adhere either to the iu__m. of —._5 <nmmn_ or —.o.o.__n.d .w__i.
Next, the yarn is stretched to about five times its original c.:WH h _6
orient the constituent linear B:_.no:_nm u_.a thereby to ‘make _ ~,n
iilaments strong, supple and =:m_~.:=_:.:u_n (i.e., the stretch is irrevers-
ible). The yarn is washed again with water to remove any _EM,\u
polymer, dried and cone wound. If m_sv_w. fibre is required :.m.w._
of continuous filament, then instead of being cone wound the yarn
is crimped, cut and baled. A part of the process—from the molten
Jactam to the staple—is shown in Fig. 137. .

Continuous polymcrisation processes have cnos n_.msw_.o_u& inrecent
vears: molten caprolactam containing titanium dioxide delustrant
and someacetic acid as stabiliser is passed through tubes ..._uoc.p 50-100
cet long heated at 260° C. and the polymer that emerges no_z_.aco:m_z
is ready to be spun. The practical difficulty is to sccure ::._.,o::_Q
of heating; the advantages are higher and cheaper production.

Mixing vessel

m ——y/ poymye
i
|
“ |
" i Spinning Drier Crimper
m cabinet !
| * 11
—nu.,_ Spinner Q / L

[ » Y "

i olymerisation  Stretcher , Preparation Cutter
U;Mm_w”_n Purre M:m.n_%c inw:nw Balingpress
[Farbenfubriken Hayer 1.G.)

FiG. 137.—Perlon manufacture from molten lactam to staple fibre.

Vickers-Zimmer Process. This is the h.csm:_annmw_::nv.a.” Pro-
cess, the do-it-yourseif job, but it must be remembered that <._n_,.c_.,,,..
Zimmer is now Zimmer A.G. (¢f. p. 71). ,_,_F._d. Is a variety ,c_
processes available for nylon 6. If the spun yarn is to be used for
industrial or technical purposes, such as tyre cord or carpet yarn,
then the process can be shortened by feeding _._.n _:..:\_:r.w. .u.:.u._m_,.,—
to spinning without intermediate formation and _v.:_:.__c: of *“chip ™.

As an example, the process for the production of nylon 6 carpet
varn counsists of the following stages:

(a) Solid caprolactam in the form of powder or flakes is
melted in the melter, 1 (Fig. 138). .

(b) The molten caprolactam is fed batchwise :.:c the mixer, 2,
where the catalyst and the stabiliser are mixed in,
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(¢) The mix is drained through a filter into an intermediate
vessel, 3, to a dosing and mixing system, 4, where the delustrant,
normally titanium dioxide, is added.

(d) In vessel 5 polymerisation takes place continuously under
pressure, the polymer being raw nylon, 6.

(¢) The polymer passes to vessel 6, where polymerisation is
continued, but under atmospheric pressure. This is an equalisa-
tion stage and improves the uniformity of the product.

(/) The molien polymer is transferred continuously to the
vacuum stage in vessels 7 and 8 to remove by distillation any
incompletely polymerised and consequently  low-moleculay-
weight polymer.

(g) The melt from the vacuum stage enters the spinning plant
through a distribution system, 9, and is spun directly.

The elimination of the chip isolation cuts down the cost of running
the process, The capital cost for a plant including buildings which

. [Vickers- Zimmer, 104
FiG. 138.—Vickers-Zimmer plant low sheet for conversion of
caprolactam into unpurified spinning melt.

working continuously could produce 4-75 million Ib. of carpet yarn
per year, i.e., roughly six tons a day, would be £1-6 million. The
cost of producing the yarn would be somewhat as follows:

(d./Ib)).
Depreciation . . . . . . 80
Maintenance . . . . . . 80
Personnel . . . . . . 76
Raw materials . . . . . . 319
Power, oil, water, nitrogen, hydrogen . . 5S
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1he biggest single item is naturally the caprolactam, i_:r.,__ accounts
for more than 97 per cent of the raw ::._c_.:__.ccv._v“ it is costed at
30-5d./ib. s polymerisation and conversion into carpet yarn costs
as much again, so that the final cost is 61d./1b. ,:_.r. _ur._.v.c::r._ Hem
(7-64./1b. of product) includes labour for the production of yarn only,
and does not include labour for any textile processes _._:: may .:__m:z
the spinning operation. It would be difficult to bring this costing
up to date. Vickers-Zimmer has gone, the penny E..v has gone Ea
there has been a glut of fibre from which we are only just recovering.
It scems better to leave the old costing to show what the position
wis in 1969. Contemporary prices (not costs) are shown in
Chapter 51. ,

The specification that the caprolactam which is used for the syn-
thesis should meet is:

Melting point 685 C.
Permanganate number More than 950

Yolatiles Less than | c.c. N/10 HCI per 20 gm,
lactam
Moisture Less than 0-15 per cent

Iron content Less than 10 p.p.m.

The specification that the product, the polycaprolactam or nylon 6,
should meet is:

Relative viscosity 2:5-32
Moisture Less than 0-07 per cent
Extractables Less than 3 per cent

I'he process described above consists essentially of continuous poly-
merisation al elevated pressure, of vacuum treatment (o remove
impurities and of direct spinning.

Vickers-Zimmer Process with Chip Isolation.  But if the yarn to
be spun is intended for some demanding end-use, such as continuous
filament for textile processing, then it will be preferable to use a
maodified process, onc in which the polymer is isolated intermediately
as chip which can be extracted to remove unchanged monomer and
oligomers, i.e., low polymers consisting ol only a few molecules of
monomer strung together and stilt sufliciently soluble (o be extraci-
able.  The chip can thus not only be thoroughly purified but can also
be completely dried.  Essentially, this whole process consists of the
continuous polymerisation of caprolactam at atmospheric pressure,
chip production, extraction and drying to provide a product suitable
for spinning.  The stages in the process are:
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(a) Solid caprolactam powder or flakes is melted
melter, 1 (Fig. 139).

(1) .:..o. melt is fed batchwise to the mixer, 2, where cal
and stabiliser are mixed in.
(¢) The mix is drained through a filter into an intermediate

<Mwﬂa__. 3, 1o a dosing and mixing system, 4, where delustrant is
added.

in the

alyst

(N.B. So far the process is just the same as in that described
above, but now comes a difference.)

@) .H_._o lactam is passed continuously to reactor 5, where it
polymerises .oo=:==o=m_< at atmospheric pressure under a
blanket of nitrogen to nylon 6. The polymerisation is stimu-
_m:& by heat and by the presence of the catalyst which was mixed
1n earlier.

(e) The melt is pumped to a chip-spinning head, 6, and is
v::.mx& through jets, from which it emerges like spaghetti,
The ..mvmw:n:_. " is cooled in a cooling vat, 7, and is then cut
to chip of uniform length in a cutter, 8.

1V ickers-Zimmer, Lid.}

-Zimmer plant flow sheet for convers;
N ! rsion of
caprolactam into purified chip polymer.

(/) The chip falls into an extraclor, 9, wh

monomer and oligomers are washed ou
water.

(g) The washed chip passes through a separator, 10, inlo a

FIG. 139.—Vickers

ere any unchanged
t with demineralised

a_.mv pan, :..Ea is dried under vacuum in the tilicd drum
drier, 12. It is then ready for spinning.

The specification for the raw material, the caprolactam, should be
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‘he same as adduced carlier (p. 385). The product, the polymer,
should have these propertics:

Relative viscosity 2:2-2:6
Moisture Less than 0-08 per cent
Extractables Less than 0-7 per cent

Diameter, 1-5-3 mm,
Length, 2 -4 mm,

Chip dimensions

it will be appreciated that isolation of the polymer in the solid chip ,
form at an intermediate stage increascs the cost of the process, com-
pared with that described earlier.

Spinning Machine

In Fig. 140 there is shown a modern spinning machine for nylon 6,
one that is made by Zimmer A.G. and is recommended (E.C.N.
Syathetic Fibres Supplement, 29 October 1971) by them for spinning
nylon 6 for tyre cord. It is interesting to compare it with Fig. 118
which shows a spinning machine for nylon 66 and which is at least ten
years old. Not much change has taken place, and indeed il com-
parison were made with a spinning machine 30 years old, the two
could be much the same in important matters. The new machine
will run faster, up to 600 m./min. and it will give stronger yarn.
Special attention is drawn to the after-heaters which are situated
just below the spinnerets. They prevent the polymer solidifying too
quickly; a relatively slow fibre formation is often helpful (¢f. slow
precipitation of polynosic filaments, p. 280) in producing extra good
properties. The properties of the basic yarn made on Zimmer's
machine are:

Tenacity 9-2-9-6 gm/denicr
Elongation at break 15-18 per cent
Per cent shrinkage on boiling 12-15

When this basic yarn has been converted into cord, this has i lenacity
of 7-6-7-8 gm./denicer and an clongation at break ol 26-28 per cent.
A point to note is the lubrication of the yarn. It is essential in
spinning any yarn to give it a finish, 1o oil it; if this is not done the
filaments that make up the yarn will electrify and balloon out; in
this state they are casily damaged and some will be broken and the
yarn will be hairy. In the Zimmer machine the thread is given a
suitable finish just after it has passed through the spinning duct;
various components arc used in the finish that is applied.
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Polymer melt
Spinning head ¢ e
Alter - hoater
and
Quench duct spinneret

Fia. 140.—Schematic repre-
sentation of a nylon 6
spinning unit with after-
heater.  The polymer is
fed in at the top; the yarn
is taken off a1 the bottom.

(Zimmer 4.G.)

It is of interest to note what Zj ’ i
. : mmer’s consider are necessar
properties of the basic yarn for tyre cord; they arc; ’

I. High fatigue resistance.

2. High tenacity.

3. The polymer from which it is made must be as homo-
gencous as possible and contain neithe i

S as r ogel ps 3

contamination, el particles nor

4. A S:n: _.:m.:n_. degree of polymerisation is necessary in
the polymer if it is to meet conditions | and 2, than is used in
...EE:.W_ nylon. The high D.P. with its higher than usual melt
VIscosity means that measures must be taken to mix and blend
the molten polymer. In the main, this is done by a screw feed.
5. The <o=:m..m modulus (p. 651), which is inevitably lower
in :«_cz 6 than in rayon and polyester, should be us high as
possible,

cerasaag.
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The one real essential is a very high degree of polymerisation; almost
ali follows from that. The D.P. for tyre cord must be much higher
than for apparel.

Properties

The main diflerence between this polymer (nylon 6) and nylon 66
is that it has a much lower melting point; this is a serious dis-
advantage, as any garments made from it must be ironed with con-
siderable care. Stockings, of course, do not need ironing, and for
some other garments Bayer’s have put the question *‘ to iron or
not . The truth of the matter is that all woven goods are much
better for a light ironing, and most knitted goods, except hose, arc
so too, and that although some people maintain that ironing is not
necessary with some of the synthetic fibres, its omission leaves some
crumpling, even if it is only very light, and a lack of smartness.

What has Pcrlon got to offset this quite serious disadvantage of
low melting point? There arc {wo things that merit consideration :

1. The synthesis of caprolactam is easier than that of hexa-
methylenc diamine used in nylon 66; in particular the high
pressure catalytic reduction of nitrile to diamine is avoided;
probably it is cheaper to make Perlon than nylon 66,

2. The affinity of Perlon for acid dyestufis seems to be greater
than that of nylon 66, duc to the greater number of amino
end-groups in Perlon than in nylon molecules; the more amino
groups there are, the betier the aflinity of the fibre for acid
dyestufls,

Strength and Extensibility. The strength of nylon 6 can be varied at
will up to about 8 grams per denier. Such very high strength is
characteristic of yarn for industrial use, with an elongation at
break of 16-20 per cent.  In yarn for apparel uses where softness of
handle is important, representative figures are 5 grams per denier
tenacity and 30 per cent elongation.  The industrial yarns have been
subjected to greater stretch in the drawing process than the apparel
yarns,

Specific Gravity. The fibre is light with a specilic gravity of 1-14
(wool is 1-31, nylon is 114, most of the acrylics arc 1-14-1-19).

Moisture Regain. Moisture regain is about 4 per cent, very
similar to that of nylon and because nylon with its relatively high
moisture regain is probubly the best yet of the synthetic fibres for
purposes of apparel, Perlon, too, stands high in the list in this
respect.

Swelling.  Swelling is low ;i Perlon is steeped in water and then

-
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POLYESTERS
TERYLENE, DACRON, KODEL, VYCRON

and developed in this country by chemists (J. R. Whinfield and
J. T. Dickson) of the Calico Printers’ Association. [t js a direct

esters. Whereas Carothers found that the polyamides were more
suitable than the polyesters for making fibres, the C.P.A. have made
new polyesters with improved properties. A plant for the manu-
facture of Terylene is operated by I.C.I. at Wilton, Yorks. The du
Pont Company in America purchased Whinfield and Dickson’s
U.S. patent application from C.p.A, Ltd., and reccived the syb-
sequently issued U.S. pat. 2,465,319, The polymer has been made
and the fibre spun from it in a plant at Kinston, North Carolina,
which was opened in March, 1953, The name that has been given
to it in America js Dacron *’, Terylene and Ducron are the same
chemically ; the fibre and yarn made in the U.K. are called Terylene,
those made in the U.S.A. are called Dacron,  Since those carly days
it has done well and is now made throughout the world, The same
chemical fibre: poly(ethylene terephthalate) is also produced in the
i iti , and
Courtaulds (Lirelle). 1.C.. make it not only at Wilton but aiso at

and is sold under a variety of names. With the exception of some of
the Kodel that js made, it is all poly(ethylene terephthalate)  In
Japan alone, polyester is made by Kuraray, Asahi, Nippon, Tetjin,
Toray, Toyobo and Kanegafachi. Courtauld’s Lirelle came into
production at Carrickfergus in 197;,

Chemical Nature

Terylene is a polymeric ester; an cster is formed by reacting an
acid with an alcohol, in the case of Terylenc the acid is terephthalic
acid and the alcohol s ethylene glycol, 11 will be scen that both
acid and alcohol are bifunctional, the acid containing two -COOH
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. ydroxyl groups.
boxylic acid groups and the glycol two _c”__~.__ W_.cr-_v the re-
- Cl . » o ‘ »
:__ r::_ and alcohol contained only onc lunctic 2
the acid

ot} annot go further, he cor o e
_r_..r"_o_: ns._m Ew::n::_é_ but not the other, still only &
aeonol, 4

monomeric ester can be formed, thus:

" S~COOH | HOC.:H,OH —>

. fn _ r_ _ are
0 Q u—wo wvﬂ ‘O— ——ﬂﬁ— —w:—. —— &%-‘— ~——@ r—ﬁ_ﬁm a Q .— 1€ —Gc——c

I

W =_
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ion would stop at the monomeric stage, thus
[}

TN COOCH, | L0
NCOCOOH | HOCH; - < 0 COOCH; |11

S

Ethyl benzoate.

_r..\_:omn acid. Ethyl alcohol.

. _—uc..- . =...—... J._-. 1.—_.

(M < 4 HA 0 sufticient reactive en |T—C=_vv an the
%

C cnzoale _— 15 0

—__ ——d

Even il one of the components, say the

enzoic acid. Ethylene glycol. \|.v|-. CO-OC,H,0H - 1,0
N Hydroxyethyl benzoate.

A little ethylenc dibenzoale -

—_—

d

polymer, thus:
HOOC— AI/,,.\.nooz + HOC,H,OH —>

Ethylene m_zclc_.
~ N .CO-0C,HOH | H0
HOOC: /!v

Hydroxyethyl tereplubalate.

Terephthalic wcid.

-

) ) —
2 1H00C- N \\/ ~CO-OC,H,OH . N
¢ ’ CO - ; ‘ﬁﬁﬁv.OAJ.o.—. 4 - iy
:COA..:W \,;‘Q0.0ﬁ,u: 0 CO .

Dimer of hydroxyethyl .n_,%_:_:__..:.n. it either end
The product, the dimer, still no.._::_.z qﬁu.ﬁ_éw%m._um .:_a e
ol its molecule, so that _z.u_v;zn:m::o__ r.:_dn_wm oo w<n:.===< 8!
pulymer, containing, say, n_m_:< g.io:nh—alm".: ety
formed and will yield good __c_.nm.. ,;M _= E anletc senetion cn
made as just outlined from the acid, and the
be written

AlHOOC S COOH | nHO(CH).0H -~ »

HoO —cn

3 ) - 4 (2n—1) H.O
CO"O(CH.).0O .:: i

T Dacron.
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The British fibre Terylene is made by polymerising the dimethy)
ester of terephthalic acid with ethylene glycol, and the complete
reaction can be expressed :

nCH,0-00— >—CO-0CH, + nHO(CH,),0H —»> -

CH,0 ToolAHVloo»Qm:?olH: +(2n — 1)CH,OH
crylene.,

The product is essentially the same as Dacron. [n either fibre the
end groups are mainly hydroxyethyl ester:

—CO.0CH,CH,0H
with a small number of carboxyl end groups:

lnolAHvlnooz

Probably the use of the ester instead of the acid is preferred as purity
of reactants is essential, and it is easier (o purify dimethyi tereph-
thalate than terephthalic acid itself by distillation at a fairly low
temperature. But methods of making pure terephthalic acid have
been greatly improved and by late 1972 there was probably more

terephthalic acid than dimethyl terephthalate used in the manufacture
of polyester.

Manufacture

The schematic flowsheet for the manufacture of Terylene is shown
in Fig. 152. The raw material for British Terylene is oil which comes
from the Middle East, and from which P-xylene and ethylene glycol
are made at Wilton. In America the raw material js American oil.

The oil is cracked to give ethylene, which is catalytically oxidised
with air to ethylene oxide, which is hydrated to ethylene glycol.

MuI» Oxidation O:»/O Uydration GI..“O:

Ty T
H, H, H.OH
Ethylene (from Ethylene Ethylene
a “cracking " oxide. glycol.
plant).

Terephthalic acid is made from para-xylene, which must be free
from the ortho and metq isomers. The p-xylene comes from the
C, fraction of the naphtha that is distilied from the petroleum. At
one time it could not be separated from the ortho and mety isomers
by distillation, because the boiling points of all three are very close
together; it was in practice separated by crystallisation: p-xylene

i
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Ethylene
p-Xylene

Dimethyl Ethylene
terephthalate glycol

Drier v%f,«q_mﬁ
“terephthalate
opp
Undrawn == . Spinning
yarn mﬂ””u_m ﬂmoa
Feed
: rollers
raw twist
! o machine Stople fibr
Filament
.xcﬁ: {1.c.0., L)

FiG. 152.—Flowsheet for manufacture of Terylene.

at —25° C. Nitric

freezes at 13° C., m-xylene at —48° C. and c-é_n:n.&" um.mnsm,nné_ﬁn

acid oxidation of the p-xylene is used ww nﬂ.ﬂﬂmw _wnca conditions,

£220° C. and 30 atmospheres pressure ; ; . o hich

o Nwo _% mmwm.?oo per cent of 88352.0.»05. An u:ﬁ:a:.“ﬂ M_M N

the <_nw bly used in the U.K. is to oxidise the p-xylene .(”.__ hich is

_Nw%,qm m:&m_n cobalt toluate as a catalyst, w:w.m 8_ toluic mMo.,__:oe_“ Cives

) his on further ox

i methyl toluate and Alie aci the

nanﬂﬁw.r.“._ Savag_»-o. This or the _nq%:._a__orww_m_a:om“:a_,

“__M”.wn acid process is converted into dimethyl Snwnwmpmmm .w_,n.Q_nzn or

. : : be used to syn

ic acid or its ester can § X es are:

Wwww”w—_m,__,rn reactions involved in the first of these two processe

CH, COOH COOCH,

UKo, CilLo mv _

Petroleum —-> _— p
M:u OOH .ooo_.:
prXylene. Terephubilic — fophthatate.

: ised in vacuo
The terephthalic ester and ethylene glycol are uo_v\_:nq._.mn.g”.%, ,.v ~=ﬁ o
at a high temperature. There are two stages in the prepa

the fibre-forming polymer:
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I. Ester interchange which is carried out al or near (¢
atmospheric pressure, starting at a temperature Just above 1he
melting point of dimethyl terephthalate and ending at a tem-

perature above 200° C., the boiling point of the mixture of

excess glycol and polyester low polymers (oligomers) produced
All this time methanol is evolved and condensed for recovery,
A suitable catalyst to help this stage along is about 0-05 per cent
of a cobalt salt,

2. The polycondensation in which the low polymers made
in (1) condense together to build up to long polymeric chains
This stage is carried out at 270° C. (or a little higher), to keep
the mass molten, and pressure is reduced to 0-5 torr to assis|
in the removal of glycol. Catalysts that are used to help this
second stage along are a phosphate and a compound of antimony
or of germanium.

The polymer is extruded in the form of a ribbon from the autoclave
(pressure vessel in which the polymerisation took place) on to 4
casting wheel. The ribbon of polymer solidifies on the wheel and is
then cut into chips (little cubes of about 4 mm. sides) for easy
handling, and these are conveyed by suction to the spinning building,
The polymer chips are dried to remove residual moisture and are
then put into hopper reservoirs ready for melting. The fibre is spun
from the molten polymer—a very advantageous feature—through a
spinneret with circular holes; the individual filaments solidify almost
instantaneously and are drawn together and wound on 1o cylinders
as undrawn yarn at a speed ol 1,000 m./min. or higher. This yarn
is taken to draw-twist machines, where it is hot-stretched to about
five times its original length and correspondingly to about one-fifth
of its original denier. This yarn is then supplied (o customers, who
often re-twist it before use, and set or stabilise the twist by heating
it in an oven. Two kinds of Terylene filament yarn are made,
(a) yarns of normal strength, which are used mainly for clothing,
() high-tenacity yarn for industrial uses; the higher tenacity of the
latter is accompanied by a lower extensibility, and these changes
are brought about by * drawing ” or stretching 1o a greater exient
than in the normal yarn. Very coarse filament yarns, owing to their
poor thermal conductivity, have to be drawn or stretched cold
instead of hot; fine filament yarns are always hot-stretched; the
undrawn yarn can be siretched or drawn cold, but less easily and
less uniformly than when hot, Accordingly, except for Very coarse
filament yarns, the drawing process is carried out hot.

POLYESTERS 439

staple Fibre Production.  Staple fibre is madce in ._:v__ ___c.w_:_._“c:“”\“_..w
antil the spinning operation ; o great :::ﬁc.. T.r,J.._w_.._ué :_dz..::_ ore
than when filament yarn is being spun) o~_,____..::n_:.v.r_ﬁ__c_mw.“: n.:_: wca
hrought together to form u.::nr tow, .._ his tow _u_ H.EN_ M__n c_.m__:s
mechanically to reproduce in part the crimp .2. ioc...“.._ua he crimp
is sct or stabilised by heating ; __6. tow is cut into %mn__ ied le mﬁaaa
a few inches according to the _nx_.__o process for <<_:o_. up._v. _..:c_n led
and is baled. 1t is madc in deniers and m:__v_,.“ lengt ._v u,.:_ ,Tozs.__
spinning on the worsted, ,.,<co=a:. cotton u:._. flax .mv.m_r_ﬂ,d_v,._m:.n Un:,._m.
yarn is produced both bright :.:._ ._::,. the ?c:.o:w:.w fustre being
achicved in the usual way by the __dn_cw_cs.o?. __..-_r :r::.,:: toxide
pigment, but the high-tenacity yarn, for industrial use, is pro

wmly bright, ) . . .
. ,_«_.o :moim:nﬁ for the manufucture of continuous filament and

St erylene is shown in Fig. 152, .
v_.__m__m%.”””..—.mw\_a point to which attention mro:_a be n.:.mi: is zzﬂ_r
because polyester is so readily ano_ﬁaa. it is n.mmm::w_ .”_c %Q:. e
solid polymer before melt spinning is started. 4_.5 is avoi _n w .m:w
molten polymer is fed directly :o.B a continuous _.uo <=.54:ww__.
{(p. 440) to the spinning heads. But in other cases i:.n_n .:F vw _f
pulymer is isolated, as it is in batch 32.:0%. it is a:m... in 8",.5
driers at about 120°C. The final moisture content just before
spinning should not exceed 1 part water in 20,000 parts vo_v\_sn_ﬁ |
Pigmentation. A great deal of vo_.v&m_nn :.mw a a::.na _.=w:n w :M h
is achieved by the incorporation of tiny particles of ::S_E:.a_cx_ .o
in the fibre. The particles have to be very m:_m.__. otherwise (hey
would block up the spinning orifices, the Jets. A i_.an_.< :w.na method
is to mill, i.e., to grind very finely, the titanium dioxide in o_._dw_w.sn
glycol and then to add the resulting &w.uoa_g 1o _r.o %:::2._5_.6:
vessel; this gives the uniformity of a_mvna._o: which is :nenmm,:w“
The amount of pigment added may be as high as 3 per cent on the
weight of fibre in very dull yarns, but is more usually z_.::: c.u:E
0-5 per cent on apparel fibres. Black (carbon black) pigment can
be incorporated in the same way, and even some no_ozm.m. although
not many dyestufls are sufficiently m:_.c_n 1o heat to 4:_5:_:_ :_,u
spinning temperature. The same fibre is produced in n::.:a_n under
the name Terylene and under licence in Germany, where .: is called
Diolen and Trevira, in haly (Terital), in France (Tergal), in Holland
(Terlenka) and in Japan (Tetoron). By now the vm_nim have run
out and with them the licences. A free-for-all vz..s_.__m. World
production of polyester fibre in 1970 was cco:._ u.aoo =:=::.. Ib. per
annum, of which 2,200 was staple and 1,400 million Ib. was filkunent.

i~
UM



Teesagg.

440 MAN-MADE FIBRES

Continuous Polymerisation

All of .:_.o large producers now use a continuous polymerisation
process; it is cheaper and needs less labour than batch processes do
When once these continuous processes are running they look sim _m
mzoc.m? and give a good consistent product, but to begin s:_,v:
Is quite a tricky operation to feed terephthalic acid and glycol in a
one end om. a plant and take out polyester of determined character-
istics Ema in particular of a known viscosity at the other end. The
.__Bnc_:nm should not be minimised; continuous vo_w_zo_._.mmmc: is
quite an achievement. Sometimes the plant designers and the process
staff and operatives who have to work the plant, go even further
and run their viscous polyester straight to a spinning machine,

.> m__»m..w:::m:.n arrangement of a continuous polymerisation and
spinning plant for polyester is shown in Fig. 153. Terephthalic acid

A K

H a
'/

fafter 4. E. Meclniyre)
FiG. 153.—Equipment for continuous polymerisation to yicld polyester.
. Feed of ethylene glycol and terephthalic acid.
Esterifying vessel (at 2800 torv or 2800 mm Hg)
Condcnsed water collector .
. Pre-polymerising vessel,
- Condensed water and glycol collcctor.
Polymerising vessel,
» Condensed glycol collector,
. Extruder.
J. Spinning head.
K. Fractionating column.
L, M, N. Condensers.

Crow>

IOmm

(or dimethy! terephthalate) and cthylene glycol are fed at A into
the esterifying vessel B which is fitted with a sticrer and is maintained
at @ temperature of 235-250° C. and a pressure of about 2,800 torr;
the carboxyl groups of the acid catalyse the reaction, no added
calalyst is necessary. Water is given ofl at point C, this coming from
the reaction of acid and glycol. The low polymer is transicrred
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continuously to a pre-polymeriser D which is maintained at 220--
275" C.; a catalyst is used, sometimes an oxide or salt of mangancese
or cobalt present in a concentration of 0:01-0-1 moles per hundred
moles of polymer. Poly-condensation takes place, and water and
cthylene glycol are eliminated and collected at point E; the viscosity
has risen and a driven screw or some such device is necessary to
mne the polymer into the next vessel F—a polymeriser which is
maintained at 280-290° C.; the temperature has to be high because
the polymer now has a higher melting point and the melt is very
viscous indeed, so that it is difficult to work. Raising the temperature”
reduces the viscosity and mitigates this trouble. As polymerisation
proceeds, a vacuum is applied to facilitate removal of the glycol
which is given off and collected at G, the pressure is reduced to
about 0-5 torr. In this final polymerisation stage a different catalyst,
usually a germanium or pentavalent antimony compound, is added.

The apparatus shown in Fig. 153 consists of three reactor vessels,
but more are sometimes used, largely depending on the final degree
of polymerisation required; for example, industrial yarns arc made
from higher molecular weight (and higher viscosity) polyester than
are apparel fibres.  Finally, an extruder H, usually of a screw type,
pushes out the polymer to be cast and made into chips for later
spinning. But in the more sophisticated plants the molten high
viscosity polymer may be fed directly to spinning units J (called
spinning heads), as shown in Fig. 153. The monomeric constituents
are fed in at A4, polyester fibre comes out at J. Twenty years ago it
would have been miraculous: today it is commonplace.

Impurities. There are two impurities normally present in polyester
libres. A small part of the ethylene glycol used in the synthesis is
itself converted to diethylene glycol,

CH,0OH CH,O0CH,CH,OH
2| —=> |
CH,0OH CH,OH
Diethylene glycol.

and from this there occur in the polyester a few (1-3 mole per cent)
groups such as:
lOOIuO—_MOOINQ:NOOOI\/II.\/\IOOI

which contain an ether linkage.

The other impurity normally present to the extent of 1+5 per cent
i the polymer, and in the fibre derived from it, is the cyclic trimer
(R - —COOC,H,00C—)
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-
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It may wash out of the fibre during fabric dying, float on the dyebath
and re-precipitate on the dyed fabric; it is undesirable. These two

impurities occur in polyester irrespective of whether it has beep
made by a batch or a continuous process of polymerisation,

Solid State Polymerisation
This process is in its infancy; some people think that jt may

develop into one of Importance. It seems to have been born out of

Vickers-Zimmer Process, If a consumer uses two tons a day or
1-7 million Ib. a year of polyester it may be worth his while to make
his own. Vickers-Zimmer supply the plant, get it going and leave
technical staff working on it until it js running smoothly. The cost

year) of polyester staple fibre would cost not much more than £3
million including buildings. Production of staple fibre would cost
around 34-364./lb., made up as follows;

Pence per 1b,

of fibre,

Amortisation (10 per cent of plant cost per year) 54
Maintenance . . . . . . 0-9
Personnel . . . . . . 34
Raw materials . . . . . . 22-7
Power, Steam, waler, nitrogen, ctc. . . 34
Research and development | . . 69

367
Less value of recovered glycol and methanol . 24

M3

;
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. aterials. The

I this costing the biggest item is that of the raw \__wzm_q__,._._ﬂ_é of
L ate is taken as 14-5d./lb. :

ice of dimethyl terephthalate is - no
_:_rc_ om a_ﬁo_ Nm 7-3d./lb. For the reasons set oE, on p. .u%w_,n.r.
cthy r:.c «m:_ be made to bring this costing for _uo_ﬁ.w.n.. _:%: 4_:,%
.__:.r_._”vv,.:_a to show how costs lay in _c@._ WE ﬁ%. wv_w._“o.q chip;
¢ . i diate isolation N

] not provide for interme ot . . spinning
puant .__oMMnn is wna directly from the chemical plant .o. pa_:. _v-w“w o<ow
the .ﬂwdw The process is continuous; it represents an ai M..oﬁ o
____.Fr“__.or process, and the various stages that are carrie -
the

tinuously are as follows:

(1) Dimethyl terephthalate is fed into a hopper.

(2) It passes ocsz..:o:u.:\.-o a melier. -

(3) Ethylene glycol is fed __H_oawﬁwwo_,smnqh._“:_?o:w: « dosing

s from (2) an are . siny

e P ot interchange takes place.
. i tion vessel where ester in . e
¥ 5) The mi Tre i into a stirring vessel at high tem

ix from (4) is fed into a : el at hi i

A.&_ ,._.,n__ M:“u reduced pressure, and thence into reactors .u_ ﬁ.ﬂ:
w.\_wavm.qs-ca under vacuum where the condensation is ¢
e

—._,MNQ“_._E product in the melt form is continuously discharged

into the spinning machine,

i icldi 000
Plants are made in various other sizes, So_a:ﬁ.?c_: 1,400 “s wm..q 0
_7,5 r day of spinnable melt. In other designs the po «%wi.oE
7,.._%_."2_ as chip (about 3-5 mm. long by 2:5 mm. diameter
being spun.

Properties e

The early polyesters that Q:o:ﬁ..m. had E_E_n Uﬂﬂmﬁmv;wnﬁw“@
jormitie materials, from two e Seabiti ~._=W<En_n1m:n of nylon,
hydrolysed and lacked the chemical stability M,E Cloristic o ot
(2) their melting points were so low that :c_:s,w trou pies woud mew
ubly have resulted when fabrics made from ::._u_ En_q m..cz i
discoverers of Terylene have w_uo,.,s.__:: ::q __=r =_ amioal stability
matic (benzene) nucleus in the chain _=nnn=mr,.v :narc.c " .O:o o
and raises the melting point. Terylenc melts at 2 3 e reads
of different melting points; much depends on :.:S .:_n ._ua.”“va_z.c_,a_:
is made; e.g., if on an electrically heated v.:..w__ w%« w,_m_r_n gre o
from melting in a tube. Some people quotc 260 - T v feure of
M9” C. is conservative but at least .:_n fibre will :.EMSJ_ w .L_.»_ s
that temperature. 1t has a density higher than that of nylon,
handle may be preferred.
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KobpEL

Kodel is a polyester fibre that has been developed by Eastmay
Chemical Products Inc., a subsidiary of Eastman Kodak Company;
it was introduced in the autumn of 1958 and has been well tested ang
has gained a large measure of acceptance. It is different chemically
from the other polyester fibres on the market; it can be distinguished
chemically from the others in the following way.

Boil a sample of the polyester fibre for 10 min. in a 10 per cent
solution of hydrazine in butanol. Remove the specimen and allow
the solution to cool. If on cooling a precipitate forms, the polyester
is not Kodel; if no precipitate forms, the polyester is Kodel. Kodel
is not soluble in boiling 10 per cent hydrazine in butanol whereas
the other polyester fibres are, and that is the reason underlying the
test. It has to be added that some of the fibre sold as Kodel is the
usual poly(ethylene terephthalate); only some has the properties
given above and the structure shown below. It is a pity t0 blur
our boundaries but that is the position. What follows in the next
few pages about Kodel relates to the new polymer made from
1,4-cyclohexane-dimethanol and terephthalic acid.

Chemical Structure

The chemical structure of Kodel has not been disclosed by the
maker, but examination of the patent literature (U.S. Patent 2,901,466
of 1959 is relevant) suggests that it is a polymer of 1,4-cyclohexanc-
dimethanol and terephthalic acid. (Disclosure made late in 1962
confirmed this suggestion.)

CH,—CH,
7 AN
nHOCH,—CH CH—CH,OH } nHOOC-< >—COOH
AN Ve
CH, -CH, -
Cyclohexanedimethanol. Terephthalic acid.
CH,—CH,
7 N\ Ve
—OCH,—~CH O:lO:uOOOI,/ v CO— | 4 2u1,0
N\ e -
CH,— CH, A
Polyester (Kodel type).

1.4-Cyclohexanedimethanol exists in two stereoisomeric forms, cis
and trans. 1f the trans isomer is used exclusively in the formation
of the polymer, the melting point of the latter is as high as 320° C.;

if all cis isomer is used, the melting point is 260° C. In practice a

b -
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re of the c¢is and trans mmc_sn_.m.on, G;.?_Exc13:.:2__.;:.0_ _.u.
__:::. d these two give a polymer with terephthalic mm_a having a
._;.._..:u oint of about 290° C. The actual melting point of _Ao.an_
:_cg_ua_._rmeo C. and it is now known to be a straight condensation
_”__zv__:an of terephthalic acid and mixed cis and trans _'A-e_.w?-
",H.z..:_n&_so:.uzo_. It is m::u_..m__._m.p:ﬁ the polymer ._O_Mm_nu_,%
«uch a high melting point; a very similar polymer from p-xyles

:CO:&#OIOI...O: and terephthalic acid melts as loy as

133 C. A melting point of moc.o O is qws_:\ _d,msn- than is ﬂ_nnaﬁw
_...,: most domestic purposes; it is .Nm. C. higher ::.:.. :w.o.-":wa
Verylene.  This opens up :..n vomw_c__.Q of ow-nw_v\_“ﬁq__w_q_mm _.__1: «
component and still retaining a melting point as high as thq
milon. The third componcent might be:

I. A replacement of part (say omﬁ-a:n:n: m%, __,w ...n.?..v._.:._ws_:...
acid by a commercial mixture of isomers of ..é?_:r .__C_“. .:_

2. A part replacement of the a..._a.\:._axmzﬁ.__:_2_E_E ._.V.\_ .._:
amine such as hexamethyiene diamine; E._m would slightly
increase the affinity of the polymer mo.q acid &nmm;zo_ very
much because such a co-polymer retains only a few .E:._»_.,w
end groups. The product would then be a polyester—polyamide.

Manufacture . e rescted
Dimethyl terephthalate and Cx.Nc_..oxm:ma::o._E.:o_ ..:.r. reac r,
topether at 190-200° C. using :B_::q:.acc:moxam as .,:.anmp_rq
cwehange catalyst.  The methanol distils off E_u::v\. an ..:”
wmperature is raised to 270° C. and finally, under <._n::.=“ ¢
30° C. or just over and kept there for an hour. The v%__zs_am_q _,ﬂ,
an opaque polyester.  Fibres are melt-spun through round holes A
-3 mm. diameter into air at room temperature and wound up at
about 500 metres per minute. They are hot-drawn by stretching
o 4} times their original length by passing round a roller _ﬁ:ﬁ._ 8
120 C., the yarn being pulled off the roller ncarly five times as

fast as it is fed on to it.

Propertics o o
In a genceral way, the propertics of _Ap.x_r.._.:_.r. m_z.:_:q to :Emr.m,
the other polyesters but there are some .m_n_:__Q:: g.:r..q,n:cr..m. Li r
ihe other polyesters the fibre is made in v,r.<nz__\ modifications, the
w0 most ::vo::_: being standard Kodcl .u:.a Kodel HM., .
Tenacity and Elongation. The characteristic curves are shown in



CHAPTER 26

SNAP-BACK FIBRES
LYCRA, VYRENE, SPANZELLE

THE fibres discussed in this chapter are those which resemble rubber
in that they have a high extensibility and highly retractive forces which
derive from their chemical nature.  Some stretch nylon yarns such as
Helanca have high stretch and recovery but these propertics are due to
special configurations of their filaments brought about by various
devices such as special forms of crimping and twisting; the individual
Jilaments of such yarns are not elastic in the sense that rubber is.
Fibres which have an extension at break in excess of 200 per cent,
and have also the property of rapid recovery when the tension is
released, are known as elastomers. Undrawn nylon has an extensi-
bility of several hundred per cent, but practically no recovery and is
not an elastomer. First attempts to make true rubber-like fibres
centred on the modification of nylon; these were not completely
successful and this line of attack has been abandoned. The poly-
urethane fibres have been more satisfactory and some of them are
now on the market. In Britain, Courtaulds (Elastomeric Fibres Ltd.
of Coventry) make Spanzelle, a multi-filament yarn in which the
filaments have been fused together. Vyrene is made by the Dunlop
Rubber Co.; du Pont were already making Lycra at Maydown in
Northern Ireland at the end of 1969; Glospan is made by the Globe
Elastic Thread Co. Ltd., and it also is a fused multifil yarn and so is
Blue C Elura made by Polythane Fibres Ltd. Snap-back fibres
originated in the U.S.A.; the first two were du Pont’s Lycra and the
U.S. Rubber Co's Vyrene. Also in the U.S.A. is Monsanto’s Blue C
Elura, another fused multifil. Glospan is made there by the Globe
Zs::..on:.:m Co. and Spandelle by Firestone, who were asso-
ciated with Courtaulds in the manufacture of Spanzelie. 1n 1971
Courtaulds reported that Spanzelle was doing better and profits
increasing. In 1972 they reported further and continuing progress.
The fibres are all very similar, despite the ramifications of the com-
mercial interests; they are an American development, and those that
are made in Britain have been made with American help. In 1968
similar fibres were also being made 1n West Germany, the Nether-
lands and Japan, again with American help. The fibres are known
generically as spandex fibres. Those synthetic fibres that have
486
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Jdready been discussed—i.e., the polyamides, wo?:ﬁﬂc»:a..wm.ﬁ
. 1ers—are all condensation polymers. . .,_._Swn organic fibres s |
”;. discussed are all <:€_-_«vn. N:E_m_o: nc_v;:mqw. .;m v—x“nuﬁ
arcthanes do not fit at all mm:m._.v;:m_v\ into cither m:.:_s_.. ; A w _..:
haps, here between the two main groups is as good a place as any
to deal with them.,

MobiFiED NYLON

Although the elastic nylons have been »gwao_,na, they i—w:w m;.
considerable academic interest. The general idea was to .”E. c :vw.
of the high extensibility of undrawn nylon, 9.: by the _an:m_.ws. o.
bulky side groups to reduce hydrogen co_a_:.m and ma M i ___.s_
possible for the nylon molecules to fit Smu:.o.. nicely and fin Rm_p FM_
positions; instead they were bulky, ungainly, u:a. when m:.“.o aa
were always in a state of strain so that when tension was re Mumn
they reverted to their original positions Ea. :.n. nylon qn:uﬁw . .

Nylon 610 made from hexamethylene a_u::_..o ».:a sebacic mn_a
was the basis, but a part of the :nxm_:n:.v._o:w\ diamine was Rv_umn__
by a substituted diamine carrying butyl or mueczc\_ groups, whic
are very bulky. The product had a tenacity in excess of _ gram per
denier and an extensibility of up to 400 per cent and a rapid _.nno<2.w
of 95-99 per cent; it was certainly an elastomer. .>:o§2, metho
that was used was the after-treatment of nylon 66 with ?._,Bm_anggn
and methyl alcohol; this introduced Bn:&_o:w cross-linkages E_,.._
methoxymethyl side groups. These c::Q side groups w_a ﬂ_ 1
cross-linkages both contributed to E:mn:-oﬂ _?o_: stretch and the

d s rubbery, but it was not very stable. .

:mﬁ___mnﬁ MMRM inqo<=o<2 quite right; they were .n:__o_. ::ﬂmc._a
chemically or showed excessive stress m.nnuﬁ the first meant m_r:
garments made from them would not withstand Rvoﬁna hot i...:u..
washing, the second that they would gradually get bigger Ea. m..rm.
It is a pity that this line of attack was never n..:ﬁ mcmnnwm_.:_. »%
nylon manufacturers poured millions into it. If it ever is co_sc_“x.n ,
the products will probably be much stronger than the polyurethane
spandex fibres.

POLYURETHANE FIBRE—PERLON U

Modern spandex fibres are polyurcthanes, but .:_n first poly-
urcthane fibre to be spun (first spun in Germany m.u.:zm World $.::
i) was not an elastic yarn but an ordinary * hard ** yarn, rather like
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nylon but not so good. It seems apposite to describe it briefly here
because it had some chemical features in common with the :9«
spandex fibres.

It was made by reacting 1,4-butanediol with hexamethylene di-
isocyanate at 195° C., the two adding together to give the poly-
urethane:

n IOAOI»vno_.— 4 n OOZAOI?ZOO -
Butanediol. Hexamethylene
di-isocyanate.
—IOAOIPOOOZIAOI?ZIOO; h

Polyurethane.

The polymer was melt spun and the resulling fibre was known as
12_04 U. It melted at 175-180° C. which is rather low for apparel
uses, it was stiffer than nylon and was used for bristles, artificial
horsehair, filter cloths and the like. It should not be confused with
Perlon L (now known familiarly as * Perlon ") which has made
great .m:Enm and is a nylon 6, nor with Perlon T which was a rather
unsatisfactory German war-time nylon 66. Perlon U was entirely
a polyurethane, the spandex fibres are block polymers which contain
urethane groups—there the similarity ends, Perlon U was not an
elastic fibre.

Synthesis of Spandex Fibres

The essential structural feature of snap-back fibres is that in the
molecular chain there shall be an alternation of:

I. Long segments of a very flexible nature, rubbery and non-
crystalline. These are known as * soft * segments often of u
polyether. These soft segments are easily deformed so that
_wi stresses produce high extensions. These provide the

give > to the fibre.

w.. Short segments of chain having strong inter-chain forces
which do not give and are known as ** hard » segments and are
usually cross-linked and crystalline and polar. These hard
segments are built up through isocyanate addition. These hard
segments are not deformed during the streich.

The structural changes of a snap-back fibre are shown in Fig. 171.
The coiled soft segments are straightened out when the snap-back
(elastomeric) fibre is stretched; when it is released they recoil. The
hard segments shown by the square blocks are unaffected; their

..¢>—...o

SNAP-BACK FIBRES 489
[unction is to hold the structure together. 1t is :&n:::.c.m_ force
{c.g., a pull of the hands) that stretches the fibre; it is __6._:_5:.::
_,:,62:\ of all structures to assume a shape of least strain which
causes it to contract when the stress is released (e¢.g., the hands let go).

Unextended

200 Ji§ 00000000 JPQQ0.

Extended

Fi. 171.-—Representation of a snap-back fibre: top released,
bottom stretehed.

Lycra. Spandex fibres are polyurethanes; their general type can
be inferred from a study of the patent specifications. In U.S. Patent
2,692,873 (1954) du Pont describe elastomers made by co-poly-
merising polyethylene glycol (molecular weight 750-10,000) and
tolylene-2,4-di-isocyanate in the presence of water and of a small
quantity of an acid chloride. The glycol, the di-isocyanate and the
acid chloride are heated at 50-100° C. for 2 hr. to form a " pre-
polymer  (low molecular weight linear polymer). Then water is
added and heating continued. The product is cured at 140" C. and
200 atmospheres pressure (o introduce the retractile cross-linkages.
It has a tensile strength of 2,000 Ib./in.? (less than 0-2 gram per
denier) and an elongation at break of 500 per cent. It has to be
remembered that a tenacity of 0-2 gram per denier in a fibre which
has an extension of 500 per cent means that the tenacity ol the
stretched fibre just before it does break is 12 gram per denier.

It is now known that the Lycra synthesis used on production is
as Tollows; rather different from the early patented methods. Tetra-
hydrofuran (¢f. a nylon synthesis from the same basic material on
p. 340) is the raw material. Is ring is opened and the straight chain
compound is polymerised to give a low polymer:

CH,—CH,
=m_u:u h_‘:u|¢ HO(CH.CH,CH,CH0), CILCH,.CH.CH Ol

o

and this low polymer is treated with an excess of di-isocyanate

OCNRNCO to yield:
OCNRNHCOO(CH.CI,CHCHL0),0CONHRNCO
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This unit together with any unreacted di-isocyanate is next reaciey
with some diamine, possibly hydrazine NH,NH,, and in order |,
prevent the reaction going too far a little monoamine is added as g
stabiliser. The final stage is carried out in dimcthyl formamid,

solution and then the Lycra is dry-spun from this solution. The
last reaction may be represented

OCN —00000—NCO+ HaNNH; +OCN —00000~—~NCO

soft _ soft
OCN anw.m?IZIOOZIZInOZI I/Db.ml.obxlz.no
so sof

In this last formula the ** soft ** linkages will consist of polybutylene
ether from the original tetrahydrofurane. But the synthesis iy
complicated and the product is doubtless complex. Any simple
written equations will do no more than indicate in a general way
what is happening.

Vyrene. The U.S. Rubber Co. have described some of their
polyurethanes in U.S. Patent 2,751,363 (1956). According to this u
mixture of ethylene and propylene glycols is esterified with adipic
acid using excess of the glycols so that there results a polyester with
terminal hydroxyl (not carboxylic acid) end groups; this is made
as a low polymer with a molecular weight of about 2,000. This
polyester is reacted at about 120° C. with p,p’-diphenylmethane
di-isocyanate using 2 moles of the latter 10 one of the poly-
ester.  This gives a liquid polyester-di-isocyanate * intermediate

which is in fact a linear polyurethane having terminal isocyanate
groups.

7HOCH,CH,OH -3 IO_OIOI...OI -9 COOH(CH,),COOH — -
CH,
Propylene glycol.

IOO._HO—_HOOOAO—:rOOOO:n,ZuOﬁOAO_-...V._OO ... OCH,CH,0OH
L,

Ethylene glycol. Adipic acid.

Polyester of molecular weight 1,652 (or shortly HOROIH).
TN -
OCN-_ > CHy ¢ \.NCO |
NS N
Diphenylmethane di-isocyanate.
.\ // \ N //
HOROH - OCN N CHi,  NCO -

Polyester. Diphenylimethane di-isocyanate.

‘l..-».l’,

N, CH.<_ >-NHCOOROCONH

(4
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S cH, . -NCO

\
s SN

Polyurcthanc (so-called polyester -di-isocyanate).
i antity of
‘. liquid intermediate is then reacted with a small qua o «w of
. H o . > I
__:_v r z::&. converts some, but not all, of the isocyanate group
wale
Aming groups: o

B 7 N\Rr' | Co,
onz-A v-w. 10— HN-L D \
t!e.ogsna. Amine,

i i this stage the
lecule is depicted). At .
fragment o tore. T i f Vyrene is that the
ue feature of Vyr
Tokes 1 bre has been

(only a .
i fibre.

yolymer is spun into ( featy wr

“,_”:.v“ cross-linking reaction takes place atter th

apun. . . ot ea n—._

! The so-formed amine groups are very Rmo:<m n“_am .-22 gerly
roups ca bonds:

with unchanged isocyanate groups to form urca

o /TNy < N NHCONH- O -
2D OSNCOHHN B XD <

N

50c i Urea.

Isocyanate. Aminc. -
ich i iqui

This reaction gives a cross-linked E.om:“; which is mm,_ao:mm".a M:E

i i 1cured sheet raw rubber., .

s a gum which resembles ut v rubl - gum
c.:._. _o.:.nw » (this increases the degree of vo_x_sr:m&._oi by _.w ““ _w
Ny der pressure at 130° C. for 1 hr. There is nothing <2<av: M.,S
\bou ai sthane, urea and este

i r contains urethane,
about this, the final vo_v;:n. Ser
__:._Emom whilst the chain includes ecthylene, ?.%%Eﬂw. i
methylene and diphenylmethane groups. C.w.. Ru nw”o o._S:n:r.
one of their polyurethane polymers as ™ an n_._&.o_s __unm::. e
cross-linked chain-extended  di-isocyanate-moditicd  poly
ester-amide . o bl
soWoM ite the complexitics of the above two syntheses it _N _”meo -
10 mnnvgﬁ each consists of four cssential m?._,w and pw_.“ oy .::._
M a LN o " H
allelism between the syntheses o
really a very close paralle 0 e e e
crhaps the Table on page 492 may clarily . )
Vyrene, Perhaps the Table on p 2 may clan'y (.
w\_,_:“ Federal Trade Commission an_::..u.m_s:ar.y z.:.:_v_ .”v_c:.
manufactured fiber in which the fiber-forming mc_wv_,:_,ncn M:.p o w
chain synthetic polymer comprised of at least m v_:..~ .
segmented polyurcthanc ™. It mnn_smc to be &M.”_ HM .,_.__.::“ Y
i ancs that in between d :
cssentially polyurethancs but . hane Brovps
there are long chains which may be polyglycols, polyesters or poly
amides or copolymers of them.
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Essential feature
of stage.

Preparation of a low
linear polymer with
terminal ~ hydroxyl
groups.

The low polymer is
reacted with excess
of a di-isocyanate to
give a polyurethane
which has terminal
isocyanate groups.

Water, in deficiency,

is added to convert
some of the terminal
Isocyanate groups to
amine groups,

The linear polymer is

Tolylene-2,4-di-iso-
cyanate is used.

At this stage a lincar
prepolymer with ter-
minal ~ jsocyanate
and amine groups.

The resulting cross-

In detail in the synthesis of:

RN Y

Lycra. Vyrene.
The low polymer s The low polymer js a
polybutylene glycol. polyester Made
with  excess of

ethylene and pro-
Pylene glycols (ex.
€SS SO as 1o ensure
terminal hydroxy}
groups).
Diphenylmethane di-
isocyanate is used.

At this stage a linear
polymer with ter-
minal  isocyanate
and amine groups.

The resulting cross.

cured by heating, linked polymer is linked polymer is
Amine ‘and jso- Lycra. It contains Vyrene. It contains
Cyanate groups re-| ether (from the| ester (from the first
act to give wurea glycol) urethane and stage) urethane
cross-linkages. The| wurea linkages and | and urea linkages
abundance of cross- probably others. and probably
linkages give the others.

snap-back property.

Properties of Spandex Fibres -

The stretch before break of Lycra yarn is from $20 to 610 per cent
Lycra can be stretched to six or seven times
The breaking strength of
1s about 0-7 gram per denier equivalent to about 45 grams
per breaking denier; that of rubber is 0-25 gram per denier equivalent
to 2:3 grams per breaking denier, At g given stretch the recovery
of Lycra is inferior 10 that of rubber; recovery from a 50 per cent
elongation is only 93-5-96 per cent; it might be thought that this
was a serious defect, Lycra has an advantage over rubber i being
white and dyeable, It has good resistance to chemicals; it is
degraded and yellowed by hypochlorites but will withstand swimming
pool concentrations (0-5 P-p-m. available chlorine maximum); it
withstands the action of perspiration and of sun-tan and other
cosmetic oils (rubber is not very good against oil), Lycra can be
washed repeatedly in washing machines at 60° C. and tumble-dried

[ Xaa
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i i  4VOi as
80° C., but bleaches that contain chlorine must be avoided
(" -
they de and yellow the fibre. . L
they amm..s%h is mW:: as multifilament but :.m :_.::n_:w m:.c mom_z_ﬂw
_Qwaq vM:.o what is in effect a monofil. Fig. 172 _.__..__.v”_w Mu:mo
toget np adhesion. Vyrene is a monofil. Deniers availa lo range
".__:”“nw_o to 560, 420 being the most vovc__u._.. Zma_w””_wmoowo bt
™ i i ity, melting po .
c gravity about unity, I 1s )
:..u per no:ﬂ:ﬂﬂnM“m_.\mue nw,z The fibre is mo_cc_a.E _uo__.:w %::.mpq:wn
.,.:r.r_:m.MM Sometimes Rubber Gauge is used instead c oM_”.:os .
_:HEN_M__:_M size of a spandex thread. An approximate r
expre

2350 100 Rubber
. = ST, eg.,
between them is: Rubber Gauge v/Denier

i Thread Gauge = 140
’ = 560 denier, 200 Rubber
::Q& %ﬂﬂmﬂ for cut rubber. For extruded Evcn_.c&nﬂmwmmmm
u”___“__ﬂ.a_. is about 10 per cent less, e.g., 180 extruded Rubber

Gauge = 140 denier,

Dyein . | »
<U=M2 dyes as a rule have no affinity for Lycra and are not usc

i acid and basic dyes.
15 have good affinity, so rmé aci bas .
“vv_\%quM :wwﬁm:v. &Eamm: combination with nylon and disperse dyes

(E.1. du Pont de Nemonrs & Co.)

i ; i -section of
2.—Photomicrograph showing cross-se ¢

Fia. __ .\m.“n m.__"_.an:.m. Adhesion between __.a:,d. nw: be

mw.\u: Magnification x 110—the filaments are very

big.
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are the most suitable. W :
. . ash fastness of i

and light f; L of colour is usuall i
Eogm_w :HBMJ; fair to poor. Demands on light m.‘mmu« .
parmenty o w at as ~.—.o fibre is used maialy for girdles and e
i 2”_. poor light fastness might be 3 serious d M.S .
fastness mw.:_ m. .:usom. w_m..o_a can be obtained with good wnnh. "
stuff, e.g _uo_:_mqﬂ mooa%mz fastness, by dyeing with an so_.Mmm:F.
Sut, eg., chrome Black TA, a ] : ye-
1t will not be practicable to get an e after-chroming, Generally,

ilag

Wash fastness o
with di : n spandex yarns that hs
Eoﬁnﬁ%%.ﬁw dyes is only moderate, about 3 (out o“._ .Wwa anz. ._ yed
point by after-treatment with B::E:S;E,. n_“__n._.v .
ic.

bleach, the bleach
an optical brighten-
fibres are Suitably

. ends of spandex wi ;
bleached in N with cellulosic
yellow span %WMWQ%M“ WMMOM_MP& hu:_o::w-oo.:m::.:m bleaches may
that for : clier avoided.  But it st nine
is Smnono_.“anw.n.wz garments, which take most of ::_w mMM._-_.MgE__J;
di n.a..osg..:»w.nn ..mM:omm IS unimportant, Swim-suits are Mx ”&_.:

> and there light fastness js very important indced v

Uses

Mainly f ;
aoo_a:mw m%aa mwm__mm.” girdles, corsets, brassiéres, garters surgical
garments with the mwww..w _.w M___mn stronger and lighter :E.: :.ccn._.
olding power ¢; . . L
spandex fib o can be made lighte
res than in Lastex (covered rubber) fibre s‘_:c_.wm_ﬁ_.._._._

[ R
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they are supplanting. Elastomeric fibres arc usually blended with
other synthetic fibres.

All elastic garments arc made mainly of some ordinary * hard »
jibre such as nylon and the clastic fibre whether it is rubber or
spandex constitutes only a small proportion of the garment.  Knitting
or other textile process of manufacture is carried out with the Lycra
under controlled tension.

Covered Yarns. All rubber clastic yarns are covered with a hard

or rigid fibre such as rayon or nylon. Usually two layers of the
rayon or nylon are wound on to the clastomer yarn in opposite -
directions while the latter is moving through the covering machine
under controlled tension (stretched to four or five times its relaxed
length); the two wrappings give a balanced structure witha minimum
of twist liveliness. In the covering machine, the elastomer passes
through the hollow spindles which carry the covering yarns and
rotate at high speed. However, Lycra can also be used bare, giving
lighter fabrics and eliminating the costly covering process. Vyrene,
a4 monofilament can also be used uncovered, but most of it is supplied
nylon-covered. Some velvels, taffetas and broadcloths which in-
orporate Vyrene look just like orthodox high quality fabrics, but
when their capacity for being stretched is put to the test, the fabrics
are seen to be most unorthodox: they are marvellous.

In considering the potentialities of spandex yarns, there was in
1961 a great shortage of them and du Pont planned a sixfold increasc
in Lycra output. Venturesome prophecies have been made (not by
the two manufacturers of spandex yarns) that spandex fibres will
completely replace rubber clastic in foundation garments in a year
or two. It is well to remember though that the price of natural
rubber is about 17p. per b, and that the clastic recovery ol rubber
yarns is better than of spandex. Nature’s polymers are usually
better than those we make oursclves and the development of the
spandex yarns may well spur the rubber technologists to new
achievements; in the past they have not had very much competition

from other snap-back fibres,

FURTHER READING
Mudern Textiles Mag., 40, 38 (December 1959).
L. O. Langerak, L. J. Pracino and W. R. Remington, U.S, Patent (to du Pont)
2,692,873 (1954).



CHAPTER 27
VINYON AND VINYON HH

It has long been known that vinyl chloride, which is a colourless
liquid, would polymerise readily and that the polymer could be drawn
out into long filaments. Naturally, this attracted much attention,
and many chemists tried to make useful fibres from polymeric vinyl
chloride and acetate too, but the fibres they made were too weak
to be useful. In 1933 E. W. Rugeley, T. A. Feild and J. F. Conlon
tackled the problem again, this time with success. They obtained
useful fibres, to which the name ** Vinyon ** was given, and assigned the
patent rights of the process to the Carbide and Carbon Chemicals
Corporation in America. This firm made the polymer in the form
of a white, fluffy powder, but did not spin it. The spinning was
performed by the American Viscose Corporation, who in 1939 con-
verted the polymeric powder into textile filaments. It is interesting
to note that Vinyon, which is like nylon in that it is a true synthetic
fibre, made its appearance at almost the same time. For thousands
of years Man pursued textile crafts without producing a synthetic
fibre; then two such fibres, quite distinct from each other, appeared
in a period of two years,

Chemical Structure

Vinyon is a co-polymer of vinyl chloride (88 per cent) and vinyl
acetate (12 per cent) It is called a co-polymer because the two are
polymerised together. Either vinyl chloride or vinyl acetate will
polymerise separately, but the polymers that result have their limita-
tions for forming fibres. Polyvinyl chloride alone is a hard, tough,
water-white resin which must be plasticised for extrusion purposes
because it has a low decomposition temperature. Polyvinyl acetate
is a clear resin of good acetone solubility, but one which softens at
temperatures not much higher than room. Mixtures of polyvinyl
chloride and polyvinyl acetate have not displayed any very promising
propetties, but resins (co-polymers) produced by the simultaneous
polymerisation of mixtures of monomeric vinyl chloride and mono-
meric vinyl acetate have quite different and very useful properties.
The function of the vinyl acetate is to plasticise the vinyl chloride
internally—i.e., in the same molecule. The reaction may be
represented ;
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CH,:CHCI 4 CH,:CHCI + CH,;CHOCOCH, + CH,.CHCI —>
Vinyl chloride. Vinyl acetate. Viny! chloride.
—CH,CHCICH,CHCICH,CH(OCOCH,)CH,CHCIl—

Vinyon polymer,

The most suitable polymers for making Vinyon fibres are those
that have molecular weights in the range of 10,000-28,000. If the
molecular weight is lower than 10,000 the fibres are weak, for very
long molecules are necessary to give any strong fibres, and if the
molecular weight is higher than 28,000 the polymer is insoluble in
the solvents, from solution in which it is usually spun.

Manufacture

The co-polymerisation of vinyl chloride and vinyl acetate is effected
by heating, probably in the presence of a catalyst of the aluminium
chloride, AICl;, or boron trifluoride, BF,, type. The polymer is
dissolved in a solvent, acetone, or its homologue methyl ethyl ketone
(M.E.K.), and a solution which contains 23 per cent by weight of
the co-polymer is made. This is filtered and de-aerated, and then
extruded through fine orifices by the pressure of a pump. The
* filaments ” emerge into a counter-current of warm air which
evaporates the acetone so that the filaments solidify and can be
wound. The process of spinning is very similar to that used in the
manufacture of cellulose acetate. The air from the spinning cabinets
which contains acetone is drawn through ducts to a recovery plant,
where it may be scrubbed in water and the solutions of acetone in
water gradually concentrated. When it is spun, Vinyon is weak and
has to be oriented by stretching in the same way as nylon. It is
first twisted in the wet state, and is then given a stretch of about 800
per cent—i.e., it is stretched to nine times its original length. The
yarn before stretching has a tenacity of about 0-8 gram per denier
and after stretching one of 3-4 grams per denier. If a dull yarn is
required, a pigment such as titanium oxide may be incorporated in
the dope of vinyl resin and acetone.

Properties

Vinyon yarn has a tenacity of about 3-4 grams per denier and an
elongation at break of 18 per cent, It is as strong wet as dry, prob-
ably because it is very resistant to the action of water. The moisture
content at standard conditions is less than 0-5 per cent. If this is
compared with the value of 12 per cent for viscose rayon the differ-
ence will be very evident

Because Vinyon is a stretched yarn, the filaments are usuvally very
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fine—e.g., a yarn of 40 denier may have twenty-eight filaments,
i.e., a filament denier of 1-43. lts specific gravity is 1-:37, which is
not very different from that of cellulose acetate (1-:33) or wool (1:32),
but is considerably lower than that of viscose (1-52) and higher than
that of nylon (1-14). Vinyon is a non-conductor of electricity.

The fibre is thermoplastic at temperatures over 65-70° C. When
heated to 150° C. it becomes tacky and begins to melt—a very
serious defect. It is unattacked by bacteria, fungi and the larvae of
moths and carpet beetles. Chemically it is very stable, and resists
attack by even high concentrations of alkalis and mineral acids,
although it is softened at high temperatures by acetic acid.

Under the microscope, the fibre resembles mercerised cotton, with
a lumen-like channel appearing to run through the middle of the
filament. This is an optical illusion, for the filament is solid, and is
caused by the peculiar cross-section of the filaments, which is flat and
slightly dumb-bell shaped (Fig. 173). The * lumen™ does not
show more than faintly in this picture.

Vinyon is satisfactorily stable to the action of sunlight.

Dyeing

Dyeing is not easy, owing to the very high resistance of the material
to water, and special dyeing assistants which temporarily soften the
surface of the filament, and so make it more penetrable, have been
used. A series of dyestuffs has been marketed for dyeing Vinyon,
under the name Calcovins. It may also be dyed satisfactorily with
dispersed colours of the cellulose acetate type. Owing to the thermo-
plasticity of Vinyon, its maximum safe dyeing temperature is 60° C.
The use of pigments in the dope might be expected to give good
bright colours, and so avoid the dyeing difficulties, but the use of
pigmented dope is not always attractive to the manufacturer, as he
has to segregate carefully the different colours; pipe-lines that have
been used for a red dope will take a long time to become completely
free from red, Perhaps the best method is to spin three basic
colours—a red, a blue and a yellow—and modify these by subse-
quent dyeing of the filaments to obtain the large range of colours
that the market demands. 4

Vinyon, because of its very considerable content of chlorine, will
not support combustion, although it will burn in a flame.

Uses

Vinyon has found very considerable application. Its superlative
chemical resistance makes it very suitable for use in filter-pads and in
protective clothing for chemical workers. Its resistance to water has
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enabled it to be used for fishing-lines and nets. In fabric form it
effectively replaced No. 10 silk bolting cloth as a screen printing
material when this became unavailable. Other uses include felts,
sewing-threads and twines, and ladies’ gloves which hiave been made
from warp-knitted Vinyon fabric. Its great defect of having such a
low melting point means that it cannot be used for materials and
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FiG. 173.—Photomicrograph of Vinyon filaments ( x 500)

garments that normally are laundered, and apart from this its very
poor absorption of moisture makes it unsuitable for underwear.
Most important applications are felts, carpets and filter fabrics.

It has been used almost exclusively in continuous filament form,
although a little staple fibre has been made. The unusual properties
of Vinyon have made it possible to use it for purposes for which most
textiles are unsuitable, but, on the other hand, they have prevented
it being used for the more common purposes. Vinyon N and
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Dynel, which are developments of Vinyon, have probably now taken
over most of the uses that Vinyon promised to fill.

VinyoNn HH
Vinyon HH is a staple fibre that is spun by the American Viscose
Corporation from a solution of co-polymerised vinyl chloride and
vinyl acetate, i.e., it is similar in chemical composition to the original
Vinyon. It is made in staple form only. In 1962 Vinyon HH was
still being made by the American Viscose Corporation and is sold at
80 cents per Ib.

Manufacture

The co-polymer is dissolved in a solvent, probably acetone, and
dry spun. The method of spinning is similar in principle to that used
for cellulose acetate, The filaments are cut to staple and opened
before they are shipped. Vinyon HH is made in the following sizes:

2 denier . . . . $-5in.
3, . . . . +5in.
55 ,, . . . . $5in.

Properties

Vinyon HH has a low strength (0-6-0-8 gram per denier) and a
high extensibility. It has exceptional water resistance and is
practically as strong when wet as dry; it absorbs less than 0-1 per
cent moisture. It will not grow bacteria, moulds or fungi and will
not support combustion; it has the high dielectric strength of 650
volts per mil. Specific gravity is about 1-35.

Chemical Resistance. Its chemical resistance is good; it is
practically unaffected at room temperatures by concentrated acids
such as sulphuric, nitric, hydrochloric, hydrofluoric and aqua regia;
it is resistant to 30 per cent caustic soda or caustic potash solutions
and is unaffected by salt solutions, cuprammonium solutions,
alcohols, glycols, paraffins, petrol and mineral oils. At higher
temperatures, mineral acids may char and embrittle the fibre,
Examples of its resistance to sulphuric acid are given below; it can
be seen that, as the temperature is raised, the concentration that the
fibre will withstand falls.

Maximum concentration of sulphuric
Temperature (° C.). | acid which has no noticeable chemical
action on fibre (per cent).

25 95
58 80
70 75
80 65

R M -
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The fibre is, however, dissolved by ketones and softened or partly
dissolved by esters, ethers, aromatic hydrocarbons, and some
amines and chlorinated hydrocarbons.

Effect of Heat. The most important characteristic of Vinyon HH
staple fibre is its ability to soften, shrink and bond to other fibres
when heated under pressure or in the presence of some solvents.
Temperatures at which the fibre changes character are as follows:

Softening temperature . . . . 52-60°C.

Shrinkage . . . . . 60-66°C,

Tacky ' . . . . 85-102° C.

Melting point . . . . . 135-149° C,
Dyeing

Vinyon HH presents considerable difficulties; it cannot be dyed
deep shades with both wash and light fastness. The best method is
to apply an acetate dyestuff in a bath containing 5 per cent of a
swelling agent such as o-hydroxydiphenyl or dibutyl phthalate, and
to dye at 55° C. for three-quarters of an hour.

Uses

Spinning with Other Fibres. The low strength and high extensibility
of Vinyon HH have made it a not very satisfactory fibre to spin into
yarn. All-Vinyon HH gives static trouble; this can be reduced by
the application of a suitable finish and the use of a static eliminator,
and 100 per cent Vinyon HH has been spun experimentally to 20 s
cotton counts, Blending with 25 or 50 per cent cotton or rayon is
advisable for spinning on the cotton system, for which 3 denier 14
in. staple is preferred. Mixtures of Vinyon HH and wool can be
spun more satisfactorily on the woollen system,

Bonding. The ability of Vinyon HH to shrink when heated in
combination with other fibres is made use of in the manufacture of
rubber-coated elastic fabric and of embossed carpets. The shrinkage
of Vinyon HH fibres at different temperatures is as follows ;

Temperature ° C.). m:...:rm—wam m_..oq cent).

60 Nil
n 18
Lhd 21
79 45
85 50
9l 55

100 60

Ho 6$

121 70

132 Melting range
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The main use of Vinyon HH is for bonding and heat-sealing. The
ability of Vinyon HH to bond to other fibres is used in making
pressed felts, bonded fabrics and heat-sealable papers.

The temperature at which the bonding is carried out is important ;
in batch processing it should preferably not exceed the * tacky >
temperature, otherwise the fabric will be unduly stiffened. In
continuous bonding processes where the fabric is exposed to heat
and pressure for a very short time it may be necessary to use a tem-
perature almost as high as the melting point of Vinyon HH.

WACKER MP FIBRE

Wacker-Chemie G.m.b.H., Munich, make a fibre—MP Fibre—
in which the major monomer is P.V.C. It is distributed in the U.K.
by Bush, Beach and Segner Bayley Ltd., of Cheadle Hulme. Accord-
ing to Zeitschrift fiir die gesamte Textilindustrie, 67 (11), 879-880
(1965), Wacker's MP Fibre is parallel to Vinyon HH. The fibre is
heat-sealable and weldable and probably finds most use in non-
wovens. It is not intended primarily for textile spinning because of
its low strength of 0:5-0-7 gm./denier, but mixed with stronger fibres
it can be spun. The inclusion of 10-20 per cent Wacker MP in other
fibres makes it possible to obtain products with a film-like or papery
texture by varying the pressure during heating. The properties of
MP Fibre are much as already described for Yinyon HH: moisture
absorption is given as 0-2 to 0-4 per cent compared with 0-1 per cent
for Vinyon. It becomes tacky at 70-80° C. and melts at 150-170° C.
and is free-flowing at 170-180° C. Uses to which Fibre MP has been
put are: in heat-sealable paper, paper tea-bags, shoe linings, decora-
tive materials and weldable wadding. The fibre is supplied as staple,
usually 3 denier 40 mm. long or 5 denier 60 mm. staple. An inter-
esting application is in carpets; ordinarily the cut edges of woven fitted
carpets are reinforced with an adhesive, an operation that is disliked.
But now, instead, a number of warp threads along the edge are made
of Wacker MP Fibre and some in the weft too, so that demarcation
between the individual carpets is possible. The edges of the carpet
can be fused by heat treatment. The fibre is primarily intended for
such special uses and not for traditional household textile uses where
it would not withstand the usual laundering and ironing. For
cleaning, perchlorethylene and trichlorethylene are not very suitable,
but some fluorinated hydrocarbons can be used safely, e.g., trifluoro-
trichlorethane—such products as Frigen, Caldron and Walclene.
White spirit too is safe. The fibre is made from 85 per cent vinyl
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chloride, 15 per cent vinyl acetate. Cost is of the order of £900
per ton. Paper makers take the fibre in 3 denier 5 mm. staple.

FURTHER READING

U.S. Pat. 2,161,766 (Carbide & Carbon Chernicals) 1937,

Silk and Rayon, 18, 26] ( 1944).

F. Bonnet, Amer. Dyestuff’ Reporter, 1940, 547; Ind. Eng. Chem., 32, 1564 ( 1940),
Rayon Textile Monihly (Elastic Vinyon). Nov. 1942,

J. Woodruff, “ The Dyeing of Vinyon *, Amer. Dyestufl Reporter, Apr. 22, 1946,
German Weldable Fibre, Plastics and Rubber Weekly, Oct. 29, 1971,
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Dyeing

Dyeing is the main trouble with the vinyl and vinylidene fibres .
there is, of course, no gainsaying that devices have appeared wherehy
these difficulties have been surmounted, but the difficulties are not
really removed. If, for example, some modification could be mad.
to Orlon so that it could be dyed easily by traditional methods there
is no doubt that the use of the fibre would very greatly increase.
Darvan has a low dye affinity ; it cannot be dyed with direct, acid.
metallised or chrome dyestuffs. Dispersed dyestuffs at the boil will
give pastel shades, and heavier shades such as bright red, maroon,
navy and black can be obtained by azoic dyestuffs, of which -oxy-
naphthoic acid is one component (¢/. p. 453). Carriers can be uscd
to increase the depth of shade from disperse dyes, and the cuprous
jon method can be used with acid dycstuffs; o-phenylphenol usced
at 4 gm./litre or methyl salicylate (oil of wintergreen) used at 8 gm.
litre are the best carriers. Vigorous after-scouring is required (o
remove excess dyestufl or residual carriers.  The picture is familiar
in outline, but so far the detail has not been filled in.  Apparently
the fibre can be heat-set. 1t can be bleached with acid hypochloriic.

Uses

Darvan’s outstanding propertics are good handle, resistance to
sunlight and relative freedom from pilling. Intended uses were in
hand-knitting yarns, sweaters, women’s pile coats and in blends fol
tropical suitings and men’s shirtings. It would probably have becn
made only in staple, not in continuous filament, and mostly in finc
deniers. But it never has been made. It has been a good exercis
in fibre technology, but no more.

FURTHER READING

H. Gilbert, et al., J. Amer. Chem. Soc., 18, 1669-1675 (1956).

H. Gilbert and F. F. Miller (assignors to B. F. Goodrich Co.), U.S. Paicnl
2,615,866 (1952).

F. M. Lewis, e1 al., J. Amer. Chem. Soc., 70, 1519 (1948).
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CHAPTER 38

POLYETHYLENE
COURLENE, MARLEX

ikt many other fibre-forming materials—for example, cellulose
acctate and Saran —polyethylene wis made originally as o plastic
aaterial, and only later, after it had established itself in the plastics
neld, was its use for libres developed.  Polyethylene resulted from
soesearch carried out by 1.C.1. Ltd. on the effect of very high pressures
on gases, The plastic made by LC.I. Lid. is given the name
* Alkathene ™.

Chemical Nature

When ethylene gas is subjected to high pressures and temperatures,
it polymerises and forms a solid. The mechanism is one of addition
polymerisation, very similar to that whereby Vinyon and Saran are
tormed.  The reaction by which polythene is produced is as follows;
Vi,CH, 4+ CH,CH, | CH,CH, |- CH,CH,—>

—CH,CH,CH,CH,CH,CH,CH,CI,—

Fhe higher the pressure to which it is subjected, the higher the mole-
calar weight of the polymer, :
Manufacture

lithylene gas may be obtained by cracking petroleum or, alterna-
tively, from alcohol. At one time alcohol was made by fermentation
and cthylene was made by dehydrating the alcohol, but since the
cection of oil cracking plants, cthylene has been obtained from
petroleum.  Indeed most of to-day’s alcohol is also made from this
cihylene and it is estimated that by 1964 there was only very little
fermentation alcohol made; almost all of it coming from il
cracking,  The ethylene is polymerised in autoclaves at 200° C. and
1.500 atmospheres pressure (about 10 tons per square inch) in the
presence of a trace (0-01 per cent) of oxygen, which acts is a catalyst.
the polymer (MW, 15,000 is spun from the melt at a temperature
ol 300° C. through spinnerct orifices of 0-1 mm. diameter into a
cureent of cooling gas.  After spinning, it is cold drawn to six times
iy original length.  In addition o melt spinning, solvent spinning
has been used but, owing to the relative insolubility of polyethylene,
the solvents, of which benzene is one and xylene another, have 1o bhe

60l
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used hot. Melt spinning would appear to be a proposition mu.|,
more attractive than hot solvent spinning.  If the polythene ha,
molecular weight of 6,000 it gives filaments with a tenacity of o=
grams per denier, but if the molecular weight is 21,000 the tenacity 4,
as high as 3 grams per denicr. The polyethylene yarn made by
Courtaulds Ltd. is known as Courlene. Several American many-
facturers make polyethylene yarns, notably Reeves Bros. Ing
(Reevon) and National Plastic Products Co. (Wynene 1),

Properties and Uses

Courlene has a tenacity of 2-3 grams per denier and an elongation
of 40 per cent. The outstanding property of polyethylene is ity
chemical stability, which has proved of great value when the material,
as a plastic, has been used for applying protective coatings on other
material. This coating can be carried out with a Schori spray-gun.
The fibre is also very resistant to microbiological attack.

From the textile standpoint, the very low melting point of 110-
120° C. militates against its use for normal textile purposes; il
would be quite impossible to iron it with a normally * cool " iron,
It does not possess the non-flam properties of Vinyon and Saran, so
it is unlikely to be used for some of the purposes for which thesc
particular fibres have been found suitable.

Polyethylene has a very low frictional coeflicicnt, probably because
of the lack of polar chemical groups in its molecule. This gives it a
waxy handle which is very noticeable ; the low frictional coeflicient is
responsible for some of the special uses to which polythene is put.
Fabric made from 500 denier monofil has been used for car
upholstery; the fabric is pre-shrunk (British Pat. 673,879) to avoid
shrinkage during summer use. Courlene has been woven into fabric
and used for protective clothing in industries where contact with corro-
sive chemicals is likely. Boiler-suits made from it have proved
satisfactory in a sulphuric acid plant, as have also women’s overalls
in a factory where acid powders are handled. The woven structure
allows the fabric to breathe, and overalls made from it are more
comfortable to wear than similar garments made from plastic film.
Protection against chemical splashing, dust and vapour is excellent.
Courlene fabrics have also been used for low-temperature filtration
and for clay and sewage filtration. The U.S. Rubber Co. make a
fabric (Trilok) which consists of polyethylene yarn in the warp and
conventional yarns, e.g., rayon, in both warp and welt ; the raw fabric
is immersed in boiling water and the polyethylene yara shrinks about
50 per cent, cockling the fabric, giving it a three-dimensional ligure
and a cushioning action.

POLYETHYLENE 603

1 flect of Nuclear Radiation. Polycthylene is one of those libres
..t become cross-linked when irradiated with cobalt-60.  The cilect
.1 tns cross-linking has been strikingly demonstrated in the following

aN o

olyethylene normally softens at 110-1157C. and at that tem-
pentture can no longer support its own weight, but i it has previously

[Minncsota Mining and Manufucturing o)

hiG. 205.—Irradiation with cobalt-60 increases the melting point of polycthylene.
The vm_wn:_w_n:o bottle (a) which has not been irradiated melts in an oven
at135° C.; the bottle (¢) which has had a big dose of radiation does not melt
in the same oven; the others intermediately.

been irradiated with y-radiation or with high speed electrons it
hecomes rubbery rather than liquid at 110 115 C.; the cross-links
festrict: molecular freedom.  Fig. 205 shows four polycthylene
bottles that have been in an oven at 135 C. for 15 min.; the one on
the Jeft (a) has not been irradiated and has melied 10 a shapeless

blob: the one on the night () has had a high dose of radiation and s
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consequently able to withstand the temperature of 135°C.; ).
o..._.aqa mi..v (6) and (c) have had smaller doses. The higher ::.u_a:v”.
wrnnm_mﬂ..hg_ﬂ“.._”“w%n:nq will the polyethylene subsequently withstayy
It Is clearly to be seen from Fig. 205 that nuclear irradiation ¢y,
Boa.?.:ﬁ properties of polyethylene very significantly and :_.A__
the m.:Eno- has more interest than has often been thought. wo:._.
wcm.m_»z work by Karpov, Yurkevich e al. has thrown a good g.:r_
of light on the subject. The radiation to which the fibres f..w.
exposed was cxpressed in rads. The rad is a unit of absorption of
energy and corresponds to 100 ergs of deposited (and absorbed;
energy per gram of matter. It is roughly equal to the absorbed dose
when soft tissue is exposed to one roentgen of medium voltupe
X-rays. The millirad corresponds to a deposited energy of one.
tenth of an erg per gram of matter—in the present instance, of fibre
Polyethylene filament yarn of 136 denier (or 151 tex A.: mo<_.cp
No. ao.wv.imm irradiated on a K-20,000 instrument at a power of
o._ow. millirad per second for 12 seconds, i.e., 2 millirads; and for
50 min, Gco millirads) and for intermediate times. mxvom..:nm were
made both in air and in vacuum and as could have been expectud
the vacuum-treated were better than the air-treated samples =.v
shown in the following table. .

Irradiation of Polyethylene

lrradiated in air. Irradiated in vacuum.
Dose in S e
millirads, Sirength Extension Strength Extension
of fibre at break of tibre at break
s (gm./denicr). (per cent). (gm./denicer). {per cent).
None 47 _m.! I R e
: 4-7
w 5 38 14 49 “W
2 33 16 43 14
¥ 32 13 4-4 14
o 17 7 4] 12
14 4 33 12

Wom_m::..no E vacuum may be of academic interest but it is
Tesistance in air that is useful. In (he shorter exposures there nmay
be a __.:_o. evidence (viscosity increases from |-18 to 1:25) of some
cross-linking, but there is not much in these resulis to encourage
anybody. Thermal stability is better as was found eartier. What dous
show n_omz.w (see p. 556) is that polyacrylonitrile will withstand
nuclear radiation much better than polyethylene, or polypropylene

LY Yoo

POLYETHYLENE 603
o polyamide. It is of interest to fibre specialists that some dyestuils
can be used 1o measure radiation doses in the range 10% 1o 10" rad.
such = dyes ™ are the colourless cyanides of some aminotriphenyl-
methanes; these develop colour when exposed to radiation, and the
depth of colour can be used as a measure of the radiation dose
(Chemical Processing, Dec., 1965, pp. 30, 31).

Low-Pressurk POLYETHYLENE—MaARLEX 50

it has been found that in the presence of certain catalysts (pp. 117~
120), cthylene can be polymerised at temperatures and pressures that
are considerably lower than those first used.  Various catalysts have
been suggested, notably aluminium alkyls and chromium oxide
mounted on silica-alumina.  The Phillips Petroleum Co. of Bartles-
ville, Oklahoma, have used 2-5 per cent chromium oxide mounted on
stlica-alumina, 1o polymerise ethylene in a hydrocarbon solvent at a
iemperature of 130-150° C. and a pressure of 450 1b./in.%2.  The very
much lower pressure necessary in the presence of the catalyst mcans
4 big capital saving on the cost of the plant. Polymers with molc-
cular weights of 40,000 and higher have been made. One of these
15 called Marlex 50.

Low-pressure polycthylene has a higher density (0-96) than ordi-
nary high pressure polyethylene (0-92) and softens at about 125 C,
instcad of 105° C.; its chemical resistance is slightly better and its
tenacity, when spun into a monofilament, is high at 4-4 grams per
denier, whereas 2:7-3-0 grams per denier is good for conventional
high-pressure polycthylene. Tt still remains that, with a melting
point of about 125-130" C., Marlex 50 is unsuited for traditional
textile purposes, but it does show a significant improvement in most
ways over the older material, and in view of the more moderate
conditions of polymerisation it scems likely to supersede the older
high-pressure polycthylene. The makers of Marlex 50 have suggested
its suitability for ** automobile interiors, curtains, furniture covers,
tarpaulins, filter cloth, rugs, rope and tish nets .

Courlene X 3

Courlene X 3 is a polyethylene monofil that Courtaulds Ltd. have
introduced with certain improved propertics.  Mclting point s
higher at 135 C. and it is more stable in boiling watcr --an im-
portant point for cleaning protective clothing, 1t is, however, still
subject to a shrinkage of 12 per cent at 100° C., and allowance must
be made (not easy) for this in the design of a garment. In strength
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(4 grams per denier) and abrasion resistance Courlene X 3 is superiy,
to the original Courlene. his specilic gravity is 0-96.

The improved properties of low-pressure polyethylene are due lu
better molecular packing of the fibre molecules and to the conse.
quently higher degree of crystallinity of the fibre. This brings wig;
it a higher density, strength and melting point, as well as improvey
resistance to chemical attack, Low-pressure polyethylene is a lineur
polymer (see pp. 124-125),

Complementary Polyolefine-Nylon Blends

The reader will have gathered that the properties of polyethyleq
and nylon are very different. The question arises as (o whethe
blends of the two would give the best or the worst of both. The test
may not yet have been made on fibres, but it has certainly been made
on plastics.

In B.P. 889,354 (1962) the Continental Can Company described
some blends of nylon 6 and polyethylene as plastics. A comparison
of the properties of the two components was as follows:

Polyamids (e, | Polyoltine (..
nylon 6). ‘ polythene),
Chemical inertness . . Good Good
Toughness and flexibility . . Good Good
Ease of fabrication . . . | Temperature range Good
for extrusion is
narrow
Cost ., | . . . High Low
Permeability 10 water | . . High ‘ Low
Permeability to lower alcohols High Low
Permeability to hydrocarbons . . Low , High
Permeability to esters, ketones, etc. . Low _ High
Printability | . . . . Good Poor, unless pre-
treated by fliuming
. . i or chemically
Discoloration on extrusion . . Yellows None

The two polymers have no common solvent, and the only way of
making an intimate mixture is in the melt.  Provided that a high
pressure, preferably of 130 atmospheres, was maintained, that cach
of the two components was present (o the extent of at least 5 per cemt
(this is to give impermeability, not uniformity) and that the melt wis
kneaded with a shearing action and with turbulence, suitably
obtained by the use of mixing screws, then a homogeneous melt was
obtained. A blend of 20 per cent nylon 6 und 80 per cent poly-
ethylene was almost impervious (o esters such as in oil of wintergreen
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1o hydrocarbons such as heptane.  The use of similar blends for
' . q Y
development that we shall probably see.

ries Iy i

wlication to Wool . o
:__._ istic materials are sometimes applied to zso.__ in ._“_.A%_. o ‘_nm,n_ch
e structure and thereby make the <<.co_ m_s‘u:_.:.,., ..o e
various ways in which a measure of w._=_:r-8v;_,.=.e‘ :,<<oc_
_:._2_ and these have been &wosv.mna._z .:6 E:__o.q.v., o
_ _r._m.o and its Prevention . The application of a plastic to n_
._1_ not altogether good, because it alters the handle of _:.n_.uwﬂ_,n
Warmth and softness of handle are the :E.V ﬁo%swﬁ bl
anbutes of wool; there is no fibre (excepting goat an —_.s _:._ ! ,:_c
..4__:._. are essentially the mu_:e. lo compare ifa it 2::”“& e
Sholefines with their low frictional cOn:..c.n:? and mEccioo_ !
"_.__r:r. are less unsuitable than most plastics to _u:.p oh _m :::. o
{.1» been shown by Baldwin, _.wz.:. and mvnur_suz..:. nn w..o:: S
(o~ is 10 be applied to wool it is better _o.mg_u\.: in _r.”.\ ety
vonomer and to polymerise it on the wool fibre, q..:_aq ‘~_ ..% o _”__”:-
ihe already formed polymer to the wool, cnnssvo. _sﬁ”_rc h . _M,n o unk
iy of application and betier fastness are obtaine u“ former
hod. In 1962, Wolfram and m_unsr_:...:_ formed _o.w v;:r, :m:::
~n wool. They impregnated the ,<:c_. with a 01 v.nq_ Qw_:,_v..m.»_ on
1 copper chloride catalyst dissolved _=._=.2=<_ alco :ﬂ. _. vr_=:c=
~vol with the catalyst in it and then put itin a -4 per ?:u Z: jon
ot diszomethane in ether.  Aller wc. min. treatment 3 vr_.. ....m::n”:
polymethylene had formed on this fibre and after 2 _.:... :.r... __:_c_.
" pereent. Whereas untreated wool shrunk 32 per cent n .:E_,_c '
+ ~tandard milling treatment, wool with 3 per cent _gs_v\_u__ﬁ v._M.Fn_”_
only 10 per cent and with 7 per cent ss_zz.aq only 3- . 19. cn.
the formation of polymethylene from diazomethane may

represented::

e

nCH, || —> 1 CHy lu 1 a Ny

N

the formula of polymethylene is ommo.:::__z the mu_:.r._u_m ___.z.% MH
polycethylene [ CH.CH,— ]u, but the _czsmq has the ac <w_._.. age :
an udditive to wool in that it can be made i:_i—: the .:EU._F.:_E., 0
lugh temperatures and pressures. _.c_A_:__uv“ ::m N.EV.__..,.::c._..__Ho,_,”“.__ﬂ
the way to the use of polymethylene as a fibre itself; it migh
constitute an ideal form of polyethylene.
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POLYPROPYILENE

MERAKLON, ULSTRON

PropyYLENE is a by-product of the oil relineries; it comes from the
cracking process and is produced in even greater quantity than is
cthylene; it is accordingly very cheap and is much the cheapest of )
those substances that are within sight as a possible raw material for
svnthesising fibres.  When propylene is polymerised under certain
conditions it will give fibre-forming polymers, ie., polypropylene.
he primary autraction of polypropylene libres is that of low cost,
and that is why big chemical manufacturers like Montecatini in
ltaly and LC.L,, whom Montecatini have licensed for the production
ol polypropylene fibre in the U.K., are spending so much effort on
the production of good fibres from propylenc. Montecatini call
their  polypropylene fibre Meraklon; LC.L. call their Ulstron.
Meraklon has been very successful; production in 1962 was
7 million Ib.; in 1969 it was 44 million Ib.; and by 1971 it was
50 million Ib,

it is a long time since polyethylene appeared; it was extensively
used as a plastic material in the carly days of World War 11, yet solid
polypropylene was not made until 1954. Ethylene and propylene
are not very remote chemically and cthylene is casy to convert into
tibre-forming polyethylene by the application of very high pressures
at high temperatures.  Yet when the sume processes were applied
to propylene the so-formed polymer was not the expected fibre-
forming solid, but was a grease. The reason was that whereas
cthylene is a compact molecule and polymerises to regular lincar
moleculés which can pack closely together, or crystallise, propylene
can give polymers which are irregular in the arrangement of the
methyl side-chains, thus:

CH; CH,

|
=o:uo:“o:ul.v ---n:o:‘..m__n:..h_,_o:..h__n:..h:n_ _n_.

CH, M:“. A_u__“_
Propylene. Alactic polypropylene,
The methyl groups can fall in random order on cither side of (he
curbon buckbone and so give long lincar molecules which bulge
o1y
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here and i
differons E”.NM:%_:. the methyl groups, and because the byl s
pack snugly o Mw 0mo=n m.: different intervals the molecules %: o
crystallis. _._.wmwmaa_,m. :.a:.. :mwn_:.c_x lacks cohesiveness and 9.:__ o
grease ,—“Em , ol a solid plastic it constitutes a viscous li :E::.
this olefine :mM ...:n ﬂ.ma.m:qm could not obtain with ethylene %oo._ :w
inrcenlutit, - b N0 si n-n_.u..zm E.a 5o there was little opportunit . “,_z
ovvo:__iw@ to »_”thw_m:o sm_z. its methyl side-chains had ov“a”:
m irregular or atactic . y
Mwosw. It was only when polymers of the type shown
came available as the r
. : esult of work by Zj
isotactic Y Zicgler and Natta (h:
lie on the same M_M wqo_.sq ranged in very orderly fashion and they ....__
®. 115) :quomn_:mm o -._.n plane of the main carbon chain Fig .ﬁ
it is too irregular mzﬂﬂwﬂmﬂ.ww“«vaﬂcﬁcsn (ot _a_cqn-_.::_::m cnez.._,...,
Fig. 46 : ¢ for the molecules to line up nicelv) an
.,ows_.zm :..:__ PMV._.«WMM:”_ ;2_%:C polypropylene i_mn__ ..mw._wwz.,.__._c._
. i s the plane of reference j . . i
zig-za ) . > e rence is that i .
€-zag main carbon chain lies. More simply, but _z_,“:“_._m.: the
’ Hte so

informatively, we
s can repre acfi ;
propylenc: present atactic (not fibre-forming) poly-

A_uzg CH,

IOIOInm:OIuOIOI...%IOI...OIOI..GIO: -
Lo

CH,

| . H, CH, CH,
and isotuctic (fibre-forming) polypropylene as:
%Iu m_uI"_ n_uzu CH; CH, CH,
: vOIOIHO:GIuO:Q_u%:O:.._ :O:%_u:n:.,. :

_mo:.ﬁ._n polypropylene is stereore pul;
stereo-irregular, B
Catalytic Po) isati “XiC
commatic :z__w“._._._m__“w“”.o?_. ._.ux..r:.w what catalysts are used in the
ey o ! ::.oq._z. _.o c. _v.c:_n:n. polypropylenc is not known:
study of ot muonm“....u__. ..<.=__=En is .:\_:: an be gleaned from .
large e cM:.._ _mn-a.:.w“_y.z._; 1s evident from these that a
so effectively that =.:v\mm“:,.,..._:ci_w_.”“w.\._.___ _h_c v:_._x.m::c: oo
cidera ey that : . erresults,  The general con-
merons H,r."““_:w_ “.:;..c:::__ﬁ._ propagation in m:_m:m:: _z”__,w.
N ..F.. y _uc.c: .»__v,c:a.u.c; (Pp. 115-121) and (hese
¥ to the polymerisation of propyleac.,

atactic polypropylene s
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Conditions which probably :3:05_::8 to those that are used
commercially arc as follows:

Ziegler catalyst: titanium trichloride, TiCly (or possibly the
tetrachloride TiCl,, which is reduced in situ 10 the Jower
chlorides).

Ziegler co-catalyst: aluminium tricthyl, AKC.H;);.

Liquid medium (solvent and dilucnt for propylene): heptanc.

Pressurc: 30 atmospheres; highly purilicd propylenc is fed in
repeatedly as pressure drops.

Temperature: 100° C.

Time of reaction: 8 hours.
Yicld: solid polymer, 85-90 per cent, based on propylene usced.

I'he crude solid is extracted with acetone to remove any low molecular
weight material.

The molecular weight of the polymer is about 80,000; it is con-
nolled by (a) the choice of polymerisation temperature and () addi-
tives which can terminate the reaction by combining chemically with
the ends of the growing molecular chains.  The tool used to measure
molecular weight is intrinsic viscosity (p. 47) and it is refated 10 the
number average molecular weight (p. 41) by the relation:

Intrinsic viscosity = Number average molecular wt, X 25 3 10

Melting point affords a measure of control of tacticity.  Afactic
polypropylenc is only a grease.  Unstiessed isotactic polypropylene
will melt at 165° C.  Under stress with improved crystallisation, the
melting point may rise.

In the polymerisation process there must be a solid phase present
which may either be the catalyst itself” or some solid, for example
silica (or even sodium chloride), on the surfuce of which the catalyst
is adsorbed.  This solid phase adsorbs the monomer molecules one
by one and orients them in an activated form in relation to the end-
group of the growing polymer chain; the growing polymer chain
adds on monomers one by one and cach one is fed to it in a special
orientation by the catalyst.  Monomer molecules enter one after
another between the catalyst and the polymer chain, tagging on Lo

the chain,  The catalyst, in ellect, acts as a template which deter-
mines the shape of the growing polymer chain by a series of repetitive
actions carried out at 2 speed by comparison with which any man-
made mass production repetitive process is i laboured crawl. The
solid phase is essential 1o hold the monomer molecules ina defined
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position so that they all enter the chain, facing the same way.  If e
same point, the same molecule of catalyst, presents a thousany
monomer molecules one after another, and one side of the monome,
molecule will fit into the catalyst molecule like a ball into a socket,
but not the other side which we can imagine as flat, then it is easy to
understand why monomer molecule after molecule is presented iy
the same right hand (or left hand as the case may be, but always the
same) way. Ball and socket, lock and key, or template, or which-
ever way you look at it, the solid geometry of the final polymer chain
is determined by the solid geometry of the monomer and catalyst
molccules, and the catalyst molecules are anchored to (or adsorbed
on to) or form the surface of some really solid base. Could you
unlock a door, even with the right key, if the screws had come loose
and the lock was no longer firmly fixed to the door? The poly-
propylene molecule grows like a wool fibre does, i.c., from the rool
end.

Spinning and Drawing. The polymer from which low molecular
weight material has been dissolved out js melted, and spun by gear
pump pressure through spinncrets. Melt spinning is usual, partly
because it is cheap, mainly because polypropylene of high D.P. i
difficult to dissolve. The polymer before spinning is about 50 per
cent crystalline; after having been spun, the fibre has a 33 per cent
crystalline content. It is stretched or drawn and this increases the
crystallinity to 47 per cent; then it is annealed, i.e., given a final
heat treatment in which the higher temperature increases the
mobility of the polymer molecules and gives them an opportunity
to re-arrange themselves a bit and pack together better; this increases
the crystallinity to 68 per cent.  During the spinning the polymer
becomes birefringent as would be expected from the orientation
induced by the traction of the Jet, and the degree of birefringence is
increased by the drawing process, but the highest value obtained
(see p. 79) is 0-035, whercas * theorctically ™" it could be 0-067.
This discrepancy is interpreted as indicating that the molecules never
open out completely but exist in a stable helical form.,

Most of the polypropylene fibre that wis spun at first was mono-
filament, but multi-filament is now the main product.

Properties

Mechanical. Polypropylenc is like all other highly stretched fibres
in that its breaking load and breaking extension can be controlled,
one at the expense of the other, by altering the degree of streteh to
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ich the fibre is subjected in manufacture. Tenacity is cho—,:
_,,_w_r ams per denier and extension at break about 17-2 per
.J_.ub.c. m_.._”s.m.w _w.nmvnn.v. the fibre is excelient. _A:o:ma strength is
s - Mmcnn of the transverse strength of the _::m,. Impact
o ..=n.._wc high; the fibre can absorb cnergy.  Elastic recovery
..,:r.:m:_ o cifa w. per cent extension is held for 30 scc. and then
e ?__o”zm.o .w.c_ per cent immediate recovery and o per cent
_.n_ﬁ.zwnh_ HMMM.UQQ. if the 2 per cent stretch is held for w _:__=. ”__:wzzo“
e immedi; ccovery is 82 per cent and the delayed -
e 2__om _:M”: MM_“.—.S =m ..ho.Mc_ﬂﬂ_L for ov_i:. then recovery within
_.ccw.é._.v\& %qnn_: :.M:. comparison Terylene ,i__.qcmcé_. 85 per cent
._,wr,o..m_ww._ﬁw_. under similar conditions), but within 100 scc. it is

el

Y t. ) .
cmv_“”_“mmnm_nn:m&@. Like other hydrophobic fibres, polypropylene

1 is is very great

will develop static charges; s .a:&m:@ to do this is very g

i igible moisture regain.

ccause of its negligible moi o .
_#M.. ecific Gravity. Very low at 090 to 092 depending o:._.,_”r_
,_cr.wnn of tacticity; polypropylenc is the lightest of all commerci:
ibres. . kalis have
" Chemical Resistance.  Generally excellent.  Acids and .__rp.___v__ _.(,r
; LTl N H » Yy -» —'—U C
very little effect on polypropylenc; _.:rrr in 20 _,F,ﬂ_ _F_w, ”m:_ i
soda at 70" C. (destroys Terylene) or in cone. hydrochloric .._:r u

) ‘ : H :- . S > LY S Tad
20" C. (destroys nylon) has practically no r.:rwr u_c _gr_q_c._.d_“___d_“r._a,:__

. ic acid causes a little discoloration and on lenglhy I8l
sulphuric acid causes a little nmersion
of _:_o order of days, some loss of strength. 1:_33_,“_27_.. 1 _____”_

i jill dissolve i t decalin 4

i ; 3 its, but will dissolve in ho

soluble in cold organic solvents, issolve ot decalin i
tetralin or in boiling tetrachlorethane, whilst .:r:_:?:_v\_r:r_.__” ¢

. i idising agents such ¢

i i age.  Strong oxidising ag .
boil causes heavy shrinkag ! fng sgents such o

ide will attack the fibre. Liability to {
hydrogen peroxide will attac . . e
i { > a serious defect in the fibre; the :
degradation may prove to be u . . e libre ¢
be vulnerable spots in its structure which will be ._:._NME c.vm R .

Moisture Regain. Practically nil, less .__.:: o._ ?_4__ _cs.‘
Tenacity and extension are the same ™ wet 7 as :w: e tov
compatibility for moisture will not enhance the value of the
apparel. o T b s ot

Fn...:io:. Resistance to abrasion is mcc;.. The ..::_c.. .»_q.r«. .:_ v
“ pilt” and this is probably a reflection of its mE:._ ?v_v_._.__,_rr ¢
. s will pi > pills are
abrasion.  Wool/polypropylene blends .,:__ _:.__ but if “__,v_r ._:__4 e
examined they are found 1o consist entirely of woul. e r_

. H < 3 .- ~ - A} » dr.
blending of polypropylene with wool has any cflect on ~._F __”:.».r__:cw
of the wool to pill is not known; it is ::___?_._< that it would rec
it, but not impaossible that it might increase 1.
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Effect of Heat. Melting point is about 165° C,
about 155°C,, ie., too low for sufe ironing. F
Perlon isabout 215° C, and nylon about 260° C. The
(but not the undrawn) fibre is very resistant to exty
kecps its strength down to — 100° C
special uses for it.

Effect of Light. Polypropylenc may be sensitive to oxidation
apparently there may be 4 few weak
h the main polymer chains are un-

initiated by the action of light;
spots in the fibre, even althoug
affected. Its resistance can be
oxidants and radiation
included in Ulstron fibre,
Colour. Colourfess,

Resistance to Nuclear Radiation. The tests made by a Russian

team on polyethylene (sce p- 604 for details) were also made on
polypropylene of 270 denier and gave the following resulis:

improved by the application of antj-
absorbents and some such stabiliser jg

trradiation of Polypropylene

Irradiated in air, Irradiated in vacuum.
Dose in e e
millirads, Strength _ Lxtension Suength Lxtension

(gm./denier). _ (per cent), (8m./denier). | (per cent),

None 2-3 9 23 9
05 24 I8 24 13
2 27 16 28 6
5 27 13 24 14
15 16 1l 2 16

100 10 _ 4 16 16

There is a marked increase in fibre extensibility for Jow exposures;
there is a significant increase in strength for cxposures of the order
of 2-5 millirads. There is a beneficial structural change that reveals
itself in the increase of both tenacity and clongation at break. It is
very common for one to be increased al the expense of the other,
but the increase in bos is unusual. How it happens we cannol be
sure. Some would say that the nuclear particles knock oul hydrogen
atoms from the molecular chains and that when 1wo such atoms
fear together but on different chains are lost, then cross-linking
occurs. But the author is not so sure; cross-linking improves true
clasticity, ie,, recovery from streteh, but it does not usually increase
extensibility. There is room for more work here: there is an indication
at the start of it that the results may be of worthwhile physical
improvements,

softening poim
or compurisoy
highly oricnteqg
reme cold, and
- & property which might fing
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veng . B
:._.:_”133_96 o:m:,:__w.?nmc_:na Qa q.o:_ 3_.,“:_..”_:a:w __d__,»r._r»r_w\.ﬂv
¢ ure no polar groups in the structure 1o which dye molccu
e d. At first, the only satisfactory method ol ..&3..:_::
" ::.:._o.mc.m:.: of Em,_sc_: in the material to be spun, that is in the
- _.__c _._Jr?w iven excellent results on polyethylene and proved
_:r.___.,n_ _A_u___,v vh_v\%_dvv\_n:o. It docs, of course, qnm_:n_._:c ._:__:_F_r.o_.

o it is it is th the spinner’s whi
of available shades, it is costly, it is c___<_,<o_, hthe spinners whilt.
i he can get a really long run on each co o:.r. o8 v sma !
antiti it means that the weaver or knitter must h : ,
”.___M”_...w_nowm_“_m—. _”zi cloth Scsmrn_azma do if he could send it to the
' e dyed in any required sha e. . -
,_VM:Mo:woSwm that has been _..Hzoa-.o ::Mamm_m ~r_.__“w=mw\moMw___u_wv_@m“;nﬁ.ﬂ_w_
coloured) polypropylene has been o gra - s of Pty
sthacrylate on to it; these contain polar mqozmm and ! it
".”,,”_.__.wnmwca molecules to __un .,.%E_cn”_m_u:“h“m___““ M._q”gmnum_.d._w._..._“.w\_w_uﬂm
some moisture compatibility so that the o tertiary
is increased. All along the polypropylene .n?:__..p.:. S e hary
carbon atoms (those to which the .Bn._é_ side-c d.,.:z_m Awm -:.nmn ched)
and the single hydrogen atom that is attached to eac .. . s
ittle activity than, for example, :_r.. hydrogen .:o::ﬂ '
"_v_.__y__rﬁ___:wdqm__”mm_nch:w. In _x::n:_:m. the _r.::..q« Q:._EMHM.WW_MNM._O:.
be oxidised with oxygen or even air at temperatures A
and a pressure of about 3 atmospheres. When __az_uj_..ﬂwo:rnr ,,ﬂw__
oxidised the tertiary carbon atoms on the _uo_x_:o_. ...n. one il
react with monomeric methyl :E::.a@r.:n ,(‘_w_c._,.ﬁ:.u_nﬁ._:_w iches
of its polymer on the ?“_S:.:_é_n:n_%:_:Aﬁ.. M__,_._r..:rvﬁ_v:r:.m oy,
a combined hydrophilic layer some )-10 .N“. -
pylene surface.  Itis :c.r.sﬁ._.__é that _uc._..:‘w_m _5 y nor can be £rafl-
ised only on the surface, whereas ..:..r:r polypropylene,
wh.-__mm_m_m _:v. mqnuwﬁ accessibility, can be m:__--_S._Szn_._mca.M___.qw-__.w_”do—__“
its mass. Another possibility that has reccived Qw_._m_»_rﬁ_ _. n
that of high energy irtadiation, for example _ux .vo,:.- _.: <= ,.__, ith
w-rays from cobalt-60.  However, these methods are a c:wv .c w_\a "
fruition and at present they do not scem to be very v.:_o. _Em,»_. -
may be that the controlled ?.w_z_m::c:.:F.:_oa. :_.,_.~ _w_..p._. r: o
isotactic polymerisation has an __d_::.n_: ﬁ__,mn:_s._:..mﬂ ..:n i.:__ outs
out the possibility of no-_E_S.E.:u.i_c: of the propy rq“-m_z e
moye polar monomer, and G:_im. _:m need for twe _wuc._u o
wmerisation: (1) isotactic polymerisation of the 3:_,%_< en ,..._n_.m.r.
separate grafting of polar groups on to the backbone of the isot:
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polypropylene.  The difliculty will doubtless be overcome, but j
looks as if it may be a scrious one; a possible approach is that of
block polymerisation, blocks of isotactic polypropylene alternating
with blocks of polyvinyl acetate or some similar polar vinyl com-
pound. Whatever method is adopted, either manufacturing costs,
tenacity, or chemical resistance will have to pay for the improvement
in dyeing affinity and moisture compatibility,

There are a very few disperse colours which will give pale to
medium shades on Ulstron at 90° C. in 30 min. by orthodox dyeing
methods. Dyeable Merakion polypropylene (acid-dyeable) is now
produced by Polymer S.p.A., a part of the Montecatini-Edison
Group. It can be dyed well and the actual dyeing is discussed on
p. 617. Although Montecatini has not revealed the nature of the
chemical modification to the fibre it is perhaps relevant that 1wo
methods of improving the dyeability of polypropylene  whicl
Montecatini have patented are: .

1. About 10 per cent of an epoxy resin is included in the
spinning solution. It is cluimed that the fibre spun from such
solution will dye to deep shades that are fast to light, perspira-
tion and washing.

2. A substituted pyridine is grafted on to the fibre to provide
dyeing sites for acid dyes.

Many grafts on polypropylene have also been made by the Russians
(see Further Reading).

Another method of tackling the problem is that of making dyes
specifically for the purpose. To begin with, one must consider what
is the new and outstanding characteristic of polypropylene which
makes it more diflicult than other fibres (o dye. There are two such
outstanding characteristics ; they are:

1. The extremely high regularity, stereo-regularity in fact, of
the polypropylene fibres, their immaculate perfection of mole-
cular arrangement, that makes it very difficult for a dye molecule
to get into the fibre. How can this apparently fundamental
difficulty be overcome? The most likely method is by swelling
the fibre.

2. The very hydrophobic nature of polypropylene, with no
significant moisture regain, makes it less amenable than most o
aqueous processing. The fibre and the dye should be com-
patible. Perhaps, therefore, dyes that have a minimum of polar
solubilising groups, dyes that are very insoluble, might be the
best for dyeing polypropylene. If they were dispersed (quite

XYY
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insoluble) in an aqueous medium, the :o_v\s_.ﬁ._wz_w_dc,_._ﬂ.u_.c :__.
fabric put in such a bath might dissolve the dyce in its fibre anc
thereby become dyed.  Like calls to like. <<_::.mEEE.v to be
an application of this point of view will be described. _

5 ins isperse dyes which are called ™ plasto-
Some water-insoluble a_%n_.uo ed * pl :
soluble ** have been described in B.P. _..cwmku_ by >N_w=a_ .n..c._c:
.z..N.o_E_n Affini Acna (in the Monlecatini group) as being ?::o.ﬁ
i “._< suitable for dyeing polypropylene. They have the gencra

|

!

formula: B 4

N
I
— Z g

when nis | or 2 and X and Y arc alkoxy or m_rv\_:_s.__.:w or u__s__s,q

groups, and R is a dye radicle free from water-solubilising groups.
Y

A suitable member has the formula:

_
I
ﬁ
N
—.

e

P

n

NHC;Hy

C.

Z
—_—Z

‘Z__ﬁ,_—_:

i
Z
=
m
~

N

2 gm. of such a dye is dissolved in a little acetone »._:.»._ :HU_J
sulution is dispersed in 2 1. water, then polypropylene :g. can ,r
dyed in it using the dispersion in a &B_x:_... .ﬁ,.n dyebath is __,E:ﬁ_
1o 100° C. and 100 gm. polypropylene fabric is ::.:Q.mﬁ._ it s._a
the whole kept at 90-95” C. for 30 min.  The dyed fabric is _.o_:c.F.a
and treated for 30 min, at 80" C. with 2 1. of a 5 gm. /1. soup mc:::.:r
The dried fabric shows good fastness to light and sublimation. 1_._6
soaping is an integral part of the dyeing process. .__ ium. i::
disperse dyes that G. . Ellis solved the problem ol dyeing Celanese.

Possibly Montecatini will succeed in dyeing :.E_._. polypropylene by
avery similar device making sure that the dye is just about as walter-

resistant as the fibre is.

Dyeable Meraklon is used in all countries. LC.1. have c:_,_mm.:m;
a technical information leaflet (D1144) describing how Montecatini’s
acid-dyeable polypropylene can be dyed with LC.1.’s dyes. Meraklon

is marketed in three types:
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Meraklon DR (D for dyeable, R for resilient)
Meraklon DL (D for dyeable, L for lustrous, j.e
Meraklon DO (D for dyeable, O for opaque or

All three are dyed substantially similarly,
dyeable than the other two, and when it

fastness is not so good. There is a bit of un
about these dyeings and, in particular, a Mox
as “ Dispergal SCL-G
wash water, if a dyeing
Given that the use of

., bright)
dull).

but DR is a litle lesy
has been dyed its light
disclosed ** know-how
Wecatini product know,,
must be present in the dyebath and in (h

with a good light fastness s to be obtained.

this proprietary substance js necessary, the
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Itis clear that very great progress his _F.r”: :::._..._.. ___._F_“””_“r___”“

/ e well with polypropylene: 2:_:.. first made the e
- ao:ﬂ.ﬂﬁn now the Montecatini scientists have found out I
._,.“,__NH_HM: dyeable—a great achicvement.

—“:_ —_:——_mz .—— usces A_VR...—_;W :_ d —_:C IS :_pr\. unnecessd < an i
— nu ¢ \ry, 1 P—
[} y
_—_o—< g ~——9~ vc—Q—u— c—u(—r_—ﬂ —_—:ﬂm S-: -—:& morc usc in —-P——‘_m:( :—-:—
m —._aﬂ _.—OBO n.O— some tine to come, u——( ——U—O IS .———Pbﬁ_( ~vﬁ_=r_ _:.—&r
mnto }] «
::w use :m m—.ﬂn—n m——.ﬁ——m , IC ance to avbrasion
t —-O—Uﬂw D:Q A-O—. H : S1ISts B ! —u

rest of the dyeing operation is straightforward. The fibre is scou

in a solution of a non-ionic detergent and soda ash {0-1 per cent of
each). But if a heavy shade is required then the preliminary sco
is done in detergent and formic acid

is carried out with acid dyes and a 1
as follows (all the percentages are o
that is being dyed):

i ater s stand it in good stead;
i igi for water should st : .
: negligible affinity stane o
.___M__:“”wq huw:m ropes swell and get very heavy and unwicldy
beed § s will not.
i ; /lene ropes wi -
in water; polypropy . not. lene rancs are
._mw_o_. a mm<n=. breaking load, polypropylenc and ,_,c.q«,_.:_ ! %o s
ery similar in diameter, but the polypropylene _.._%r e it ane
wm wﬁ cent lighter and will cost only _:.=_, as :EM .._ Ropes that ire
. e
i i : ade of polypropyler
oard will float if m lypre and A
. oéﬂ..:. they may be retrieved. Hitherto the __m:_r::n:q ave
soked & ic i ¢ st three o
w,_”“__aa a bit askance at synthetic libre ropes E&.A...ﬂvhmm_m e or four
imes as much as Manila, cven if they did _.,_.ﬂ ten tis .p‘ . o:._< °
:__,.n: ropes are lost sa that their potential _ozm.m<__ <<n o
) demic interest.  Perhaps ropes that will =o.:_<<_ ha n.s:_ e
ha . 2 “hance that a rope w
i oy thermore, the cha !
at will be longer.  Fur the chance that & rope Wit Bt
“"_.W_ ropeller of a bout is much less il _._F ropc is .__ ___:”:rqc ot
___“‘rw._. But if a floating rope is lost it _==<»"og= __:q_,__w wm llers of
z . i " greal s h and durabili ¢
5. Bale o great strength @ ‘ he
sher boats. Baler twine ¢ rabity is another
”,_.s.w roduct that has been made from _5._;33_:_.,... _._u_m _s_.._v. oL
__M E._w by Eastman Chemical Co.  The high —.:nc_c. t” “\_:g._c ren
u : i is i lypropylene 1« ¢
sent since 1962) is allowing polyp ble
D T s b i 3 hing more serious.
is nibbli i w into something .
arket. This nibbling may gro . e seriows.
__r"m.r._“.—:a.m are already made of Ulstron. r_m_z_“rvw. neg —r e
st suin, i a fawrly low cost
moisture regain, high strength, and ?cc...c.« Al n__d_h w_. .
is li a certain amou
‘he fibre is liable to a certam an cree der
favourable. The fibre is o mount of erecp wner
_.._r.._<< loads. and this can affect mesh size.  Large scale lishing
&l {3 >
are in progress. . e
_?Osns?_”:m:c use that has been investigated for _S_V_\.ﬁ_hs_ v_\vc:-
. " M a1 i3] >
fibre is as artificial scaweed.  The idea :35._2::\ came om Dew
mark, and L.C.1. took out a licence and carried out r:mr-v‘ﬂ,.__ r: _,v_.c
£ : B . . . ) ) . da m .
.:.wm:_.sn_:c::_ on the North-East coast and in _Nc_vr_. e bk
.Ec.. was that the libre was made into fronds which ,_<:o _»:,#::
it Jor N av 5C -
::...“_68 to prevent beach crosion.  However, LC.1L have

red

ur
, instead of soda ash, Dyeing
ypical dyebath will be made up
n the weight of Meraklon fibre

Water: as much as required, prabably about 30 times the

weight of the fibre, j.c., liquor : goods ratio of 30 - |
Acid dyestuff: | per cent (for medium shade).
** Dispergal SCL-G ”: 6 per cent,
Anhydrous sodium sulphate: 5 per cent.
30 per cent acetic acid: 4 per cent,

The temperature is raised to the boil over 30 min., kept at the boil
for 30 min., then 3 per cent formic ;

acid is added to complete the
exhaustion (all the dye taken up by the libre, so that the dyebath is
now almost colourless), and dyeing is continued for a further 30 min.
at the boil. The wash off liquor must contain 0-] per cent
** Dispergal SCL-G . A lairly long dyeing at the boil is essential 1o
give good wet fastness, probably 1o drive (he dye right into the fibre,
Other groups of dyest

ufls can be used in acid-dyeable Meraklon,
and I.C.1. note the following:

l. Procilan metal-complex dyes

2. Chrome dyes for blacks

3. Reuctive dyes especially for bright selcolours.
Which is used will depend to some
required. The Nylomine range of
results, and so far
the Procion reactive

extent on the light fastness
acid (anionic) dyes gives very Lur
as concerns light fastness these are betier than
dyes on this particular fibre,
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tinued their work in this direction.
proposition to import the giant Paci

grow off our shores. In fact, this was suggested a long time

so that the kelp could provide an abundant source of raw m

for alginate extraction. The ide

that the kelp might £row (00 r

It might be worth reconsideration today.
Carpets are another outlet fo

r which polypropylene is being used:
it is used as the pile. One of the factors that is important jn the

behaviour of a carpet is for how long a time the height of pile is
maintained; it should not be quickly flattened nor worn away.
Nylon pile carpets are very popular in America and have good pile
length retention properties and it is of intercst that a carpet pile

made of 50/50 wool/polypropylene behaves nearly as well, as (he
following figures illustrate.

\ Percentage of pile height retained afier

Pile fibre. _ 2,000 treads. | 5,000 treads. _ 10,000 treads.
Nylon . . . 82 76 T
50/50 wool/polypropylene . . 74 72 70

Since the above was wrilte

n polypropylene has been exlensively
tried for carpets; the

y are not a natural outlet for the fibre;
not look as good as they might do. But polypropyle:
tibre, and floor coverings made from i might do wel
bars, snack-bars, cafés and perhaps for railway
and cons of polypropylene fibre for ¢
thus:

they do
e is a cheap
I enough for
carriages. The pros
irpets may be summarised

Advantages: Low cost: no st
shocks; lightness so that cover
resistance; no pilling; good st rength and durability,

Disadvantages: Poor resilience; poor texture retention;
dye pick-up; colours not bright ¢
i touched with a lighted cigarette,

atic electrification or annoying
per b, is high: excellent stitin

poor
hough; liable 1o melt locally

Aesthetically polypropylene is not suitable lor leisure
utility floor coverings it may have some promise.
Other uses envisaged for polypropylene are for pile and looscly
constructed fabrics; velvets, voiles and so on: the high strength of
polypropylene will enable it to be used in light fabric constructions.

arpets; for

It might be a more attractive
fic kelp macrocystis and lel it
ago
aterial
a4 was turned down on the grounds
ampantly and choke our harbours,

621
POLY PROPYLENE

The freedom of polypropylene fabrics from the pilling scourge has
sreay _u.nos _.Mnnamp that the particular m:m:_E._:v\ of _uo_émc—é_n__“w
T ulding ”:M:n has prepared the way for its use as 4 fi ”M.._mmcs
it EM”.__”“.%M:»?EE\ it will mould at low v?.ﬂm_:mﬁms ww%zxo.m _E<m
e i i d the moulde
c_.omwmsm..m&no.___w: _m_. _Mo___,_g.ﬂn.mm:w_,:_dw :Zmrn_. Bo_:._i point o«rc_w_w.."
T 16 cm_u %o_:cm_.na with 130° C. for Zicgler vo_wnup w_o:c
_u_.ovhwﬁwwmw_%%:w m_a permits w.czzws:o“r p.__v, sﬂw_w _M%&o.gcsw e
oy i i s i astic) wi ,
pbrpr s in _Aww..m.:“wa_.ﬂmm Mwhwnmn* to reach nmouoco.s_; W<
o ar! —Mwsm :_d= prn.c._a. polypropylene is made ﬁ.im:m:i:«
e ._om: capacity is 11,000 tons per year and i e
—.O.h..cwhaww_g”qnﬁzna shortly. Courtaulds make :p.“..m mm_M,n.,n““”wo nd
P i ” i ilot-plant quantitics
8_._ o v-o_&“om:m :_w—”o,.\”\_uﬁ%m_w go :ﬂo big v_.oacn:o__“ “So—“””“
ot Ecm...nn _. ,_E gest Italian chemical company, :Ex..wm%.c:w
capints by far :.n__m W Meraklon; 1960 ?oa:ﬁ._oz wiis 5, : Esm
B e nm_ being 10,000 tons; in America under :F. _<_. "
o _.n= mo E,:E a fibre plant at Neal, <.<cmn. <_Ww_m_ M:..
Zo.<u5o_= o vg..nn 12.000 tons of fibrc a year starting Iin _ 2 or
which should vqm :.G ccm tons in 1968. There are great V.F,:_u. a ,.r._.-»,.
o olymror _:”_ n.w; plastic and the immense csv._:__, ::_\r.a_.:d”._.._._
lor vo_«v-ovv\_.ﬂ:n ..= find their reward. But asa fibre .v. For _:” =v<q.__,. \
B o _M_:. tyres, the biggest single industrial use . .r:v.
Rououral witl hat wci, softening lemperature, but :._:_c_mu.w :w
+_c._§..=_ i_.:.._. _,5: For the home?  lroning ,n_zun__.._._q_r .__;7.
pensive ox..:”,._?“_ :.. possibly spun-dyed for carpets, ::_r.“,_.._..\.l
»;n_:m.sqn ._m..:” _v_.<c_.mn uses for polypropylenc have _::_ aly “_v..
oo _cq. ..v?:_r:_ as they could have been. In _Ac.\u _:.r. on V\___“_. v.\u.
bech 43 v.._ﬁnwv.u. _:.._._._,.ﬁn»_ by LC.1. Fibres was v?_:.u:»_:w... . Wc.,
_:.».,n__é_n_w_r:wwu_n._w _.:‘q ropes which are to be seen r.<m.J>< ere dalosea,
__.__””_: ”wmn cross-channel steamers to pleasure yachts.

< — | I _ _J —Jv\_r\:( as ——:n 1ntr ‘Lion « _
) \% ) nt _:_ —u: v\ (X%} L W ! > :.—_: _:, . )
A major ﬁ—.r .(_» —‘v—sf: . . : wﬂ . ‘
———P vc_: AC—. V—zv _.___: —U_C(PV.V, to Hs :::.:—_-P—:—( m — 7# ) _‘;_w _:PAY
_v _r_—r _.v PX——.:Q(& as i _,—_:— »__:— ::.J. 15 .J~_.P~P.—-.(r_ .——_F_ v_v_: nl u‘ _A—..——
V\- -—_ S — __(Vr- it —vr ,I.__———-_ y ~(<_V—fn—, W _.Z.r_—
_.—_.—__:._.——w Or Narrow lapes. . _ . are N — _ .
« C ] —' i B H und -— —vr.- It v <
ibrilk u—_:_ assume a4 1o ) ATane : :—
cilises —_,_ m __ :__-——( ° : . . _ .
—::—!t_:n\v :_ v—,.v_—— ..—_'_(V. .J—_...‘:Ta—_—, resistance to rot .n::— r/:\_‘z_r.».-_
..»P . ) ’ 1 IS v~ cr 1hres © LCG,
il 4 arc m::::.. 18 —_—:,l,..( :— — —v— rof _r_ OUN ©y ru 8
—:—.P‘a > > Y " ._._:_—_7 *xl _ i
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by conventional means, but the split-film fibres are 25 per (o
n_._omvoq to produce, and their production is casier and _:Maqm r_e.___
:.w_._x skilled operatives. Often, the film is made from pigme r.v X
material to simulate natural fibres. The narrow flat :.gom_w n.C:_”,_
woven directly (without being (wisted), and a fabric made .._”c r.
nm.g warp m:.a flat weft gives good cover, strength and resistance o
microbiological and chemical attack. It can be, and is, used ?S "
S»::.?Q:R of sacking and of carpet backing, . . e
wv_:um__: polypropylene is becoming a dangerous rival to jute ;
a packing material; it is lighter, stronger, and has a :Ec:h _ori,".,,.
water absorption as well as its anti-rot properties. The c::..:_
troubles of Pakistan have made the supply of jute irregular ﬂ:nqne.._
polypropylene can be made in unlimited quantities from o.._ refin q;
v_.ovw_wso. .._,_.n one trouble to which the split-film packages r V
prone is En:, slipperiness; sacks are required (o be capable cw cnm.::.
stacked without m:vu_:m. Most progress on split-film vo_E:oE_n:m
—_»w.cnos made in the UK., Japan and Germany. 1o_§33.n=.,,
mc::u.ﬂ... more easily than polyethylene and is accordingly preferr r_
for :.nw_.:w.n fibrous yarn by twisting a ribbon, but split c_c_ﬁ
ethylene is ._.mo_m useful for twines and ropes, >.“o.=n_. :cﬁ:w:.w”
of the m“.v__:.:m process is that a small split-film plant can be o n::_u,,”
onosoE_nm:x ﬁro:&w most man-made fibre operations, ¢ g ﬂ:o:._.r
cal, polymerising and spinning, have to be done in E.E_.. ._.u_m_:m i
they are to be economically sound. An ordinary nylon or an ordinary
vc_.quoe_n:o twine, if it is knotted, tends (o slip, but the flat _.__:v_
i._:nr has been processed into a yarn is free from this annoying
a_mm%m:_mmn. There is some trouble with degradation of the w_ r
Eovw_n.wn in mE.:m—:. and sometimes carbon black is added :w :w\r.
melt .vn_ozw spinning; this gives a black film and split film but one
that is less prone to actinic degradation. There is also the fact that
_uo:\v..ovw_.n:o 1s difficult to dye, but dyeing is not usually :cccmu..:..
for vnnrmw_:w.::.:o_...m_w“ but sacks are often printed with the u.:v_u:r,._..w
mark, and printing on polypropylene is not casy. The Asians who
grow, ~._~:.<nw~ and sell jute will have to watch the position carefull
otherwise the world’s carpets will be made without 4 jute backin V.\,.
polypropylene backing is lighter and this facilitates carpet i.n._s.__w..
N".:_ moreover it does not absorb and so waste any dyestull _.3._: :W
”_.v\n_...,...:_, when __..n‘ﬁ,_.vn_ is &c»_.. as jute may do. Similar considera-
ons ._Eu_.z to packing and baling materials. The day may come
when cw:m_;n:&_n quantities of polyamide and polyester are similarly
made from split film. One form of polycthylene that is made :v_
Sweden has the descriptive name POLYSPLIT, "
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Process. Mechanically the conversion cle. of tilm into fibres has
apened up a novel field of invention. Three processes that have so
far been either used or suggested are:

1. Barmag (Barmer Maschinenlabrik A.G. of West Germany).
The polypropylene melt is spun, i.c., extruded in the form of a
tubular film which is first carricd to the top ol a cooling tower.
When cool it is fed continuously to the drawing line where it is
drawn (stretched) and split into individual tapes by fixed
knives. 1t is run over a pinned roller which causes continuous
splitting and fibrillation.

2. A similar process to that just outlined but using a bi-
component film (also Barmag). When this is processed the two
components shrink unequally, the layer with the highest shrink
potential causing the other layer o contract and adopt a crimped
formation which is considered advantageous: it improves (he
cover.

3. Shell have patented an embossing method. In eflect, the
film after extrusion and having being quenched with water is sub-
jected to an embossing process, and the cross-section ol the
embossed film before it is stretched becomes as shown in
Fig. 206. The embossing is done at a temperature below the

SSS S

Fii;, 206.—Cruoss-section ol a_polypropylene film embossed and ready
for splitting.

crystalline melting point, doublless to conserve strength. The
film is streiched up to ten times its original fength and breaks
up into a multifilament-like material; i.¢., the fibrillation takes
place during stretching and the stretched and fibritlated material
is wound up continuously on a multiple bobbin creel. The
product is found to be uniform. The process can be applied
not only to the homopolymer but also 1o blends of polypro-
pylene with polyethylene and cven with polystyrene. It has
been reported that for fine deniers (below six) conventional

spinning is cheaper than film-splitting, but that for higher
FFor example, 15 deaier split-

deniers the reverse is the case.
1S denier

ilm fibres cost 39p/kg. whercas  spinneret-spun
filaments cost 47p/kg. Not too much attention should be patd
10 these particular figures, but the principle is sound; ice., lim-
splitting is cconomic on high deniers but not neeessarily so on
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low denier fine fibres, Th

| e outline o 'ess |
a.mmBEEm:ns.? in Fig. 20 ! the process is shown

FiG. 207.—Diagrammatic arra
W. Extruder (spinning unit).
& m_w_m._vﬂ_n.:rn film) rollers.
. ssing patterned (grooved) roli
D. Arrangement of rollers to m.nEww a.u..mmmwnna of the yarn

E —.—On air 4
. oven in ¢<—=ﬂ—.— ———ﬂ _:- S stret _—0 o ver
—.m i tretc Q to seve al :._SOW s O:V_.:

F. Arrangement of rollers to determine the speed of ¢

the degree of stretch imp: i
fast a5 oatieny o1 imparted to it. These roller

Wi ng ci 1 a 8 any ~up S Of mi pac dge
—° di reel containin m; take. UQUU—S or similar -k 10y

ngement of a split-film process,

al
he yarn, and therehy
S g0 scveral times ;)

G.

Production.

In 1968-19¢
500 million 1o 9 output of polypropylene fibre exceeded

er " :
per annum. The main producing countries are:

US.A. ithi

o _mn> . . . 300 million Ib.

._m.v mr . . . 120 million Ib,
. . - 50 million Ib,

Italy . . - 50 million b,

TRILOBAL CROSS-SECTION FIBRE

Ordinari
nylon and ,_,anosn:: - Melt-spun through a circular jet, just us
round cross-setion EM polypropylene necessarily has, as they do, a
with a trilobal cr . x.vn:_:n:.m__«. polypropylene has been mvn_:
2939,201 (1960). Tho malien pooner s, LU Pont in U-S. Patent
through spinnerets j :W ten polypropylene at 200° C. was extruded
mils long on cach m.&: .<< hich each hole was an equilateral trianglc 9
was cut running 3 _ a._.:_.; at each vertex of the triangle a square stot
wide, The VB..W i_..“w_ M_, ‘:_ _Msm._. from the vertex and being 3 mils
hot-drawn at 124° C. ¢ ound up at 65 yards per minute and was
tenacity was 46 gra © six times its length over a hot pin, Final
76 per cent. “ HMM-S.» per ao_.:cn and elongation at break was
hibited a unique | yarn of trilobal polypropylene filaments cx-

qQue luster highlight to the unaided cye, compared to the
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Jull flar appearance of the round filament yarn.” It may not be

Lang before all the melt spinners abandon round-scction fibres; they

have the lowest area/volume ratio,
Crystal Reality

As a rule, the crystals which compose a part (often a large part) of
synthetic fibres are too small to be scen with a microscope; their
presence is inferred from the behaviour of the fibre towards X-rays.
It is doubtful too if discrete crystals usually form, more likely there
are parts of the molecular assembly that are so orderly that they
warrant the description crystalline.

But with polyethylene and isotactic polypropylene discrete
crystals can actually be observed under the microscope.

Marker ef al. have studicd the crystallisation of polypropylenc
(m.p. 171° C.) at different temperatures. The progress of crystal-
lisation was followed by microscopy: using crossed polarisers the
amorphous layer of the polypropylenc appeared uniformly dark,
and crystals appearcd first as small spots of light and gradually
grew in circular patterns, forming beautiful spherulites nearly I mm.
in diameter. Apparently the crystallisation is started by traces of
luccign matter. All of the crystals start (o grow within about 2
min. of solidification from the melt; after about 2 min. no new ones
start but those already started continue to grow (the temperature
being kept at about 130° C.) until after 8 hours they begin to touch
cuch other.

Polypropylenes from different manufucturers behaved diflerently;
the higher the molecular weight of an isotactic polymer the slower
was the crystallisation and secondly the presence of some atactic
(that is sterically irregular) polypropylene of high molecular weight
in the nominally isotactic polymer slowed down crystallisation of the
polymer,

The Vicat Softening Point

The Vicat Softening Point is often encountered in discussions on
polyethylene and similar materials. It relates primarily to plastics
and particularly to polyolefines. As these are fibre-forming
materials the concept is uscful to us, even although the actual test
has to be made on a massive specimen and cannot be made on a fibre.

The Vicat Softening Point is defined (American Society for
Testing Materials, i.e., A.S.T.M. Dcsignation D1525/58T) as the
temperature at which a flat-cnded needle of 1 sq. mm. cross-section
will penetrate a thermoplastic specimen to a depth of | mm. under a
specified load (usually 1 kg. or 5 kg.).
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Figures that come from different sources show some

spread, by
the following are typical.

| Vicat Softening Point (" C.) with

__ 1 kg. load. 5 kg. load.
Old (low density) polycthylene . _ 85-91 -
Ziegler polycthylene . . . 121-124 82-88
Isotactic polypropylene . . . __ 130-145 85-105

It is of interest to us that the
propylene varies with the degree
tacticity the higher the softening

softening point (Vicat) of poly-
of isotacticity, the greater the
point as the following figures

illustrate.
Isotactic index Vicat Sofiening Poini
(per cent). at 5 kg. load (* C.).
77 72
81 74
85 78
90 86
95 98
97 106

Determination of the Vicat Softening Point is a very general method

of test. It is not limited to polypropylene and has been introduced
here only because it illustrates well the relation between thermal
stability and tacticity of polypropylene.

POLYSTYRENE
Well known and extremely successful as
styrene is a doubtful qualifier for inclusion
has been made as a flat monofilament,
Plastic Products Co. Inc., of Odenton, M
for use in knitted pot cleaners but it
propylene.

The chemical structure of styrene or phenyle

C:H;CH.CH,
is not very encouraging for conversion into a fi
because most of the substance (the phenyl
side-chain and will not contribute (o
isotactic polystyrencs that have been mad

a plastic material, poly-
in a book on fibres, It
particularly by National
aryland; its application was
has been replaced by poly-

thylene

bre-forming polymer,
group) will constitute the
strength,  Nevertheless,
¢ have had useful pro-
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i i ° : d chemical

serties including a sharp Ea_::m_vo_:_p Amuc_vo.ﬁw_mn_”m mcﬂ.:<n_~-mn.:
" the phenyl grou u hed o
¢. Furthermore, . | of s heaven-send
:.v_mpw“”u::w to organic chemists to introduce almost any de
P i cceplivity.
uncti roup to give dye recep e o
:_:n:M._,u“ mmo-:,w of the intensive research currently n..,:quﬁﬂmo o

s “v lene may awaken interest in fibres from _Wo.r"_n._ < m::n
hoi Jw_u_.nm that melt rather higher than nylon 6. :o_.s_r._, nove
H_NHM- o.m:..,nsa will play the humbler part of co-mon
ikely,

olypropylene dye receptive. . .
EcE“MMM %o%.wrﬂ“ow_vo% started to make vo_zvéqn.:n._ __d_%hm_ )
:._qﬂwzam and contemplate a production of 30 m. Ib. per 2 .
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