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Strength. Strength of a fiber 15 indicated
by the ability to resist being pulled or tor1,
apart when subjected to stress or tensior-
Totton Fibet is relatively strorg due to the
_intrinsic structure of layers of  criss-
crossed, minute, spiraled fibrils that corti-
pose the fiber cell (see Figure 13-4).
Strength is also determined by the charac-
ter of the cotton yarns, which should be of













- 1 Introduction to fibre Polymerg

and fibre propertieg

.--""""-_-___

v _.. I have often thought, that probably there might be q
an artificial glutinous composition, much resembling, if m'fﬁuf"::‘ g' o make
ter, than that excrement, or what ever substance it be out of wh:'chg s nay bet-
wire-draws his clew. .. This hint ... may give some ingemious ingui e silkworm
an occasion of making some trials, which if successful ... I suppose he wiﬂl i
no occasion 10 be displeased. s

. n;ﬁmahng }; filament was written in 1664 by the English physicist Dr
ke in bobk_l < Micrographica. His speculation became a reality from 1900
i ecause of the continuing scientific investigations bei
. iy tigations being
je fibres and similar materials. These investigations
anding of fibre composition, structure, prop-
he large-scale manufacture of fibres not found
edge and understanding gained from manu-
them, has assisted in increasing the under-
polymer composition of the natural fibres.
known about fibres, there are still many un-
ties and behaviour. Some of the answers will,
'i'i-.lli =
and some of the reasons why a fibre possesses
9 mnwwhmmm:itisnwm
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i Although the polymer tends, in general, to bc chﬂmml}, e '
prevent its being subséquently attacked by chemicals and g cu;crl.:, this o

§
The length of the polymer is most important. All 'ﬁbres, both gr : ng aeny, lgy !
ral, have long to extremely long polymers. Measuring the length of , mlw Ny, |
complicated, if not impossible, task. Estimates of the length of 4 polymtmr il |
obtained by determining its degree of polymerisation. This js often a :

i i i bb"ﬂ'iatgdtm be
and defined by the following mathematical expression: oDy |

average molecular weight of polymer
s ek it molecular weight of the repeating unit in the polymer

Note: Some fibre polymers may have been polymerised from two Or more dj,
monomers; thus, the repeating unit is the combination or segment formed by thm“::;
or more different monomers which repeat regularly along the length of the polymer
In determining the degree of polymerisation of cotton, for instance, 3 figure of 5
is obtained. This means that, on average, each cotton polymer consists of 5 5000
epeating units. With the repeating unit is cellobiose, which may also be takey
r. Ci example to illustrate the size relationship betwee,
e cotton polymer to be as thick as an ordinary § mp,
t 50 m long. As it consists on average of aboy
n each one of these would be about 10 mm long

aving a backbone, consisting of the atoms which

' configuration and which are responsible for the
rated in Table 1.2.

ulose and keratin are polymerised in nature,
clIC monomers to polymers is quite well under-
tic, polymeric material which will be extruded to i
§ categorised into two types of polymerisation: E

n end-to-end without liberat-
S1sting of addition polymers are

)pylene or polypropene, poly-
ide and polyvinylidene chlor-

~to-end and liberate a by-
- generally water — but it
~upon the specific
mers are elastomeric,



I'"""“chm "
Note: The polymers of acetate, cotton, flax . fibre polymers and iy, :

& .
i:ll\ ~ ated ce!lulme fibres, and wool, do not fit iy : » Viscose
h: - pot enough is knOWn as yet about the way thei;y :l‘“ the above ¢
DY b A knowledge of addition and condensation POly::::“ Are synthesised i,
i sa .

synthesis and large-scale manufacture of .
gf;usiﬂn as textile filaments. Such knwl;z;etﬁ?k Polymeric gybg
technology than to textile technology, Similgs) o

growth, nurturing and harvesting of n Ys 8 knowle

t
icultural sciences of animal husband atural fibreg belongs

\ > oancry and crop cultivay; :
recognises such knowledge as being peripheral and to b:::‘e‘:l“f;h: textile . :
rounding off explana-

tions and understanding of fibre properties i -

and their respective fibres are at times refcrre:;l:g m:uppmmh Sﬂ?m sp
egorisation I:.selom It will be noted that the natural regmmmt; s fonnd%hﬂ:

fibres are not included. :I‘h:_ reason is that insufﬁcie;n is known ﬁ:m growth,

formation and/or synthesis of their polymers. o

from the same (= homos in Greek) or only one kind of
bres are: nylon 6, nylon 11, polyethylene, polypropy-
aylidene chloride, polyacrylonitrile as distinct from
[ables 1.1 and 1.2. .

.
DIT rwunrmore different monomers. There are four
uowsﬂ E

!
g sequence, as shown in Table 1.2. !i
nd polyester; see also Table 1.1. ;



less than 92 per cent but at

groups acetylated; that is, 2.3
to 2.4 of the OH-groups per
glucose unit are acetylated.
This is usually shown as 4

The acetate or
lymer, which ;?m%

| X—N__ K
least 74 per cent of its hydroxyl HO I!I #““""—--—- o-|"*

of Polymeriga;
about 130 units (i.e. n = 130). o

—n
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Cellulose, the polymer of cotton, with a degree of

o B b L :
5 ;&:ﬂ;mﬂon of about mﬁdhhuum(j,t.u

misthﬁm.mlitof Cellulose, in regenerated form, is the polymer of

polynosic  these three regenerated cellulose fibres; their degree
of polymerisation is about: -
250 cellobiose units (i.e. n = 250) for cuprammo- |
nium; 300 cellobiose units (i.e. n = 300) for poly-
nosic; 175 cellobiose units (i.e. n = 173) for vis-
EE  COse.

elastomeric monomers and the repeating units of ‘
e to reproduce them satisfactorily within the coo- |
. to the section on elastomeric fibres in M:tmsf

o types of elastomeric monomers and 9
ether types.

'\

- ilalose is also the polymer of fax, with a degre
?M% jon of 18 000 cellobiose u .hmu]lum




~ Table 1.1 (continued)
. e Basic unit or moROMEr Polymer R
Mﬂﬂlm‘ [~ CHJC@"COU (CH3);~ 1, B
£ " Polyester The e TR %
R J] rﬂ?"'"‘ Polyethylene terephthalate, the o
’1 Mﬂm the polyester polymer, with a dm o
{¥ and terephthalic acid: merisation of 115 to 140 units (i.e. n = 1”'
i Hooc-@— COOH  140).
- — —
. Rayon Note: the name rayon is no
'! Jonger preferred (see page 54),
: The silk fibroln polymer is A - s
3 mﬂdmm;.d H-[-NH-(‘:H-co-NﬂuéH-coﬂ-uH_&ﬂqm L

The general formula for the polypetide poi
Depending upon the type of radicals R, R’, il
etc. the polypeptide polymer would be idensif
cither as being a silk fibroin polymer or 2 woe
keratin polymer.
The degrees of polymerisation for silk and weel
are not known.

ch are too low for apparel and household textik
er fibre, has become successful. Is
er of dye-receptive groups on a back-

mﬂﬂl}’fmmonlytwodlfft-
ylic and modacrylic; see also

monomer which is added to the
ired in the copolymer, ¢.8
dacrylic fibres. For instance, the

lIICIdcnully gave rise to the
* as defined and described o7

ives an indication of the stru®
ﬁbﬂi Explanations of 1

p‘f o wnmeneant three different MOnomers)

Table 1.2 Categories of hbre



Elymer bondind

Intrapolymer i the bonds holding the atoms together to |
fibre polymer ﬁ:tgg:;?;mer is equivalent ::; molecule :h— the smalles; , "1, g},:
A | : . " de ndcnﬂy retaining the Properties ¥
P :i:?::nu capable of existing indepe $ i nfp%un[h‘% ;‘tg
' i pounds; the exceptions being the
Textile fibre polymers are organic com . *:
comprising the man-made inorganic fibres and the natural mineral fibres, | lé: T
In |
(- len
H-|-¢c-~ use
1% | b
H § fac
L n eat
the p formiy 4
where n = mm
= 3 % |
H H
| I -
H-— —_— c = c - | <
I Th
= H 4, er
basic structural formulz d
the polypropylene fib
Whefe n= 1““ m
= bo
F F in
I I =
- |[-c-c-|" G
17
B ¥
- n at
basic structural formuia o ; T
th fluoroethyles®
wmmt available 4 3
&
= is
H H 4
ie | 2.c - c- (AN
i h
H C L
- ﬂd s
the basic siructural ™42 11
the poh::inafl chloride pagd b
where n = 1250~ 1450 a

nic compounds predom
en in Tables 1.1 and 12




‘ Introduction 1, fibre polymers
polymers as Organic compounds signifies th,

fibre hydrogen - At the

the of carbon and hydrogen atoms, with some oxygen. pice . PTCd0minant
't K is may be seen from the N, nitrogen, chior; ¥ composed
a‘?-ll'f _ 'ms lThl polymer formulae given in T:;?: and/or fluorine
T1- . Fig: 1.1. 1.1and 12 and
51113 ~ qne bonds between atoms in polymers

) * ll - w {
. In general single covalent bonds join the atoms forming the polymer, The single cova-

F bond is represented by a single short line draw
i R represent the atoms of each polymer; see Tart‘:I::TT:n;hi
5 defined and exp_luned on page 21, are chemically ve;'y mble‘md i
-u B et this tyPe of bond is practically indestructible when it occurs betw i
o stoms, c:!:bon and hydrogen, carbon and oxygen, carbon mdmhlmmcm e
v bon and fluorine atoms: c -

letters or symbols

n
1of ahde _J;_i.l.‘_* L. '
e, =g "‘% !;' R # i _af_ﬁ" _#"F'
jt will be noticed (Tables 1.1 and 1.2) that much of the backbone of any fibre polymer
- N . A I | | I |
segments of varying length, 1..-.._?_(%_(}_?_(&_(}__
H g ion of such segments which, owing to their

ficantly to the chemical stability of the polym-

e single covalent bond joining the atoms of
tively. It has been estimated that the bond
and 420 kilojoules for these single covalent
ond strengths in excess of any other intra- or
 for this reason also that it usually requires
icals and/or heat before fibre polymer break-

=

backbone that are composed of other
the polymer as follows.
¥

: the most common chﬂﬂlﬂﬂ
S the life of the polymer, and

ks the amide or peptide bOn ™
agen atoms. Itis also impor:
:-,., group 15 SHOBEIF

:.. and gi'VB rise 10 hy

o 6 i
ation ofhydmgmmﬁ




Textile science

carbony! oxgen
l imino nitrogen
| g /
ica
_3 - 'U m N rmino

imina hydrogen

| / rudml
urboﬂ'ﬂ

amide or
ide
: m o link
-
i pgure12a The amide or peptide group
‘ 0 i i
! ] |
+ HGl+HO—>= —C —OH + Cr'HN-
the carbony! |1|
radical of the
t . amide group the imino gro
¢ acid has become a the amldeggr-:lﬁpurfm
carboxyl group become a posit
which is acidic, charged amino g
water-soluble which has atiracteq -
and reactive the anion of the acid, Wi
leading to further  in this case Gt he Vi
degradation of radical - NH* Ciis
the polymer, acidic, water-solublg and .
hence, fibre reactive leading to -
fﬁnher degradation of o
the polymer and, hence,
fibre |
up; the hydrolysis occurs at the single covalent bond o
i1
o
w
H= N - t
|
% fi
a
amino group; v
this is reactive n
and, hence, wil
lead to further k
degradation of §
polymer and
fibre I
. - 1
4 ydrolysis occurs at the $ing .

A€ of the common textil
€rylene, Tetoron, T




f'ﬂ"ﬂdﬂtﬂm 0 fibre Pulynm

mld_ﬁb"”w"
o
or
; N
(!; |
-
4 \
- C -
oL
? PeE
H H

benzene radical

g <O

benzene radical

-and symbolic representation, See text below for

a constituent of dye molecules (see Chapter 6,

azene ring is sometimes referred to as the
om the pleasant and/or distinctive odours of i

as balsams, resins and by-products from

e of benzene.

ten referred to as a ring structure, "'

n Fig. 1.3. The accepted symbol for benzene
s a circle; the circle indicates the resonance '\

lar structure. It is the unique manner n

ecule adhere to their electrons which makes

eactive, Thus the presence of benzen¢ in

. an indication of chemica!_smbal.ny

‘have been the primary intention

ed. Rather, it may havehb&:n

> react in a certain way (Le. 1©

e. Its contribution 1© greater

distinct advantage.

cellulose, elastomeric, ester
gen atoms thus:

i Cf unds in whi‘ch it is
'f'l anaesthetic ether.




ity of the carbon-— en linkage found in eye the great chemical giahir.
jinkage in a fibre polymer tends to be the mosy ?u::tf: mlf::lf :n general, m'l:t:i
st al

5 fected by degradi
There is, howcvcr,_one exception to the above, This is th [ g
S B8 the glucoside link. It links the glucose uni . tth_er gy e

conditions the glucosid_e link will undergo hydrolys; ‘ig. 2
Ceason for the destructive effect with acids '?'“r: li-;:na: shown in Fig. 1.4, This is the

ellulosic fibres,
Ester group
Esters may be ugnrded as organic salts: they correspond to the inorganic salt
are formed '[-,5: replacing the hydrogen of an acid with an organi:sa radical :nm
polymers this is usually the reaction between: .
: i group, i.c. -COOH, the characteristic group of the commonly occurring
W mbu}ﬁc m, e.g. acetic acid, formic acid, citric acid, etc.

haracteristic group of alcohols, such as the t
as found in alcoholic drinks, which only have '
the polyhydric alcohols such as cellulose (see
‘more than one -OH group per molecule.

ster group. The group is not resistant to alkalis
aline hydrolysis, as shown in Fig. 1.5b. The !
water-soluble and reactive end-groups, lead-

ymer and hence of the fibre. .'.

pronounced o1l
“Gbre polymers (-6

up (0 the free hydroxyl

t from



H H
. ‘s , |

a3 —C—COO—?—- + NaOH —— _?"COONQ g ';I
- | . -89
% H H sodium hydroxide, H ?
i which is present as siliras "
group in sodium on, Na *, carboxylate
m polymer and hydroxy| radicals, end-group, this is t"&""ﬁ ."\
OH", in all common water-soluble, alkajine eng Vo
alkaline liquors, also referred to ag -.m'“mlh
such as laundry water a crude soap and mm"“'“h
after the laundry subject to further ® hl::""’!l
detergent has been degradation o,
added

ysis or saponification of an ester group in a fibre z .
m carboxylate group is the typical water-soluble end-group ;:r o caten

2 ative radical OH".

re polymers is of two-fold significance:

| will therefore attract water molecules, whigh
mainly responsible for the moisture absorbensy,

1€N worn.

vill give rise to the formation of hydrogen bond

- formation of such hydrogen bonds will conrie
of the fibre’s polymer system.

e polymers should not be underestimated. T
that constant efforts are being made to have
bic, syntheti




Iﬂ[rﬂdu‘;l'
Nitrile group 1o 10 fibre polymers and fibe prapere

This is the characteristic polymer sid
(see also Tab'lcs l..l.and 1.2). In gt:n:ml i
break down in acidic conditions, It is, h::w

pification, as would occur during normal hﬁ:‘e‘;-; subject to alkaline h

is not very noticeable, because the crytallini ring. Under normal cir :
. rytallinit cumstances thi
tem of the acrylic fibre allows such h}.dmly;i:'t:r ugzzg s |

only on the surface of the fibre. ||

Inter-polymer forces of attraction

It is stated on pages 1, 8 that textile fibres are composed of : i |
‘equivalent of molecules of other substances. Thﬁ: smtmﬁfﬁﬁ;awmmﬁdﬁs 1
at of some sort of abstract or real picture of a coherent mass of polymers

e fibre whmhmybe called the polymer system of the fibre.
. of ‘system of a fibre is due to the four inter-polyme:
ke rces, hydmgen bﬂllds, salt lilhﬁ, Iﬂim‘

amary of these forces).
four inter-polymer forces follows.

- forces of attraction, named after the Dutch Phﬁi"'l

stulated their existence. 1

result of electrons of very doﬁ
another. A more detailed :xphpanonqi _
the use of quantum mechanics, which 1

ag close enough togethers thet
o8 o e, Fibre polymers need ¢
S eur along their length. Sueh ¥
e regions of the polymer ﬂ?hc po
qals’ forces eXist

3 rem. ; s wiga
i > oms which give Tise t

8! ; inter-polyme
th of th‘;v::o - an der Waal
: being abov



! e = T Because the crytalliniry or poed crwnson of the polymer |
_ wlﬁﬂ“!ﬁnngi%#?f‘iiféiﬁmﬂﬂ __
==

. jpter-polymeX forces of attraction |
- r-ti!ﬂl«iﬁ&&i.guﬂiaﬂlﬁ .
3 'wllul.ruﬁlom*iﬁlﬁﬂﬁnigzﬁaﬂi?
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(see
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ibure
[heir |
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Textile science

T H-C ] G
thl Pl
. [55 +f
H = van
ﬁ_._ cl ‘ ‘ forear Wy
o~ [ H H am?.ma_._ﬂon
| | | | n._.mnrﬂ_mnu
H= | =6=C = | ~H H= | —C=C—| -§ Hormg
i A [ )
Lk IS R
a b

Figure 1.7
a Two adjacent or very closely aligned polyvinylidene chioride polymers: owing ( the presance o
atoms, stronger van der Waals' forces will be formed, he chiogn,
b Two adjacent or very closely aligned polyethylene polymers; owing to the presence of only h
~ weaker van der Waals' forces will be formed. ¥Orogen aigm

E
t
t
t
t

_gnﬂﬁﬂau&ng_winwmnnﬁnEoumn_m_uo_wEnqm.Enﬁ.uann Waals’
| formed in the polymer system of this fibre will be stronger than those H.,ﬂ. foree
Y polyethylene (see also Fig. 1.7). Ormed j

utmost importance when none of the other fory
n is present to a significant degree. This is the g
ster, polyethylene, polypropylene, and the chlorofibre

made highly crystalline. Only then will suffcey
the lengths of their polymers to make them usefy

€ in strength _.cm the van der Waals’ forces in the zhow
: m.:nﬂm_#n.cﬁnm.. In m.nnn_.mr the stronger the inter
e melting point of the polymer system and,

point range
110~ 140°C
170-200°C

e m._s.n Polymers and dye moleculss,
¥> Van der Waals’ forces contribute

tile fibres,

Weak electrostatic bonds which
the strongly electronegati®
Mation of a hydrogen bond

OF polarity, shown as 0 if

¢ Slrongly elecrronegati'

=




Introduction to fibre polymers and fibre properties

atoms, assume a very slight negative char . h e
pronounced delta negative; ge or polarity, shown as &~ in Fig. 1.8 and

and
the distance is less than about 0.5 nm between th
€ oppositely charged atoms of a and b above, €0 The two very slightly polar, but

The most common hydrogen bond in the polymer system of textile fibres i
formed between hydrogen and oxygen atoms. This means that the hydrogen ¢ou.m ﬁ
g E gﬂ%n )

the ~OH groups on closely adjacent cellulose polymers;

the amide groups of nylon polymers; and

the peptide groups of the polymers of the protein fibres (see also Fig. 1.8).

~ Ivis now considered doubtful that significant hydrogen bonding occurs between the

~pitrile nitrogen of acrylic polymers and hydrogen atoms on adjacent polymers (see also

N 12). It is necessary to point out that hydrogen bonds formed between hyd-

.0 atoms are weaker than those formed between hydrogen and oxygen
‘becomes less electronegative than oxygen.

the two participating atoms, say hydrogen and

‘but opposite, charges or polarity. The

.d by considering the hydrogen bond

> hydrogen of an amide or peptide

4 ‘on an amide or peptide group on a

R closely
g s o

v adjacent cellulose polymers.

v




_.”.|.— . - ¥
B o clowly adiscent polymer (sse also Fig, 1D 1 bitogen stom

imino hydrogen atom is bonded, is a strongly electronegative atom, .HEE Whi

. .
: tely concentr.te its own ] _saa.r
e nitrogen atom will disproportionately he nigp O

atom about itself. This tends to give the pjy,

S W B _.E_.ouom.:. cause it to assume a very slight negative Eo_m_.._m_. 35,__.
excess of electrons &% ided concentration of electron 1. Thy
chown as & in Fig. 1.8. The lopsided concents 5 10Wards he 18,
atoms leaves the hydrogen atom with a n_umn_..unw .na n_.nn:cnu. This wij Calige -
assume a very slight positive vc_nz_w..w_._ci: as & in Fig. 1.8. In the nm_.vS_.._s ity
of the amide or peptide group a similar electron displacement occurs, Tp, - ™
which is linked by a double covalent bond to the carbonyl carbon atom, jg "™
strongly electronegative atom. It will therefore tend to concentrate its owp, , N
©  and those of the carbon atom about itself. This gives a disproportionate 8=§__§f
._ of electrons about ..rn_ oxygen atom, n-:ﬂun it to assume a very slightly negative i
R . Theo  carbon atom will, of course, assume a very slightly positive -
respectively in Fig. 1.8. Thus, as the Carbony

site polarities, a force of attraction Knowy

ormed between two ~OH groups on adjacey
il assume a very slight negative polarity 5
atom of the -OH group to assume 2
ormation of a hydrogen bond as shown =

) form within the one polymer as depicted =

-bonds in any polymer syses
C nature, durability, and hest

e, the existence of polar st
r molecules, which 2®
er molecules, the poly™®
hich will tend to make

valent or jonic bond®
radicals on very clost!
of a negatively charg?!
ormal electron comP®

R .._.\.uanmﬂn_%
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Harvesting
By the time the bolls have all opened,

~some leaves will have fallen off. To re-

move all of the leaves, the plants are defo-
“liated by spraying them with a chemical,
causing the remaining leaves to wither
and fall. The full, ripe bolls are then
picked by machine, one or two rows at a
time (see ¥igure 13-2).

=T B R “‘""'(((fllllﬁ

. Ginning and Baling___ |

" When the raw cotton is harvested it con-
tains seeds, leaf fragments, dirt, and other
F material that must be removed before the

fiber can be baled. Cottonseeds alone
constitute approximately two-thirds of the
weight of the raw cotton when first
pzcked The seeds

: in. (The cotton gin was invented
by 'E[i Whitnev in 1794. Whitney's inven-
tion was not immediately accepted, and
Qﬂ suffered serious financial loss. It was

w

[1“— .

=

Figure 13-1 (a) Cotton plants ready for harvesting. (b) Close-up of a closed cotton boll and an open boll

subsequently promoted by others, and it
became a major impetus in the growth of
the cotton industry. The invention of the

cotton gin also led to the dominance of —
the southern United States as a cotton
“producer.)

producer.)
Essentially, the cotton gin has rows of
revolving saw-toothed bands that pull the—

Figure 13-2 Cotton-picking machine being ul
loaded. Note the two scoops in the front throug
which rows of cotton are picked.



























258  UNIT 4 NATURAL FIBERS

Figure 14-1 A close view of a field of flax in
flower. Flax seeds are planted in the early spring,
and mature to plants about three feet high after
three to four months. The flax flower blooms for
only about three days. (Courtesy Interational Linen
Promotion Association)

stalk 1s cut, the sap is lost; this loss affects
the quality of the fiber. T he stalk m
kept intact, and the tapered ep_ds..oiﬂ:r
fiber must be preserved so that a smooth
varn may be spun. The stalks are tied in
bundles, called beefs i preparation for—
~extraction of the fiber (see Figures 14-2
—ard b

Preparation of the Fiber

The seeds and the leaves are removed
trom the stems of the flax plant by passing’
t@ﬁrough coarse_combs. :ﬁ
The

the fissuc or woody bark surrounding T
hairlike fax fiber will ‘decompose, Tﬁﬁs'
loosening the gum that binds the fibér to

tﬁe stem. This dccomposlhnn s c_ﬂ_ﬂ--

T ]

_ettmg only loosens the  woody
bark. If flax is not retted enough the re-
moval of the stalk without injury to the
delicate fiber is difficult. If flax is overret-
ted, the fiber 1s weakened. The retting
peration, as well as all other processes for

Figure 14-2 (a) The mature flax plant is about three

feet high. Large machines harvest the plants by
pulling them up from the roots: they are never cut.
The stalks are bundled. (b) The bundles of flax
stalks, called "beets,” are stacked into “chapels”

in the field for drying before the retting process
begins. (Courtesy International Linen Promotion Asso-
ciation)

producing linen fabric, therefore requires
great care.

Dew Rettmg Dew retting is a method
used in Belgium and the U.S.S.R. The

fl is spread on the grass and is ex-
posed to the atmosphere for three to four
WWHW
flax, dark gray in color.

Pool, or Dam tting. This method IS
d5ed in Be gium and Ireland. Tt re
less time than dew retting, fro_r_n__t_:_:_xlt_g_ﬁf

R

e ———— W W~ TN A



mséé.dﬂ}:s. As stagnant pools of water are bark as clean water flushes away the pec-
u this me i Tin, or gum, and other impuntes. Linen

___{mxlucm‘l by this method is more suscepti-

Tﬂlﬁw ich is responsible for brittle anc _
weak Hax hbers. | retting darkens the e to mildew.
flax, giving it a bl"ﬂ%'my color, I G ——_—

Chemical Retting. Chemical retting can
Stream Retting. This method for lmn— shorten the retting process, but chemicals
ducing hgh-quality flax iber was used ex- will affect the strength and color of the
tensively ¢ elgium but flax hber. Soda a xalic soda, and
is now outmoded. caustic soda i warm water, of ng In 3

dilufe sulfuric acid solution are the

Vat, or Mechanical, Retting. This cal methods used.
method shortens the retting process-and is
used primarily in Belgum, France,
;'-:I?rthem Ireland, and the United States. MANUFACTURING PROCESSES
e flax is immersed in wooden. yats. of .
warm water at temperatures ranging from. . Breaking _ .
75 to 90°F (25-30°C), which hastens the The stalk becomes partially separated

decomposition _of the woody bark. The from the fiber when the wet plants are
placed in the fields to dry (Figures 14-3

flax is removed from the vats and passed _
between rollers to_crush e decomposed ~ andb). When the decomposed woody tis-

YNNI CCTTT T

flax fibers from the hard wooden core of the stalk by drying and grindir

Long “line” fibers and short “tow”" fibers freed by scutching are then combed to cleanse and straight
them. (b) Close-up of the suspended hanks of flax being hackled by the horizontal rows of combs

pass down behind them. (Courtesy Irish Linen Guild)

Figure 14-3 () Scutching separates







out to make 300 yards, the yarn is known
as Ne 1. When drawn out to make
twice 300 yards, it is labeled Ne 2. The
higher the yarn count, the finer the yarn.
Exceptionally fine linen yams for fine
aces have been spun as high as 600s (2.7
tex). (For conversion to the tex system,
see Table 2-1))

Although flax is one of the strongest

ﬁbe“t_ﬁ,__ls nelastic and. requUALes - CdlCa.

fully controlled, .warm, moist atmosphere
for both methods of spinning.

Dry Spinning. Dry spinning does not use
moisture.

yarns, which are not especially strong.
These yams are used for making coarse,
heavy, and inexpensive linen fabrics.

It_produces rough, uneven..
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Wet Spinning. 'This method requires a
temperature of 120°F (50°C), which is
comducive 1o the production of soft, fine,
even varns. By passing the roving
through hot water, the gummy substance
on fhe hber is dissolved, permitting draw-
nig oufthe toving into a fine yarn of high
yarn count (see Figure 14-6).

CONSTRUCTION OF LINEN
FABRICS

The inelasticity of the flax fiber presents a
problem in the weaving process because
the fiber breaks easily under strain. A

_ dressing, applied to the warp yarns by

passing them over rotating brushes, helps
linen yarns to withstand the strain of

being lifted by the heddles during weav-
ing. A very moist atmosphere is also re-
quired. .

Linen yarns are generally not knitted
because of their inherent stiffness and re-
sistance to being formed into loops. Spe-
cial surface treatment of the yarns, which
must be uniform and of high count, and
specialized knitting machines would be re-
quired. However, research has demon-
strated that linen fiber properly blended
with manmade fibers can produce yamns
that can be knitted into fabrics having cer-
tain advantageous features contributed by
the respective fibers.

General Applications

Linen fabrics usually have a balanced or

squared construction, with the exception

of dﬁu_b;&mmask_mi%&fi@“\

linens. e thread count, theretore, 1s

“always expressed as one number.

Linen has long been used for a g‘mde

variety of apparel and home furm;shmgs'.!

In fact, the oft-used term of “linens,

which refers to such home furnishings as
sheets, pillowcases, towels, tablecloths,

Once spun, the yarns are wound on
‘bobbins to be used to weave cloth. Yarns for

Figure 14-6

e or sheer fabrics are spun by a wet process,
gﬂtﬂﬁs fibers for heavier fabrics are spun dry.  (Cour-
. W International Linen Promotion Association).


















H@Em 17-1  The strong sisal fiber, obtained from
e leaves of the agave, has long been used for
rope. Now, however, it is receiving competition
from polypropylene fiber. (Courtesy H. Hodge)

inexpensive brushes, and as a substitute
for horsehair in upholstering. Sisal may
be mixed with hemp, but it should not be
used for ship cordage because it disinte-

grates in salt water.
r|||\..|.|\|.|l.||'_

Coir
. S
This natural coarse _ﬁae:.mwﬂ is ob-
“tained from the husk of the coconut. Ttis

—F ) c. Because of 1t
stiff but elastic, . SCES ced for stuffing
= o Coir is also suif-

rniture.

%@E “coarse
B
pina /" fipe, is obtained from
the 1arge Jeaves omﬁﬁm nm. appic

—enum 1N __.HOﬁ_ON._ 5
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_fiber is white and especially soft and lus-

trous. In the Philippine Islands, it is
woven into pifia cloth, which is soft, dura-
ble, and resistant to moisture. Pifia is also

used in making coarse grass cloth and for
mats, bags, and clothing. g

ASBESTOS ,\

Asbestos is a natural fiber obtained from
varieties of rocks found in Italy, South
Amenca, and Canada. It 1s—a-hbrous
form of silicate of magnesium and cal-
cium, containing iron, aluminum, and
~gPer minerals (see Figure 17-2] The
“soft, long, glossy white fibers are pressed
_into_sheets; and the best qualify can be
spun into yarn. Chrysolite asbestos is the
most valuable for the latter purpose, as it
has a fine, long staple that has strength
and flexibility. Asbestos yarns are always
made as ply yarns to increase their tensile
strength. Asbestos will not bumn, but it
will melt ‘at 2 sufficiently high tempera-
“ture. It is acidproof and rustproof.

Figure 17-2 Asbestos rock is manufactured |

asbestos fiber. (Courtesy Johns-Manville Corp.)































































soft and silky light-tan underhair found
close to the skin of the camel. This is

i
n

B

|

S

>

F

P short staple, or noil, of from 1% to 3%
w

inches (30-90 mm), but it is also the
- st quality. Formerly, it was the
camel hair used in the manu-
arel. In wool, noils repre-
valuable short staple; in the

e short fibers are the prized

product and are the onlv ones used in
high-grade hair fabrics.

Grade 2 is the intermediate growth,
consisting of short hairs and parthy of
coarse outer hairs, ranging from 1% to 5
inches (40-125 mm) in length.  Grade 3
consists entirely of coarse outer hairs mey-
suning up to 15 inches (380 mm) iy length
and varying in color from hrownisl black
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Figure 16-1 Nature's production of silk fiber.




Figure 16-2 (a) Silkworms feeding on mulberry leaves.

leaf. (Courtesy The Japan Silk Association, Inc.)

shrinks somewhat in size and acquires a
pinkish hue, becoming nearly transpar-
ent. A constant restless rearing move-
ment of the head indicates that the worm
is ready to spin its cocoon. Racks, clus-
ters of twigs, or straw ar€ provided for this
purpose (see Figure 16-3). =
Of importance to the silk-industry 1s
the small opening under the caterpillar’s
jaws, called the spinneret. The silkworm
begins to secrete a proteinlike substance
through its spinneret, and with a bending
motion, the filament is spun around the
worm in the form of the figure eight (see
Figure 16-4). The silkworm is hidden
from view within twenty-four hours; in
three days, the cocoon is completed. Itis
about the size and shape of a peanut
shell. The filament is in the form of a
double strand of fibroin, which is held to-
gether by a gummy substance called seri-

(b) Close-up of silkworm eating a mulberry

cin, or silk gum. The liquid substance
hardens immediately on exposure to the
air. If left undisturbed, the chrysalis in-
side the cocoon develops into a moth
within two weeks. To emerge, the moth
must break through the top of the cocoon
by secreting an alkaline liquid that dis-
solves the flament. - As this cutting
through damages the cocoon 5o that the
filament cannot be unwound in one long
thread, the life cycle is terminated at this
point by a process known as stoving, or
stifling.  The cocoons ar¢ heated to suf-
focate the chrysalis, but the delicate silk
flament is not harmed (see Figure 16-5).

FILATURE OPERATIONS

oons that are raised by silk farm-
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Figure 164 Close-up of silkworm spinning the co-
coon around itself. (Courtesy The Japan Silk Associs-

non, Inc.)

cocoons and the strands are collected into
skeins. Some cocoons are scientifically

bred in such factones.

Sorting Cocoons

The cocoons are sorted according to
color, size, shape, and texture, as all these
affect the final quality of t