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JumrHACT

This 1iim sti“tion ma oarrled out to find th* offeot
of glbberolilo aold on film length and oonamqwmtly the other
MxMM and fine atriictnm It and neohanioal# pippertlaa of oottcm
flbroa. In the course of Inveatigatiorai «one general relationahlpa
ware diaoovered uhioh appear to apply to all ootton tlhram
vhather treated or not.

Thxaa ootton ecarictlea were uaedi Saamru 2tJ and Nez, both
ifpland varletlea, and Saa Inland V.K.D ootton. All three ware
grown in a graenhouae in Glaogow and iWnaru 26J] was also czoen
under normal field oonditlona in Nigeria.

Cibberellio acid treatment inorea#Kl fibre aeati length and
deereaaed the coeffloiant of variation for Rex and iianaru 26J
grown ifi Glasgow# but had no affect on idamaru 2W grown in Nigeria
or on the liea Island cotton. Ita effect on the flm t two varieties
la attributed to an Inoreaoo in the length of the ahorter fibres
and an inarw&ee in the minber of fibre# in the longeat fibre
length groups, there wa» also an inorease & the total mrlmr of
fibres per aedt lit ifex.

%eatnent with gibberollio add also resulted in a decraaae
in fibre diameter# fibre weight and linear density, and maturity
and fibre density. The number of convolutions per unit length

and the avtrage convolution angle were generally lower in the
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tzmatod aanplwe# this la attributod to tha diffarwawi in
maturity, tha numbar of zwemils par unit length was lower in
the tmatad than in the control aaaplaa, IMa la attributed

to the Inorraae in #io boll aim#.

Olbbarallio aold traatnent waa fwmd to regulate oallulooe
depoaltlcn. this reaulted In fibrea of different longnia having
weight proportional to their len”.

the affect of glbbarallic sold treatment on cjcyatallite
and overall aolcKnilar orlentaticn# oomparing aemplaa having
equal lengths# waa all# which la not unexpected# alnoa the apiral
angle la highly oorrwlatad with fibre len»\th.

The atreea>*«txmiii eurvea were analyiw;~<t and the affect of
the major weak plaoco waa renoved to get t#ia extrapolated "projected
atreae-atrain ourvea. (ilbbarollio aoid traatnent inoreaaad the
projected extension to break# tensile strength# work of rupture#
and stiffheas of “teeru 2bJ grown in Glaa*sow# Huwoc# and Sea Island#
but these irqwoveennta were lax™ely offset in j*Motioe beoauae
of the aooonpahying increaec in major weak plao«a# especially
in yea Island. On yamaiu grown in Higeria the effect on the
projected mechanical pn“perties waa nil but the number of weak
places inoreaaed and there waa an overall deterioration.

Generally# the effect of gibl*erellie aoid is dependent

on variety and environment. It is more effective on short oottoris



and %ander poor grovlag oondltlon# than on long cotton* and
under optima# growing oondltlon*.

The overall molecular orientation has bean found to be
dei“endent on both fibre length and fibre diaamtor. therefore#
a footer (mdiiia/lengthi has been auggaatad to doaorlb* fibre
dijMinaiona* this fmotor givea hlch oorreXatiori with the overall
molecular orientation.

%e opizal angle of t!» euooeaaive oalluloae layer* of
the aeoondary wall ha* been diaouaocod# A 1" othetloal eonstiuctlon
ha* been muggeated in which the spiral angle decreases# level c"#
and finally nay inoxeaoe for the suoceaaive layers. This is
mipport” by the results of molecular orientation# initial louug*s
modulus# and stifA wss iMsuiurewaiity on fibre* having «looesaive
degrees of wall thickening.

It has been shown that the convolutions unfold a* load
is appliettp they contribute substantially to fibre extensibility
and wciti of rupture. This oontriLutlon varie* from sample to sam;>le.
the resN&inder of fibre extension to break is aug””ested to be due
to a {wortial unfolding of the spiral and to iBW extension of the
amorphous regions located within the spiralling fibrils, the total
theoretioal axtension to break resulting from fibre fine and gross

structure is apparently much hi##&er than the measured one.
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ADSIRACY

This iovestigation was corried out to find the effect
of gibberellic acld on fibre length and consequently the other
grops and fine structural, and mechenical, properties of cotton
fibres. In the course of investigetions some general relationships
were discovered which appear to apply to all cotton fibres
whether treated or not.

Three cotbon varleties were used: Samarv 264 and Rex, both
Upland varieties, and Sea Island V,H.8 cotton. ALl three were
growm in o greenhouse in (Flesgow and Samaru 26J wos also grown
wnder normal field conditions in Wigeriae

Gibberellic acld treatment increased £fibre mesn length and
decreased tho coefficient of variation for Rox and Sameru 26J
grown in Glasgow, but had uno effect on Samaru 26J grown in Nigerds
or on the Sexn :L‘élemd cotbon. It effeot on the first two varieties
ia atiributed t§ an increage .in the length of the shorter fibres
and an increase in the nuwber of fibres in the lowgest fibre
length groupss There woes alaso an increase in thoe total nuuher of
Fibres per aced in Rexe

Treatment with gibberellic acid also resulted in a decrease
in fibre dismoter, fibre weight and linesr density, and paturity
and fibre density. The mwber of convolutions por unit length

and the average convolutlon angle were geonerelly lower in the



treated sowples, this is astiributed to the differences in
maturitye The nuber of reversals perx uwnil length was lower in
the treated than in the eontrol samplos, this is attributed

to the increase in the boll sizes

hberellic acid trentment was found to regulete cellulose
deposition. This resulted in fibres of different lengthse having
weight proportional to their longth.

The effect of gibbereliic acid treatment on crystallite
and overall molecular orientation, compaving samples having
equal lengths, was nil, which is not wnexpected, since the spiral
angle is highly correlated with fibre leongth.

The stress-sirain curves were analysed and the effect of
the major wealk placos was removed to get the extrapolated "projected?
gtresge-gtrain curves. Gibberellic acid treatment increased the
projocted extension to break, tensile strength, work of mpture,
and stiffness of Samoru 26J grown in Glasgow, Rex, and Sea Island,
but these improvements were lavgely offset in practice beceuse
of the accompanying fncrease in mejor wesk ploces, especially
in Sea Isgland. On Sameru 26J grown in Nigeria the effect on the
projocted nechanical properties was nil but the mwber of weak
places increased and there was an overall deterdoration.

Geneorally, the effect of gibborellic acid is dependent

on variety and envirvonment. It is more effective on short cottons



and. mnder poor growing conditions than on long cotions and
wndar optimum grouing conditions.

The overall molecular orientation has been found to bhe
dependont on both fibre length and fibre diemeter. Thervefore,
a factor (xadius/length) hos been suggested to describe fibre
dinensions. This factor gives hiph correlation with the overall
molecular orientation.

The spiral angle of the successive coellulose layors of
the secondary wall has been discussed. & hypothetical construction
has been suggested in vhich the spirel angle decreases, lovel off,
and finally mey increase for the succossive leyers. This is
supported by the resulis of molecular ovientation, initial Young's
modulus, and stiffness moasurements on fibres having successlve
dogreas of wall thickening.

It has been showm that the convolutions unfold as load
is applied, thus they contribute substentielly to fibre extensibility
and work of rupture. This contribubion varies from sample to samplc.
The renmpinder of fibre extension to break 1s suggesied to be due
to o partial wfolding of the spiral and to the extension of the
amorphous regions located within the spiralling Tibrils. Tho total
theoretical extension to bresk resullting from fibre fine and grose

structure 18 possibly wuch highor than the neasured one.
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CENERAL INTRODUCTION

A fairly cleoxr idea sbout the structure of the cotton
fibre ie of great importance to all those who are interested
either in cotton breeding snd raw cotion production, or in
conversion of the raw fibres into finished end-products.

As early ss half e century ago, Ba11512”17

piloneered the
study of the structure and propertics of cotton fibyes, and since
then numerous investigators have been pursuing this path to
reveal the finest detaile of the cotton fibre structure, using
geveral pethodss The ordinery microscope and the polarizing
microscope have been invaluable in rovealing the gross and fine
structure of the fibre, and recently the electronuicroscope has
been found useful in investigating the surface characteristics
and the fibrillar structure. X=ray diffraction techniques have
been introduced in the last thirty years and have yielded invaluable
information ebout the fine and moleculsr structure. Chemical
methods have been used to study the fibre fine structure ond
mechanical tests have been carried out to gain informmtion_abaut
the mechanicel properties and thus to make deductions about fibre
structure.

In 8ll these investigations, cotton fibres have been
investigated in their raw state, when, sometimes, the properties of

fiyres of different verieties or species, or fibres grown under different

environnental conditions, have been compared; or they have been



investigated after being subjected to different chemical, physical,
or mechanical treatwents in ovder to modify the fibre structure,
Hence dnforpation has been gained agbout the structure of the raw
fibre and the changoa in the structure caussd by such treatmente.
Recently, sibberellic acid, a plaut hormone or growth
regulator, has been found to accelerasie the growth and inorcase
the length of cells in plont structures. The cotton Libre is a
single cell. If the length of the c¢ell can be increased by
appropriate treatment with gibberellic acld, other changes in the
structure may follow and help in the waderstanding of the growth

and gtructurs of the cotton fibre.

GIBBERELLIC ACID

From 1926 onwardsaal a series of investigations wero made
in Japan into the biology of a fungus, Gibberells fujikuroi, which
attacks rice, causivng long, pale, spindly growth. hventually in
1938 charscteristic metabolic products eslled gibberellins werve
isolated from this fungus, and these were later shoun to accelerate
greatly the growth in length of seedling stems of a nuwber of
plant species vhen applied in lanolin yaete.g These observations
wore later extended to a closely welated preduct, /Fbberellic scid,
which producce similar responses in the many species atudieﬂ.eﬁ
The most typical and siriking plant response to treatwent with

201 .

gibberellines is stem elongation. Despite come exceptions, cell



elongation in most cases was found to predominate as the result

oi application of gibberellins. However it is now appearent that
gibberclling may warkedly increasc both the number and length of
cells, depending on tho nature of the plent waterial investigated,
and-the conditions under vhich the material ig grown.lﬁﬁ Avnother
steiking effect of the glbberellins 1o on ecertain dusrf plents,

flrat vepoxted by Brian and ﬂ@mming?ﬁ tho found that a few wicrogroms
of gibberellic acid applied to a leafleot would incroase the growth
rate of o dwarf pea plant to that of o tall varioty.

In the last fev years many workers have investigated the
effeat of gibberellic acld on the cotton plant for different
obhjectives, using variouvs doses, and different wmethods of application,
and treating plants at different ages. Ergl@ﬁé"ﬁa in an lavestigation
of the offect of gibberelllec acid on some charactoristics of the
cotton plant reported that the most pronounced effect of gibberellic
acid was %o incoreaso main-stem length. This incvease was dirvectly
related to the concentration of the gibberellic acid applied over
a range of 1 « 100 mg. doses. lowever, the highest rate reduced

"
plent dry weight and the lowest one wes ineffective. Glor,’l and

64

Bradford and Ewingﬁ4 reported gimilay effects. Uransfield,  working

upon & hivewbws variety in Wigeris, fovnd that individual

treatment of young bolls increased thelr retenlion but had no «

117

eifect on yiold or Lint charvescteristion. Jackson worklog upon

a barbadense variety in the Suden, found that spraying the plante



wilh gibborellic coid led to o mavked ilncrease in the rate of stem

64

extension, like that found by Drensfield, bub it did not result

in earlier flowsriug and olso yiold was generally roduged. zvlerritwg
reported that regsarch in the UdS.4. had denmonetrated thet three
Amorlcan varieties; Paymastor Stovurider, Acala 4.42, and Deltapine 15
would set more bolls when from 1 -~ 6 g« of gibberellic acid

per sere vas applied. The same varieties alse have been induced

te go on growing and producing bolls after the novmsl Yeut oul®

tives Avother falrly genersl effoct of such applications is to
inorease fibre thickmess. Farthernore the length of £fihre has
sometines been increased by Q.04 to 0.25 inches. Walhuodggl’ag‘?
domengtrated the dependence of the gibberellic ecld effect on
environmental conditlons. Using two types of soil, heavy sad light,
he found that the relative increase in plant beight wan greater on
the light =oil and was also proportionale to the number of
applications of gibberellic acid, but the increase in yield
following application of gibbereliic weid was obtained only on
plants growing on lightor soils, and this lucrease in yield wan
mainly due to the extension of the growing season. Tresitment with

gibberellic acid did not affect fibre properties,



COTTON IIBRE GROWTE AND STRUGTURE
Cotton WMibre Growth

‘The most complete asceount of the origin and grouth of
cotton fibres has been given in the comprehensive sbudies of

12-17

Balls who worked upon Bgyptien cotton { G.bsrbedenss ), and

whose findings were confirmed by Andorson and K@rr3 who worked
upon Americen Upland cotton ( G.hixoutun Je A8 & result of this
work, fibre growth is known to oeour in two Lfalrly distinet stages;
the first grouth stage corresponds to the fibre elongation and
the primery wall formation, and the second growlth stage corresponds
to the secondary vall Fformation.

T4 is now agreed that the cotton fibre celle arise from the

-;;t
116993 poeh cotton fibro

epidernis of the cotton seed coat.
originates as an outgrowth from & single epidermal cell of the
seed=-coat. The first evidence of the formation of the cotton fibre
is the gppoarence on the day of flnwefing of a slight swelling of

the outer wall of these eopidermal cells. The suellings elongate
rapidly and on the day after floworing have slready produced delicate
tubulaxy outgrowths, the young fibre cells. The diameter of the
nature cotton fibre is reached soon efter it originates, but
elongation of the cell continues for a period of 15 -« 20 dayﬁ,l

wvhen it ceases sbruptly. The period of clongation seoms to be

deterivined by specics as well as environmentoal factors. The curve



For the growth rate during the period of cell elongation, is the
typical sigmoid shape, the steepest part of which corresponds to
the grouth during the 8 - 18 days after flowering.l ﬁalla%2'15 and
Barrittgl belioved that the primordia ell appeared together on the
day of flowering. dubsequent work, however, has proved that the
differentiation of the Libres is o continuous process which maey

26

take 3 to 6 days, = a differential growth must be the basis for

& physiological explanation of the fibre srrays that are obtained

from single 39063.5'9’88'89'124’18{'1&9'212 123

Koshal and Ahmed,
and Berkleyzﬁ found that the mean length fox fibres at the chalazsl
ond of the seed vas greater than 1t was for {ibres at the micropyler
end, The fact that the fibres at the chalazal end are often several
days older than those at the mioropylar end may explain this
difference in length.

At the end of the fivet growilh stage, when the elongation
goaces abruptly, another period of cellulose depusition, in successive
layers on the iwmer surface of the primary wall, takes place and
continuoes vntil & few days before the boll opens. Under ceritain
conditions, the deposition of the sscondary wall may be completed
on, ox ghout, the thirtieth dey after flowering, or, in otlher
civocumstonces, it may continue up to about the seventy-cigth day

78

affter Llowering. The fact that the rate of cellulose deposition

falle off about the thirty-fifth day after flowering has been

25,192, 220

denonstrated by several authors. Cellulose deposition



REVERSAL

WINDING

CUTICLJ PRI MARY S
wWaLL

SECONDARY WALL

FIGURE |




does not £1ill completely the cell cavity, this resulis in the
pregence of the lumen in alwmost all the fibros.

Puring the period of growth, the fibre retains ite eylindrical
shape and,becavse of the limited size of the boll and the crowded
conditiona inside it, the fibre usunlly does not grow in a straight
line, but changes its direction back and forth many times. As soon
as the boll opens, the fibre dries and as a resudt it loses its

cireular cross-section and convolutes upon itself neany tines.

Cgtton Fibre Structure

A typical mature cotion Libro consiots of a primsvy wall

(covered with the cuticlg, a secondary wall, and finally a lumen(Fig. 1).

(2) The primary wall and the cuticle
In the cotton fibre, the primary well, together with the

cuticle, ieo the only covering for the protoplasm during the first
period of cell elongation snd dovelopment. The cuticle ia very thin,
considexably leas than 0,25 m thick.lﬁg It hoes been defined as

a seni-clastic, retaining wembrane which conforms to all chonges

in the size of the fibre, but doeg not expand past the predetermined

moaxinum gob when the fibre was growing and in a stete of turgor.161

The outicle is oxtremely tightly moulded to the primavy wall, end

63,207

although it has a rough surface it remaing wnbroken, execept

=
over the grossest fibre faulio. The cuticle consists of wax,3'12”161

30149

& large proportion of pectic material, and sone incrusting



nineral mattor,

The primary wall may be defined as tho limiting membrane

319,171

of a plant coll. The fact that it is capeble of cxtension

in length and breadth, and allovws an inexease in the size of the

cel1lt

distinguishes it from the secondary wall, which is neithor
lorgely extensible nor capsble of dncreasing in ares.

It io now agrveed that the primary wall generally consists
of poctic compounds together with some cellulose,3’4’11'82'1?1’172
end that tho latter msy fall to give the typical celluwlose reactions
until eertain waxelike substances have been removed.

Ballsl4 was the first to discover the presence of two
opposing syatems of fine spirally-wound threads of celluloge in
the walls of 10-day-old fibres. The spiral threads were found to
meke en angle of approxiwmately 70% with the long axis of the fibre.

- o
207 153 ana Kwrayg studies

have rovealed a third and trangversc system. Anderson and Karr3

Optical mioroscopic, electronmicroscopic,
coneluded that the cellulose micelles in the primary wall are
grouped into delicato anastomosing thresds vhich have at least
two systems of orientntion: (1) a flat right~hend spiral,

(2) o flat left-hand spival, and possibly also (3) a transverse
syotems ALL the three systems seem to he uniform owver the entive
suriace of the fibre cells No evidence has been found that the
dirgetion of tho spivals changes so as to produce reversals as

are common in the secondary wall.



The technological significence of the primary wall Liles in
the fact that 1t is, with the cuticle, the Lfivset morphological
component of the cotton fibre to come in phywical contact with
the processing environiment. Although the primavy wall comprises
only & swall paxrt of the mature cotion fibre, it nevertheless
yreatly influences dyeing, finishing, wettability, reactivity,

attack by wicro~ovganisms, and other fibre propert:iee.ae‘ 197-199,207,208

(b) the secondavy wall

the secondary wall is the doposit of cellulose which, for
the most pert, is laid down after the cell hes reached ite mabure
alze, finally stabilizing the size and shape of the cell. The greater
part of the secondary wall is deposited, at the expenge of the cell

121 between approzimately the eighteenth and the thirty-fifth

25,112

lumen,

doy after flowering. The sccondary wall consiets of many

?::i.ny threads, celled "fibrils", laid nide by side to form the ring~
shaped lamcllac. The £ibrils constituting each lemells do not lie
perellel to the central axis of the fibre but follow a helical
course, screw fashion, around the lumen. Under the microscope,

strigtions arising from this criss-cross organization of Pibrils

12,54,62,71

have heen observed by many investigators, particularlyy

when the fibre is swollen. The earlier suggest&enm that the fibrils

of a lamella may abruptly change direction and adopt the reverse

gpiral path has been <::mxf:l:.«:ﬂtned.-f"j5
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(1) me growth rings

(2)

The examination of fibres swollen in cuprawmonium hydroxide
reveals a layer pattern in the secondary wall. In the longitudinal
view these layers look like strips running parallel to the long
axls of the fibre, in crosswgegtional view they look like concentric
circles oxr rings. It is curious that although these rings arc
large enovgh to be within the range of vieibility, thoy are not

2 3015
62 pa116¥9915 pelieved that the secondary

seen in untreated sections,
wall thickening is a stopwise procees and that the sucosssive

layers of cellulose in a fibre cross-pection are daily growth rings,
which reprosent the rapid synthesis and deposition of cellulose
during sl;rlig&:h'{: hours, aud that the nunber of lamellae or growth
rings corresponds with the number of days during which the secondery

well has been lald dowmn. Kﬂmr;au

stated that the diuxnsel temperature
fluctuations are probably responsible in large part for growthe-ring
formation.

‘There seems t0 be wide variation in the number snd width

of the lamellae weported by different authops, *+7#22e 112,120

The secondary wall differentistion

Anderson and Kerr3 roported that, in studying the structure
of the cotton fibre, differentintion of the secondary well into
two ow three layers on the bagis of cellulose orientation, simllar

to that found in wood fihrea,llg did not soem to be poseible.
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All parts of the secondary wall show & pronounced spiral structure,
end for this resson layering cannot be distinguished in crossesections

by variations in birefringonce. However, following Hock and co-worker&,llg

Rollins.183 Berkiay,26 B:Lgler,32 Leving,125 111

and Herzog and Berkley,
it is possible to consider the structure of the secondary wall
&8 consisting of three parts:s (1) an outer layer, (2) contral
layers, snd (3) the innermost layer.
(1) The outer layer

Hock and couwonk@rsllz found that when depectinized fibros
were swollen in cuprammoniuwa hydroxide, a thin outer layoer was
precent which possessed a heliegal structure with reversals along
the length of the fibre. When this outer layer possessed an
( 8 ) spiral, thesmain part of the secondary well possessed a
( % ) opiral and vice versa, Hock and co~workersllz identificd
this outer layer ap the outermost part of the secondaxy wall and
called it the"winding¥. Anderaon and I&(Ccaac':c"‘pi hed proviously presented
evidence that the ouler-most layer of the secondary well nay be
distinguished st times from the succeeeding layers during cell wall
development. They also found that it appeared suddenly about the
sixteenth day after flowering; it completely covered the innmer
surface of the primary wall, end consioted of mnastomosing strands
which wound in & steop spirval and made an angle of 20 to 30° with

the long exis of the fibre. Many reversals were secen in the spirsl

direction.
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(2) The central layexs
Whon of aversge thickness, these constitute about 90 % of
the weight of the fibres The fibrils composing the central layere

are Tiner than those of the winﬁing.llﬂnlﬂ3

Ory and aallabaratorslﬁe

reported that while all layers

of the secondavy wall, oxcept that of the winding, spiral in the
game direction, the angle of spirality for the diffexent layers

ig wilmomwn. There ave two possibilities; the first is that all
these layers spiral at equal angles, end the second is that these
layers have egqual spiral pitch so thet they spiral at difforent
angles with the inner layors heing of steeper angles to the fibre
axis. They coneluded that neither of these two assumptions gives
an adequate explanation of fibre strength, and that some compromise
between these two hypothetical construetions would lead to a
gtronger fibre than either alone. Eaxkley%ﬁ who studled cellulose
orientation during cell wall development by means of the Xwray
diffraction method, reported that the secondary wsll pattern,
changed gradually with cellulose deposition for the first fev days,
shoulng a more or less progrosgive improvement in the orientation
of the succeseive layers of cellulose in relation to the fibre axis.
Howaver, 1ittle or no improvement in the orientation, as shown

by the X~vay pattern, was observed after about the sixth day from

the begining of celiulose deposition in the secondary wall.
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(3) The imermost layer
There is somo evidonce that the innexmost layer, next to
the cell lumen, of the asccondary wall may differ from the main part

of ‘tho secondayy wall in the stespness of its apiral ovxientation
to the fibre axis.nl' 125

The submicroscopic or fine structurs of the secondary wall
Our pregent knowledge regarding the submicroscopie or fine
structure of cellulose has been contributed by a larvge number of

workers over a period of many years. Detniled surveys of most of

(¢
this work have been published by seversl authors, 22* 190

4
The evidence obtaine‘.m’qafr‘ chemical methods eatablished that

cellulose is made up very larsely of D-glucopyranose wnits Jinked

together through 1 B -4 linkages. The crystallinity of cellulose was

150,151

first confirmed by Nishikewa and Ono who showed that the

A~ray diagrem condistedof definite diffraction rings, and the first

unit cell dimensions were calculated by 1“almmyi.16$ A peries of

128,140,141

investigations by NMeyor end co-workers led to the postulation

of & monoelinic unit cell with axes: a = 8,35 f., b = 10.5 A.(fibre
period), ¢ = 7¢9 Aep ond B = 84°, Further information vegarding
the nature of forces which hold the lattice structure together has

been revieved by Mark.m‘g

a7

This unit cell has been subjected to many

and recently Liang and I{farcheaaault.}’zs from infra-red

criticiems,
oevideonce, have npdificd this wnit cell and suggasted a diffoerent

hydrogen bonding system.
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In a collulosic fibre the three dimensional wait cell arrangement
in repeated in all directions to build up a erystalliine reglon. The

dimensions of these crystalline regions or crystallites can be

caleulated by the examination of the breadth of the X-ray :c'ef.'i.:e.-c1:5.01153,,?’9

or by the study of the distribution of X-xays diffractied at very

120
101,110, %c? percentage exystallinity of cellulose has

been the subject of many investigations, Hermemﬂ,mo fron X-ray

arall angles.

evidence, has reported that 70 % of ceollulose in cotton fibre is
crystalline while the remeinder is amorphous. Several theories have
heen put forth to explain the relation between tho crystalline
and nonerystalline states. 4 comprehensive survey has been given
by Hearle. 0

The ;axistence of a well orgsnized fibrillar fine structure has
been thouroughly established. The size of these £ibrils has not beon

egtablished with any certainity. Various oatinates™ * o

of diameter
ranging from a probable value of lu down to 0.25u have beon discussed
in somo detail. They are extremely long in comparison with their
widths. erm—‘bfyaslingag has proposed that the miemi(‘:ltgbi*:{lzg? v?lftczh can
be detected in native coellulose with the electrommieroscope and

can be further disintigrated by seversl means, are agsyegates of
cryatalline elementary fibrils(or micolle strand:agzzsxjx?eiz:ea togoether
with paracrystalline cellulose. Hopxae 9 apsumed that the fibrils
conatitute the crystalline proporiion of cellulose. These crystalline
fibrils are cmbedded in (and are molecularly continuous with) a matrix

of nonerystelline regions. The orientation of the molecules is along
the fibrils.
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2o phyalesl nothods of investigating Wie orientation

Several methods have been dovised for measuving the ovientation
of cellulose chedns end cryatallites in cotton fibres. Outatanding
of those methods are the Xeray end optical methode.
(a) The polarized liehi mothod

The opticél methods of messuring orientation use the
phenomena of dichroism or polarized fluorescence described by Moray.142
or the refractive index in plane polerized light described by

Pre&tnna170

The latter is the most widely used method.

The polymer molecules in both the amorphous and erystalline
regions of a fibre usually show a tendency to orient with their

antanged abovt

long axes betﬁaﬁw&qulthe fibre axis tat show no preferentisal
orientation of either of the other two perpendiecular azes., The effoct
of thig lack of order in the lateral direction leads to an averasing
of the optical properties pexpendioular to the fibre axis and thus
the specimen bohaves optically 1like a ualaxial cryatal.vg therefore
the refractive indices for light polarized parallel and perpendiculer
to the fibre axis will in general he different. The difference
botwoen the higher and the lower rofractive indices, with light
vibrating pavallel and perpendicular to the fibre axls respectively,
which ie the birefringence, can, by comparing it with the birvefringence

of an ideal fibre, be taken as & measure of ils orientation.

The birefringence can be measured in two ways, the first
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one is by measuring the differonce in optical path between polarized
light vibrating porallel and perpendicular to the fibre axis. This

18 usunlly done by interposing in the light path o eompensatorgl
of the Bebinet or Berek itype. This method measures the avorage
birefringones through the fibre, hut has & severe limitation for
uge with cotion fibres in that the thickness of tho fibre muset be
nown. Obviously, this can only be measurced with sny accuracy if
the fibre has a regular cross-section and is not convoluted like

60 was ablo to use a Berek retardation

a cotton fibre. However, erl
compensator for birefringonce meapurements on cotton fibres. The
diameter of a fibre in the direction of reterdation was obtained
with s slide equipped with mesns for turning the fibre 900 on its
axis. Only mature fibhres are measured sccurately by this method.

The second method of measuring the birefringence ie to
deternine the two refractive indices sepavately. This com be done
by immersing the fibre in a liquid of approximately the same refractive
index as the one it is depirved to measure and then changing the
vefractive index of the ilumersion liquid either by altering its
tenperature, or by changing the wavelength of the light wsed until
the edge of the fibre i no longer visible. The method is known
ps the Becke line meﬁhod23 because of the bright fringe or line
of light that is observed near the edge of the fibre when the
refroctlve indices ave unequal. Yhen the microgcope objective is

wised the bright fringe moves towards the medium of higher refractive
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index, thus indicating whether the refractive index of the immorsion
liquid has to be increaved or deorecased to mabeh that of the fibre.
This mothod is ususlly assumed to measure the refractive index

near the surface of the fibre.

Because it iz easy to alter the composition of the liquid,
many workers choose this method rather than altering the temperature
or the wavelength of the lighte It is usual to prepare a serics
of liquids providing a step-like increase in refractive index.

In order to cover enough refractive index range, immersion liquids
usually consist of a mixture of two steble and non-volatile liquids
that do not affect the fibre. Yor cellulose, Hermansgv recomnended
piztures of butyl stearato ( n=1.445 ) and tricresyl phosphate

( n=1.558 ). Peust !> has found 1iquid paraffin ( n=1.481 ) and
l-bromonaphthelene ( n=1.659 ) suitable for nylon. Mbreﬁith134

used these two liquids for cotton: they are miscible, inert to

each other ond to the fibre, non-volatile end atﬁbla.79 Meredith;34has
stated that the mixture of these two liquids ha®j a high temperature
coefficient of sbout = 0.0004peri®C. so that it is importent to
control and measure their temperature during the determination of

99

the refractive index. Hermans”~ pointed out thet the liguid and

fibre should be conditioned in the same atmosphere so as to
minimize any re-distribution of moisture between thew.

NE

Taus hos recontly discussed the application of the Becke

line mothod to fibros and concluded that the accuracy of the index
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meagsurenent is a function of the fibre shape and dimensions and

of the degrea of defocussing of the microscope. Under optimum
conditions o path difforence of ‘A/ 100 cen be detected, and the
index of a 10 p diameter fibre can thercfore be determined to better
than -+ 0,0005-

Bocke Line meusurements on cotton"r?tor

have alwaye given
refractive indices consistent with the structure of the secondary
wall and not that of the outer primary wall. Different explanations
have been offered for this behaviour.” * 77 The aifficulties ave
resolved as soon as it is realized that the index of the primary
wall, which is only about 0.2/» thick, will be found only if the
defocuasing is about 0.2/u.72
The orientation can be calculated from the bivefringence
measurenents in ﬁwo woyay the arien%amiuﬁ factor and the average

99

angle of orientation proposed by lHormans,”” and the orientation

angle method used by Meredith.134
Meredith.134 reported, from work on 26 varieties ranging
from the finent to the coarsest cotbtons, that the higher refractive
index veried from 1.573 for short coarse cottons to 1,581 for long
fine cottons, whilst the lower refractive index was approximstely
constent at 1.53). The corresponding engles of the spiral fibrils

were caloulated to range from 2?° for fine Bea Island cottons to

35° for coarse Indian cottons.
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(b) The Xy firaction method
0f the various experimental methods which have bheen
employed for measuring orientation, the X-rsy methed has been the
most widely used and is in npany ways the least controversial.
It distingunishes most clearly bhetween the orientation of the
anorphous and erystalline rxegions since it gives the orientation
of the crystalline regions and most important, it is the only one
which is capable of giving a distribution of orientations.
crank? deserived qualitatively the veriation in erystallite
orientation which oeccurs in cotton fibres, and later Sisson and
Cilar 190 developed an empirical XZ-ray method for quantitative
coumparison of orientation in cotton fibres. They obisined the
diffraction patterns on plates, snd, uging a microdensitometer,
derived intensity distribution curves fyom the fibre patterns by
messuring the optical density mround the { 002 ) diffraction arc.
This method was based upon the assumption that tho digstrlibution
of intensity round the ( 002 ) diffraction ring was proportional
to the distribution of the crystallites around the pencil of the
X~rays. Leter work by Telen " verified the scloetion of the { 002 )
plane as that most practicable for the purpose, although theoretically
not entirely appropriate. Siam0n193 gove o detailed description

of the T~roy method of comparing erystallite orientation in cellulose

fibres, and suggested three ways of caloulating g measure of
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orientation of which the most sensitive was the angle of 40 per cent.
wexinum density. This was the method used by Berkley and wOodyardsa4’29
for raw cotton and they have discussed the corrections which have
to be applied in order to got an accurate estimate of orientation.
Meredith135 developed a method which employed a calibration strip
on each X«ray film, thus allowing tranemitted intenuity readings
to boe converted dircctly into the corregponding X-ray intensities,
independent of the opacity of the film or of the particular
characteristies of the microdensitometer used. This method takes
more tiwe bub requires less rigid stenderdization of experimental
conditions and gives apgles which are highly correlated with

A o
24 Mereﬁithlﬁ) aleo used

those given by Berkley and Voodyard.
e method which gave the sverage sngle of inclination to the fibre
axis of the ehain molecules in the crystalline regiouns; thiso
method has been used by Hermens and GOwwonkeragg mainly for
viscose rayon, and takes into account the distribution of X-ray
intensity avound the { 002 ) arc inatead of depending on the
intensity at an arbitrary point on the arc. Mere&ithl35 found that
this averoge orientation angle did not correlate so well with the
40 per cent. X-yay angle, due to differonces in the shape of the
X-ray intensity distribution curves for the ( 002 ) aves of

59,185

Aifforent cottons, Creely and co-workers devised & technique

for the quantitative determination of the depgreo of the crystallite
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orientation of cellulose in cotton and related celluloasic fibres,
uging the X-ray diffraction spectrometer with potentiometer
recording and a rotating speciwen mount. They used, as a measure

of orientation,the angular displacement from the point of maximun
intensity on the { 002 ) diffraction arc to the point whore the
intennity dis 50 per cent. of the maximum. This 50 por cent. X-ray
angle was found Yo correlate well with the 40 per cent. ¥=-ray angle

used by Berkley and.Wbodyard.24

Hﬂr@dithlgﬁ reported that the variation in the average
convolution angle within a variety affected the orientation an
measured by the X=yays but had little influence on the strength

and that this observation may explain some of the lack of correlation
betueen X~ray orientation and tensile strength. He also stated

that, if the average convolution angle was subtrected from the
average orvientetion angle measured by X-rays, the difference wes
roughly conatant. Hince these two angles are not directly comparable,
this érae@dure is not strictly valid, but it suggests that the
spiral angle of the crystallites in all cottons in the original
unconvoluted fibro may be the seune. This has been confirmed by

50

Betrabot and co-workers.

Sisson194'195

in an extensive study on the cxystallite
orientation in cellulosic fibres and membranes, and of the

relationshlp between this paremeter and tensile strength, suggested
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a method which took into acecount, gualitatively, the apirel structure
of the cotton cellulose chaina around the fibre axis and the
distribution of orystallites within the spiyaling strands in
expleining the shape of the diffraction nrese. He has shown that

the ( 002 ) arcs displayed by fibvee with a spiral structure can

be expleined by assuming two egual crystnllite distwibutions

separated by twice the apiral angle. Deluca and 0rxO0r6L

made use
of this method and developed a method in which thie distribution
of cryatellites was assumed to be Gaussian and the experimental
arc would he regemerated theoretically aud analyzed to give average
and projected values of crystallite orlentation and spiral angles.
They found that the crystallite orientetion and spirvel angles of
geveral native cottons that represent a wide ranke of physical
properties and { C02 ) diffraction arc sizes, did not vary greatly.
dome poeplibilities and limitations of the X-vay method for
estimating the strength of raw cotton have been discussed by

Conrad end Berkley.56

The advantages clained for the X~ray nethod
are speed, general applicebility to all staple lengths and all
strengths, pattern little affected by atwmospheric conditions, and
test specinen preserved, whilsh the dlsadvantages include less
precision, a calibration by imperfect methods and the poseibility
of no nmodification of the Xeray diagram ssairesult of chemical
1;}1136

degradation or attack by nmicro~organisns. Meredi reported

8 corvelation ranging between 0.7T7 and 0.84 hetween tensile strength
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of single fibres and of flat bundles of fibres and the orientation
of the crystallites as measuyed by X-vay. Several investigators

= . .
have also reported high degrees of eorxelaﬁian.gj’27'lal'dOz'goj

The structural reversals

The gpirel fibrils, componing the {irst and susequent layers
of the sccondary wall show charsectevistic roversals. A structurel
reversal occurs at those points vhore the direction of rotation
of the cellulose f£ibrils sbout the fibre axis changes from a
left-hand spiral to a right-hond spiral, or vice verso. Anderson3
has atated that two general types of reversels may be observed:
(a) the commonest type of reversal is one in vhich the spiral
strands simply change their direction by bending around in the
form of an are, and (b) the second type is one in which one sot
of spiral strands ends and a second system of spiral strands running
in the opposite direction begins. The ends of the threadlike strands
of the two systems oﬁerlap at the place of the reversal. Various
hypotheses for the caunse of roversals in cotton fibres have been
proposed. After devoting much abtention to then, Balls and Hancoek17
cane to the coneclusion that the two importent factors in determining
the presence ofmversals were the length of the adult cell, and

26 and wakﬂhamgla

the duration of the growth in length. Berkley,
have proposed the crouwded conditions in the cotion boll as the

cause for reversals. Ag. the fibre grows in length it does not grow
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in a straight line, instead, it is crimped by folding bLsck and
forth in the boll. Certain of these bends ave gradual, others are
very sharp. At the point of bend the outer wall is longer than
the imnex wall in welation to the bend. The cellulose in the
secondary wall is deposited while the fibre is bent or crimpoed.
The spiral fibrils appeer to be interrupted by the shorp bends
in the fibre, causing reversals. wakehamgla has stated thet if
the crowded condition in the boll is a real caupe for reversals,
then the veversal frequency should be related to the boll size.
This has been confirmed, sinee he found that fibyes from large bolls
possessed leps reversals per wnilt length then fibres from small bolls.
Wakehom and Spiceralv have rveported, from evidence obtained
from moisture and hydrolysis effect on the strength of cotton
fibres at and hetween reversals, that the collulose in the reglons
of rovorsals is more highly crystalline than the gellulose between
the reversals. Yekeham and ao~wurk@ra219 found that Xepray diffraction
pattorns taken for single fibres at and between roeversals showed
that the celluvlose is more highly oriented at the reversale theun
that in the remainder of the fibre. Whe game interpretotion has
been reachad by Drrlao from optical evidence.
The manbey of reversals per unit length varies within wide
1imits.3'14 Although roversals maey be found along the entire length
of an individual fibre, the frequency of reveorsals along the fibre

length éiff@rﬁ.ala
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Ine, convolntions

It 48 well known that normally thickened cotton fibres twist
when dry, the twists, or convolutions, appeer when the cell loses
"water of construction. The procesas is lrreversible and plasmolysis

ie not sufficient to bring it about, * 4r20s112,153

* that the

The original suggestion put forward by Balls.1
pattern and structure of the convolutions is determined by the
internal spiral structure of the wall, and that the changesin the
direction of the convolutions are correlated with the reversal
points in the spiral fibrils of the wall, has been confirmed and

12 have

elaborated by subsequent research. Hock and co-workers
correlated the pattorn of the convolutions and the éhanges in their
direction with the spiral structure and reversal points of one
particular part of the secondary wall, the first layer or the

winding. Danham§2 has suggested spiral inequalities among the

fibrils to be the cause of Tibre comvolutions. According to Oaborne,lﬁl
the nechanism of formation of convolutions is probably to bo found
in the drying out of the cell walls, the structure of the fibre
being such that greater shrinkege ocours in the direction perpendicular
to the fibrils than in the direction parallel with them; and since

the fibrils are spirally arranged, collapse and ghrinkage of the

wall causes them to form mutual engles with each other and the fibre

6

axis, thus producing a twisting novement. Clegg end Harlen heve

found that the muber of convolutionsz in any portion of s single cotton
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fibre depends upon the ratio of ribbon width to wall thicknoess
and that the highest mean number of convolutions is shown when the
ratio has the values between J.4 and 5.6. Vory thinewalled fibres
do not convolute until swollen in strong cawstic soda solution;
sinilarly very thick-walled fibres convelute little if at all since
they do not eollapse end the greateét nunber of convolubtions,
therefore, occurs in Libres with walls of intormediste thickneas;ga
The nunboer of convolutions in different cotton varvieties

varies widely. Bowman33

has given estimates of average nmanmbexr of
eonvolutions per inch for different cottons; Sea Lsland posscsoes

the highest mumber of convelubions, about %00 convelutions per inch

while the Indion cotions possess the lowest nwaber, about 1%0 convolutions

1,61

per inch. Other workewrs have found even wider ranges.

TIBRE LENGTH

Mbre length is tho most obvious feature of o cotton fibre
and has always attracted considerable attention because sitaple length
in associsted with not only spimning performance but also yarn
propertics and charscteristics, e.g. spinning limit, yara appearonce,
evenness, and strength. In the early deys of increasing domend of
a rapidiy grouing cotton industry, fibre length was the poramount
factor in evaluating different cottons, ond improvement concentrated
on this propexty. However it has gradually been realised that the

othor fibre properiies, such as fibre strength, fineness, and
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naturity ave also importent.

In any one sample of aotten,la?

or in any one variety, there
is, however, a large variation in the length of individusl fibhres.
This variation arises mainly from diffeorences encountered betwesn
fibres from the same seed, and is increased by additional differences
between seeds in the same boll, between bolls from the same plant,
and between plants.

225

Yebb and Richardson reported from an analysis of 766 cottons

thot larger cocfficients of variation in length wore associated

with a goneral deterioration in yarn properties. Tallant and comworke%g4"206
found that a 1 % increase in fibres shorter than 3/8 inch ceused

a strength loss in yarne of somewhat moro than 1 % , end concluded

that inereases in short fibres content resulted in: 1. decreased

yarn strongth, elongation, appearance grade, and evenness,

2. increased difficulty in spinning at mediuvm yarn nusbers and

low twists, and 3. increascd twist in the roving for constant

hardness. Kohlerlg

2 has indicated that the "length of slippage"
is approximately 8 mu., or slightly more, il.e. fibrea 8 mm or less

are likely to slip rather than break when & yarn ruptures.

FIDRE DIAMETER
In the green boll, while the fibres ave growlng they ave

cylindrical, but as they dry, they shrink and the cylinder tonds

a

to collepse into a flat ribbon. Ballsl stated that the diameter
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of the uncollapsed fibre wes reached by the fibre during the early
fow days of fibre initiation and that this proporty was controlled
by genetical factors. Glegg% pointed out that, for a given type
of cotton, the original dianeter of the living fibre varied within
relatively narrow limite but during maturation cell wslla varied
ccnside:rablyl in degroeq of thickening and this gave rise to the
extreme varisbllity in both size and shape often observed in
cotton fibres.

As a result of the dependence of hoth the shape of the
ribbon and the crose-section on the degree of wall thickening snd
the shvinkagefi which accoupanies fibre drying, the dismeter of the

fibre can be measured only from the uncollapsed fibros. 2&001‘45,143

- have found o high correlation botween the diameter

and others
of the mercerized fibres and that of uncollapsed fibres, but in
the mercerized state the diameter is equal to only 64 % of that
of the ungollapsed fibre and this is due to the shrinkage uhich
acoompaniea fibre mercerization. Ioaca:li’%g measured fibre dianeter
from fibres swollen in 18 % sodium hydroxide solution. He reported
a correlation of 099 hetweon fibre diameter in the swollen state
and that of the uncollapsed fibres. However, fibre diameter as
mepsured by this method is otill 8 % smaller than thet of the
uncollapsed fibros.

44

Christidis ~ reported that fibre diameter, as measured
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from vneollapsed fibres,was the wmost important factor in claszifying

cottons into fine and coarse. Ybaeifga&

demonstrated the importence
of fibre diameter which he used o caleulado fibre density end

this he found to he highly correlated with yern strength.

FIBRE LINKAR DENSITY

The linear density is the weight per unit length and 1t
provides a useful general way of describing the fineness orx
coarsencos of cotton fibres. The linear density of cotton fibres
is governed by variety, and within varieties it is affected by
fibre diameter and the actual amount of collulose present.

The linear density can be measurcd by several methods.
The early method of the gravimetric fineness test, and one which
is atill commonly used, involves cutting known lengths from the
middles of parallelized fibres, counting out a suitable numboer
of those lengths, and weighing them. 2?2° This method is vulnersble
to some erdticiems because of the considerable variation along

15,11%,162,212 The

the fibre length. secondt gravimetric wmethod is

by woighing the whole fibres of known length and gives a mean

value of the linear density along the whole fibre.s The differenco
between these two methods has been discusscd by soveral anthors.l45'l47
The linear donsity of the different fibre length groups

115,116

of & cotton sample was found by Iyengar and Turney to

incrensne as the length of the fibre decreased and to be highest
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for the shortest length group. Nanjundayya and .&.!umﬁmé

gonfirmed
this finding and added that the veriability in linear density

among fibre length groups was different in different types of
cotton. They found that the rate of inoresse of linesr density

with length was greater with the shorter then with the longer cottons
and in two long cottons they found very nesrly constant lineap

denaity for different lengtho. ﬁlw‘zhméa roported that shorter fibres

of o covton sample were coayser than the longer f£ibres, and (fzhytimaé's
confirned that this was tyuwe ‘fw the same seed, strain or variety.

He also found that long and fine cotltons wera much more uniform

dn thelr fibre weight distribution than the shorter and coarser

ones but that the natural Pibre finencss distribution was modified
and even changed through ginuning, mixing, and other processes that
brolke some of the loager and Tinex fibres. In contrast to these
Tindings, Tiori'® found that the short fibves weve finer then the
Jong ones, mad Sands and cqunrl«:@rm.lm from work on 42 varieties,
eonfirmed his findings. EﬂnrlierlM measured the welght fineness

of the gentre soctions only of fibres found that it varied with
length aond with verdety; in general it increased with fibre length

to a maximun value at the length slightly shorter than the modal
longth group, and then decreased. Pillayls? found that the linear
density of extrome length groups was generally lower then those

of the middle groups, the longest length group being the finest.
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The explanation of these contradictory findings seems to

li6 in differences of tbchniquo - 10

or random variations in
pampling and testing, but there nay also have been real changes
over the decades in the linesr-density-length distribution as
sugzosted by Piord. o
The fineness of fibres determines to o large extent the
procesging Aifficulties vhich are likely to be encounteved, the
spinning performance snd the strength of the yarn, the nep count
and the appearance of the finished material. Fiorli and Brown74
found that, with other vaerisbles remaining constant, cotton with
lov linear density wnuldAproduue substantially greater strensgth
and greater number of neps than would o cotton with o high Linear
density. WUhilst Kapidalla concluded that fibre strength was an

213

Inportent factor of yarn strength, Turner found that fibre

length, firsit, and fincness, next, contributed more than fibre
strenszthe Ballﬁls postulated that the effect of length was largely
exaggerated and that long~fibred cottons would be spun into
fine yarn number not beceause of their length but bhecause of
their fineness. Other invastigatorslg'lg'29’122'148’182'215
have presonted the significant fibre properties in a different

ordexr of importanco.
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GOLTON FIBRE HECHANICAL PROPERTIES

The resistsnce of a single cotton fibre to extension is
the ultimate factor in the tensile behaviour of éll cotton textiles,
gnd is alego of intevest in the study of fibre structure.

The stresm-strain curves give & greater amount of imformation
on the behaviour ol fibxeé undexr load than the resulis of o
simpler tensile test for bresking load snd extension, but are
more laborious to obtain. Most of the stressestrain curves (Figs 2)
ghow an initis) part where the stress is proportional to the strain
end for this pert of the curve it has been possible to msasure
the "initial Young's modulus" which is the ratio of stress to
gtrain. This modulus has been found to be highly corrvelated with
nolecular orientation.13§ (Gortain fibres shovw a sudden increase
in extension for a smell increase in stress after this initisl
part. The place where this ocours is somelimes ceolled the yleld
point although the effect usually tekes place over a reglon of
extension. The significance of the yield point is that if a fibre
i9 stretched bheyond this point it will nol show complete lmmediate
recovery, although it may cieep back slowly to its origingl length.
A second point of infloxion often oceurs as the point of rupture
ia approsched, more particularly 1f there are no local wosk places
ond theveilore rupture does not occur ecarly. The curve'typically
swings upyards in this final stese, increasging ineronents of

4 _
The term "point of inflexion" is commonly used for this section of
the curve!? although it does not agree with the mathematical definition.
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ptress have to be applied to produce equal ineremente of oxtension.127
The anount of work required to rupture the fibre, which ias o MeBLUre
of the fibre abllity to abeoxb enexrgy, i.o. to withstand a

sudden shock, can be calculated from the streoss-strain curve.

This is represented by the area enélosed by the stress-strain

curve and the strain axis,134 and would be half the product of
the breaking load and the breaking extension if Hooke's lavy vas
obeyed. The stress-straln curves for cotton depart congiderably
from a linear relation but the idea of work of rupture as one
holf the product of load and extension at bresk csn be retained
by introducing a “work factor” which is the ratio of the actual
work of rupture to the product of load and extension at bresk: for
a wmaterial obeying Hooke's law right up to the breaking point,

the work factor is 0.5.

The various factors determining the strength and other
mechaniceal properties of cotton and other textile fibres may be
divided into two broad categories: firstly the structure of the
fibre, both fine and gross, and secondly variations in test
conditions, inoluding those associated with the rale of loading,
the length of specimen subject to test, and the nature of testing
atmospherec.

Monn and Pelrcer v pointed out that the breaking load of

a cotton fibre depended not only on the sirvength of the fibre but



34

also on the time allowed for the fibke to streteh to the breaking
point. They found that the bresking load increased with the rate
of loading, reached a maximum, and then became indepondent of
leading rate. The most gencral expression of the effect is a linesr
relation botween the breaking load and the logarithm of the time
of bresk, which esn be dirvectly related to other effects of clastic
imperfection.

Moisture hos g singular offect on the strength and exbension
of cotton fibres. A nuwber of investigations have been undertaken
by various workers on the offect of relative humidity on the

Rl EE 2
strength and extension of cotton textiles; on single fibres,” 637,114,130

bundles, reported that
the average fibre elongation at the breaking point rose continuously
by increasing relative hwidity to the maximurgt value at 100 %
relative humldity. The bresking load increased as the relative
hunidity was reised to 60 per cent., at which it reached a constant
value oand becamo independent of humidity. It has been elaimedwz
that o further strength increase of 20 % is obtained if the fibres
are immersed in water. The higher strength and greater extension
of fibres containing noisture is attributed to o more unifornm
distribution of loads over the cx'oss»eection.%'zoo
The effent of wolecular chain length on fibre strength

have been deduced almost entirely from the results of heterogencous
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degradation studies, and as such may not give a valld pleture of

the relationship involvad.> 1#156+109

The proportionately higher breaking strength of fine cottons

have been aseribed to a skin offect whioh bocomes less pronounced

as wall thickness increases.’ 0492

by Mhnn;Bl as follows "It ip generslly known that thin filaments

The phenomenon was described

are proportionately stronger than thick ones, the surface layers
than the internal layers. The strength of the cotton Libre moy be
regarded as due to two eloments, an outer relatively more elastic
and constant with a varying amount of internal thickening of more
imperxfeet elasgticity."

The orientation or the degree af aiignment of the chain
molecules snd the fibrils with'rGSFGGt to fibre axis is regarded
as the most important structural factor in determining cotton

fibre strength and extension to break.25'28’29’134‘193'802'303

Orrlsgi 160

stated that the collulosic fibres usually have either
good strength or elongation, but to be outstanding in both is
unusual, The reason appears to be that high strength can be
echiloved only by very high alignment of the cellulose chain
molecules, and the elongation is then limited principally to
oxtonsibility of the primary bonds of the chains and to the lateoral

hydrogen bonds betweon chains. Such a structure occurs maturally

in vamie, which has high tenacity and low olongation.
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Several inveatigators have reported the existence of high correlations
between orientation,as measurcd either optically or by X-ray methods,

3
and single fibres and bundle strengths, Opr -o* 60

reported that
untwisting of the spiral structurc had been observed as load
wos applied to the cotton fibre, and that the reversnls weve &
vital structural festure which affects the untwisting. Orrw0
concluded that a revereing spirality reprosented an idealised
gtructure for obiteining thimum atrength, elongation, and olastic
recovery from the straighi-chain molecules ¢f cellulose. The extension
due to wntwisting of the spiral could bo calenlated from the
equation:
Tractional extension = ( 1/ cos © ) -1

where © ig the average angle of inciination of the spirals
with respect to fibre sxig. Rehenfeld reported the exiatence
of g highly significant correlations between the spiral angle and
the oxtensibility of cobton fibres, as measured by single fibre
alastic modulus and elongation %o bresk. Those findings qonfirmeﬁ

the work of Hertel and Gravenloa

Rabenf@ldlvg

on bundle extonsibility properties.
econcluded that the extensibility properties of cotton
fibres depended on the spiral angle, the larger the aplral angle,
the greater Fibre oxtension to bresk.

The effect of convolutions on fibreo mochanical propertics

hag heen investigated from different standpoints. Their effect
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on the clinging power of single cotton fibres was erxamined by

Sen and mmedmﬁ

tho found that the extent to which clinging power
might be expected to increase with the muber of convolutions
per unit length wap largely offwet by the irregularity of spacing

of the convolubions. Cleg, 46

atated, "It was notlced that with fibres
of the type having whet way be deseribed as Lfivet-olasgs convolutions,
the brecking load was high, although the cell wall wes not thick.
VWhen the otrein vas spplied, the fibre first appeared to uncoil.

The comparatvely high bresking load of this btype of fibre appears

in some way o be connoched with the quality or consistency of
coliuloses. On the other bhand, it was found thet vhen the hair

wag very thick-walled, and conseguently not well convoluted, the

30

breaking load vas sometimes couparatively low." Other investigators” have

reported correlation between the averaze convolubion angle and
gingle Tibre and bundle strength, end between the average convolution
angle and fibre extension Lo broak.

Several authors have reported that the ultimate fibre
bresking strength at finite gauge lengths is not wvholly & function
of the gpiral amgle ox chain molecular lengih but rather is

dependent upon the ocourrence of wesk points along the fibre

217,218

lengthe The structural reversals, the growth rings and

65

the nonupdfornity of the Libvre fine structure, ~ and the fibre

47

gtructural or morphologicnl abnormalitics,  have been glven as
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posaible causes for fibre weakneos.

The meymer in vhich cotlton fibre wechanical propertios ave
altered by chemicnl treatments through allering some structural
features has been the subject of many inva&tiga%ianﬁ.152’159’150'177“169

It de genexally agrecd that the change in cottbon £ibre extensibility
cauvsed by mereerdzation is & fuaelion of the degree of fibrillar
oprientation of tho different cottons, vhile the increase in the
Libre breaking stress of most of the cottons exemined is not &
Tunction of fibriller ovientation but is caused by repair of weak
points along the fibre lengib.

The transnisslion of mechanical properties of single cotton
Tihreg, notably strength and extension to bresk, has been a matter

N
157,216,422/ It 18 gonersily

of great intorest for muny outhors.
agracd that the brosking Strength of single Ffibres is not fully
tranenitted to more complex textile atructures and that the degree
of transmission of single fibre strength is not constant for all
cotbons, but is dependent on the breaking tenaclty of single fibres.
The trensmission of sipgle fibre slongation to bweak to nore complex
textile struchures has also been found to vary fov different

gotbtons and to be inversely proportional to the single fibre

bresiing elongalbicn.



CHAPTER  1IX.

BXPERIVENTAL  METHODS
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GROWING THE PLANTS AND THETR TREATHENT WITH GIBBERELLIC ACID

Tuo experinents were carried out in the gresn house, on the
roof of the Royal College of Selence and Technology, (lasgov.
A hot bed wan prepared mnd the seeds were sown in small Yjiffy type®
pota, vhich are made of 75 % peat and 25 % wood pulp, through which
the plant roots cen grow: these were filled with "John Innes No. 2%
compoat. A heating system was used with soil heaters and & thermostat
to keep the temperature in the soil and air around the young plants
aromd 9()@}‘?. Une 80wwatt, Fluorescont lamp was fixed agbove the
hot bed to give about four hours lighting daily to compensate for
the laeck in natural light in the momming end evening. Water was
given to the plants when neededs After four weeks, the plants in
the small pots were fransferred into permanent 10 inch pots which were
Tilled with cleven pounds of compost each. Wwenty four of these
pots were usoed. A heating sysiten of two soll heaters and four air
heaters, comncceltod with thermostats, was used to keep the temperature
around 80%F. Tour 125-watt, fluorescent lawps were used to give
about four hours lighting daily in the esrly morning and the early
evening to compensate for the ladk in natural light in the esrly
gpring. These lemps were abandoned after two monthe. Water and
fertilizers were given fo the pleants when necded,

The two experiments carried out in the green house were
as follows.,

(1) April to September 1962: a Nigerian cotton, Samaru 26J (G.hirsutum)
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WAS grOime %wﬁnﬁy three plants were grown, Six were lefd as control
end the remsinder were divided into three groups ( 5, 6, 6 ) which
were treated wilth three successive concentvations of gibberellic
acid ( 25, 100, and 200 pepen. )
(2) spril to September 1963: two cobbons were grown, en American
Uplend cotton, Rex ( O. hizsutun ), and Sea Island V.H.8
( ¢e bazhadonse ) Twolve plants were grown of each variety, six
plants were left as contrel and the other six vere treated with
gibberallic scid { 200 pepend)

A third experiment vas carried out in Nigeria by Dr. Dransfield,
The Institute of Agricultural Research, Zaria, Wigerie, from
July to November 1963. About fifty plonts of Samaru 26J vere
grown in a test plot under the normal field conditions: half
of these were treated with gibberellic acid ( 250 pupene ) and
the rent left untreated.

The gibberellic acid solution was preparved accoxrding to
the information supplied by the manufacturers. About 0.02g. of
gibberellic acid powder was weighed exactly and disselved in 1 ce.
alcohol, water was added to obiain the stock solution with
eoncentration 200 pepaney, the other two concentrations vere
prepared by diiluting 10 cc. of the stock solution for each. The

treatuent was carried out by dvopping 0.2 ml. of the solution
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into the calyx cup of the young boll using an Agla mioromoter
syringe. For Samayu 267 grown in Glasgow, 0.2 ml. of water was
applied to the control plants instead of gibberellic acid. The
treatnent was carried out on the third day after flowering.
The treoatment of Samaru 26J grown in Nigeris was carried out
on the socond day after flowering, 0.4 ml. of gibberellic acid
golution way applied.

Gibberellic acid in aqueous solutions is stable for 24 hours
after vhich it deteriorates. Therefore a fresh solution was
prapared cach dey: preparing the solution and treating the plante
was ususlly comploted within 2 = 3 hours. The treatment of the
plants in Glapgow continued for evory new flower for a period
of about three weoeks, after which the number of new flowers
begome vory emall so thaet the treatuent was stoppeds In Nigerie
treatinenta wore carried out over a period of g fortnight during
which the flowering was groatest.

The bolle were collected at three succeasive sﬁagas;

30, 40, and 50 ( normally opened ) days after flowering for

Semara 267 grown in (laspgow, and 30, 40, end 60 { normelly opened )
days after flowering fo? Rex. The young bolls, 30 and 40 days

old, were left in the green houvse after collection for opening

to be completed. For Samayu 26J grown in Wigevia and Sea Inland,

only noxmally opened bolls were collected. 411 the semples were
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gimmed by hand.

FIBRE LENGTH

the instrument used to measure fibre length was o "Shirley”
conb sorter. This consists of a wack on which rest nine lower
combs and ¢isht top combs, esch esct is mccuratoly spaced 1/4 inch
(643 1me) aport except the first two bovtom combs, which are
5/16 inch (4.7)mu.) apart. The fibres are laid across the combe
with one end of each fibre aligned with the first comb and then
the lower combs are dropped and the top combs lifted successively
5o that fibres of different lengths may be removed. By using the
grip supplied it is possible to remove groups of fibres whose
average lengths diffexr by chosen inorements. These groups ave
then weighed and the deta evaluated in asuch o nanner as to give
an array or diagram of fibre length distribution with pertinent
meagurenenta.

A TH &+ 0.4 ngs ropresentativo sample was wsed, dealt with

E32T g6 fivren vere

in the movner deseribed by several authors.
pulled out in small tufts, each 0.5 mme. shorter than the previous
one, and these were then combod, straightened, and leid down on
e black velvet pad. These tufts were arranged into groups by
measuring the length of cach small tuft and grouwping together

2)l fibres that fell within a range of 3 mm. Grouping together
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the fibres that fell within a range of only 1 mm. was found to
give a very slightly different mean length veluwe. All groups were
then woilghed on a sensitive balance to the nearest 0.0% mg. and
the weights recorded. The mean length, the standard deviation,
and the coefficient of variation were celeulated from the

following equationss

The mean length = ‘5££ WL )
=
where W 1ig the weight of cach length group, I is the

wid point of the length group.

_ 2 E 2
The standard deviation = ii( XL ) o %‘_Egﬂ_ﬁé.l «k
s S )

gtandard deviation

The coefficient of variation = X 100 %

mean length

FIBRE DIAMITER

Fifty fibres from each test sample wore mounted on glass
slides, in five groups, each of ten fibres, on a glase slide,
peveral drops of 18 5 sodiwm hydroxide solution were placed on
the fibres of the first group so as to flood and cover the central
13«15 mua, and left for Y minvtes for swelling to be completed.
A cover slip was pleced on the fibres and the extra sodiuwm hydroxide
golution was removed. The dismeter wap measured in three places
in the central 1l mn. of each fibre wsing a magnification of 300X.

The procedure was repeated for the other four groups.
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PIBRE LINKAR DENSITY

The grovimetric vhole fibre method was used for measuring
the linear denwity. The " Shirley ¥ cowb sorter was used to sort
out the components of esch sample into the different length
groups. MEty fibres of each length group were used, each fibro
vas vithdravn {first, straightened on the velvet pad and its length
was meapured to be sure that it represented the wid point of the
longth group &4 0.5 mue %he fibres vwere then welghed in ten
groups each of five Libres on o ¥ Shirley " microcantilover balance.
From the date obtained, the weight per fibre and the linear density

were calenlated.

IBRIE MATURITY

Three methods were used in mcasuring Lfibre maturity.
(1) The sodium hydroxide swelling method

Lach test specimen consisted of about 100 Tibres mounted
on three glides, 30 - 3% on each, laid parallel end evonly
separated with thelr centres in alignment. After placing o cover
slip over the fibres severval drops of 18 % sodiwm hydroxide
solution were added mo as to flood the fibres. The fibres were
left for § wnminutes for swelling to be conpleted. Under the
nicroscope, with megaifilcation of 300X, the {ibres wera clessified
into three aroups.

a» "Mormel Tibwves (M)": those which, after swelling, appesred
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rod-1ike with no continucus lumen. Because of the full degrea
of suelling and this vodwlike form, Noramal fibres showed no
vell-defined convolutions.
be "Dead Fibres (D)?: those in which, after swelling, the wall
thickness was one £ifth or less of the maximum ribbon width. The
mepcimum »ibbon width was taken as the uwidth of the widest portion
of the fibre in the microscope field of wiew, usually widvay
betwoen two convolubtions. Hwollen Pead filbres varied from Llat
»ibbone, with no convolutions and 1ittle or no secondary wall,
to highly convolubed forus with o greater wall development.
¢e "Thin-ualled fibres’: those which did not fall into either
the "Wormal' or the "Dead" group.

the number of Libres belonging to cach of these three
groups was counted, and the procedure was wepeated for the other
tuo slides. The percentoges of "Normal',"Dead”, aad "Thinewalled"

fibres were caleuiated,

(2) The palamzad. 1ight method

This method effectively gives the thickuness of the fibre
from observations of the retardation of peolavized light. The test
apecimens were as desoribed in the first method. The fibreas were
immersed in liquild paraffin instead of sodivm hydroxids solution.
& First order quarts plate was inserted in the micrascope between

the crossed polaviger and analyzer, end the mechanical abage
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wes adjusted go that the fibres were at an sngle of 45° with hoth
the polerizer and the anelyzer and the fibre axig lay parallel
to the slow vibration direction of the quartz plate. The fibres
Wwere oxanined at 150X magnification and clasgeified into two
groups as follows.:
(1) Pibreo which appeared purple or indigo throughout their entive
length in the field of the microscope and turned orange on rotation
of the stage through 9@9, and fibres which appeayed deep blue
or altornatively blue and purple end turncd orsnge-~yellow upon
rotation of the stage, wore elassed as "Imusturc.”
(2) a. Fibres vhich appeared bluewgreen or alternetively blue
and yollow and turned yellow-white on rotation of the stage,
and b. fibres which appeared yellow or yellow-greon throughout
their entive length and showed practically no change of colour
on rotation of the stage, were claegsed as "Mature®™ fibres.

in sone experiments, the polerimed light method wan used
to claseify the fibres into three groups by dividing the "Mature"
fibres into tuo groupss the group (a) vas regarded as "Haturel

and the group (b) as "Very mature.”
(3) the fibre density method
Since only a mesn valus for the density of a sample of

fibres could be obtained this, this mothod gave only a mean

value of maturity, but the results were useful in comparing
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different somples.
Trom the information obiained on fibre linear density
and £fibre diameter, fibre density was csloulated from the following

foxmulas
Fibre weight per cm.

Fibre density = = : fiﬁ " )2
re radius

Fibre denpity indicates the degree of £illing of the cell
tube, it incressen as the degree of the £illing of the tube

incresses or In other words the degree of wall thickening.

THE NUMBER OF CONVOLUPIONS AND T CONVOLUTION ANGLE

The determination of the number of convolutions per unit length
wap made on the central 11 mne region of the fibres. Fifty fibres
of each tes; gample were used. The fibres, 10 on each glass elide,
were mounted straight, horizontal, and parallel to each other,
tsking care that the central region of all the fibres should lie
more or lesg in the same area. A cover slip 11 X 22 mm. was
placed on thoe centval region of the fibres, a drop of liquid
paraffin vas placed at the edge of the cover slip and was left
to spread. Using e magnification of 300X, the number of convolutiono
was counted for each fibre along its central 11 mme. region, and
the mean yibkon width wes determined from measurcments made at
three different places for each fibre. Also the nmean true length
of a convolution vas deteormined by measuring the lengths of the

convoluted portions of each fibre at three individual convolutions.
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The avercge convolution angle and the sectual convolution angle
vere calculated from the following formulee.

(1) The average convelution angle { @ ),

tan;ﬁ:: :%" X ..2?...
1+

where D is the aversge wibbon width, end € i9 the
average convolution pitch which is the length of the specimen
( 11 mm. ) divided by the number of convolutions,

f
(2) Tha actual convolution angle (55 e

l %
tan§5 = ;j§; ~§7

where D is the average ribbon width, and €’ is

the true convolution length.

THE WUMBER O REVERSALS

The number of veversals per unit length was counted on the
same fibres used in the determination of the number of counvolutions.
A firvpt order quariz plate was inserted in the microscope between
the erossed polarizer and snalyzer with its slow vibration dirvection
making on angle of 45° to the plane of polerization. The fibres
wero placed parallel to the plane of polarization so thaet the
(4) and (%) epirals appeared in different colours and the number
of reversals could bhe counted. This was checked by removing the

quarts plate so that the reversals appeared as dark bands.
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ORIEHTATION
elb el M

Two nethods were usged to measure the moleculer and the
cryatallite orientation.
(1) THE REFRACTIVE TNDICES AND THE ORTBNEARION ANGLE
The refractive indices of the fibreo in plane polarized
Light were measured by the Becke line method. This mothod has
been denoribed in detail by meredith§33 Brieflyi a series of
liguids with refractive indices ineressing in steps of 0.001,
from 1.527 to 1.53% and from 1.560 to 1.582, was prepared by
nizing different volumes of L.momobromonsphthalene (anl.ﬁﬁa atzaﬂﬁ.)
and 1iquid pureffin (n=1.480 at 20°C.) For a mixture of tuo
liquids the vefractive index of the mizxbture is
. ( nllew+ ng_vzu)
v, * vg)
where ny end n, are the refractive indices and v, and v, arce

1
the volumes of the liguids 1 and 2. The refreaotive indicesn of

the liquid mixtures for tho sodium D line were mensured aob 20°¢.
with an.Abbgf refractometor, calibrated with several liquids
of known rofractive index. mhé fibres wore immersed in a series
of theso liquide of inereasing rofractive indez until a match
wae obtained, i.e., the fibre became invisible. Tho Bocke line
was uged at each otage Lo detect any mis-matohe
To measure the mean values of tho higher and lower refractive

indices of s sample, 3 series of glass slides was propared, five
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fibres of known and equal length were mounted parallel to each
other and just strailght. The fibres were fixed abt cach oend by

& drop of Gum Arabio whiéh took aamehimﬁ to dry end allowed time
for the fibres to be straightened without tension. A cover slip,
11 X 22 nne, wao placed on the central region of the fibres,

a drop of a liquid of approximately the ssue refrective index

as the fibro was ploced at the edge of the cover slip and van
left to spraesd and cover the fibres, the fibres were re-straightencd
without teneion and examined uwnder the microscope with their long
axes parallel to the direction of vibration of the plane polarized
light. Yrom the observed degree of matching of the outer edge

of the fibres o second ligquid was chosen with higher or lowver
rofractive index es requived. Vhen the liquid of the nearecst
rofractive index to that of tﬁ@ fibre wen defined, this liguid
wag re-used on another two slides, each bearing five fibres, to
mopsure the exact and fin&l mean value of the higher refractive
index. This procedure was vopeated to maasﬁra the lower refractive
index uging anotheyr geries of fresh alides: The refractive indices
of the fibres were measured always on straight, unconvoluted
paxtn of the fibre which were free from reversals. It would appear
that errors night arize because the two refrasctive indices were
not measuved on the same fibres: hoveveriit was found that no
puch error arose because the lower refractive index was slmost

constant for all fibres.
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All the measurements were made in an air-conditioned room
at 65 & 2 % R.H. and 20 & 1°C. The temperature was watched closely
and the measurements were carried out only when the room temperature
had been fairly constant for 2 hours. Corrections for owall
tomperature fincotustions wore made when needed, wsing Iﬂemﬂiﬂ&awg
value for tho temperature coefficient.

The Orientation angle ( © ) of the chain nmolecules wag

caleulated £from the formula 13

2
(ny) (ng%nn%) (ﬂuxﬁn&i

(nu ) (nywna)(ny-tna)

gos @ =

tmam By is the higher relfractive index measured for the
test apecimen, n o and n ,  ave the higher and lower yefractive
indicen wespectively measured for ramie fibres.

}?ma“&m:  uged the values n, = 1.528 and n y = 1.596,
measured for flax and wamic fibres In which the crystallites are
oxdentated slmost parallel to the fibre axis. Mercdith > used
the values n gy = 1531 and n, = 1595 measured for flax £ibroov.
In thie woxi, the two refractive indicen were measured for yamie
£ibres and found to bo n_ = 1530 and B, = 1594

A By was found constant for all the ssmples under

investigotion, the ovientotion angle was found sufficient to

express ox deseribe the overall moleculer orientation.
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(2) THE A-~RAY DINFRACTION JUSTHOD
(a)_Preporation of samples

The object was to obtaln a pavallel bundle of fibres, of
equal length and of lensth equal to the wmean longth of the test
sample, and of fairly constant thickonoss from one test sample
to anothor. The procedure followed for preparing the bundle of
fibres wan the came as that used in measuring Libre length}

a 75 nilligrams fibre specimon wos uoed and sorted on the "Shirley!
comb sorter, all fibres longer than tho mean length + 0.5 wn.

were pulled out and rejected. Fibres in the range mean length 4 0.5 mm.
wore pulled out of the sorter, combed, and mounted on the specimen
holder.

Speoimen holders made from atainless-stecl or brass were
uged in mounting fibre bundles of about 0.8 ~ 1.0 mn. thicknesa.
The specimen holder consisted of twe Jjaws, one fixed and the othex
one moveasble by means of a long screu-shaft. Hach jaw had o groove
of 1 mm. wldth and 2 mne. depth in ivs contre, in which the end
of the ©ibre bundle was placed, a clanp with length and width equal
to that of the Jaws and with & tongue in ils contwe with the sume
gize as that of the groove, was placed on the jaw to fix the fibro
bundic. This olamp could be tightened by means of twe emall gcrovs.

The free ond of the fibre bundle, after belng pulled out
of the sorier by weens of o grip, was clamped in the fixed jaw.

The fibros were then re-coubed and straightoned, and clsuped in
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the moveable jaw. The sample with ite fibros parsaliel, was stretched

gently to remove the orimp by moving the movesble jaw outwards.

(b) Bample expopure
The X=-ray photographs were taken using Ni-filtered CuK,¢

radiation of wave~length 1.54 A., fron a Philips sealed-off tube
run 8t 40 Kv. and 20 nb. The X-rsy beam was collinated by a lead
glans capillary tube 5 cme. long and having an internal diametox
of 0.7 mrm. encased in brans. A ﬁmtal holder was fixed on the outer
end of the collimator casing and was used to hold the specimen
holdexr in a definite position in which the fibro bundle was up
againdat the end of the collimator and the Xeray besm wasg passing
through the centro of the fibre bundle at right angle to ite axis,
The X=roy filn, a quartor plate Ilford Industrial B £ilm,; was
held in o e¢eosotteo mounted on rails rumming parallel to the
collimator. The front of the cassette wes covered with thin
aluminium foil ( 40 u thick ), and st the centre of the foil

a lead stop was stuck wi.th arofix, in order to absorb the primary
un~diffractod X-ray bean. The cassette was placed parallel to

the bundle axis and perpendicular to the X-ray boam at 4 cm.
distence between the fibre bundle and tho flat £ilm, and was
edjusted so that the lead stop in the centre was in line with

the main X=-rey bean issuing from the collimator.

The tine of exposure variéd according to fibro waturity:
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young, immpture fibres needed longer exposurcs. It ranged between
GO and 120 minutes to get a diffraction photograph with suitoble
density ( maximom density on 002 arc of 0.5 to 0.7 ).

The f£ilwms were developed according to the menufacturer s
recommendations. Sach film was developed for b minutes at 6'50}5’.,
washed for 30 seconds, fixed for 6 minutes, wached again for

30 minutes, and then rinsed and dried.

(e) Intensity measuvements
A "Joyce Loobl MHark I Mieredonsitometer," with a gradunted

rotating stage wes used for recording the intensity distribution
around the (002) diffraction arc of the Xeray photograph,

The X-~ray photograph was fixed in the centre of the votating
ptages Starting from the centre of the photograph, scanming was
carried out radislly across the (002) arc and approximately at
its c@ﬁtmv which ie the point of maximum blackenings From this
point one half of the arc was scenned radially, first at three
auocespive azimuthal intervels of 3" each, and then st intervals
of 6° until the arc venished. Then the other half of the arc was
seanned in the same manner sterting egain from the firet sterti ng
point. Thus this starting point was scanned twico: the result of
the tuo scons was found to coincide throughout this work which
coan be taken as a proof of the consistenay of the appavatus.

The scanning was carried out always from the_ inner gide of the
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are, just beyond the ( 10T ) ave, and across the { 002 ) are
with the wachine running at constant speed. These scans were
recorded automatically on graph paper. The peak heipht of each
radial scan was measured by o ruwler and teken ag a measurement
of the degree of blackening at this definite point on the ( 002 )
arc. These measuremsnts were plotted against the angle of
geanning and the intensity distribution around the { 002 ) are
was conatructed. This procedure was repeated to obtain the
angular intensity distribution around the seeond ( 002 ) are

of the X~ray photograph. At least two photographe from different
Fibre bundles were scammed for each test sample, and the resulis
from individual photographs differed hy 1° or less.

The calibration of the films was made according to the
method. deseribed by Heredith,  ° but using separete films other
than those used in obtaining the fibre diffraction photographs.
A rotating sector sonsitometer giving & linear series of
18 exposures times was used. A number of Industrial B films
from the same boxes as ware weed for the fibre photographs were
exposed to (u Ko at 40 Kv. and 10 mA. for long enough ( about
10 seconds ) to give & maximum density equal to the meximumn
in the fibre photographs { 0. D ). These films were processed
under the sane conditions as the fibre photographs and wessured

on the Microdensitvomeler. The results obtained showed that the
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Xevay intensity/photographic density relationshipwas linear

within the range of density uged.

(d) Caleulation of Orientation

After having obtained the angular intensity distribution
of each of the two { 002 ) aves of the ¥-ray photograph, the
erystallite orientation was measured in two ways; assuming
aluays that photographic density was proportional to X-ray
intensity.

1. The 40 poer cent. X-vay angle { absorption ) was measured as
the azimathal angle between the point of maximum blackening
and the point on the ave where the bleckening was 40 per cent.
of the maximum.

2+ The 50 per cents d-ray angle ( absorpiion } was messured as
the azimuthal angle betwsen the point of maximum blackening and
the point on the are where the blackening was %0 per cent. of

the saxinmite
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THE MBCHANICAL PROPERVIES

The "Cambridge" Ixtensometer was used to dotermine the

load extension curves of single fibres.

(a) Sesting procedure

To mount a {ibre with a tost length of 1 om,, it was laid
along the centre of an apexriure of 1 om. length ( and 0.5 cme width )
in a spocial carxd mount, and seocured al cach edge by 2 suwall
drop of Durofix. The fibre was mounted straisht with just sufficient
tonsion to rewove any kinks. The ends of the eard were fixed into
the Jjaus of the Cambridge Extensometer, the thin sides of the
mount were then cut to leave the fibre free, and then, starting
with the fibre Just taub, 1% was extended at constent rate until
it ruptured. The constant rate of oxtonsion used was 4 mm. / minute
80 that the fibre broke within 10 - 20 segonds. About 50 fibres
from each test seuple were tested. The mass per uwnit length wae
determined for the 50 fibres welghed in mass. The testing was
carried out in an air-conditioned room at 69 + 2 % R.H., and

temperature at 20 - 1%,

(v) Meas nta on the atre

The load~extension curves were recorded on greph paper. The

load ond extension at break were messured for cach cwwrve and the
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mean values found for esch sample. The yield point for each curve
wap logatod according to Uoplan'&ﬁg construction in which he
defined the yield point as that occuring at the stress given by
the intersection of the tangent at the origin with the tangent
having the least slope. The yiold stress and the yield strain
wore measured for sach curve and the mean values found for each
somple. The initial Young's modulus was caleulated as the ratio
of yield stress to yield strain,.

127 ghow two

Typicel stress-strain curves for cotton
11l~dofined pointe of inflexion. The fivet occurs at a low value
of extension when there is en incorcased rate of yielding as the
streas is increomsed furthers A socond point of inflexion ofton
vecurs ag the point of rupture is approached, more particularly
if rupture does not occur early beamause of local wesk place.

The curve typicelly swings upwarde in this finel stage, increasiug
increments of etress having to be applied to produce equal
increments of extension.

Po determine the typical stress-strain curve for each sample,
the curves of the semple were sorted out into two groups, the first
one comprised the curves in whioh bresking took place at or near
the second inflexion point apparently because of a major local |

weak place: this group was designated as prematurely~broken fibres.

The second group comprised the curves which showed a final upward
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swing after the second inflexion pointe. Those were designated

as noroally-broken fibres. The measuvemsnts wore carried out

ag followss

1. The stress and the strain at the first inflexion point were
tokon an being equal to the yleld satress and yield strain and
thoese vere ireasured for sll the curves in the sauple.

2« The stress and the strain st the bregking point in the first
group of curves, the prematureley-broken {ibres, were measured.
The strass and the strain at the second inflexion point of the
second proup, the normally-broken fibres, were measured. Theso

two sets of meassurements were added together sud the mean values
of stress and strain were caleulated and supposed to represent

the stross and the strain values at the second inflexion point.

%« The stross and the strein ineroments hetween the second point
of inflexion and the bresking point for the second group of curves,
i.8, for the nommnlly-byroken £fibres, were meassured and the mean
values of stress ond strain were caleulated in two ways.

(a) By swmming all these stress and strain increments and dividing
by the todal nwber of curves, for hoth prematurely- and normally-
broken fibres, snd then sdding these mean velues of stress and
strain to those at the second point of inflexion. The total mean
values obtained thus should be equal to the mesn values of recorded

breeking stvess and strain of the sample end this sliernative
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method of celculation supplied & useful check on the accuracy
of the calculation already made.
(b) By dividing the total values of these stress and strain
increments by the actunl number of curves from which these values
were ohtained, which was the numbexr of normally-~broken fibres,
and then adding these mean values of stress and strain to that
at the second point of inflexion. The totul meon values thus Obtainéd
were higher than the recorded mesn values of stress and strain
at bresk. These values were supposed to be the real ones if there
had been no major local wesk points, and were designated aw the
projected mean values of stress and atrain at break.

Having obtained the mesn values of stress and strain ot
four points, i.e. the yleld point, the second point of inflexion,
the actual bresking point, and the projected breaking point, the
typical streas-strain curve for each sample was congtructed. From
thig stress-strain curve; the worle of rupture was measured by
means of an TALLBRICIY planimeter, snd the "work factor” caleulated.
Stiffness was calculated as the breaking stress per unit breaking
strain. These charvacteristics wore measured for both the actual

and extrapolated stresa-atrain curves.

The role of convolutions in fibre oxtensibility

The apparatus

A simple appavatus was designed to stretch single cotton
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fivres under the microscope. The main features of the apparatuc

vere twe Jaws which could be moved outwards or inwarde simultanuously
at the same speed by means of & single screw with & right and

left hand threads. The relative motion of the Jaws was indicuted

by o seale on the knob by which the gerow was turned. Betueen the
Javs was a frame 1.2 ome wide with an aperture of 1.0 cm. width
coversd by & thﬁn &lass cover slip. The whole appsratus was mounted
on & base which could be clamped to the microscope stage in such

& position that a fibre lying across the aperture was beneath

the objective.

The Fibre was mounted on a special card mount in the same
manmey a8 was proviously described for testing on the "Caubridge®
Bxtensoneter. The two Jaws were brought o the edges of the frome
ond the ends of the card wount were placed falrly loosely into
the jaws. The £ibre was examined under the mieroscope, nsing a
magnification of 3008: it was first centred, and then the ends
of the card vere Linally fixed into jaws and the thin eides of
the movnt vere then cut to leave the fibre froe to extend. By
turning the screw , the fibre was oxtonded from both onds at the
samé time which kept the same portion of the fibre in the field
of the microscope throughout.

‘The mechanism of the unfolding of the convolutions wos

watehed, the point of oxtension at which the convolutions completely
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disappeared and the point of extension at which the fibre broke
wore determined for H0 fibres of one test sauple.
The percentage of extension duo to the unfolding of the

convolutions ﬂa') was calenlated from the following fommule;

&

E, = ( sec g'm L)X CPH
umgﬁhegg 95’ is the actual convolution angle, (.P. is the percenioge
convoluted portion of the fibre which is,
(.F. = the average convolutdon length (mm.) X the nusber of

convolutions per mm. X 100

Gorrection of the stress—strain curves for the effect of convolutions

The strese-strain curve of ¢ach sawple was corrected For

the effect of the convolutiono on fibre oxtensibility on the
assunption that no stress hed heen applied in unfolding the
convolutions sincee it was not poswlible in this otage of work to
determine or caleulate the otress actually used in unfolding
the convolutions.

The peorcentage extension due to the wnfolding of the
eonvolutions vhich was caleulated for each sample, was subtracted
from the percentage extension at the firet and second points
of inflexion in proporition to the actual extensions at these
points. The astresse—sivain curves were then veplobtted and, the
indtial Young's modulus, the vork of rupture, the work factor,

and the stiffnoess were found.
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MBERCERIZATTION PROCHDURD

To mercerize at constant length, the fibre bundles were
prepared in the same manner as for the X-ray exposure, mounted
on stainless-gteel holders, stretched just to remove crimp, sad
morcerized by the following procedure, which was carried out
at 20°%C throughout.

10  winutes in 18 % sodium hydroxide solution,

10 w washing in maning water,
5 " in 1 % acetic neid,
10 " washing in running water,

followed by drying.



RESULSS  AND  DISCUSSTION
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The following symbols are used in the text:

Desgriptives

oo Gibberellic aoid

it Fivres from normelly opened bolls

Samara 267 (G) Semaru 267 variety grown in Glasgow

Samarn 267 (1) Semaxu 267 vaeriety growm in Nigeria

Sep  Te Semaru 267 (@) ~ control

Sep 11, Bamazu 267 (G)- treated with gibberellio
acid { 25 papetis )

Bey IXX. Samaru 263 (@) « troated with gidbbercllic
acid ( 100 p.pam. )

Hey IV Samama 263 () - tronted with gibberellie
acid ( 200 pepete )

Sey V. Semaru 267 () - control

Se, VI. Sameru 265 (M) - treated with gibberellic
acid ( 250 pepem. )

Rey Tu Rex variety - control

Ray 11, Rex variety - treated with gibberellic
geid (200 pepema )

HeXey I fea Island variety - control

Beley 11 dea Island variety - treated with gibberellie

soid ( 200 p.p.m, )



Measured quantitiess
{

(}'
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The aversge convolution pitch

The averasge true convolution length
Fibre ribbon width

The neasured extension to breek

The extrapolated extension to bresk

The pereentage extension due to unfolding
the convolutions

&= EP - ﬁe

Fibre length

The number of spirel turns along the fibre
length

The spiral pitoh

Fibre radius

The measured tensile strongth

The extrapolated tensile s:trength

The measurcd stiffness (*-’,;%‘ )
m
P

Caleulated stiffness ( Em )
0y

®?
Extrapolated stifiness (—@H- )
P

w

E:i )

Caleulated extrapolated stiffness (
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R, The meassured woxk of rupture ( the arca
enclosed betwesn the messured stres-strain
curve and the strain axis )

WR The extrapolated work of rupture ( the area
enclosed botween the extrapolated stresge
strain curve and the strain axis)

WRD a The work of rupture due to fibre fine struciture

{ the srea enclosed betwesn the re-~plotted

stress-gtrein ocurve and the strain axis )

WFm The work faclor of the messured stress-strain
Wi
m
owrve (——<—= )
B " X Tm
WP “he work factor of the extrapolsted stress—
WR
ptrain curve (i )
B X T
P P
WE -~ the work factor of the re~pletted stresge
WH,
strain curve ( T pf; )
T A

The average convolution angle

—

w ®

The actual convolution angle
The average orientation angle
The 40 pexr cent. X-ray angioc
The 50 per cont. Xwreay angle

The 40 per coent. X-ray angle after subtracting

B € = O

the average convolution angle ( f - 8 )
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‘The measwred initial Young's modulus
The caleulated initinl Young's wodulus ( after

the removal of the effect of coavolutions )



(BAPTER  IXI.

COTION FIBRE GROWIH AWD CGROSS STRUCTURD
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TAVLE 1 « Fibre length distribution.

Length group Pexcentage by woilght

(mm.) Seg Lo Sep Vs Bey Va Say VIs

3 240 1.0 0.5 0.8

6 1.5 0.5 (5 045

9 145 0.5 0.5 1.0
12 2.0 1.0 240 242
15 el L% 3eb 245
18 440 2e0) T+0 5.0
21 4.0 35 1049 Teh
24 16.5 19.0 14.0 1240
27 18.% 2640 18.0 0.0
30 21.0 200 18.5 21,0
33 18,0 12,0 158 L5
36 T.0 940 945 10.0

39 - 4'. Q b L]
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PAREE 1A . Fibre lepgth distribution.

Length group Porcontpoge by wedehd
(o ) Halep Lo Seley IEe  Bey L. fap 1In

3 1% Aetd 1B Lot
6 L} Lef 1.0 el
9 2.5 Hald 1.2 L0

12 25 245 2ol 05

15 H8 505 245 248

18 40 Ge et 20

23 440 4o Ta5 T
24 5.0 Hefl 124 ol
27 5ol el 2449 Lo
50 640 Ge5 2040 2645
53 B4 Be% 1445 265
%6 Teb Totd 64 110
59 85 Ha0 -

A2 118 1y

4% il 115

49 8.4 160

5l G5 fald

54 a5 el

57 ’ 2 245




The Pollowing are the coefficients of variation

calculated for the semple { Be, IXe ~ 29 nme long ),

ag an example of the varisbility found in measuring the

different characteristiocs.
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Characterigtic Coefficient of Var. Number of
% readings
Fibre Veight
( and linecar density )
Sauple %0 days old 28 10
Sample 40 days old 15 10
Semple 60 days old 18 10
Fibre diameter 7 50
Ribbon width T 50
Number of Convolutions / mu. 8 50
Hurber of veversals / mme 12 50




TABLE 2

« Gross structural properties of fibres of the

different length zroups.

Tl

Fibre Diemoter Ribbon Conv.
Sample length ( M)

Av.conv. Convol. Act.conv.
width por mm. angle

portion an%*la

() (M) (8) % ()
Sep In 36 23,2 22,0 4,18 8.25 272 20,0
3 222 2L5 5419 9.90 - -
52 25.2 2044 453 8.25 - -
30 25. 2006 4428 790 - -
28 25.8 2146 482 930 313 27.6
26 25,9 210 400 6,70 - -
20 26,6 212 5.50 1050 - -
22 25,9 215 5.9 1135 - -
20 26,9 219 475 930 307 2748
Bop s 368 219 2060 4406 .50 - -
36 22,9 20,3 442 745 26,8 26.1
34 232 2044 4420 7465 - -
32 2446 205 4408 7,85 - -
50 25.8 212 4400 7.60 - -
28 2048 2049 403 TES 26,2 2648
26 5.4 216 438 BuAS - -
20 2. 2L BT TS - -
82 26,2 204 426 8.5 - -
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PABLE 2 . ( continued )

Fibre  Diemeter Ribbon Conve  Aveconve Convol. Act.conve.
Sample length (M)} width per mm., angle  portion angle

() (M) (6) % (F)
See IVe 20 2644 221 35T 6.70 21le9 28.1
Sep Ve 20 25.9 19,2 445 6.80 284 25.2
Say VI. 28 P5.,9  19.6 5448 5.50 21,0  27.1
Gelay Lo 35 18,9 17.1 2:.87 - 4.40 161 25.7
SelagIle 35 18.8 7«0 2470 4,10 167 23,3
Ro. In 35 24-:5 gl!a 6.4() 11-9§ 4@:3 27-7
52 2404 21.9 4.80 G40 8.8 29.9
27 204 2264 4490 Q.75 28.9 %0.8
25 2644 2%e4 270 770 22.6 31.1
20 26,9 23.1 350 Te25 20.2 32.1
Rep 1L, 35 2546 2047 Be%0 Q.80 750 26,3
%2 24T 2049 4480 9.60 Wed 278
29 2546 2341 5,70 . 10.60 339  28.9
26 £25.2 21.7 4.50  8.75 26T 30.T
23 25.7  2%.0 4,00 | 8.5 24,1 30.7

20 86,0 2.8 330 650 19,5  30.2
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TABLE 3 o Fibre weight for the different length groups.

Pibre length Fibre woight { 207 5. )
Semple (mae) 30 days old 49 days old 'mafﬁﬁg;fibres

Sey To 36 173, 207 356
34 167 278 321

30 156 75 333

50 155 264 361

28 155 259 392

26 87 257 od 4

24, 164 257 571

22 166 266 361

20 145 231 338

Sep IV, 30 170 241 364
36 151 248 355

34 152 208 357

32 145 224 522

30 144 222 406

28 165 215 17

26 16% 21% 295

24 155 230 272

22 139 193 264

20 134 47 219
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TABLE 3 . {continued)

Pibre lemsth Pibre weight ( 107C . )
(rm. ) %0 days old 40 days old 'Matyfcﬁ« ';:ibres

Sep Ve 28 - - 432
Sep VIa 28 - - 452
Sales Te 35 - - 326
S.1., II. 35 - - 331
Rey Ie 55 335 346 491
%2 314 342 478
29 315 358 508
21 307 534 500
23 272 330 516
20 207 260 498
Rey IL, 35 280 414 518
32 267 402 482
29 257 370 470
26 260 364 452
23 200 466 398

20 158 16 576
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TABLE 4 . FPibre lincar density for the different length groups

Vibre length  Fibre linesr density { 107 g )

Sample
(e ) 30 days old 40 days old “fﬂam(u;ej\ '}fihws

Sep Ts 36 48 82 99
34 49 8z 94
32 49 86 104
Y 52 88 127
28 55 93 140
26 61 %] 143
24 68 107 155
22 76 121 164
20 T3 118 169

Say IVe 28 47 63 101
36 42 69 93
34 45 61 99
32 45 70 100
30 48 T4 302
28 59 7 113
26 63 82 114
24, 65 96 114
22 63 a7 120

o 66 75 110
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PABLE 4 . { continued &

Fibre length  Fibre lnmear density ( 107 g, )

Hample
(mme ) 30 days old 40 days old 'Mat%fgifibxes
) !
Sey Vu 28 - - 154
3 .y VI - 28 hond - 161
3 QI .y I . 35 s - 93
He I "y I 1 » :"55 - - 95
Rey Lo 35 96 99 140
32 98 o7 149
29 108 123 175
27 114 124 185
23 118 143 225
20 104 140 249
Ray I1. 25 80 118 148
o2 8% 126 %5
22 89 128 162
26 100 148 174
23 a7 159 173

20 79 158 189
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TABLE 5 o Fibre deneity for the different length groups.

Sample Fibre length #Mbre density { g ew™ )
{(mm. ) 30 deys old 40 days old 'Mat?ﬁﬁ{fibres

Sey Io 36 0.352 0.610 0.733
34 04400 0.665 0.768
32 0.308 0.543 0,658
30 0a328 0.560 0.809
28 0.3%4 0,558 0.84%
26 0360 0.590 0.851
24 04389 0.610 0,880
22 0.452 0.723 0.982
20 0.400 0,654 04934

Sey IV, 28 04393 04533 0.850
%6 0.323 04530 0.755
34 04330 0.454 0,735
32 04300 0.464 0.662
30 04339 0.522 0.718
28 04383 0,500 04735
26 0.384 04500 04700
24 02420 04600 0.718
22 0.368 0.510 0700

20 0,380 0.422 04631
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TABIE 5 o { continued )

Sauple Pihre length Mbore density ( g o2 )
(mm. ) %0 days old 40 daye old 'Matu(lrﬁ\ ':)l:‘ibres
8., Vo 28 - - 0.913
53.. VI. 28 - ol 0:960
S.I.’ Il 35 i - 10041
Sel., II. 35 e - 1.074
Rep To 5 0.653 0.673 0.952
32 0.658 0718 1.000
29 0.671 0.764 1.087
27 0,655 0.712 1,063
23 0.678 0.822 1.293
20 0575 0.T74 L.37T
Ray IX. 35 0.576 0.849 1.065
3e 0.546 0,829 0.993
29 0,543 0780 0.983
26 0.628 0.931 1.094
2% 0.527 0+964 1.048

20 0.467 0,935 1.118
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PIDRE LEHGYH AND FPIDRE LENGEH DISTRIBULION

Table ( 6. ) summerises tho yosults obtained for the control
semples and sanmples treetod with glbberellic acid. The mesn length
and the coefficient of variation are mean values of 4 ~ 6 test
gpecimens of each sample. The upper quartile length and the effective
length have been derived from the mean £ibre length/per cent. weighte
ﬁiagram}g?

TABLE 6.

Gefie  Fibre mean Coefs of Upper  Lffective
Variety concent. length variation quartile length

PeDolie it e % pn, mm.
Samaru 267 (&)
(5.4 I.) 000 26.8 2442 3145 3168
(Say IZa) 025 2842 2041 - -
(S4,1114) 200 28.4 19.3 - -
(Sey IVL) 200 28,5 16.6 3L.7 3148
Samaxu 267 (1)
(S4p V) 000 2647 2542 315 315
(8¢ VI.) 250 27.2 2%.1 316 3240
Rex
(Rey 1) 000 2648 243 %048 5140
(Rsy II.) 200 28,9 2143 3340 3540
Sea Ieland
(Ssley T.)  OOO 35e4 35.9 45.1 4645

(8eley IX.) 200 35 el 39,0 4545 47.0
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The mean f£ibre length is a seneitive index which may be used
to detect chenges in the length charactoristics, while the upper
quartile length and the effective length are measuros typifying
the length of tho longer fibres in a given oamplo. The coefficient
of variation is a measure of fibre-length irregularity and io
indepondent of the general length of the sample.
From tablo ( 6 ) it can be soon that the treatment with
gibberellic scid has reosulted in the following:
1. an inerease in the mean length of Sameru 260 (@) ( 8., 1IX,,8.,IIL.,
and Sep IW. ) of ghout 5.3 = 6.2 %, and of Rex { Re, IL. )
of 7.3 % & both are sigoificant at 5% level,
2« a deorease in tha coefficient of variation of Samaru 267 (G)
( 8¢y ITep 84yTLT., and 8.y IV. ) of 14 = F1 %, and of Rex ( K., II. )
of 12,3 % 3 both are significant at 5 & level,
3. @ neglighle increase in tho mesn length of Samaru 267 (W) ( B., VI. )y
and & negligibie decrease in the mean length of Sea Island ( SeI., II.),
these differences are not significant,
4. & negligibleo decreanc dn tho coefficient of variation of
Samaru 265 (W) ( Say VX» )y ond an inorease in the coefficiont
of variation of Ses Iolend  8.%., II. ), these differcnces are
not significant,
5. (B) no difference in the upper quertile length and the offective
longth between the control samples and the samples treated with
gibberellic acid for Semexuw 26J (¢), Samaru 264 (N), and

Ses Island.
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(b) higher values of upper quartile length end effective length
for the treated sample in the Rex variety,

approxinately the same inurease in the mean length and a gradual
decrease in the coefficient of variation resulting from the
three successive concentrations of gibberellic scid used for

Samaru 265 (G).

Comparing the length distribution in the control sample
of Samaru 267 (¢) ( Sey L. ) with that of the sample treated with
200 pepade { 8oy IV. ), Pigure 3, there is a remerkeble decrease
in the size of the short length groups and a marked increase in
the size of the lenzth groups near the mean length of the sample,
in the treated sample. Thewe is also the appearance of a neu
length group in the treated sanple longer than the longest length
group in the control sample. The decrease in the size of the
shorter length groups and the increase for the longer length
groups cen bhe explained in part by the pattern of distribution
of the weight per fibre of the differcnt length sroups and partly
by a shift in the number of fibres in each length group: this
will be discussed in detail for the Hex variety. The appearance
of the new longest length group in the treated sauple can be
explained only by the possibility of shifting of some fibres of
the three longer groups into this new group since the total size

of the longer groups of the control sample ( 30, 33, and 36 mun. )
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is approximately equal to that of the same groups plus the new

group ( 30, 33, 36, and 39 mm. ) of the treated sample.

Comparing the length distribution in the control sample
of Rex ( Re, I. ) with that in the treated sample { R., I1. ),
Figure*@-, it is seen that a general decrease in percentage by
weight of all the length groups in the tremted sample compared
with the control sample, except for the longer three lengith groups
where there ie a marked increase; but no additional length group
appeaxs. This difference in the percentage by weight of the
different longth groups could be due to either (1) a differenco
in the weight per fibre in the different length groups if the
punbeyr of f£ibres in each of these length groups is constant for
the control and troated samples, or (2) a decrease in the nunber
of fibres in the short length sroups and an increese in the mumber
of fibres in the three longer length groups of the treated sample
if the weight per fibre in both the control and the treated
samples is gonstent for all the length groups. However, both
these factors may participate at the same time. The weight per
fibre is aspproximately constent for all the length groups in the
control mample, but decreases with the decrease in fibre length
in tho treated sample ( see Figurel0 ). this difference nay
explein part of the diffewcnce in percentage by welight of the

different length groups, but is not great enough to he taken as
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the major couse. Lo examine this point, the welght per fibre of
the diffeovent lenzth groups hes been used to caloulate the

nunber distribution of fibres among the different length groups
and the two distributions compared ( Teble 7 ), for the control
and the treated samples of Rex. In order to facilitate caleulation,
the number distribution has been calculated only fo:t'l the length
groups lopger than 19 mm., and for length groups shorter then

19 mmn. it has been assumed that the weight and pumber distributions
are identicsl, being 7.7 and 5.6 per cents in the control and

the treated sawuples respectively.

TADLE T
. ( Rep Io) ( Rey II.)
Length group Percentage Percentage
4154139

by weight by number by weight by nunber

54 - 36 0.1 9.3 16.5 14.9
31 - 33 18.8 19,7 215 30T
28 =~ 30 29.3 28,8 27.0 2649
25 - 27 18,5 18,0 9.6 10.0
22 -~ 24 Te5 Te3 547 648
19 - 21 9.1 9.2 441 Sed

Total 92.3 923 M4 Qe




From table 7 , it is appavent that for the control sample
{ Ry I. )4 the difference between the weight and the number
distributions is neglighle, While in the treated sample ( R., II. )
the nwibex percentage is greater than the weight percentage for
the shert length groups and smaller for the three longer length
groups. The difference in the pattern of the nurher distribution
betweon the control and the treated samples is compazable to
that of the weight distribution, bub it is sualler in magnitude.
This means that part of the difference in the mesn length of the
control and the treatod samples, and part of the diffevence in
the weight distributions is due to the difference in weight
per fibre of the different length groups affected by gibberellic
acld treatwent. The nuwber distribution in the treated sample
sugeents that the increase in tho percentage by w&igh@hf the
longer length groups ie mainly due to an inerease in the nunber
of fibres in these groups, while the decrease in tho percentage
by woight of the shorter length groups is mainly due %o a lose
of an unknown number of fibres. This may lead to the conelusion
that gibberellic acid has transferred the short fibres, or at least
part of them, into the longer length groups by increasing their
length, while it hes no effect on the long length groups because
if it had hed the same effect as on the short fibres a new length

group longer then the longest length group in the control somple
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would have appeared.

‘The total number of fibyes in all the different length
groups ( longer than 19 mm. ) has been calculated from the
knowledge of the weight per fibre and the total weight off fibres
( longer than 19 mu. ) por sced. The mesn value of fibre weight
for those length groups is 501 X 1072 g, and 472 X 10™ g. for
the gontrel end the treated samples respectivoly. The mean value
of the total woight of these length groups per seed ia 0.0732 g.
and 0.0816 g. for the control and the treated samples respectively.
he yatio of the number of fibwes ( Llonger then 19 mm. ) por seed
in the treasted sample to that in the control sample is 118 s 100
which meeng that the nuber of fibres in these length groups
in the treated sample is 18 % higher than in the conirol sample.
Thus the decrease in the perceniage by weight of the length
groups shortor than 19 mm. in the treated sample ( 7.7 and 5.6 %
in the control and the treated samplos respectively ) cannot
be explained wholly by the loss of some of their fibres which are
shifted to the longer length groups. The only explanation can be
the emgrgence, under the influence of gibberellic acid, of
additional fibres from epidermal colls, which normally do not
grow to produce fibres. Some of these additional fibres may appear
in the longer length groups thus making up the additional 18 %

and others replace, to some oxtent, those which have shifted
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10 longexr longths.

Comparing the length distribution in the control sample
of Samaxu 265 (M) 8., V. ) with that of tho treated semple
( Bay VI. ), Figure 5 , it is found that percentage by weight
of the four shortest groups is éxaprox.‘imaﬁely equal for the two
samples, in the next three groups the percentage by weight is
smaller in the treated sample, and in the four longest lensth
groups the percentege by weight is greater in the treated sample.
The diffemnce in the length distribution betwsen the control
and the treated samples is, to sowe extent, similer, but swaller

in magnitude than that in the Bex variety.

TFor Sea Island, Figure 6., the length distribution for
the treated sample ( S.I., II. ) is nearly the same as that for

the control sample ( Hule, Te )

From the previous investigation of fibre length and fibre
length distribution it can be asssumed that {the efiect of gibbervellic
ecid 18 o acoelersate the growth in length of the short fibyes
pushing them to longer lensths and in the mesn-time increaeing
the total nunber of fibhres por seed premumably by stimulating
more epidermal cells on the seed comt to grow and produce fibres.
This Increase in the length of the short fibres and the emergence

of additional fibres, coupled with the differences brought about
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by gibberellio acid treatment on the welght por fibre of the
diffevent length groups, are reasponsible for the modification
of the mean length and the length distribution within & sample.
This effect of gibberellic acid on short fibres and the
increased nunber of fibre cells is in sgreement with xeported
effect of gibberellic acid on several plants, o¢
The pagnitude of the effect of gibberellie acid on cotton
fibre length and length diatribution is dependent on two factors
these are the cotton variety and the growing conditions owx
environuent. Gibborellic scid may be more effective on short
cottons than on long cottons, and in poor growing conditions
than in optimua growing conditions. The role of variety is
appavent from the positive effect of gibberellic acid on the
Rex variety and the negative effect on Sea Island, when the
two cobtons were growm side by side in the same environment
which of course was not the optimum for eithor. The role of
environment is sppavent from the positive effect on Samaru 264 (G)
grown in the poor environment of Glasgow and the small or zero

effect on Samoru 268 () grown under its normal environment.
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FIDRE DIAMETER
The importsnce of fibre Aismoter has alwaye heen overshadowed
by fibre length because of the difficulty in messuring fibre
diamoteor and becsuse, generally speaking, there is a negative
correlation between fibre diameter and length. This property
has beon investigeted in this work in order to find the relstion
between fibre length and fibre dismeter within a ssnple, as well
as to find the effect of gibberellic soid on this property. The
investigation has not heon carried out to cover a wide range of
different cottons because thls is outside the scope of this
investigation, however, it deos deserve a careful investigotion
to revesl the nole of fibre diameter in fibre fino structure
and mechaniecal properties ( these will be discussed later.)
Detalled rosulte are given in Teble 2 on page 71 and
are sunmarized in Pigure 7 . Frow Figure 7 , it is clear that
a close vrelationship oxists between fibre length and fibre diameter
within each sample. Within a variety or s sample, long fibres
have smaller diameter, and as fibre longth decreases fihro
diameter incereases.sl-uadily. The correlation factorsibdtucen

fibre length and fibre diameter within each sauple ares

for ( 8ep Iu) © = 0868
( Bep IV, ) 2 = 0,962
( Rep Ia) = 0,852

( Rep 11, } r = Q.84
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This relationchip does not hold betwcen varieties: in figure 7
the regression lines for Bamaru 267 (B) and les vavieties ave
geparate, fibres of equal length but helonging to different

variéties may have different diameters ( asce table 8 )

TABLE 8.

| Fibre diamoter for fibres

Variety Sample
35 mms long { A )
Semaru 267 (G) Bay 1. 23.5
Sn. IV. 2303
Rex Reo Ia 2444
Rey I1s 2445
Sep, Tslund | faley s 18.9
S.I., II# 1&.8

Troatment with gibberellic acid has resulted in a small
decrogse in fibre diameter ( Pigure7 J)e It 1@ woll known that
the full fibre diaweter is reached Ly the fibre during the early
days of fibre ipitiation and is controlled by genetical factors.
Therefors it 1o not expocted that gibberellic acid would have
had any effect whatsoever on fibre dismeter, since the treatment

took place on the thixd day after flovering, l.c. alter the young
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tubular cells had emerged from the seed coat. However, it is
noteworthy that several bolls were treated on each plant which
means that for all the holls, apart from the first one, the
effect of gibberellic acid would possibly be felt earlier than
the actual treatment of the boll. There is also the pospibility
that the incresse in fibre length which, if it is to be compared
to a simple stretohing process, might result in a swpll decresse

in the diameter.

FIBRE WEIGHT AUD FIBRE LINBAR DENSLITY
Detailed results are given in tables 3,4 on pages 75-76

and are swmmarized in figures 8 - 12.

(o) The rate of cellulose deposition

The rate of cellulose deposition has been examined for
the Rex variety ( R., L. and R., IT. ), by taking the total
ueight of {ibres per seed at successive growth stages. Mgure 8 :
shows a mavked diffevcnce in the sghape of the curve between the
control { Rep . ) and the treated { Re, 1L+ ) somples. Yor the
control sample, the curve has an ( § ) shape, with an §nitial
part of slow rate of celluloge deposition, followed hy & steeper
part during the period 40 to 50 days efter flowering, in which
most of the cellulose deposition took place, and finally the
third part of slow rate of cellulose deposition wntil it ceased.

The ocurve for the treated sample shows a steeper initiel part
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in which more than half the cellulose was deposited. This first
astage covored the period 30 to 40 days after flowering. Thig
stege was followed by another one, during the period 40 to 635 days
after flovwering, in which the rate of cellulose deposition fell
off steadily and slowly wntil it ceasod. At 30 days after flowering,
the total welght of fibres per seed was emaller in the treated
sample than in the control one, which could mean that cellulose
depogition started earlier in the control sample, It ils also
poassible that cellulose deposition ceased earlier in the control
sample ( the bolls opened on the average 62 and 63 days after
flowering in the conirol snd the treated samples respectively).

The rate of cellulose deposition per fibwre ( for the mean
fibre welght of the mample ) will be similar to the rate of total
cellulone deposition per seed, but the rate of cellulose deposition
pexr fibre for each length group will be sinilar to thoe rate of
cellulose deponition per seed only if the ibre~weight/lengthegroup
distribution igs sinilar throughout the cellulose deposition

poriod, which is not always true.

(8) Eibze weight

Fibre—-weight/leamgth-—gmup distribution for fibres of
different ages of both Samaru 267 (@) ( 8. I. and S, IV, )
and Rex ( R., 1. and Re,IT. ) verieties arc shown in Figures 9,10,

The fibre-weicht/length~group distribution for the mature fibres
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of Samaru 267 (1) ( S., V. and S., VI. ) shows nearly the same
pattern as that in the mature 60 days old control sample ( Sep I ).
The fibre weight for the control sample { S., V. ) ranges between
A04 and 459 X 10™9 gep and that Lor the treated sample ( Hey VI. )
ranges between 403 and 452 X 16“8 G

From figures 9,10, it is apparent that the distribution
among fibres of different lengths of the cellulose to be depesited
in the secondexy wall is a complex mattor. Fibrea 50 days old
of the Samaru 267 (@) variety ( 8., L. and 8., IV. ) show &
neerly equal fibre welght and this suggests that in the carly
days of cellulose deposition every fibre receives the same amount
of cellulose regardless of its length. This could be explained
by the fact that cach fibre origivates from s silngle epidormal
cell of the seed cont. However, one shonld take into account the
fact that at this carly stege of growth the primary wall constitutes
a sig;ble proportion of total Libre weight. If this mammer of
digtribution of cellulose among Fibres of different length
groups is maintained throughout the period of cellulose deposition,
the ©inal result could be mature fibros of equal fibre weight
regardless of Libre length, as is nearly the case in the control
sample of Rex ( Rep Lo ). But if this process is affected by
fibre location on the seed coab, with the possibility that fibres

in some locations could be in a position to receive wore cellulose
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than fibres in other loecations, then we might expect some fidbre
length groups to possess more or less fibre weight than others.
This ie apparent in the Samaru 267 (G) variety ( S., I. ), in
which fibres of the exireme length groups, which mey pessibly
have been located on the chalazal and micropylar ends of the

peod, l%sem smaller fibre weight then the remainder of the fibres
which are loceted on the mlddle portion of the seed. This difforence
in ¢ellulose distribution avong different length groups from

one varioety o another mey cxplain some of the contrasting
£indings of the lincar-density/length-group relationship reported
by soveral authors.

The effect of gibborellic acid seens to be of an organizing
charnctor, and gibberellic acid is a growth regulator gubstance,
it meintaina a distribution of cellulose among fibres of different
lengths in which short fibres receive smaller amounts of cellulose
than long fibres or in other words cvery £ibre receives approximatoly
an amownt of cellulome according to its length. A8 &8 result of
this rvegulating effect, mature fibres of both Samaran 267 (9
{ ¢ IV. ) and Bew R, II. ) varieties, fisures9,10, show
fibro woight to be dependent on fibre length with short fibres
having emalleor fibre weight than long ones.

Mother affect of gibborellic acid onr ¢ellulose deposition

in Sameru 267 (¢) ( Sep IV. ) and Rex { Rey, IX. ) varieties is
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the appreciable reduction in the fibre welght, and consequently
the lincar density. The mesn velue of fibre woight for the mature
Rex variety falls fronm 501 X 16"8 & in the control sample

( Rap I ) to 472 X 2078

ge 4in the treated sanple { Re, IXe )
The reasgon for this losa in fibre weight camnot be a loss in
the totel weight of fibres per seed which is mctually higher in
the treated sample than in the control one { Figure 78 ). The

only oxplanation is the possible increage in the nuwdber of

fibres por seed in the treated sample.

{e)

The linear demsity of the different length groups of
Samern 267 {(6) { Sup I and Hop IVe ) and Rex ( Rep I. and Re, II. )
vorieties are show in figures 11,12 Fibyo linear density varies
accorvding to fibre welght in the different length groups of
the different samples. Becouse of the differcnce in fibre welght
between the control and freated sanmples, this difference is
transmitted to the linear densitye. For Samaru 26J (@), seo figurefil.
in the control ssmple, the linear density increasses as fibre
iongth decreases, while in the treated sample the lineax density
shows alumost the swne value for the different length groups.
Foxr the Rex vaﬁiaty, ase figureié}, in the control sample the
linear donelity ivcreases steadlly as fibre length decrosses, while

in the treated sample the linear donslty is somevhat higher for
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TABLE 9 « Fibre maturity of the different length groups of Rex.

¥ibre I'ibre Polarized light Sodiun hydrozxide swelling
Smple

length density method nethod
mme g om” Immoture Matwre D 0T N Hat.factor
% % % % #
35 0.952 21 79 6 29 65  0.995
32 1.000 19 81 5 41 54 0.947
29 1087 15 & 5 40 55  0.950
P R TR 6 31 BT 0.955
25 1.295 13 67 3 28 69 1.08
20 1377 9 A 3 26 7L 1.040
35 1,065 16 84 4 %6 60 0.980
52 06993 Xy 83 5 42 583 0.9357
29  0.988 17 83 5 33 62 0.984
Polle % lom @ M 7 %2 6L 0.970
23 1.048 18 B2 6 B 635 0.8

20 1,18 21 79 8 290 65 0,975
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the longeat length groups. The mean values of the lincar density
for the contral andytr@ateé,aamples are 178 and 157 X 10"8 &

respectively.

PIBRE MATURITY

Fibre maturity was measured by three methods. The polarized
light method differentiates broadiy between two groups of fibress
the immature and the mature. The sodium hydroxide method aorts
out the sample into three groups according to the degree of wall
thickening, and the maturity ratio is a failr measure of the
distribution of these three groups. The fibre density method
makes use of fibre diameter and linear density and gives n mean
value of the degree of filling of the cell tube with cellulose.
This method has the advantage of being applicable to all stages
of fibre growth.

fhe results obtained for Rex variety, table 9, show that
in the polarized light method, the percentage of immature fibres
follows the same trend as the percentoge of the dead fihres in
the sodium hydroxide swelling method. The higher percentages given
by the polarisged light method occur because it classes as immature,
fibres which are classed as dead plus some which are claessed as
thin-walled by the sodium hydroxide method. It is difficult to
compare the fibre density measurements with the results of the

other two methods, but they all show the same trend for the
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different length groups of the control sample.

Generally spesking, the percentage of the dead fibres
and that of the immature fibres shows a tendency to decreasc as
fibre length decreases in the control sawple, while in the treated
gsample there is a less marked teﬁdency of these percentages to
increase as Fibre length decreases. The mean percontages of
immature fibros in the control and treated samples are 14,5 and 17.5 %
respectively. This 3 % increase in the immature fibres in the
treated pample is responsible in some part for ite lower lincar
density ( ia % lower then the control sample ). The values of -
fibre density of the control samplé show a tendency to increase
as fibre length decresses, while in the treated sample this
tendency is appavent only for the short length groups.

Fibre density has been calculated for fibres of different
lenzth groups of three succeswmive ages of Samaru 26J (@) ( $., I.
end S.y IV. ) and Rex ( Ra, I. and R., II. ) varioties, in oxder
to compare the degree of the £filling of the cell tube in the
different length groups as fibre growth progressed. The results
obtained, figures 13,14 show that this is dependent on the linear
dengity since fibre diameter is constant fdr the succensive ages.

In figure 13 , the control mature fibres ( 50 days old )
of Semaru 265 (@) variety, show a decrease in fibre density as

fibre length iuncreases while the treated sample shows the opposite.
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in figure 14 , the contxol mature fibres ( 60 days old ) of

the Rex variety, show a marked decrease in fibre density as fibre
length incerouses, while the treated sample shows more or less
equal fibre density for the different length groups. This difference
in fibre density betweon the control and treated samples is
related to differences in fibre diameter and linear density
distributiona. In the treated sample, fibre diametor increases
as fibre length decreasos end the linear density is nearly equal
for all the length growps, this resulis in a decrease in fibre
density with the decrcaese in fibre length. In the control sample,
however, fibre diameter increases as fibre length decreases in
the same mannexr as in the treated sample, but the linear density
of the short fibres is much highor ‘than that of the long fibres
80 that the inorease in fibre diameter, merely veduces the slope
appreciably, but does not mlter its direction.

In comparing tho results of the linear density with that
of the fibre density of the control mature samples of the Sameyu 267 ()
end Rox vayieties, it is interesting to notice that while the
linear densities of the shortest length groups are 69 % and 78 %
higher then that of the longeat length groups in Samaru 265 (@)
and Rex respectively, the differences in fibre density are only
27 % and 40 %. This is understandeble becsuse of the increase in

fibre diamoter as fibre length decreases within a sample or variety.



TABLE 10 . The average and the sotual convolution angles of

fibres of different fibre densities.

Pibre Fibre Ribbhon Mo. of Average Actual

Sample age density width convol. convol. convol.
(days) (& o) (M) permm. angle angle
O '/
() (£)
30 0354 2449 3e44 7.65 29.8
Sey Ta 40 0.558 22,5  3%.74 760 26.5
50 0,803 21,6  4.82 9.%0 27.6
30 0,383 26.2 2460 6,10 312
SepIV, 40 0500 22,9  3.55 7,25 28.9
50 0735 2009 4403 7455 26,8
30 0655 24.6 5466 8,05 2046
Hep Io 40 0712 232 5.15 10,65  28.9
60 1.063 22.4 4,90 9,75 3048
30 0.543 25,7 2496 6.85 27,7
Rep IT. 40 0.780 23,6  5.10 10,70 2746

60 0.988 21.1 5465 10.60 2849
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THE CONVOLUTIONS AND CHE COMNVOLUTION ANGLE

In rzeont yesrs, the convolutions have attracted much
attention heceuse of thelr possible effect on cellulose orientation,
or on the orientation results as messured by the X-ray diffraction
nethods The possible relationship between the convolubions and
the convolubion angle and the orientation, as well as the possible
affect of the convolutions on fibre extensibility, made it
important to find the nunber of convolutione and the convolution
angle for the ssmples uwnder investigation, and also desirablo
to carry out a general investigation into this peculiar chavacteristic
of cotton fibroes. The relationship between tho convolubions and
the orvientation, as measured either by optical or X-ray diffraction
mothods, and between the convolutions end the mechenical
properties Ax»:ill be discussed later.

‘J’he nupber of convolutlons per mm. and the average convolution
angle for fibres of different ages and different length groups
within the mature samples, of Samaru 267 (@) and Rex varieties
nre shown in detail in teble 2 , and are sumarized in teble g
aod Figuwres 15,16 » The mumber of convolutions per mm. snd
the average convolution engle are higher in alwmoast all the control
gample of Bamayu 26J (@) then in the corresponding trested ones
( tables 2,10 ). For the Rox variety, there is no definite

difference between the control and trested samples in the nuwnber
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of aonﬁalutions ney mm. in the diffevent length groups; nor is
there any difference between the two samples in ‘the relaticnship
between convolutions per mm. and degree of maturity ( tables 2,10 )
e averags convolution angle is higher for the differeat length
groups within the control sample than in the corvresponding groups
for the troated sample { table 2 ) bocause of differences in
ribbon width. For samples of different ages, the control a#mples
of lower and higher degrees of maturity ( 70 and 60 days old )
ghow higher average convolution angle and somples of intemmediate
degree of maturity shows no diffevence ( table 10 ),

it appears that the effect of gibberellic acid treatuent
on the number of convolutions per mm. and the average convolution
angle may be indirect snd rosults mainly from its effect on the
degree of wall thickening and the distribution of fibrem uith
differont degrecs of wall thickening within a sample. In order
to oxanmine this indirect effect the frequency of the convolutions
and the average convolution angle of ‘the control snd treated
sawples g2 & vhole have heen investigated from the point of view
of their relationship with fibre maturity as provided by fibres
of different ages, as woll as fihres with diffevent degrees of
maturity within one of the "mature" samples. Also these charecterietics
have been inveastigated on fibres of different length groups

and different fibre densities and the change in the nwnber of
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convolutions and the convolution anglo caused by mercerization
at constant length has been examined.

The results obtained for fibres of different ages, but
of the same length ( equal to the mesn length of the test sample )
of Samaru 26J (@) ( 8., X. and S., IV. ) and Rex ( R., I. and R., II. )
varieties are shown in table 10 . From these resultc it is clear
that the pumber of convolutions por mm. increases as fibre age,
and consequently fibre density and maturity, increaseS, while the
ribbon width shows a gradual decrease. The average convolution
angle shows an increase as fibre age increases, except in the case
of Rex variety in which the fibres 60 days old show a smaller
average convolution angle than fibres 40 deys old. The actual
convolution angle does not follow the same trend as the average
convolution angle, because, although the ribbon width is closely
asgocinted with wall thickening, the convolution length is more
affected by the distribution of the convolutions along fibre
length.

To examine the rolationship between fibre maturity and
the number of convolutions and the average convolution angle within
a semple, sixty fibres ( ten of cach length group ) of the mature
sample of the Rex variety ( R., I. ) were analyzed sccording to
their maturity under the polerizing microscope snd sorted out into

three groups; immature, mature, and very mature fibres. From the
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rosults obtained, table 11 , it is clear that, within a sample,
the number of convolutions and the average convolution angle are
much lower in immature and very mature fibres than in fibres
with intermediate degreesef maturity, while the ribbon width

decreages steadily as the fibres become more mature.

TABLE 13,
Tmmature Mature  ¥ery mature Mesn
fibres fibres fibres
Ribbon width (M) 24.0 21..5 17.8 21.5
No. of Conv./mn. 1.68 6.04 1.77 446
Conv. pitch (mm.) 0.595 0.166 0,566 0.217
Average Conv,
4]
angle (¢ ) 3.65 11.5 2.85 8485

The relationship between fibre density end the number of
convolutions per mm. and the average convolution angle was examined
for the different length groups of Samaru 267 (¢) ( S., I. and 5., IV. )
and Rex ( R., I. and Re, 1I. ) varieties. For Samaru 26J (&), figure 15 ,
the number of convolutions per mm. incresses as fibre density
increases with correlaetion factor r = («755, with the maximum
nurber of convolutions shown by the sample of maximum density.

The Rex variety shows the reverse, the.number of convolutions
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decronses as fibre densily inoreases. Since Samaru 265(¢) has

a lower fibre density than Rex, when the two cottons are brought
together, figure 15, the number of convolutions is found to
increase an fibre dengity inereases until it reaches & maximun
at fibre density 0.9 - 1.1 g om 2, efter whish it decreases for
further incresss in fibre density.

The average convolution angle hes been found, for the two
varietien taken together, to inorease as fibre density increases
until 1t reaches o maxinmun ef'ter which it decrcases for furthor
increase in fibre density. This relationship is apparent in
figure 16 , tut the points are fairly scattercd. This scattering
can be explsined by the followings
(a) In any eotton variety or sample, the fibres show a distribution
of the degrse of wall thiekening. As & result, and because both
the immaturs emd the very neture fibres possess fewer convolutions
than the fibres of intermediste degrec of maturity ( see table 11 ),
two vavieties or sauples may have two different fibra densities
and egual nunbers of convolutions,

(b) ™e convolution angle depends on two variables, the ribbon
width and the convolution pitch. Both these varisbles depend on
the degree of wall thickening or fibre density. The number of

convolutions per mm. increases as fibre density increases until

& certoin limit after vhich it will decrease for any further increase
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TABLE 12 « The number of econvolutions smd the average convolution

angle of mercerized Tibres of different ages.

Mibre age Ribbon width UNo. of convol. Average

Semple (days) (M) per mm. conv.oangle
(¢)
%0 203 Fe23 585
Sey Ia 40 14.8 4..80 6435
50 14.6 ‘ 1.82 2.40
30 20.1 %410 5450
Sey IV, 40 17.0 ' 3028 4,90
50 14.7 ' 3e26 4430
30 15.4 4,22 5485
Rey T 40 14.8 %4835 5410
60 17 o4 T 0e61 0,95
30 10.4 2.60 4440
Rey IX. 40 15.4 3,50 4.85

60 16.7 1.22 1.85
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ia fibroe densitys the convolution pitch will vary in the reverse
way, it will docreaso as fibre density incresces until it reaches
a minimun when the number of convolutions reaches the maximunm,
after that 1t will inorease for sny furiher increase in fibre
dongity ag the number of conwvoluviions decrosses until it reschos
the infindty when the fibres do not convolute at all: The second
varisble, whioh 1 the ribbon widih, deoresses as fibye density
ineresses and will reaoch a constant value for the highly mature
fibres. As a reault of the dependonce of thess two varishles
on fibre density, we should expest the sverage convolution angle
to be sensitive to any chenge in fibre density, and we may assume
that it will increase as fibre density incresses until a certain
Linit after which it will decrease for any further increage in
fibre density, however, this could be medified from ssmple to
agmple by the pattern of dlsiribution of fibre densities within
cach sanpled

Mexcorization at constant length ( table 12 ) does not
remove the convolutions completely, in faet the number of convolutions
hag incereased in gong imwatura gamples and shous no changs in
others, buﬁ only the mobure samples with a high fibre dengity
show an approciable reduction in the number of convolutions. The
average convolution angle is alvways smaller because of the appraociable

decreage in the xibbon width.
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TABIE 13 . The crystallite and the overall molecular orientation

Mbre Fibre Xw=ray diffraction Optical
Sample ege length 50 per cent. 40per (“K—-?‘) Av. orient.
(days)  (mm.) angle cent. angle
angle
(V) (¥ « @ ) (%)
So, Ic 40 28 38.1 41.4 330&3 bhad
50 28 3649 40.5 31l.2 %683
30 26 45,3 486 42,5 -
S,, IVQ 40 28 37‘4 4009 3306 -
5() 28 35-2 38.4 30-3 38-)
S., V. 28 52,0 35,9 20,1 %48
8a, VI. 28 516 5.2 2907 3448
30 27 389 4355 5545 40.1
Rep Io 40 27 40,9 44,6  33.9 397
60 27 334 425 42:8 30,8
30 a9 4l.4 4407 70 40.6
Repy II. 40 29 B3 o4} 429 T2 7595
60 29 %83 42.0 %1.4 %3.5
Selay Ia 35 29.4 4%5.6 29.2 305
Seley I1a 5 29.9 R%e0 29.5 %04




TABLE 14 . The mamber of reversnls, the average orientation

angle, and the factor (7) for fibres of the

different length groups.
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Sample ibre length No. of reversals Ave oxient. -y
(mms) per N angle { &°)
Hey To 36 2.86 2046 525
34 235 367 w27
52 2.60 376 395
30 2.21 38,5 418
28 2.84 38.8 461
26 238 39.4 498
24 2634 39.9 553
22 2:20 40.4 S8
20 1.87 4045 675
S.p IV 56 2,11 3547 267
- 36 2400 3642 317
34 2.04 3647 541
32 1.94 332 384
70 1.62 2840 397
28 L.T6 3845 443
26 1.84 %9.0 489
24 1.87 39.4 uR3
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PABLE 14 .« ( continued)

Fibre length No.of reversals Av. orient. -_%-
{mma ) DT 1M, angle ( @° )
Seg IV, 22 1.5 79T 5495
20 1.64 40.4 660
Sey Va 28 2444 4.8 462
Sey VIs 28 2426 34.8 462
SeIep o 35 2.02 30.5 270
Seley IL 35 3..83 30e4 268
Rep, 1o 25 213 37.6 347
32 245 S 2381
29 251 %940 435
27 2442, 39.8 489
23 2:21 41.0 574
20 2407 41% 672
Ray II. %5 2436 Y 337
e 2.24 3840 386
29 2456 3845 44
36 2627 3917 ' 489
2% 2.00 4044 559

20 2.11 40.8 650
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TABLE 15 « The average convolubion angle end the average orientetion
angle for fibres of different lengtha of four

commercinl varietios.

¥ibre length Av. conv. Av. orient.
Variety e angle gogle (0 wg)
[
(¢) (e®) (°)

48 7450 aT.4 19,90

Sea Island 42 T 20 2842 21.00

(G4 barbadense) 56 5445 50.5 25,05

30 5410 32,0 26.90

42 7410 2640 19,90

Giza 45 %6 5430 28,2 22490

(¢barbadense) 50 6420 5040 - 23.80

24 5415 B1e8 26.65

36 o Te25 338 2575

Ashmound, 30 7020 55,2 28,00

 (G.barbadense) 24 6460 3641 29,50

Pexas 30 5e55 548 268.25
(Gonirsutum)

24 5.80 3540 29.10
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THE CRYSTALLITE ORIENTATION

The crystallite orientation measured by the X-ray
dgiffraction method is possibly modified by the presence of
the convolutions. Meredithlﬁﬁ pointed out that the angle between
the long axis of any crystallite and the axis of the collapsed
fibre is a function of the angle of convolution of the fibre
and the inclination of the crystallite to the axis in the
unconvoluted fibre. The analysis of the X-ray diffraction
photograph end the caloulation of the orientation angle is besed
on the assuuption that the fibres of the sample are perpendicular
to the X-ray beam. In the cotton fibre, at the place of a
convolution, the fibre is actually inclined to the X-ray besm
ot an angle cqual to the actual convolution angle ( 20 - 30° ).
But since not the vhole fibre is convoluted, then the average
convolubion angle can be tnken as & mean value of the actual
convolubion angle along the fibre length. The resl magnitude of
the modification of the measured Xe-ray angle caused by the
convolutions is still unknown and is outeide the field of this
investigation. However, applying meredith'a136 suggestion of
subtracting the average convolution anglo from the 40 pexr cent.
A=ray ongle, although it is not strletly valid, is helpful.

The results obtained from the X-ray diffraction methed,
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table 1% , chow the following.

(1) %he offect of pibberellic acid treatment on o

oxientation
(a) Por fibres of Samaru 264 (@) 40 and 50 days 0ld and for fibres
of Rex 40 end 60 days old, treatment with gibbersllic acid has
caused a small decresse in the orientation angles ( both 40 and
50 per cont. X-ray ongles ).
(b} For fibres 30 days old, the X~ray angles ave larger in tho
treated samplos of both Samaru 267 (¢) ond Rex varieties ( 8., IV.
and Ry IT. ) than in the control ones ( 8., L. and H., I. ).
The explanation of this difference probably lies in the difference
in the depgree of wall thickening.
(e) A neglighle difference in the X-ray angles is found bhetween
the control and the treated samples of Samaru 264 () and Sea Ialond.

¥rom these results it is concluded that treatment with

gibberellic acid has no direct effect on crystallite owientatiaﬁ.
The diffevence belween the control and trested sauples of the
Rex variaety ip possibly due to the difference In the fibre lengths
of these somples which were 27 and 29 mm. for the control and
the treated samples vespectively.

(2) The relatlonship betuwegen fibre maturdity and the erysiallite

orientation( or the erystellite orientation of the successive
layers of cellulose in the secondary wall )

It 48 apperent from table 13 , that both the 40 and 50 per cent.
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E~ray angles decrease as the fibre becomes more mature, or as
more cellulose layers are laid down in the secondary wall, in
both Semaru 26J (@) ( 8., f. and S., IV. ) and Rex ( R., I. and
Re, I1. ) varieties{ sco plates L - 3 ). These results are not
in sgreement with Heredith'3136= he reported that the 40 per cent.
A=pay angle tends to increase as the degree of wall thickening

incresses,

(3) The effect of envivonmental conditions on the erystellite
orientation

It 4o intoresting to notice that Samaru 263 (¥) ( both
Sep Vo ond S., V1. ) show smaller orientation angles then
Samare 26J (¢) ( both $., L. ond 5., IV. ). This is due to the
difference in the environmental conditions uader which the plants
worae grown. This effect is similar to the results found by

Berkley et 31.37

and confirms thedr conclusion that environmental
conditions do modify the crystallite orientation. This environmental
affect cxplains the relatively higher values of 40 and 50 per cent.
¥eray angles ( table 13 , except that for Samarn 267 (M) )

A 1
than those reported by other workers.a)’ljﬁ

B QVERALL HOLECULAR GRIEﬁTATIQR
The average orlentation angle measured optically can be
regarded as falrly froe from the interference of the convolutions

gince it was measured only on straight uwnconvoluted portions of
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the fibre. Atsuki and Gkajima7 reported that the higher refractive
index ( n 4 )} decressos as the pitch of eonvolution decreases

and that it will reach the value of the lower refractive index

( n, ) when the convolution pitch reaches wero, and consequently
they concluded that Ny, ) in the unconvoluted fibre may be
equal to that of ramie fibres, and the smallness of D, )

in cotbon fibres is coused by the additive effect of the convolubions
on the spiral structure of the fibre. fn this woxl it has been
observed that the conveluted portions of the fibre show lower

values for ( By )} than the streight wnconvoluted portions. This
ohservation could be explained not by a struactural chonge coused

by the convolubions, but by the position of the fibre edge in the
convoluted portion. In measuring the higher refractive index (nll).
the convoluted portion of the fibre will show lower values than
the remainder of the fibre bhecause in this convoluted portion

the fibre edge is not parellel to the polarized lighit divection

of vibration as it supposed to be but actually inclined at an
angle betueen 20 and 30° which is the actual convolution angle.

Ag the convolution pitch decreases the actual convolution angle

increases, and consequently the refractive index ( n,, ) at thia

. !
portion decreases. In the extreme, if the convolution pitch

tonds ‘towerds zero, the sctusl convolution angle approaches 90°
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snd the fibre edge io almost perpendicular to the direction of
vibration of the polarized light, and thervefore the refractive
index will tend towards the value of ( n, ) for the wnconvoluted
vortion. Yhen measuring the lower refractive index ( n, Do
the convoluted portion will show highor values then the remainder
of the fibre, and these wiil incwrease as the agtual convolution
mgle increases end approach the value of ( n,, ) for the
unconvoluted portion.

Thus it is concluded that the convolutions may cause
faulty messurements unless care bo taken. The possible error
in measuring ( Dy, } and n, ) will bo towards swaller valucs
of ( 0y, J end higher values of 0y ), especially if the number

of econvolutions is high and the convolunted portion is groat.

(1) The effect of gibberellic seid treatment on moleculor

orientat

The trestment with gibberellic acld has caused a small
decrease in the average orientation angle of Rex variety, this
deorease can bhe attributed to the difference in length ( the
gample longth was &7 and 29 mu. for the control and the treated
samples respechively ) rather than to sn effect of gibbereliic
agid. o offect has been found on Samaru 267 (G), Samaru 265 (W),
and Sea Islend. The relationship betueen orientation angle and

length is discussed more fully on page’ 117s
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(2) The reletion between the averasge orientation ansle and
the aversge convolution angle

The everage orientation angle and the average convolution
angle vere memsured for (a) fibres of the diffevent length groups
of Samaru 267 (¢) { 5., I and 5., V. ) and Rex { R., I. and
Rey IT. ) vavieties, (b) fibres of the mean length of Semaru 267 (M)
and Sea Island, snd (e) fibres of different lengths of four
commercial cottons { Ses Islend, Giza 45, Ashmouni, end Texas ).
Meredith136 found that on subtracting the values for the
averasge eonvolution angles from the respective spiral angle velues,
the difference was gpproximately constant. This led to the
assumpbion that the spiral angle of the fibwils in the originally
unconvoluted fibres may be about the same ivvespective of the

variety of cotton. These findings and conelusion of Meredithlss’lgr

vere confiymed by Betrabet ot al.ﬁl
Yrom the results obtained in this work it was found

impossible to drav a conclusion on the relationship between the

average orientation angle and the average convolution angle

and it appears that the two characteristics sre independont.

Within a variety or sample { Sawaru 265 (G), Rex, Sea Island,

Giza 45, Ashmouni, and Texos ), the average orientation engle

off fibres of different lengths increases steadily as fibre length

decreases ( figure 17 and table 14 ), while the aversge
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convolution angle fluctuates accoxding to fibre maturity ( Figure 15 ),
When the values of the average convolution angles are subiracted

from the raspective values of the average orientation angles of

fibres of different longthe within a variety of the four commercial
varieties, tgble‘iB s 1t is apparent that the difference is not
constant either within e veriety o» between the four varioties,

and hence it is concluded that the orientation messured for the
wneonvoluted portions of the fibre is not affected by the presence

of the convolutbtions.

(3) tne relati

dinensions

From the results obtained for the differont test samples
under investigation, two points were noticed.
(a) Within a sample or variety, the average orvientation angle
decreases as fibre length increases, with the longest length
group in every variety or sample having the smallest average
orientation angle, and the shortest length group having the
largest average orientstion angle, figuves 17, 18,
(b) Between varieties or samples, fibres of equal length may not
have equal orientation angles.

In figures 17 and g the average orientation emgle is

plotted against Tibre length. The average orientation angle
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increeses steadily ap fibre length decreases. High correlation
values betueen fibre length and the average orientation angle
have boen obtained { r = = 0.986, 0.997, 0.990, and 0,980 fox
Sameru 267 (G) 5e, Te 5 Sep IVe , Rex , Re T4, and R., IT.
respectively ). This may lead to the conclusion that, within
a sample or variety, the average orientation sngle depends on
fibre length. But such a conalusion may he an over-simplification
since we know that these different length groups differ in their
diameter as well. It has been reported earlier ( pase Q0 )
. that as fibre length decreases fibre diameter increnses. As the
fibrils spirsl around the fibre axis, then fibre diameter as well
as Tibre length may be expected to influence, to some sxtent, the
spiral angle. This moy explain the variation in the average
orientation angle from fibre to fibre within a sumple when they
have equal lengths but vary in their diamoter, and also why
fibres of equal length bubt of different varieties differ in their
average orientation angles. Therefore it was thought that it nay
be helpful to look into the relationship between both fibre
length and fibre diameter, or in other words fibre dimensions,
on the one hand and the average orientation angle on the other.
Phe Factor ({%-) is proposed to give one value to
ropregent both fibre length and fibre diameter and to describe

eny chenge in the values of cither or both of them (-( ia fibre
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length in millinetews, ¥ is fibre radiue in microns mulbiplied
by 1000 in order to get the factor in simple munbers ). This
foctor has heen chosen because if the fibre is regarded as
consisting of(n)segments in each of whieh the splral nskes one
turn, then the Tollowing foxmula is applicoble in measuring the

spirval angle from the knowledge of spiral pitch and fibre radiuss

tan @ = _gégiﬁi.. where © is the spiral angle,

RN

7
r is fibre radius, and ééw i spiral pitch. This factor ( f§¥ )
hes been found satisfactory in relating fibre length, dinueter,
and the spiral angle.

In figure 17, in vhich the aversge orientation angle

ia plotted sgainat fibre length for the different length groups
of Semsru 267 (6) ( 8., Lv and ., IV. ) and Rex ( R.p I, and
Rep 1I. ) varieties, it 1o apparent that the regression line of
ench sanple is separste. The overall correlation factor betwsen
the average orvientation angle end fibre length for all the test
specinens preosented in the figure is = 0.915. In figure 1ig, in
vhich the average orientation mople is plotted against the
factor w%w ) for the ssme et specimons presented in figure 17
the peints became nearer to each other and the overall corrvelation
foctor botueen the average ovientation engle and the factor { e )

€

iz 0.987. This improvement in the correlation fastor indicatoes
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thet part of the difference in the averase orientation angle
omong the different longth groups and samples is due to the
differcnce in their diameter. Nearly the same results heve beon
obtained for the four commercial varieties. In comparing
fipures 18 and 20, it is clear that in figure 18, the points
within cach variety follow a definite resression line and these
rogrosgion lines ave for apart, while in figure 20, the points
of the different varieties became nearer to each other ( the
ropression lines still being separate can be explained by

the fact that these cotions werc grown under different
envivonmental copditions which affect the orientetion differently,
sec page 113 ). The overall correlstion fachors betueen the
average orientation angle and fibre length and between the
average orientation angle and the faetor ( 4%« ) are = 0.840
and 0.880 respectively.

This relationship betwoen the average oxdentation angle
and fibre dimensions leads to the assumption that the molecular
orientation depends on hoth the length and the dismeter of the
fibres as the £ibre becomes longer, ond the diameter becomes

swaller, the average orientation angle becomes smaller or the



figure 21
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apiral becones giteeper. This relationship is explained by a
model, figure 21A.

According to the formula tan © = 4“3?”* .  © will

vory aceording to the variation in eithor or both fibre
diameter and the spiral pitehe In the model, figure 214,

in the longer fibre; the radius ( r, ) is smaller and the
5

spiral pitch ( ;ggw ) is longer than in the short fibre ( Ty ==
1

and conseguently %h@ spiral angle ( 62) ie smaller than in
the short fibre ( 0 ) or in other words the spirel is steeper
in the long fibre then in the short one.

In this construction of the relstionship between the
molecular orientation and Libre length and dlameter, the Libre

3
is regevded as one cells It may be arguaﬁ)1’136

that the cotton
fibre is divided by the reversals into segments and that each
gegnent can be regsrded as & cell and the fibre as a vhole as a
series of cellp. In this construetion ( figure 21A ), the fibre
ia regarded as only one cell beceuse firstly, the reversale are
8 foreed chang03 in the directlon of the spiral at locel pointe
and the commonest type of reversal is one in which the fibrils

bend around in an ave so as to change their dirveotion, such a
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reversal is not expected either to divide the fibre into separate
cells or to affect the number of turnas which tho spirel mekes
along the fibre length, and consequently is not expected to alter
the apiral angle. Sccondly, 1if the fibre is to be regarded as

a sories of ceolls, then, sinece the reversals are not distributed
at equal distonees alopg fibre length, it might he expected that
the spiral angle would be different in these cells of different
length if the number of turns of the aspiral was: constant in

each and this has not been observed. What generally happens is
that the spiral mekes more or less turns in one segment then in
another, according to their length, so as to keep the spiral
angle constant in 81l segments and this means that no relationship
existes between the characteristics of the spiral and the presence

of reversals.

(4) The moleowler orientation of the successive layers of the
gecondary wall
If the relationship between the aversge orientation angle
and fibre longth and diameter holds good for fibres of different
length groups within a sample and for fibres of difforent samples
or varieties, one way vonder whether this relation holds for
the successive layers of cellulose in the secondery wall as well.

Since in these successive layers the length is constant, but their
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disneter decrcases graduvelly towards the immer side of the cell,
if the relation holds good, one should expect the average
orientation angle to dsoreasce for the successive cellulose
layers. Ao an oxemple, lel us amsume a fibre of 20 n diameter
and 20 growth layers or lamellac in the secondary wall each of
0.2 u thickness, total 4 M, and assuming the outer layer having
average orientetion ancle ( or spiral angle ) = 25°. Applying

the formula toan 6 = ﬁ;g;f_. ¢ then there are three

possibilitiest N

(a) If the nusber of turne of the spiral in the succossive layers
within a fibre ig constont snd conscquently the spiral pitch is
constant for all these layers, then the spiral angle shevld be
250, 22.80. and 20,47 for the first, tenth, and twentieth layers
respectivelys The difference in the spiral angle betwcen the
outer and immermost layers is great and will lead to & wesk
fibre,

(b) The spiral omgle is constant for all the successive layers
and consequently the number of tuwms of the spiral increasen
graduelly for the sueccessive layers, and the spirel pitch decreases

gteadlly. IL this tyrue, then flbres of different degrees of

wall thickening should show equal orientation and their initisl
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Young's moduli should be more or less the same. The results
obtained for the orientation and the initial Young's modulus

of fibres of successive degrees of waell thickening do not agree
with this possibility.

(¢) The third possibility is g balance between the previous two,
It ip possible that for the first few layers of the secondary
wall the balance will he in favour of the first factor, in which
the spiral angle decreases gradually as the tube diameter decreases,
but as the growth process continues for 20 to 30 deys there is

a possible levelling off in the growth activity. In the middle
layers, the tuwo factors may balance each other with the effect
of the decrease in the tube diameter equalized by that due to
the decrease in the spiral pitch. In the innermost layers, the
balance ney be reversed, toking into account the poassible reduced
activity of cellulose deposition, with the decrease in the spiral
pitch bheconing greater or more effective than that due to the
decrease in the tube diameter. The result of this change in the
balance botvween the effect of the decreasing disweter and the
decreasing apiral pitch will be: a decrsase of the spival angle,
folloved by a steady spiral angle, then finally an increamse in
the apiral angle, of the successive celluloso layers. The
difference in the spiral angles between the outer and the inner

layers and the middle ones will, however, be small. The messured
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average orientation sngle of the mature fibres is & mean value
of those of the successive layers.

Figure 21B shows o model of the possible spirel structure
of the successive layers of the secondary wall as proposed in
the third possibility. In the first fow layers, reprosented by
layers 1 and 2, the spiral piteh is constent ( -}% = "z:g) and

as the radiug decreascs ( rl> rg ), the spiral angle decresses

( 6‘> 92_). Tor the middle layers, represenied by layer 3, the

spiral piteh ( il )} is spaller then ( nd and it )} because

n:5 n, n,,
the spiral is making more turns, the spiral angle ( @ ) of
these middle layers may be nearly equal but smaller than that of
outer layers. In the innerwost layers, represented by layer 4,
the gpiral mekes more turns rosulting in a marked decrease in
:g--. .:g.., anlcli)

1 M B
and this evercomes the decrease in the radius ( r1> r2> r.5> r 4 )s

the spiral pitch ;gz ) less than (
consequently the spiral angle ( @ 4') is larger then that in the
middle layers ( 6 ).

From this hypothetical structure of the successive layers
of the secondary wall, one should expect the orientation angle
neasured for fibres of succesuive ages or successive degrees of
wall thickening but of equal longth, to decrease first, level off,

as wall thickoning increases, and finally might increase as

the fibre wall becomes very thick. It is intoresting to examine
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the resulte obtained for the Rex variety, table 16, taking fibre

denslty as an indication of the degree of wall thickening.

TABLE 16,
Mibre age Tibre Orientation
{days) density 40 per cent. Average
Sample (¢ or™®)  Xe-vay = Ave orientation

conve angle  angle

(¢) (©)
Ray Ie 30 0.65% %55 40.1
40 0.712 359 39.7
60 1.063 428 38
R.’ II. '50 Q‘543 3709 4‘006
49 0.780 ZRe2 39.5
60 0.938 IRy 3545

lhe rosults in table 16 show that, in both R., I. and

Re, II., both the optically measured average orientation engle

and the 40 per cente. X-ray angle,after subtracting the average

convolution angle, show o decrease as fibre density increases.

The difference in the average orientation angle between fibres

%0 doys 0ld and fibres 40 days old is greater than that betweon
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Libres 40 days old and fibres 60 days old, showing that there
ig a levelling off in the decrease in the aversge orientation
angle. If the samples of both R., I. and R., Ii., are arrvanged
in a nmanner according to f£ibre density, the aversge orientation
angle shows a marked decrease first, then 4alower decrease, and
finslly, in the most mature sample, an increase.

These results suggest that the spiral is initislly
beconring oteeper and it falis off more and more gradunlly in
the succespive layors of cellulose in the secondary vell. The
expected increase in the spirval engle of the innermost layere
( as suggested in figure 218 ) is not quite clear in these samples
possibly becouse these samples do not include any of very high
degree of wall thickening or because these innevmost layers
aée too fow to affect appreciably the propertics of the whole

fibre.
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THE STRUCTURAL REVERSALS

Tn order to find the rolationshlp between the aumber of
reversals per wnit length and £ibre lengith within a variety or
sample and hetusen varieties aad the effect of gibberellie eecild
troatment on thig characteristic, the nusber of reversals per .
vos measured for the differsnt length groups of Samaru 267 (¢)
( Sep To a0d Hey IV. ) and Rex ( Re, I, 2nd Re, IT. ) varietics.
The resulie shown in figure 22 , vhich ghows that within a
voriety or sample, the number of reversals per am. jlncreases
a9 fivre length incxeasep. Fibres of equal length but of differant
varieties may possess difforent numbers of voverpals per mm.
Treatuent with gibberellic acid has resulted in o decresse in
the mumber of revensals por mm. in both Sameru 260 (¢) and
Rex varleties. This effect is possibly due to the increase in

the size of the boll noticed in the treated sampleos.




CHAPTUR V.

COTRON  FYBLRE MECHAWIOAL PROPERIIES
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TABLE 17 JThe measured extensgion to break and bresking load.

Mbre Mbre Bxtension to break Breaking load
Semple age length Em Stand. Coefs BL vtend. Coef
(days) (mm.) %  error of var. (g.) ervor of var.
v ' %
Sep I« 30 28 10.3  0.50 35 0.94  0.05 38
40 28 8.9 0.50 37 1.45 0.10 46
50 28 11.0 0.8 %5 371 0.28 52
50 36 10,8 0445 750 287 0.20 49
50 20 Ile2 0.9 35 433 025 40
Seyp IVe 30 a8 9.0 0450 40 1.01 0.07 B3
40 28 .7.6 0.50 50 1.24 0.09 52
50 28 9.9 0.45 33 .16 0.27 60
50 36 9.4 0.45 34 e85 0.28 61
50 20 103 0.60 40 297 Q.21 51
Sepg Vo M 28  10.2 050 35 454 0.27 43
Hey VIi. M 28 9.1  0.47 36 4414 0.24 41
Seley Io M 35 9e3 0.20 22 4.07 0.20 24
Gekey LLH 55 8.2 0442 T 376 0.26 50



TABIE 17 . {conbinmed)
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Mhre Fibre ULxtension to breal

Bregking load

Sample age length Em Stand. Coefs Bh vtande Coof.
(days) (mm.) %  orrvor of var. (g) error of ver.
G %
Rey I. 30 27 11.8 0.6 35 1.87 O.11 41
40 a7 12.4 Q.04 37 2.06 0.26 69
60 27 1l.4 050 33 398 Q.27 51
Rey £I. 30 29 13.4  0.61 354 1.62 0«10 48
40 29 12.% 0.65 37 3e2L 0.24 54
60 29 11.7  0.67 40 4.2% 0.29 48
MERCERIZED
Rey I» 30 27 10.8 0.41 25 2.18 0.07 22
40 27 123 0.69 40 3e2k 0.21 47
60 27 1l.4 056 36 4455 025 42
Ray IX. 30 29 5.1 0.8 37 1.99 0410 38
40 29 9.3 0.50 39 587 .25 45
60 29 10,9 0.51 35 4.%59 025 43
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TABLE 15 « Tho measured and projected extension to break snd

tengile strength and the percentage of normeliY-

hroken fibred.

Fibre Fibre Ixte to break Tensile strength NBF
Semple age  longth B EP T Tp G
(days) (o) o (gftox) (gftex)
Sep Ie 30 28 10.3  11.7 17.1 2043 66
490 28 8.9 10.9 16.5 2049 64
50 28 11.0 11.9 26.5 29.8 80
50 36 10.8 12.2 2849 5448 64
50 20 1.2  11.9 26.5 28.5 88
Sep IVa 30 28 9.0  1l.2 17.1 21.8 58
40 28 Te6 10,0 16.2 22.2 58
50 a8 949  1l.3 2840 325 62
50 36 G4 10.9 5heR 412 66
50 20 10.3 11.4 26.9 31T T4
ey Vo M 28 10.2 11.0 2945 3242 87
Hey VI H 28 9.1 10.7 270 5040 (s
Deley Lo M 35 Q3 9.9 AS.T 47.3 86
Seleg II. M 35 Bs2 10.1 3845 49.9 67
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pABLE 18 , (continued)

Fibre Fibre Bxt. to break Yensile strength NBF

Sample age length Em. EP T TP %

) (daye) (mm.) % v (gjtex) (gftex)

Rep To 30 27 118  12.5 16.4 17.9 80
40 27 12.4 13.5 21.4 26.4 50
60 27 1l.4  12.4 21.5 2549 76

Raey II. 30 29 13.4 1447 18.2 2142 54
40 29 12.% 13.9 25.1 3043 56
60 29 1.7 1249 2641 311 72

MRCRRIZED

Rey I. %0 27 10.8 10.9 19,2 19.4 o7
40 27 12.3  13.6 25.9 0.4 63
60 27 114 126 24..6 2841 T7

Re, II. 30 29 15.1  15.6 2243 234 90
40 29 8.3  10.3 302 3447 T2

60 29 109 1240 27.1 5Le 73




THBLE 19 . The percentnge extension due to the convolutions

and ibre fine structure.
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Fibre nge I"ibre length mc B o }Elc b}p - Ee
Sep Te 30 26 345 6.8 8.2
40 28 3¢l 56 Teb
50 28 440 740 749
50 56 36 T2 8.6
50 20 44,0 Te2 Te9
ey IV, Bt 28 %50 G0 842
40 20 D3 o3 6a7
50 28 el 648 8.2
50 36 Hel 63 T3
50 20 2!9 704 8&,’)
Seg Vo K 28 240 Ta2 8.0
Su. Vi, M 28 2.6 605 l?.'?
ﬁ»ic. 3:0. I"I 3‘,‘3 loa 705 801
5010, }:Io l\fl ?)5 1.5 7!2 8.0
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PABIE 19 o {continued)

Semple Mbre age Fibwe length EQ mm e Ee EP - Ec
(dayo)  (ma.) # 7z (Eg) %
Ray Ta %0 27 349 Te9 8.7
40 a7 4.9 TeH 8.6
60 27 4.8 GeH Tad
Rep, XX. 30 29 Te0) 10.4 1.7
40 29 4.8 T8 .1
MERCERIZID
}{l' :to 39 27 2‘3 8&4 816
40 27 2,0 1.5 11.0
60 27 0.5 11.90 12.1
Re, Ii. 20 29 1.5 13.6 144
40 29 2.0 Te2 83

60 29 0.9 9.9 i1.1
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TABLE 20 « The initial Young's modulus and the stiffness.

Fibre Fibre In.Young's mod. Stiffness
Sample age length (g//tex)ﬁm,; ( af tex .
(days)(nm. ) Y T, 5 8 S, B,

Sepg I 30 28 268 541 166 252 172 248
40 28 251 646 185 295 192 27
50 28 370 845 242 361 250 374
50 36 487 867 267 401 284 404
50 20 320 866 236 367 239 360

Bep IV, 30 28 340 685 189 285 194 265
40 28 285 715 214 360 222 5352
50 28 470 800 282 412 280 396
50 36 543 1016 254 525 379 He7
50 20 424 854 261 365 278 315

ey Vo M 28 392 900 289 410 2935 402
SeaVIe N 28 376 822 300 417 291, 590

Seluple M 35 658 943 470 585 478 584
BelegIfe M 35 670 963 469 575 499 587
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TABLE 20 . (continuzd)

Fibre Fibre 'In.)i‘mung;’ts mod. Btiffness
age length ( gftex )=, . (gfvex o

3TE i i b 4 [
(daya) () T Y, 8 Sa 8 5a

Rep Lo 30 27 197 37 139 207 142 206
40 2T I 582 173 284 196 306
60 27 282 625 189 B8 195 322

ReplXle 30 29 213 287 156 1 144 182
40 29 395 697 200 323 218 332
60 29 295 670 223 382 242 589

MERCERTZLD
Rey I 30 27 213 344 167 az17 178 226
40 a7 400 512 211 a50 224 263

60 27 328 549 215 253 224 233

Rey IX. 30 29 222 261 147 164 150 167
40 29 476 690 327 417 337 418
60 29 360 431 249 273 261 282




TABLE 21 » The worl of rupture and the work factox.
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ibre IMibre

Hork of rupture

Work factor

Sample %8° length ( eftex )ao )
(daya)(mm.) R, WRP whpa LR wyp wypa
Bep I 350 28 0,820 1.081 0,898 0.464 0.455 0.543
0 28 0,690 1.064 0.90% 0467 0.467 0,572
50 28 14208 1,548 1.200 0.446 0.4%6 0,546
50 36 14480 14975 1.958 Q476 0.455 0.520
50 20 1.28% LeAT5 14306 0.431 0,436 0,580
Sep IVe 30 28 0778 1.200 1,008  0.505 0.492 0.564
49 28 0.583 1,033 0,901  0.476 0464 0.611
50 28 1,100 1.613 1.200  0.428 0.439 0.486
50 36 1453 2,008 1.629 0.467 0.450 0.507
50 20 1.200 1.515 L3709 04457 04419 0.515
Sep Vo N 28 1.36% 1.6%8 14435 044835 0.464 0557
Sey VI. W 28 1,300 Lad5% 1.250 0450 0.470 0.540
Beley Yo I 35 14920 2.19% 2.016 0.472 0.468 0.526
Selep,ILs I 35 1.535 2,330 2,171 0.486 04465 0.513
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PABLE 21 o (continued)

Fibre Fibre Hork of rupiure Work factor
vample age  lemgth ( aftex Y. )

(Qays) (mi. ) WR wnp wnpa WE w&p wnpa

Rep Lo 30 27 009%0 1.048 0,833  0.481 0.468 0.5%1
40 27 1198 1.4%5 1.064  0ud5L 0.400 04465
60 27 1.140 1322 0.976  0.464 0.442 0.549

Ray IX. 30 29 1160 1,410 1.193  0.476 0.452 0.482
40 29 1,340 1725 1.339  0.426 0.411 0.485
60 29 1335 1e667 L1uB40 04437 0.419 0540

PERCERLATD

Rey T 30 27 1,008 2,033 = 04489 0.489 =
40 27 LJSTB LJTA0 = 04434 0,422 -
60 27  1.200 1515 = 0,427 04429 =

Reg II. %0 29 1,435 1,548 = 0,425 0e424 =
40 29 1.410 1.758 = 0.505 0,492 =
60 29 L.468 1.802 - 0ed99 Q486 =
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The following 18 a key for figures 23 - 32,

The meooured bresking point

The extrapolated breaking point

The measured siress-strain curve

The extrapolated stress-strain curve

The re-plotted extrapolated streas-strain curve

( after removing the contribution of the convolutions )
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Fig. 29 Stress-strain curves for Rex

(4) 30 days old (B) 40 days old (C) 60 days old




45 -

40-

w
(8))
i

" GM./TEX
(J-) .
O

N
O,
1

STRESS
N
@)

RE X
R., IT.

/
y, 7
/
/
/ / 4
yy
/ //
/ ;e
/o P
/
/
/ // //
/ y ~
/ / -~
/c/’ -
) ) S
/v |
//
T 7 v T 3 ¥ ) ) ¥ T ¥ Y
! 2 3 4 6 8 O 10 11 12 13 14
| EXTENSION X
Fig. 30 Stress-strain curves for Rex:

(A) 30 days old. (B) 40 days old—(C)-60-days old




45 -

3 5

REX (MERCERIZED)
R, I.

1 i ¢ I 1 ¥ T T

i
2 3 4 5 6 7 & 9 10 11 12
EXTENSION 7,

Fig. 31 Stress-strain curves for Rex. (mercerized)

(A) 30 days old (B) 40 days old (C) 60 days old

L3

P 4

5




Py

REX (MERCERI|ZED)

EXTENSION L.

Fig. 32 Stress-strain curves for Rex {mercerized)

(A) 30 days old (B) 40 days old (C) 60 days old

45"' R.’H
40 -
35 o8 on
/
// p
C Oc¢C
30 # X
. / //
/ v
/ /
2 5- // //
/ / AL A D
// // /)<
' /
20 7 y4 S/ y
/ /
S / J
/ / y
e v /
‘5'- / /'/ /
/ . /
/ — e
7 e //
/S
! 7 P
I O !/ //
// //
7 -
/ e
/7 ////
R/ —
s/ -
/
e
/
1 1 1 ¥ 1 ! \ ] \ l 1 3 \ 1 {
5 3 4 5 6 7 & 9 10 11 12 13 14 15




139

The mechanical properties of cotton fibres, mainly tensile
strength and extension to bresk, are of parvamount importance in
thelr utilization and have heen alwsys regarded as the mogt
influential propertiecs in cotton evaluation. Hence, the effect
of gibberellic aclid treatment on these properiies has been given
econsiderable attontion. The possible direct as well as the
posaible indirect effect of gilbberellic acid treatment on fibre
mechanical properties have been investigated. As gibberellic
acid has caused an increase in £ibre meen length of some samples
( samaru 267 (() and Rox varietios ) and a decrease in fibre
naturity ( Semaru 267 (G) and Rex varietios ), the relationship
betveen these two characteristics and fibdre mechanical propertics
has boen investigated in order to find the indirect effect of
gibberellic acid ( through its effect on fibre length and maturity )
and also the effect of these chevacteristic features as structural
entities on fibre mechanical properties.

The following are comparisons hetwoen the measured mechanical
propexrties of the control samples and the semples treated with
sibberecllic acide
(a) Batension to break ( £ ) ( teble 17 )

All the treated samples of Samaruv 26J (G), Sawaru 267 (N),
"and Sea Island show lower extension to break than the control ones.

No difference ks found between the control and the treated wamplos
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of the Rex variety.
(p) ensile strength ( T ) ( table 18 )

Tor Samavu 263 (@); fibres 30 and 40 days old, and mature
fibres of 20 mm. length, show no difference in tensile strength
duo to gibberellic acid treatment. For mature fibreas 28, and
36 mme. long, the control samples show lower tensile strength.
All the control samples of the Rex variety show lower tensile
strength. The mature fibres, 60 days old, of the treated sample
show & 30 % increase in tensile strength compared with the mature
control eample. The control sample of Samaru 267 (N) and the  _
control sample of Sea Inland show higher tensile strength. It is
difficult to decide whother all these differences are significant
becouse the tensile strength was caleulated from mean values of
bresking load and fibre linear density and these itwo properticse
are correlated. However, as a guide a difference of 5 % may be
taken ps being significant.

() VWoxle of rupture ( VR ¥ ( tobie oy )

Yor Samaru 263 (G), Sawexru 265 (W), and Sea Island, the
control mamples show higher work of rupturs. lor Rex, the control
sawples show lower work of rupture.

(4) The initial Young's modulus and the stiffness ( Y and 5 )
( table 5o )

Por Sawaru 267 (@) and Rex varieties, the control samples ghow
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lowor initial Young's modulus and stiffness values. For Samarn 26J(N)
and Sen Island, both the control and treated samples show nearly

equal values,

To explpin these differences, it is thought necessary
first to investigate carefully the stresswstrain ocurve and the
various structural properties that influence snd contribute to

the measured mechanical properties.

AIALYSIS OF THE STRESSISTRAIN CURVE

The stress-strain curve for cotton fibres provides
comprehensive informatian about the bhehaviour of the fibre as
load is applied, & behaviour which is a product of the fine and
groas piructure of the fibre: the molecular orientation, the
crystallinity, the weak places and the convolutions and other
fine and gross structural features, all contribute to the
stresse-strain curve. The curve has been analyzed to reveal their
respective contributions. The actual or measured stress-strain
curve wag first obtained from nmeasurementss on a test specimen
of £ifty single fibres. Yhie curve was then extrapolated for
the effect of the major weak places in order to got the projected
strepe~strain curve. From the latter, the percentage extension
provided by the convolutions has been removed in order to get

o stresg-pirain curve which is supposed to be due to the fibre
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fine atiucture, meinly the overall molecular orientation and
the percentage crystallinity, wimodified by either the weak
places or the convolutionse Finally an attempt bag been made
to find the role of the orientation and the crystallinity in

fibvre extensidbility independently.

(2) The role of the wesk places

Several kinds of major weak places ocgeur slong the cotton
fibre length. These are mainly the struetursl reveraéls, the
growth rings, and the struectural faults. The presence of such
major weak places csuses & rapid deterioration in the measured
strength and elengation of cotton fibre ag the test length ig
increased. 7o obtain a stress-strain curve, it has been found
that a specimen test length of 1 en. ie satisfactory, test lengths
shorter than 1 om. a&re not practicable vhile longer test lengths
suffer more from the presence of the weak places. However, even
in the chosen test iength of 1 cm., the presence of the weak
places was apparent, and ap the fraquency of these major weak
places along the fihwe length from one sample to another might
not be constant and eaﬁaequ@ntly their effect might be different,
8 wethod for re-caleulating the stress snd the strain at the
brecking point was applied in order to get the projecied stress

and strain which are supposed to be the nearest to the stress
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and atrain resulting from fibre fine and gross structursl
characteristics. The difference between *the projected extension
to break, tensile strength, and work of rupture, and the actual
values can he attributed to these major wesk places and shous
the loss in the mechanical properties due to thelr presence and
Frequency. The percentage of the prematurely -~broken fibres gives
an idea sbout the frequenoy of the major wesk places within a samplo.
¥rom the stress-strain curves presented in figures 23 - 32
it is appeavent how much of the stresse-sirain curve is abeent
because of the presence of the major weak places and how much this
is Qifferent from one sample to anotheyr. From tables 18 21
it is clear that the actual or measured extension to brealk, tensile
strength, and work of rupture, are apprecisbly lower than the
projected oncs. The magnitude of this difference is broadly in
agreeoment with the percentoge of prematurely-broken fibreg.
The percentage of normally-broken fibres varies from semple to
gample and shows some relation with variety, fibre maturity, fibre
length, and gibbereliic acid treatment. The control sample of
Samaran 265 (M) ( S., V. ) shows the lowest percentage of
prensturely-hroken fibres, followed by Sea Island, Samaru 26J(0¢),
end thon Rox.
The effect of maturity on the frequency of the major wesk

places, vhich might be a result of the number of growth rings,

=
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is not quite clears However, it seems that sangples of lower
ond higher maturity possess higher percentages of normally-broken
fibres than fidbree of intexrmediate maturity ( Sey T. 5 S., IV. ,
and Rep Xo )o

The relation between fibre length,within & sample, and
the major weak places ( see table 1g ) is rathor confused. However,
generally, the long, mature fibres of #Hamaru 267 (¢) ( S., f. and
Se, IV. ) show s much lower percentage of normel breskages
than tho shortest fibress As shown eariier, the longer fibres
possess more roversals per unit length than the short ones, thus
this decrease in the percentage of normally-broken fibres as
fibre length increases within a variety or a ssmple is possibly
due to the 1nerease in the number of reversals per wnit length
as Libre length increases.

The effect of glbberellic acid trestment on the frequency
of the major weak places is clear. In almost all the sauples
the porcentage of normally-broken fibres in the control samples
is appreciebly higher than thet in the saunples treated with
gibberellie acid. This effect cannot be related to the frequency
of the structural reversals, slnce control samples possess greater
nurbers of reverssls per unit length than the treated samples.
Also it cannot be related to the number of growth rings since

thege are expeeted to be equal in both the control and the treated
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samples. The third possibility could be the frequency of the
structural faults which might incresse as a result of treatment
with gibvberellic acid.

The effect of merceriszation at constant length on the
frequency of the major wesk places, or in other words on the
percentage of prematurcly~broken fibres, is quite interesting.
From table 18 it is clear that this offect is dependent on fibre
maturity or in other words the number of growth rings. The greatest
reduction in the percentssge of prematurely-broken fibres was in
the very young fibres { %0 days old of R., I. and R., II. ),
followed by fibres of intermediate maturity ( 40 days old ),
while in the mature fibres ( 60 days old ) the reduction is
neglicble. Thug it is possible that the increase in the tensile
strength of the mercerized mature samples is not due to the
elimination of the major weak places but rather is due to either
the elinination of the minor weak places or other effects, while
the increase in the tensile strength of the immature semples
is due to the elimination of both major and minor weak places

and other factors.

(b) The role of the vonvolutiong in fibre extensibilit

It has been proved that the convolutions uwnfold as load
ig applied and thus contribute to fibre oxtension to hreak

( see page 162 ).
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The percentsge extension dug to unfolding the convolutions
has been caloulated for the samples under investigation following
the method given in page 62. « It varies according to vaviety
ond maturvity and ranges between 1.5 % For Sea Islend ( S.I., 1I. )
and 4.9 % for Rex ( Re, IX. J { see table 19 ).

¥rom tables 18-21 and figures /23-32, it is clear that
the convolutions not only contribute subatantially to the fibre
extension and hence contribute to the work of rupture, but aleo
give the stress-strain curve its typical shape. This effect on
the stress~strain curve shape lsg apparent from the change in
the work factor which is always less then 0.5 for the.gctual 0r
measured stress-strain curves, and which becomes,of ten:, nore

than 0.5 after the vremoval of the contribution of the convolutions.

(e) The zole of orvientation in fibre extensibility

After the removal of the part contributed by the convolutions
( B, )} fyom the projected extension to break ( Iy ) the
stress-gtrain curve c¢an be regarded as s product of the fibre
fine structure. The orientation and the corystallinity are possibly
the most important characteristics contributing to the extension
to breal By Je

Since differences in porcentage crystallinity between

different cottons are negligblelao { this might not be strictly
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the case for fibres of different degrees of maturity or atages
of growth ), the differences in extension to bresk ( By )
between varieties might be due to the differences in their
spiral angle or orientation.

In comparing the oxtension to bresak ( Be ) of the meturs
samples under investigation, it has been found that all of them
heve more or less equal extension to bresi ( Ef } with mean
values between 7.4 and 8.1 % . This might be explained in
the following:

(1) The extension to bresk is due largely to the unfolding of
the helix, as presumed by Orr and ﬁﬂ*WGﬁk&?ﬁ%ﬁO then edthers
2. 81l the samples have equal spiral angles { as suggested by
Merwdithl36 ), and consequently the unfolding of the spiral
structure produses egual extensions, or

be the differences in the spirel angle of the different samples
exist but do not show conseguent differences in extension %o
break ( B, )» possibly because of the failure of the spiral of
the samples of greater spiral angle to unfold to an oxtent
comparable to that of svamples of smaller spival angle.

(2) Te wfolding of the helix provides only a small proporition
of the extension to break ( g }, either becauses

a. the holix does not actually unfold to a great extent, or

b. the spiral angles are much smaller than the empirical
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I-ray sngles or avevage orientation angles, hence, even if the
spiral wnfolds completely, it will not contribute appreciably
to the extenslon to bresk, and the differences between the
different samples will be small.

There is not sufficient evidence to prove that the spiral
unfolds either partially or completely during fibve oxtension
to break. The evidence presented by Ouvr and GOmW0rkerﬂl6G vwhich
iz based on their observation that s fibre untwists when a
weight is hung on 1t doea not take into account the possible
presence of convolutions.

The meoasurements of the corystallite orientation end the
overall moleculsry orientation carried out on the samples wnder
investigation heve ghoued that these samples possessed different
orientation nngles.

Deluca and couwork@raﬁﬂ analyzed the ( 002 ) X-ray
diffraction arc and divided the 40 per cent. X-~ray acgle into
spival angle snd crystallite sngle. In table 22 are given the
40 por cent. X~ray angle and the spiral angle, as reported by
DaLucaéO for tuo varieties of widely difforing X-ray angle, and
in the final colwm the extension of the spiral, if it wnfolds
completely, which has been caleoulated from the spiral engle.

Since the deduced values of the spiral angle are approximately

half the empirical 40 per cents Xwray angle, the spiral angles
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still differ accorxding fo vaviety in nearly the smue ratio as

the 40 per cent. X-way anglog,

TABLE 22,

40 per cent. Spirel angle FExt, due to

Variety X-roy angle (°) unfolding the
() spiral { % )
Bolglon Congo 395 177 5.0
Strain 330 27T 11.9 242

If the spiral unfolds completely, it will provide a

percentage extonnion which ia comporsbtively small especlally

)

in strain 350, The remainder of the extension to bresk ( I "

may probably he attridbuted to the extension of the amorphous
regions. Tor these amorpbous regions 4o be in s position to

contribute to the extension to bresk, they should be within the

-
fibrils and not in between as suggested by merlca-%’%

95

Hearle, ™ analyzing the extension to bresk of the cotton
fibre, asssunes that tho extension of the fibre ig due to:

8. the extension due to unfolding the spiral,

bs the extension of the crystalline fibrils themselves, and

¢s the extension of the amorphous regions.

95

As Hearde”” assumes the fibrils to be wholly cryatalline
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and ‘the aworphous regions to be in between them, then these
amorphous regiong will not actually contribute to fibre extension,
gince the total extension of (&) and (b) would be o limiting
factor. Only the amorphouvs regions within the £ibrils could
contribute to fibre extensibility.

The possible contribution of the amorphous regions, within
fibrils, means that the percentage oryetsallinity will affect fibre
extensibility. If differences in crystallinity exist between
the Aifferent varieties, then the extension due to the amorphous
regiong might differ. If no difference in erystallinity exists,
then the contribution of the amorphous regions will be nearly
equal ( it might be affected to some extent by possible differences
in the wolecular orientation in those reglons ).

A vaw cobltons possess equal percentage cryatallinity,lgo
the possible contribution of +the amorphous regions could he
exanined only indirectly. Ag mercerization at constant lenpth
doos alter the percentage crystallinity ( 70 % and 40 % of
cellulose is iﬁ#ﬁ&y&talline gtate in raw and meorcerized cotion

100 )
»

Tespectively 61

but does not alter greatly the spiral angle,
this procedure was used in investigating the role of the
percentage oxystallinity. The six samples of Rex variety were

nercorized at constant length. Their structural characteristics

and mechanical properties were investigated. The extension to
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bresk ( B " ) for the raw and the wePcovized samples is showm
in table 23,

TABLE 23.

. » o i o oy 7‘3 ..
Fibre age Ly (zew ) Be (meros) “r(raw)”™ “flmerd.)

R C DR S B S (%)
30 8.66 857 + (.09

Rey Te 40 8.64 11.59 + 2495
60 Ted3 12.10 + 4467

+ 2e42

30 11.66 14.08 -+ 242

Rey Il 40 .11 8.28 + 073

60 8400 11.07 + 3.07

The difference in the extension to break between the raw

and mercerized samples,( B is equal

£ (raw) ~ Be (mercerized)?
to the difference in extension resulting from the inereased
poereentage amorphous regions and the possible loss in extension
due to improvement in orientation in the mercerized semples.

This difference is apprecisble in the mature samples, showing

that the contribution of the added amorphous regions is appreecisble
although it 4is not possible at this stage of work to find

quantitatively how much extension is d&ue to the increase in
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the percentage amorphous regions. However it seems reasonable
to say that the original amorphous regions in the raw cotton
contribute appreciably to fibre oxtension to hreak.

fhe ptress-strain curve, { after removing the contribution
of the convolutions ), of the mercerized samples has the sane
shape a9 the original stross-glrain ocurve of the raw samples.
This is possibly due to the increase in the percentage awmorphous
regions which, by contributing to fibre extension, have a
similar effect to that of the convolutions.

In summing up the provious discupsion it is concluded
that the extension to break ( Ef ) is due largely to the extension
of the amorphous regions within the fibrils, and partly to the
partial unfolding of the splrval itself. The proposed filbrillay
gtructure put forward by Freywyssling,as in which he assumes
the fibrils to consist of crystalline microfibrils which are
connected to each other through paracrystalline or amorphous
regiong, would aceount very well fox the extension to bresk
digcussed before. If the spifal of the cobton fibre consists
of fibrils connected to each other through smorphous regions,
and theae fibrdils in twum consist of crystalline microfibrils
which are also connected to each other through amorphous regions,
then the extension to bresk ( By ) will be due to;

& the wnfolding of the apiral, and
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b. the extension of the amorphous regions within the fibrils.

As the complete wafolding of the gpiral provides only
a swmall extension and the amorphous reglons might provide much
higher oxtension by orientating their moleoules, the total
theoretical extension { whioch might be called the inherent
extension ) is possibly much greater than the recorded extension
to bresks The failure of the spiral to unfold completely as
well an the failure of the molecules in the asmorphous regions
to orientate thensclves before the £ibre breaks leads to only

part of the theoretical or inheront extension being realized.
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(1) BYFECT OF MATURITY ON FIDKY MECHANICAL PROPERTINS

The effect of maturity or the degree of wall thickening
on fibre wechanical properties is appavent in figures 23,24,29-32.
It is clear that as fibre wall thickness increases, the
stress-ptiain curve shifte towsrds higher stress per unit sirain.
The changes in the mechanical properties for the three successive
degrees of wall thickening of Samaru 26J (G) end Rex varioties
are given in the following.
(a)_Bxtonsion to bresk ( tables 18,19 )

The four semples behave somewhst differently; for
Samaru 265 (6] B v EP » &and B, are higher for samples of lower
and higher dogrees of wall thickening ( fibres 30 and 50 days
01d ) than the sample of intermediate degree of wall thickening
( 40 days old }. Yor the Rex variety, the sample of intermediate
degree of wall thickening ( 40 days old ) of Ry I. , shows
higher Em and EP than the other two samples of lower and
higher degrees of wall thickening ( fibres %0 and 60 days old ).
While for Re, II. both Em end EP decreacge as the degree of
wall thickening increases. In both Rep, I, and R., II. ,

gf decrenses as the degree of wall thickening increases.

(b) Pengile strength { table 18)

The sample of intermediate degree of wall thickening
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of Hameru 267 (@) shows a somewhat smallor measured tensile

strength ( T ) than the other two samples of lower and higher
degreos of wall thickening. The projected tensile strength ( Tp )
shows a small inerease for fibres of intermediate degree of

wall thickening than fibres of lower degree of wall thickening,

and & merked increase for fibres of higher wall thickening

( 60 days old )} For the Rex variety both the measured and
projected tensile sbtrength dncrease as the degree of wall thickening
inoreasess The difference between fibres of lower and intermediate
degrees of wall thickening is greater than that between fibres

of intermediate and higher degrees of wall thickening.

(¢) York of Rupture ( teble 21 )

The sample of intermediste degree of wall thickening of
Samaru 265 (8) shows a smaller work of rupture ( R end WRQ )
than the other two samples of lower and higher degrees of wall
thickening. The mature sample ( 50 days old ) shows appreciobly
higher work of rupture., Toxr the Rex variety, the sample of
intermediate degree of wall thickening shows a somewhat higher
work of rupture ( WR_ and WRP ) than the mature sample, and

appreciebly higher than the sample of lower degree of wall thickening.

(a)_Initisl Younz's modulus and stiffness ( table oo )

For Samaru 267 (¢), the sample of intermediate degree of
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wall thickening shows a smaller initial Young's modulug than

the other two samples of lower and higher degrees of wall

thickening. For the Rex variety, the sample of intermediate

dogree of wall thickening shows a higher measured initial

Young's modulus than the other two samples. For both Semoru 26J (@)

and Rex varieties, the caloulated initial Young's modulus

inereases as the degree of wall thickening incroases. Also

the stiffness increoses as the degree of wall thickening ineresases.
The changes in the initial Young's modulus end stifiness

with the increase in the degres of wall thickening ( table/20-),

especially for Re, X. and R., IZ. { table 24" ), agree with

the changes in the orientation for the successive celliulose layers

discussed before ( page'122).

(2) BPFRECT OF FIBRN LENGTH ON FIBRE MICHANICAL PROPERDINS
( tables 17 - 21)

The effect of fibre length, within a sample, on the
streps-gtrain curve im'apparenﬁ in figures 25, 26. The stress-styrain
curve shifts towards higher stress per unit strain for the
longer fibres. This difference is more apparent between fibres
28 mme long and fibres 36 mn. long. The extension to break
( B ond Ep ) is somewhat higher for shorter fibres. Yhe tensile

strength ( © and Tp ), the work of rupture ( WR and WRP )y
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TARLE 24 « Tho orxientation, initial Young's modulus, snd

stiffness of fibres of successive degrees of

wall thickening.

Tibre Tibre Ovientation Taitial Stiffness

age density 40 per cent. Av, Young's {g/tex)
Sample (days) (g em ”) X-ray - Av. oricn. modulug
conv. angle angle (g/tex)

8° Y &

§2 c Pa

ey ¥o 50 0.655 355 4041 347 206

40 04712 359 597 582 306

60 1.063 %28 29.8 625 oy

Rey XX 30 0.543 5169 40.6 287 182

40 0,760 B2ed 3945 697 352

60 0.908 31.4 7345 670 389
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the initial Young's modulug, snd the stiffness are higher for
longer fibres with tho biggest difference between fibres

28 e and 36 um. long.

SEFECT OF GIBBEREYLLIC ACID TREATHENT ON FIBRE MMOHANTICAL
PROPERTIES

The effect of gibberellie acid treatment on measured
extension {0 break, tensile strength, and work of rupture has
been reported earlier { see page 139 ). After analyzing the
strese-atrain curve for the various factors that contribute to
or modify the curve, the effect of gibberellic acid could be
. further examined in the following comparison between the control

samples and the samples treated with gibberellic acid.,

(a) Extension to bresk
(1) The projected extension to break ( EP ) ( table 18)

The difference betweon the control and treated samples of
Samaru 26 (G) and Samaru 267 (W), which vanges between 0.5
end 1.7 percentsge extonsion is small, but the trend is consistent
with the control samples having the higher extension to break.
The control and the trested samples of Hea Island show nearly
equal exiension to break. The control ssmples of the Rex varviety
show lower exntensions to brosk varying between 0.4 and 2.2 percentage

extonsion.
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(2) The extonmion to bresk due to fibre fine structure ( &, )
( table 19 )
For Samaru 267 (G), Samaru 26J (M), and Sea Island the
differences botween the control and the treated samples aroe not
significent. Yor Rex, the control samples show lower extensions

varying between 0.9 and 0.3.0 percentage oxtension.

(v) Tonsile strength ( T , ) ( table 18 )

Yor all the samples wnder investigation, except Samaru 264 (M),
the control semples show lower tensile strength. For Smmaru 265 (G);
the imwature fibres 30 and 40 daye old of the treated samples
show tonelle strength 7.5 snd 6.5 % highor than the respective
control samples. The mature fibres, 90 days old, of 20, 28, and
%6 mm. length the treated samples arc 11.2, 9.0, and 18.1 % stronger
respectively than the control samples. Yor Sea Island, the
treated sample 18 .5 % stronger than the control one. For Rex;
samples 30, 40, and 60 days old, the treated samples are 18.4,
14.8, end 30.1 % , stronger, respectively, thean the respective
control samples. For Samaru 26J (1), the treated ssmple i 6.8 %

weaker than the control one.

(¢) the projected work of mypture ( wnp ) ( table 21 )

For Ssmaru 267 (W), the control sample showshighor work

of rupture. For Samaru 26J (@) and Sea Iuland, the control sawples
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show alightly lower work of mpture. For the Hex veriety, the
control somples show appreciably lowexr work of rupturc,
The work of rupture due to fibre fine stxueture ( LU )

showss nearly the same trend as the projected woxk of rupture ( WRP Je

(a) The ( table 20 )

For the Sanaru 26J () and Rox varieties, the control
samples show lower initial Young's moduli and aq%fness. Yor Samaru 26J(8) ©
and Ses Island, both the control and the treated samples show

noarly oquel values.

The lower extension to break (Iﬁm ) shown by the treated
samples of Samnru 267 (V) aed Sea Island is due in part to the
lowexr contribution of the convolutions +to the extension to break
in these samples ( see table 19 ), and in part to the effect
of the incroased major weask places. In the Rex variety, the
contribution of the convolutions is neerly equal in the control
and. treated samples, end hence ( K ) ie nearly equal. Both the
prajectad oxtonsion to break ( Ep ) and the extension due %o
fibre fine atructure ( Ep ) are higher for the treated samples
of Rex. ''hese samples possessed higher toensile atrength than
the control samnples, this possibly enabled the fibres to make
use of a greater proportion of the inhorent oxtension before

breakage .«
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The inorease in the projected tensile strength of all
the treated samples ( except Semaru 26J (N) ) is possibly due
.partly to the difference in orientation ( ae in the Rex variety )
and partly to other factors one of which might ke the amaller
diemeter in the treated samples ( Samaru 267 (¢) and Rex ).

| The work of ruptuve, which ie approximately ‘the product
of the extension to bresk and the tensile aﬁrength‘is consequently
affected by thg differences in them.

1t is concluded that gibberellic acid treatment has
regulted in an increase in the projected extension to break, tensile
strength, work of rupture, initial ybung'a modulus, and stiffness
of Samaru 26J (@), Rex, and Sca Ieland varieties. The effect
on Sameru 267 () has been nil. This positive effect on extension
to break, tensile strength, and work of rupture has been lergely
offset in several samples { Samarn 26 (6) and Sea Yeland )
by the opposite effect of the inereased major weak places cauged
by givherellic acid treatment.

The dependence of the effeet of gibbersllic acid traétment
on variety and envivonmental conditions ia sinilar to its effect
on fibre length. The effect of gibberellic acid treatment ie
appreciable and positive on the Rex veriety, small and negative
on Sea Islend: this is a varvietal effect. It is also positive
{ with regard to the projected veluem ) on Samaru 26 (G) and

negative on Samaru 265 (N):this is an environmental effect.
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HSPPEEDIX i

THE ROLYE OF THE (ONVORUWITONS XN CyBm BXTsTRYLIfy

The presonce of the convolutions is one of the chayncteristic
Footuron of gotton Dbres. 48 these convolutions run in opposite
directions at differont intorvals, thoere is no resson why they
should not unfold as the fibre iu &nhgéaﬁwa to load. By their
unfolding, the convolutions could contributo 4o Libre extensibdiiity.

fa ordsr bo find whethor the convolutione contpdibuio to
fibre extensibility or pot, au cxperiment was oarrided out on
the mature sample { 60 daye old ) of the Rex vaviety { Ha, Is )
of 27 rme longe The fibres wops sorted oudy uwnder the polarizing
microseope, into thyee groups sgcerding to their maturity snd
consequently the musber of convelutions per wndt longthy the
izmature ond the very woturs £ibres with o swall nunbor of
convolutions por unit length, snd fibres of intordediate maburity
with & groater number of counvolwntions per wnit length. The
agtual convolution sugle and the porcentose convolubed portion
T m@aﬁgx@d £or wach group and the pervcentegy extonsion ﬁué
to unfolding the convolutions was calowlated. The fibres wore
tested on the Canbridge BExtensometer ab s constont rate of
extension wnder the conditions recordsd in page 57 and the

rosults are shown in table 25,
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DAL 25,

s 4 Lat AR IR nheind e e

Yrmature Haturs Vory oatuxe
fibros fibres Libvren

Huper of convolutiens/mn, 18 P75 Lo
Actusl comyolution engle Qﬁ.‘*f’ 26.7" 2345
Gonvaluted portion % $al) Ao Gl

% Extenmion due o

unfolding the convols {1«:@} 1004 472 Qo
Fibro axtension fo

braak 5 B J | 1345 131 10,7

Fibros of interpediste degres of maturity and the highest
purber of convolublons por . showed o higher extonsion to
breok than fibres of elthes lov opr very high natueity vhieh
possoased fowey convolutionse Yhese reoults could bo tolon as
ovldonce thad ab lonst o slzeeble proportion of the convolubiong
does wnfold during Pibre oultension fo bresk asg load is applisd,
aug thus contributon to fibro extenpibllity.

Yhe unfolding of the convolulions on stretoling wvas
further ﬁ‘.&wngf:ﬁgg&a’mﬁ by stretohing single fibres In o speeisd

frave { ooo page 60 J under the mioroscepte. 1% wes obsenvied
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FIGURE 34.
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thot, a8 load wos applied and the Pibxe wes piveiched from

both ends, the convelntions moved glving the fibro the appesrnnces
of rotating about its axis. Vhon two convolubions muoning in
opposite directions mat, they neatralived each othor md
unfolded or disappearsd. The reunining convolutions folloved

in the gome nanner. Yhen all the convolutions wore uwnfolded,

the fibre appeared atable without rotating avound ite oxis
until 4% Lepke. 16 wes obsorved slgo that if tuo coavolutions
rupning 3o the opposite divectlons nenlralized each other and
unfolded durdng the earldy provess of extonvion, sud then the
Inad wag romoved or tho divection of stretching wep voversed

so that the £ibre retuvacd o its opdgdnel longth, ﬁhwy{ggpemrad
at once, bub 4 the atvebohing procoess was careied out further
until wost off the convoluiions disuppesred, only a fou
aonvolubions xo~sppeared when the load ves vemoveds Plgures 53
and34 show the unfolding of the convoluiions as o ibre wos
etendads In figure 33 the photographs wore teken under the
polavising nicreseope with the enslyser psvallel to tho polaviser,
while in figure 34 the pnalysor wes seb perpendiculer o the
polapisor, oo that tvo reversala apposy ao dark bamds and can
be tokon as delinition peindo. In egoh of the two Ligures, the
ghotosrarhs wvors foken for one Fibre al suecossive steges of

eritenoion.
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Pigures 33,34 show the folloving:

(&} The convoluted fibre belors belng extended, ia figure 34
gix convoludions sppear beiucen the two roverssls.

{b) An the Piors ves exbended: the convolutions have bogun to
wnfold and many of them have actuslly disappesyed.

{c) Bu the Fibre was entonded further: slnost all the senvolubions
have wnfoldad and ﬁmﬁymmm. The flbre appeers a8 a Llot

anfl siraight rIivhon.

(&7 when ¥he setension direction wes revarsed and the {ibre wes
loft free without bedng subject to any losd { not rotummed to
o wriginnd lensth because in sueh a case focusing was Found
dmpossible )4 come convolutions siart %o re-appesy { the

hotograph van teken 15 minutes af'ter the removal of the lond J.

From fipaves 33,34 it is concluded that the gonvolubions
do wnfold durdng fibre exiension sl thus contribute to fibroe
extensibility.The porcentege extension due to wafoiding the
gonvolutions is dependent on the schunl convolution angle and
the porcentege coavoluiaed portion of the fibre, snd s these
two latter factorn gre dopondent on the cotton verlety ond
the vaburity, the percentage extension due Lo wnfolding the
gonvolutions is consequently depondent on wowrieby and asturity.

TH varied betwesn 1.5 and 4.9 contributing 18 ¥ and 41 % of the



166

totel cxtension So bresk { B ) of Ses Ymlavd { Sefe, TI. ) and

Rex { Re, T )} zeopnotivelys

To detewtine the role of the convelutiona in the
ﬁ%ﬁr@mg«»%stmﬁ.n ourve, thres points shonld be Xnowd
e bow mueh oxtonsion is due to the wlelding of the convoelutions,
be &% vhat stage of the shreoss-ntrain cuive the convolutions

complately unfold, and

e what afregs A reguived to wnfold the convnluiions.

e has already been dnvestigeted in the obsoevvations of
strotobing wadoy the sicrosgope asd in order to investigate
Do ond ce, an esperdment wvas capyded out on & ssmple of tho
Hox variety { Bey T = 60 doys old « 27 wo. Jong ). PLfsy fibvres
wore examined with 1 cme Pest longthe The single fibwes woere
exanined wder the pilovoseops abt Feirly conatent wate of
sehension of approximately 4 mal./pinute. Yhe porcstitage sutension
¥ vhich the convolubions disappesrad and the pavcentege sztension
ab bresk wore soasured and tho mgen valuss found. Thae convolutions
wore Tound to dissppesre at 8.4 7 extension, which is vory near
Lo the sxdonsion ab the second point of inflexion { 8.9 74 ) in
the norsnred pireps-strain curve of this sample. Yhe extension
to brask { 10,9 P ) coineided feirly with that rocorded on the

Combridee Extensoneter for this sample { 13,4 % ). This neans
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that most of the oxtension contributed by the wnfolding of the
convolutions ie confined to the first and second steges of the
stress-gtrein ourve. Gonsequently, the contribution of the
convolutions to fibre oxtensibility may be subtracted from the
extonsion at the second point of inflexion ond the siress-gtrain
curve re-plotted. The stress required to wnfold the convolutions
met be equal Yo the stress at the aecnndApoint of inflexion
and therefore the eanvalutiané do not meke any contribution to
the tensile strength of the fibres.

The replotted stross-givain curves show definite Qifference
in shape from the original ones. The curves show only two stages
of extension ( insteed of three stages in the original ones ),
the initial stege followsd by a second stage in which stress
is proportional to strain ( see figures 23 ~ 32), the calcala%ad
initial Young's moduvlus ( X, ) and stiffness ( Spa ) ave
appreciebly higher then the measured ones ( ¥ snd Sp ). The
gontribution of the convolutions in the work of rupture is
appreciable and comparable to their contribution to fibre

extension to break { see tables 20, 21 ).



Plate 1. Saoaru 26J (o),
(S., IT.)

50 days old .

Plate 2. Saman* (o),

(S., IV.)

40 days old.

Plato 3* Sanaru 26J (o),
(s., IV.)

30 days old.
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