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SUMMARY

The effects on dyed woollen material of permanent
pleating processes such as the sodium bisulphite (Immacula),
the ammonium thioglycollate (Siroset) and the urea=-
bigulphite have been investlgated. By exposing the material
to various conditione e.g. during a sea voyage, has been
assessed and some dyes have been found 1o be sensltive {o
the presence of reducing agents. In light~fastness tests
an ever wider range of dyes hag been found to be sensltive,

A comparative gstudy of some mechanical properties
of the woollen materials treated with reducing agents and
steamed Por various intevvals of time, ranging from 20
to 120 seconds, has been made and a relationship has been
found between the percentage swelling and the tensile
strength of the treated materilal. A conglderable loss
in the tensile strength has been found in the case of
yarn glven the urea~bisulphite treatment. The crease=
retention of the material stored under various humidity
conditions has been studled and found to vary very littlce.

Optical and electron microscope investigationg have
been made on the wool which has been given the above

treatments and the investigations have been further



extended to the fibres treated wlith urea-reducer solutions
under various conditions of concentration, pi, time and
temperature. Different stalning methods have been
employed to differentiate between the ortho-~ and the para-
cortex of the flbres. The resgults are discussed in
relation to the histological location in the fibre of the
action of these reagentse There is an evidence that
in merino wool fibres having & bllateral cortical
structure, under the condition of neutral pH, the urea-
reducer solution attacks the cuticle around the ortho~

First dissolving
cortex, hesglnnimemet the outer layer of the exocuticle
and, within the fibre, dissolves material only from the

ortho= cortexXe.
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ABSTRACT.

the effeets on dyed woollen materiol of permanent
pleating processes such as the sodium bisulphlte (Tmmacula),
the emmonlwa thioglycollate (8irvoset) and the urea-bisulphite
have been investigated, By exposing the material o vayrious
conditions of humidity and bemperature, the eff'ect of storage
conditions €o8. during a sea voyage, bhas been asgessed and
gome dyes have heen found Hto be sengiiive to the presence
of reducing agonts. in light-Tagtnegs tests an even widey
range of dyes hos been found Lo he secsasibives

A comparacive situdy of some mechanical properiies of
the woollen materials treatad with reducing agents and
gheamed Lor various intevvals of tlme, ranging from 20 10
120 seconds, has been made ond & relatlionship has been found
between the pereentag@ swelling and the tenglle strength of
she treated maberial, v eomsideéable losa in bthe teasile
atreneth bag been found in the case of yern glven the urea-
bigulphlite treatment. The erease-vetention of the material
gtored under varlous humldily conditions has bson studied
and found Ho vary very liititle.

Optical and electron microscope investipgations have
been made on the wool which has been given the above
treatments and the investigations have been furﬁher‘exﬁended

w0 the Tibres treated with ureaw~veduger golubtions under



various conditions of eoncentraticn, pi, time and
bemperabure, DifPervent staining methods have bean
employed to differentiete between the ovrtho- and the
para~corbex of the fibreg, The resulls ave discussed
In relation to the hisbological lecation In the Tibye of
the action of themse reapents. Th@re is an evidence that
in mevino wool fibwes having a bilaternW 20rti cel structure,
wder the condition of neubral pﬁg the ufnmmvaducer
solution atbtacks the cuticle araund 'bha @vthoweaﬂﬁbm, £ivst
dissolvingt Ghe muher-iaycf of the exoeu@xe&a and, within

R y

. B N L N ’.\\ .
the fibre, dissolves material mainly from the ortho~corten.
LS
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CHAPTER T

INTRODUCTION



The introduction of synthetice fibres such as "Terylene",
"Aerilan®, "Tricel", Courtelle", during the past decade has
ereated a-smest rivalsto the wool textile industry and recent
surveys conducted in U.5.A. show g decline in the amount of
wool uged for clothing,presumably due to the impact of the
acrylic fibres.

Before the advent of the synthetic fibres the user's
choice was restricted to fabrics that were made from the
cellulosic and natural protein fibres. Wool was congldered
t0 have valuable pleating propertiess The pleats obtained in
wool fabrics by steaming and drying arve of temporary nature as
they are destroyed if the fabric is moistened.

The modern synthetic fibres possess exceptionally good
pleatling properties due to thelr thermo~plasticliy and are
amenable to permanent distortion if treated under suitable
conditiong of temperature and pressure, Pobrics made from
yarns prepared by blendlng Terylene staple fibre and wool
(approx. 50-50) can very easily be given permanent creases and
"pleats by exposing to shper—heat@d gsteam for a short period and
these have a high resistance to washing and lauvndering.

’ The remarksble commercial success of durably pleated or
ereased garments made from synthetic fibres has had a serious

impact on wool comuerce. It was because of this success that



research into the Tinishing of wool fabriecs was started and
in reecent years thig eseewsel=ywork has met with gome successe
There avre now available two permanent pleating or c¢regsing
procesaes for wool fabrics; an Avetralian proeess konown &s

§i-Ro=gob

which is based on use of smmonium thioglycollate
and a British process called Immaculag which makes use of
sodiwn bisulphites Very vecently these permancnt pleating
processes have been successfully combined with the shrinke
proofing treatment to impart to woollen materisls a non-
iron property%‘ 8e&e the "Sirvonized" finish for "Hasgy-care!
properticy developed by the C.S5.l.Re.0. 0Of Auatraliagg
Recently the reactions in permanent pleating processes have
been developed to give a high permanent lustre $o0 all-wool
fabrics. A new ovganic chemigal called Measac, manufactured
and sold by the Assoclated Chemieal Companies, has been
eppeclally developed ;n co=operation with the International
Wool Secretariat to provide a simple, effective and very
economic method of processing woollen and worsted fabrics
to obtain a £lat finigh, durable creasing and craease-shedding
properties. Invegtigatlions have further Bhowh that with a
Measac treabtment a lustrous finish stated to be permanent to
Hoffman pressing, can be obbtained on plle and worsted fobries.
It is logical to think that, the more processing

woal&ea:material‘reaeives, the further will its properties

such gs strength, quality, handle, depart from those of the



original and that in the case of dyed goods, finishing
procesges may alier such things as shade, lightfastness,
weshfastness. The following introduction gerves as general
survey of the mechanism and spplication of durable pleating
processes and thelr effects on protein fibres.
THE MORPHOLOGY AND HISTOLOGY OF WOOL PIBRES

As revealed by optical microscopy, the £ iner wool
fibres are cellular structures consisting of two distinet
regions: the cuticle or sgales and the cortex, sach made
of Aifferent kindg of cell. Many fibres, in particular
the coarpser oneg, have a medulla also.
Gutiele

The cuticle cells have two main components, the
exocuticle and the endocuticle (fige 1) and on the outside
of the exocuticle there is a chemically resistant susbfeems
outer membrane, about 100 A thick, called the epicuticle§;6'7
The exoecuticle is enzyme~resistant bubt easily attacked by
keratinolytic agents, while the endocuticle is susceptible
to enzyme attack but resistant to Keratinolytic:iveagents.
Recently a dirferentiation of the outer layer ol the

Bs9510,11,12,13 1o presence

exocuticle has been indicated,
of two sheath like layers eaveloping the cortex or in
other words a second layer underneath the cuticle propen,

called the tWgubecutis" was suggested by Reumuth28 and other
25,26,27

9,29

workers 0 37 but varlous other workers have rejected

this ddea.
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gortex

The cortical cells comprise more than 90 per cent
of the tobal Dibre mass of most wool fibrés‘ In 1983,
Horio and Kundoglh by their diffevential dyeing technique,
demonstrated the existence of a bilateral cortical struecture
in fine merine weol and sinee then the presence of Hwo
different kinds of c¢ell in the cortex of fine wool has been
confirmed by many reseavch workers employing various

tschniqueﬁ¢15’16917918919

The two regions of the covtex are
generally referved 0 as ortho~ and para~ cortex and the

ogourrence of mixed types ot celi called helevotypes, which
lie in between the ortho- and para- types of cell, has been

20

indicated, In the coarser types of wool such as Lincoln,

a radially symmetyical distribution of cortical sepments has
been showns the 6rthecortex surrounds the paracortexagl

A preat deal of controversy exlste régarding the
packing of microflibrils of the two segments of the bilateral
cortexna It has beon suggested that the microfibrils are
arranged in whovls in the érthoearﬁex; whereas there ip

nearly perfect hexagonal packing in the paracortex.ag

These
lateral asggregates of microfibrils may form macrofibrils
which, in a fine wool having a bilateral cortex, are clearly
defined in the orithocovitex but are lndisgitinet in the para-
cortex, Is ik suggested that the microfibrils, about 60-70 A

in diemeter are made up of subunits called “protofibrils" and



each "protofibril" is made up of three protein chains in
the form of modified h@lieesgzﬁ’aa
CHEMICAL STRUCTURE AND PROPERTIES OF PROTEIN PIBRES

All proteins apye polymers formed by the linear
condensation of £ -« smino acids through the peptide linkege
as shown in Lige 2. The structural formula of an « - amino

acid ia
NH == CH ~= Q00"
C

R .
R varieg in‘thé différent amine acids from the slmplest case,
where R = hydrogen in glyecine, to the most complicated,
where R = methylene indole in trypiophane. It will be
- seen that these R groups form side chains such as aﬁéﬁ
neudtrals, basic, acidic and cross~linking.

Wool, halr, and fur fibres are composed of a speelific
group of proteins ealled the kevatins. The kevatins differ
somewhat smong themselves in chemical compositions butfﬁhay
are all characterized by a high content of cystine residucs,
which render them lnsoluble in many reagents. Tﬂé ﬁeﬁtral
gide groups have little effecet on the dyeing and finishing

of wool but the acidic and basiec groups influence meny of

the chemical and physieal properties,

Crogs linkapes

The side chalns, neuvtral, acid, baslc and sulphur

containing, may be linked in various possible ways between
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different parts of the main chains and between separate chains,
The following four important types of liankages are lLnown:

(1) van der Wails Foreces: generalised lnter-chain forces,

(2) hydrogen bonding, in which a proton forms the Link
hetween two elegtro-negative stoms (an example of

_this type is hydrogen bending between €O and N groups
in parallel folds or helices in the same chaln

(fige 3)¢ These bonds are believed to hold
aedjacent chains together in the cryptalllitesn.

(3) salt linkeges formed by a basic radical (e.g. lysine,
arginine) assoelating with an aciaic radical (c.ge
glutamie acid, aspartic acld), see fig. U.

(L) disulphide linkages, in which a cystine residue links
two adjacens, more or less parallel chains or two
parts of onc chaine The disulphide bond is a
relatively short one but is more stable than the salt
linkagen which are generally more reactive (fige U).
One scheool belileves thalt some of the diswlphide bonds
in the kevabtin ave intra~chain as in 1nsulin50 hut
so far the precise nature and distribution of the
covalent disulphlide linkages are not known and in
particular there is some disputc as to whethor they
opceur in the crystalline regions. Undoubtedly

however the disulphide bhonds are responslible to a



congiderable extent for the great chemical and physical
stabllity of keratin Tibwres.

The polypeptide chalns are believed to exist in different
conformatlons in dlffefent proteing. Bxamples aved

(a) in :f:’i‘.i:wa:ln,v3'I the silk proteln, chains are in the
fully extended Torm and are avranged Ffairly parsllel
to the fibre axls,

(b) in keratin and collagen, o *32

chains are in the form
of twists or folds,

(e) 1in globular ;p]f'crt;zss\im;a,33”3LL the polypeptide chains

ave super-folded as well as folded.

The chain molecules in wool normally exigt in the folded
form ( « =keratin) and streteching of the fibre in water results
in an unfolding of the molecules (8 <keratin) as in Tilbroin.
Unleas the chains are set in thelr extended eonfiéuration by
formetion of new bonds they return to thelr originel form upon
release in walters

Various chemical and physical investigations have been
made regarding the molecular chain conformation in the un-
gtretched protein Libre. The early suggestionsg were of flat
folds38 but Pecgnt work strongly favourg the theory put forward
by Pauling and Corey35’36 that thevre ig a helical arrangecment

of the individual chains in L <keratin. It is sugpested that

the helical chsain itself may be colled around a sEasie—kinple-



Srefie—wdet lincar axis and thus fovming o ‘coiled coll’
ghrueiturea,

The polymer chain molecule in provein fibres appear o
lie with thelr length voughly along the fibre axis and to bhe
arranged in an oriented manner in eertain pavts and in a move
random manner in others to fovm bthe so-called crystalline and
amoyphous portlons of the Tibre. It has been suggested by
Hallwood and Hawrabin,Bg from an analysis of the water
adsorption igothermh, that the Lraction of wool accessible to
water, le.e. the "smorphous phase, is a 1ittle move than half
(56%) of the whole bubt X-~vray raﬁultsnﬂ indliecate higher value

of 70-80 .

Action of reduclng apents on disulphid

The disulphide bonds are best broken by application of
an acid or alkali, or a reducing or oxidigzing agent, while tha
palt linkages are best broken by falrly strong acid treatment
or by steaming. If either type of bond is broken under
reasonably mild conditions so that substantial Further chemical
daecompogition of the wool ig avoided then,on removal of the bond.
breaking conditions, there is opportunity for the bonds to be
re-~formed or new types of bonds to be formed in their placee
Although acids and alkalls are knownto break the disulphide
bonds, they are not suitable for finishing processes as they

remain within the fivbre during linkage vebullding and are



capable of breaking the polypeptide chains. Thexrefore. if it
necessary to use a volatile or thermally unstable agent,

In the light of this consideretion, smmonium thloglycollate
and sodium bisulphlte are used in permanent pleating precesées.
The reaction with thiloglycollic acid was originally

gtudied by Goddard and Miehaelishl who showed that the
disuwlphide hand~is raplidly converted to thiol groups in
A2

alkaline golution. MHarris™ and hls collaborators showed
that the reschion with thiols in neutrsl solution is confined
to the reduction of the disulphide bond. The thiol groups
produced by roductlion ave very Lebile and can be re-oxidized,
eitheﬁ by prolonged exposure to the atmosphere or by trest-
ment with mild oxldiging agents cefe hydrogen peroxide or
puﬁaSsium bromate and this reversible process forms the basils
of all the "home permenent waves®.

The reaction of wool with bisulphlte is of considerable
industrial interest as bigulphite is uged for bleachlng wool,
as ‘snti-chlor in some antishrink processes and for permanent
pleaﬁiﬂg of wool Pibrens The disulphilde bond is not

, w3
significantly attacked by cold dilute golutions of bisulphiﬁe4)

but under move severe conditions, Elsworth and Phillips&u
phowed. that 50 per dent of the total cystine can be reduced
by this reagent according as the equation

0H~8ﬁ3w8~8wﬁﬁgaﬁﬂ 4 Naﬂﬁoﬁ

UH&GHQSE + NEOSOQ~S~CEQMGH



It can be obgerved that half the sulphur forms sodium: eysteine
sulphonate and only one half is converted to thiol grovps.

It seems that of the eysbelne groups prbduceﬂ in the wool this
way, half are more labile than the remsinder and revert ©o
cystine on viansing with cold watewr, Wool flbres bolled in

5 pey eent godium biculphlie pupercontract and thig is taken
an evidence of the reduction of cysbine ermsslinks.us If wool
is kept strebehed while bolled in dllube bisulphite and
subgequendly washed in water, it remains permanently elongated,
the disulphide links having been reformed in new positions.

~ Ammonium thioglycollate has a similar action on wool

to bisulphite solution.t37

(‘:H«»szg-s..s‘—(::ﬁ + -ITIS-»GHE-GOOI\}H&
GH~GH ,~5H 4+ CH«CH ngmSwGH o ODI&THL!‘

DEVELOPMENT OF DURABLE rPLEATING PRGGEQQESL«“B

DEVELOPMENT OF DURABLE PLEATING PROCESSES

The creaging ol textile materisl is a complex effect
involving tensile, flexing, compressive and torsional stresses.
The bending elasticeity seems (0 be of the greatest imporitances
ereases appear when the materiel is distorted in such a mhnner
that part of 1t is sﬁfatched beyond its esmell Iimit of elastic
recovery. The bendlong of the fibres which takes place during

ereasing ileads to an extension of the upper surface and a



Il

7

compression of the under surface

16

and any durable pleating
process must "set'" this deformation.

. The abiiiﬁy of? woél fivbres to take a permanent set was
investigated by many ea.i»-ley ,-'monker*s%e;;?;?i&kl“’l‘haugﬂ it was shown,
éome twenty years ago that the setting of stvained fibres in
gbteam or agueous media ils assisted by alkelis, sulphites,
bisulphites,hB?QT’ug no ﬁyétematic attemnpt was made to find
out which of the many possible reagenits would be the most
guitable for obitaining permanent pleats in all -wool fabrics,
nor to determine the conditions of its use to give maximum set
with minimum damage to the woolleh fabrice

In order to understand the new pleating processes 1t is
important that the~eh@micél-mechanism of the process lee. the
mannér‘in whieh the moleculayr bonds are broken and re-formed
should be knowns However, ;t 1s unfortunate that the chemical

aspect of the process is hot very clear,

Steam setting

The study made by Speakman regarding the mechanism of
permaneﬂt get was the basgis for defining optimum conditlons
for gsetting wool Ffabrics with water and buffer golutions h9
ilsses the normal steam-pressing pr5095$9 This work also led
to the procedures for permanent pleating and settihg of erepeu050

J The degree of permanence of the pet depends on the pH

an
of the fabrie, temperature, time and the presence of )adequate



amount of moligture. The success of the setting process
dapends malnly on the reaction of ﬁhe solution: 1little or no
Bet can be obtained in acid media, while a high degree of set
is achieved 1n alkaline solutions. However, because of the
possibility of damage at high pH values, the process is cafried
out at pH less than 9.
fome years ago Speakman47 and hig co=-workers very
cavefully investigated the manner in which a wool fibre could be
sbretched in gteam to bring about its permanent elongation and
advanced a theory of the chemical mechanism of permanent set.
According to thig theory get is due to two consecutive
inter-molecular reactions, viz. ruptufe off the disulphide bonds
and reformabtlion of new bondsg by reaction of the terminal
sulphenle acid groups with free amino groups made available for
this purpose by»a simaltancous rupturing of some of bthe galt

linkages:

WeCH ,=8-8-CH,~% 20 _,. We-CH

o p=SH & SOH-CH,=W

2
gulphenic acid

W-CH 300+ NHEwW' -“—”*’-WuSEEQSwNﬁmW'

It is also suggested by Speakman that in the presence of slkali

the sulphenic acid group might react asg:

wmczzéwaazi > W-CHO + M8

WeCHO 4 HyN=W' —— WeCHeN W'



I

The new bonds arise from reaetion between ruptured disulphlde
bonds and salt linkages. | |

However, more receatly the permanent setting of wool
Pibres has been very carvefully studied by many warker$51*52’53
tand they eansidgr that the setting depends on a breskdown of
both hydrugan énﬂ covalent bonds by ﬁh@=ﬁ#§2§gg%$ﬂ¥ﬁrand £
subsequent refovimabion of hydrogen bonds between adjacent
meleecular @haina in their enforced configuration, New dmoit=
linkeges may be formed but no stronger bonds resultiag from
reformed disulphlde or modlified disulphide bonds. The
existence of two different mechanisms of sebtting namely
cow-gperative chaln unfolding and molecular slip has been

suggested.ﬁu

Setting with raduagggwgggggg

In ovder 30 obtain a durable pleat in a wool fabric, the
fibre must Lired be converted into a plagtic state; the plastic
fibre ig then given the d@siﬁeﬁ conformation. Reducing apgents
such as ammonium thioglyeollate, sodium bisulphite, ethanolamine

h aulphit@;gg

which are capable of breaking disuiphide bonds, ave
used in order 4o bring about plasticization, These reducing
agents are cheap, readlly available and cause little damage to
wool. The steaming which usually forms part of the process
also ruptures the so-galled salit-linkages. In the Tollowing

account the wvarious possible commeraeial processes are deseribed
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separately, although the findings on one process ave often

relevant to the others,

Sil-ro~get process

&

h [ [ o =4 &y
Phe Si-Ro~getr?90255556,57 process for permanent

pleating of wool fabric wag developed by the Commonwealth
Sclentific and Indugtrial Research Qrganisation in Australla.

It.has been shown by‘Farnworthﬁg that g very rapid and
high degree of permanent set can be imparted to the wool
Tibres in bPolling solutions of reducing agents. The SiRoSet
process whieh is based on the use of a dilute solution of
ammonium thioglycollate at pil 7 and steam pressing treatment,
Tollowed directly from this worls 'The nature of the
reactlion has been discussed on pelo »

In actually ecarvying oub the SiRoSel process, the wool
fabric is treate@ with a dilute solubtion off ammoniuwn thio-
glyeollate ab pll 7 and a durable crease or pleat is (then
formed by steaming for a short time under suitable conditions
of temperature snd pressure, Usually 'ihé’steaming is
carvied out in the Hoffman Press, fivst for 20 seconds at o
sbeam pressure: of 57 psi, then Tor 20 seceonds without steam

seconds 59
and,finally;for,zoAunder vaeuun, Pleats may also be set
in the autoclave, in which case they reguire 3-5 minutcs atb

20-25 psi or 20 wminutes abk aibtmospherlic pressure.



For garments,such as men's trousers and ladieg' dresses
and skirts, the ammonium thloglycollate lg applied by a spray
gun, egpeclally made from sluminium, glass or plastic, The
solution should be gprayed in such an smouut that the area of
the wool sprayed galns about 40% in weight (this amount is
caleulated on the area of wool sprayed). It has been suggested
that the spraying should not be confined too closely to the
desired crease since coekling may develop due to a difference
of texture being established between gprayed and unsprayed part

of ‘the fabrie.GO

As the proportlon of water present in the
wool duving steaming nlays an important part, the treated
material should not be allowed to dry oult and slso to prevent
any decomposition of ammonium thioglycollate, which may ocecur
during storage, the interval of 15 4o 30 minutes between
treatment and steam pressing le generally recommended.

The ammonium thioglycollate solubtion used in the SiRo%el
process ia not ultimately washed out. flence 1t 1s interesting
to know what happens to the regidual chemleal in the finished

81

wool material. Springell carried out somé investigations
by using radioactive form of thioglycollate in which the sulphur
aboms weve an isotapic form of sulphur 335.

It was shown that the steam=-lvoning isg not associated
with loss of 835 labelled thioglycolliate, whereas washing with

water results in rapld loss of vadioactivity, followed by a



much slower decrease. Almogt complete loss of radio~
activity can be brought about by treatment with sulphide,
sulphlte, ov alkaline cyanide wherecas lithium bromide or
urea has little effect. It was concluded thalt of the L
to 9 mge of thioglycollate inltially applied per gram of
wool, 3 to b mg. are in o lablle but noanvelatile state,
whereas the remaining 1 to L mge. ave probably wlth the
cystine resldue, in wool, in a mixed dlsulphide form.

61

According to Springell the labile part consists of

unchanged thioglyeollate or possibly some dithloglycollate,

///SH ///S g
GEQ \ (3 2\ GH2

o0 GO0l HOGO
thioglycollic aeld dithiogiycollic acld

while the less easily wvemovable part may conaist of mixed

alsulphide’? of formile

WﬂCHQ—nf$~GﬂQ-GOOH

eystine thicglycolliec acid
residue rgsidue
(£rom wool molecule) (from ammonium thioglycollate)

The Formation of such a mixed disulphide can be explalned

by the followlng reactions:



WwCH2w3~S~GH2 - WﬁGszﬁﬁ + ﬁOSwCHEmW

W~GH2~SOH + HS~OH2m000H~*W@GﬂQ—S-SmGE2~GGOH
wool thioglycolliie o mized disulphide
sulphenia acid aeld

Spring&1161 econsidered bthat less then 8% of the disulphide
bonds present in the wool molecule enter into such o
reaction. Purther, he thought that the presence of residual
thioglycollate in the wool febrie plays no parit ia ithe
retention of crease, He suppoprted the theoyy explalaing

w3

the mechanism of permanent set put Torward by Farnworth938

6

. I,
Gerthsen and Zahn®3sOh invesiignted the problem of

finding relisble methods for detecltion of mixed disulphlde
bonds as agsumed by ﬁpringallﬁl whieh in fael ¢an sorve as
methods for detection of S8iRoSet treatwent in wool fLabrig.
They econcluded bthat it is possible to detect the mixzed
disulphide as well as the thioglycolllc aeid in treated
fabric by using the conventional methods of chemical analysis
of' wool. Rondo and his eo~workers investigated the

influence of free thloglycollie acid adsorbed in wool on

getting ahilityqéé

Jmmeeula progess
This now durable erease finish for wool wap introduced
by Praban.&t&»g The manufacburer treats the fabric with a

2% solution of andlum bisulphite for 15 minulbes at room
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temperaturce. At the end of this time, excess bisulphite
in removed hy vinsing and the fabric is then dvied at a low
temperature. To obtaln permanent creases wlth the treated
fabric the btailor has merely to steam in the Hoflfman Prosg
wilith the fabric belbween damp clothse

Aecording o SpeakmanEQ whern wool is treabted with
sodium bisulphite solubtion, the followlng reaction takes
place:s

[RomiG mi3 =13 + NaHSO3 —u——~%'R~S~S03Na + R-BH

When the material 1s rinsed, there is some reversal of the
reaction but much of the bisulphite remains in combinatlion
with broken disulphlde bonds. During steaming of the Cfabric,
disulphide bonds ave re-~formed, and the liberated sulphur
dloxide is free to break other disulphide bonds elsewheve in
the gtructure. The presence of water promotes migration of
godiuwn bisulphite and sulphur dioxide through the structure.
Davidson and Howitt65 abtempted to study the
mechanism of setting reactions by the determination of the
chemleal changes that occur in wool keratin during the actual
sebting processs, They first lnvestligated the aetion of
bisulphite on the model substance cystine, and then gpplied
the same procedure to bisulphlite~treated wool Ffabrics., They

were not successiul in obtaining satisfactory resulits.
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Urga~reducer treatment

Farnwcrthsa investigated the use of ures, which is
very effective in hresking hydrogen bonds and sali-linkages,
together with reducing agents such ag ammonium thio-
glyeollate and sodiuvm bigulphite, He found, for instance,
that o good permanent sebtiing of a creage can e obtained
by treatment with a liguor containing Lab% of godium meta-

bisulphite and b0 %o 50% of urea, at EOGGq

STRUCTURAYL RFRPECTS OF REDUCING AGENTS

Various reducing asgents, alone or along with
substances such as ureg, under different pH eonditions, have
been employed hy several warkars'l’ﬁ?”7? in attempts to
render wool soluble, PFollowlng the observablion thet urea-
roducer solutions could dissolve only pavi of wgsl75 some
histochemlcal lnvegtigations were carpied out. Mercerg7h
whose work Pfollowed the discovery of bilateral structure in
merine wool fibraglu Pound that the fraction extragted with
uraa~reducer solution from woel fibre had a definite
histologleal loeation viz. 1% came from ovihocoriei.
Histochemical study of wool treated with thiloglycollie aeld
has reeently baﬁnrfep&?tad.7g '

The treatment of wool flbres with reducing agents

sueh as thicglyeolliec acid undor ceritain pH valus, prior to



sbtaining with heavy meﬁalsl3'gg’2u’?9’go

such a8 lead,
Damhlmg silver, has been widely employed in order %o
achlieve improved contrast under the electron microscope,
The account of ‘the Xepay study of the strustural changes
in the wool Tibres by above Lreatment has been glven by

& 1% has been uggested that in fully

Sikorski and Woods.
keratinized wool fibre, which hasg very few sulfhydryl
groups, the chemleal tréaﬁm@nﬁ greatly lnereases the numberp
of thege groupg by reduction of the disulphide bonds in
sulphur-pich cementing materlal in the cortex, koown as
"matrix', resulting in dense stainipng of thiz reglon with

heavy metals.

MECHANTCAL BRFPEQTS OF REDUCING AGENTS

Tery litile work gseemg ©0 have been done regavding
the measurvement of mechaniceal propevrbies, under the normal
conditions of humidity end tempevature, of the wool Tibyes
treated wilth reducing agenits. Very recently studies of
the mechanical properities of cystine-veduced wool Tibres
at various relative humidities have been reported by

8L . He observed that the weduction of

Feughelman,
disulphide content of a woel fibre produces progressive
modification of mechanical pyvoperties of the Pibye at all

humidities.

a0
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L2, 125, 139-142
Most of +the work on ‘the mechanical

properties of wool fibres treated with reducing agents, such

© as sodium bisulphite and smmonium thloglycollate, appears to

have consisted of measurements on single fibres immeresed in
either water or the solutions of reapents, The purpose of
these investigations has been to discover the effects of
dlsulphide linkages on the mechanical properties and to
interpret them in terms of the chemical structure of the
fibres, Ag a result they are not particularly relevant to
the present worlk which concerns yarns and fabrics used under

novmal "dry" conditions.



CHAPTER IX

EFPECTS OF REDUCING AGENTS ON DYESTUFFS
AND THREIR LICGHTFASTNESS



INTRODUCTET ON

As the sebiting procesgses masht be carvied oubt near the
end of the finishing routine one must take into consideration
thely effect on dyesgtuffs. It is clear from the literature
that the use off ammonlum thilioglycollate and sodium bisulphite
as vreducing agents in pleatlng processes causes a marked change
in the shade of gome of the dyes used for woollen materials.
3565,85,86,127 With many acld dyes there is a possibility of
bleeding wnder the influence of the Siroset process and also
the ammonium thioglycollate ls capable of reacting with ithe
metals such as iron to form coloured complexes and this may
create alteration in shades |

¢
Several dye manufacturers have published reparta)g”gg’

83,8k showing the fastness of thelr entive range of wool dyes
to the Sirvoset and the Immacula processés. They have taken
into account variousg factores such ag (L) neutraligation of the
dysd material before subjectling to the Siroset process
(2) effects of reducing agents (3) effects of steam pressing.
It appears that the sultability of a given dyestulf for
subsequent “Siroset or Immacula processing is dependent on the
pawticuiar finishing process and the ﬁrade Tor which the
parvticular article ls intended. Also the degree of
sugceptioility of cach dye depends on the depth of the shade

employed. It ig thus difficult to arvive at any general
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conclusion from the results given. The effect on the dyes
seems to be speeific for individusl dyes and not
characteristic of a class or range. Faw of the chrome
range which comprises metal-~contalning dyes are completely
unaffected, many are satisfactory, only a few are very poor.
Also groups of dyes c.g8e. oranges and, particularly, yellows
are more affected than others by the above pleating
Procesaes, The changes in shade brought by permanent
pleating processes in wool dyes ave lrreversible except in
the case of Uldtralan types where the original colour can be
restored by a mild oxidation treatment of 2-vol. hydrogen
peraxide.85 ‘

in the recent IGIu publication, account has been given
of the work done on the fastness of wool dyestulfs to the
latest Pinish for wool called the "Sironigzed" - "Iasgy care'
finish, In the presentation Of results, the effect of a
combined shrink-process and seﬁtihg treatment, which
corresponds to the full gironized process alter dyeing, and
alge the effect of getting on pre~-shrinkproofed dyed wool,
which corresponds to the processing sequence shrinkproofinge
dyelng-setting, are discussede

It is known from the literature survey that so far
no attempt has been made to investigate the effects of these

procegses on the light fastness snd washing fastness of the
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material, Only some suggestlons have been made that
treatiment of dyed fabric with thioglycollate may affect
the photo-sensitivity of the dyes.3°65’86’126’127r132
Moreover, 1t is understood that if the dyed and permanently
pleated material is exported to overseas countries, a

change in shade la observed. The material, as usually sent
by ship, may take between two and éighﬁ weeks before it
reaches the destinatlion and during this period it is possible
that the material is stqred under the condltion of high
humidity and sometimes high temperature.

In the present work attempts have been made to study
the effecets of storage conditions by exposing the samples,
dyed with different dyes and trested variously, to different
relative hunidity and temperature for a period“of twro weeks.
Also, abttempts have been made to compare the lightfastness

of the Qyed,; treated and untreatod material.

lMethods for nssessing the chonges in ecolour

The methods for the evaluation of the changes in
colour of the dyed and treated semples can be divided into
the following two classes,

(1) Vioual methods

(2) Instramental methods

Viguel methods

They ave based on the use of the Society of Dyers and



Golourists' 1-5 grey scale. The samples ave graded from
5 t0 13 5 indicates no change in shade. The use of the
degignations such as B bluer, Br brighter, D dullevw,

G greenevr, R redder, W weakew, Y y@ll0war9 ig algo made
along with the grading numben. Several dye meanufaeturers
have asgegssed the changeg in %hé golour due bo pérmanent

pleating processes by employing thig method,

Instrumental methods

The quantitative assessment of any change in shade
of a coloured fabric sample involveg all the three
characteristics of colour viuz. purlity, bripghitness and the
hue or dominant wave-length and for this purpose a
reflectance photometer may be employad. in some
ingtruments a coloured pattern is illluminated by mono-

chromatic light from o spectrometer or filter and the

a4

intensity of the reflected light at a series of wave~length -

is compared with that reflected by a white gurfaces in
other ingtruments filters simulating red, green, and blue
or X,Y and % (C.I.8B,) standards are used, Thus eilther
indlrectly or directly the charascterisitics of the pattern
may he found and the hue plotted on the CIN chromaticity
chart, 128



BAPBRIVENTAL PROCEDURE

Materianls

All treatments described in this and the following
chapters were mede on all-wool flannel of plain weave which
had beeun previously scoured, carbonized, neutraliszed, soap
milled and washed off with Calgon to remove residual lime

and B08ps.

2 per cent ammonium thioglycollate golution was
prepared by adding (by volume)
Thioglycollic aeid (98%) oeo  eoe 20 parbs/1000

Ammonda (Sp.gr. 0.880) eoe oo 20 parcs/1000
approxe.

Lisﬁapi)l N ceon ¢ae cee 2 L?&I"ESS/‘?OOO

to irvon-free water and the pH value of the spolubtion was
adjusted to 6,75, PFresh solutions were used since
decompogltlion of the solution may occur on storage.

2 per c@ﬁt godiun meta~blsulphite solubtion was
prepared by dissolving 20 gms. of sodium meta-bisulphite
in 1000 e¢c. of distllled waters FPresh solutions were used
sines decomposition, with the evolution of sulphur dioxide,

takes place in 0ld solublons,.
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Uvea=bisulphite solution was prepared by digsolving
1 gm. of sodium meta-bisulphite and 30 gms. of urea (1aboratory
reagent) in 100 cc. OFf digtilled water, Thé pH of the

golubion wasg 6.

Byen
The following dyes used in these expeviments were

commercial samples obtained from the ICIL.

Levelllng dyes
(1) Naphthalene Green 8 or CI ACID GREEN 3
(2) golway Blue RNS or  CI ACID BLUE 47
(3) Lissamine Red 7BPS op CI ACID VIOLET 5
(&) Naphthelene Black 12 B or CI AGID BLAGK 12 B

After chyome dye

golochromate Past Red 3 GS or CI MORDANT RED 19

Acid milling dye

Solway Green G (150) | or  CI ACID GREEN 25

BXPLRIMENEAL METHODS
Prepavation of dyed samplags
The depth of shade of each dye uged for dyeing woollen

material is shown in TABLE I
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TABLE_ X

TR LT

Dye’ : Depth of Shade %-
Naphthalene Green GY 2050
Solway Blue RS : 075
Lilsgsamine Red 7BPY ' 0.70
Naphthalene Black 12 B 10400 |
Solochromate Fast Red 3G8 : 1430 :
Propolan Yellow 3GX | 150 ;
Solway Green G i 1470 Z

Dyeing Methodsg

Dyeing was carried out by sbandard procedures, ﬁeaeribed
brlefly below, on the woollen fabrle samples weighing
approximately 30 gns. The material to liguor ratio was kept
as 1150 . In the following recipes percentages are calculated

on the welght of the materlial being dyede

Levelling acld dyes

The sample was dyed in a dye solubion containing 10% of
Glavber’s salt and 3% of sulphuric aecld (Conc.)o. It wap
immersed in the wavrm dyebath (GOQG), which was vaised to the

boil in 20 minutes and continuasd bolling for 1 hour and was



then rinsed and driaed.

The sample was immersed in a cold solutlon containing
105 of Glauber®s salt, 1% of acetie acid and 1% of formiec
aclid (85%) which was then ralsed to boil in 20 minubes and
boiled for L5 minutes. Afber-chroming was done by Lifting
the sample from the balh aﬁﬂ adding 50 cc. of cold walter and
1% potassiun dichromete then replacing the sample and boiling
for 30 ménutaﬁ. The sample was rinsed and dried.
Aeid milling dyes

The pample was immersed into a cold dye soluvion
containing 10H Glauber’s ealt and 1% acetic acid which was

raised o boil in 20 minutes and boiled For 4 hour; after

.
vl

boiling for L5 mimuﬁés 1% aﬁ@tie'aeid%‘prevlausly diluted
with water, was added,
YMgthods pnd conditions of treatment

The dyed samples were cub into 3" x LY pieces (approx.)
and equal numbers of these pleces (uvsually fouwr) were given

each of the following treatments.

(2) giroset btrestment

The dyed samples were bthoroughly webtted with 2%
ommonivm thioglycollate solublon at room temperature and
were squeezed in a padding mangle so as to obtain 50%

molsture content (determined by weighing).



(b) immaculs treatment -

The dyed samples were treabed with 2% solution of
sodlium blgulphite for 15 minubtes at room temperature and were

then rinsed with water, sgueezed and aly dried.

(e) Uren-bisulphite treatment

The dyed samples were treated with urea-bisulphite
golution for 15 minutes ab room temperature and bthen squeegzed
as in (a)e.

(a) Water treatnent

The dyed samples were itrested with dlstilled water and

sgueczed to 50%4 (approx.) moisture conbenb.

Steaming in Hoffman Press

Lo e

The samples a, ¢, d, were sandwlched between "dry" wool
or cotton and the samples b boitween cotbton contalning 50%
molature and then were steamed iﬁj%offman Press at 65 1bs./8q.
ineh gaupge pressurce for 20 secondses The typical sequence of
operation of steaming being as follows:

(1) steaming for 20 seconds,

(2) further steaming for 20 seconds with the supply of

steam cut off,

(3) wvacuum treatment for 20 secondss

“Immaemlauf\meaﬂs that the sample was first trealed with

bisulphite solution and then gbteam pressed.
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Immacula—lf means the sample was treated with sodium bisulphite
golution and dried without steaming.

AlL the above samples were allowed to condition for at
leaot 24 hours and then were subjected to colour asseasment as

degeribed later in this chapter.

Gondlitiong of the exposure

A cloged plastie cabinet, in which the astmogphere was
maintained ot constant temperature ( * 1% ) and humidity
( * 2% ) ueing Aifferont saturated salt solutions (TABLE II),
was uged Tor exposing samples in series of experiments. in
cach series, a set of treated samples along with a control
sample was exposcd to a pavticular humidity and temperature

foyr two weekse

ZADLE  LIL

e ) . . - . c e - —— |

Temperatureac salt 7RI
20 sodium chlorate 75

ammonium dihydrogen 93

phogphate
25 magnesiuam chloride 32
godium chloride 15
ammonlium dihydrogen 93

phosphate
30 godium chloride 5

potfasium nitrate 93



A @AP8ienlty was obuorved durlng the high hunidity
and BeNperatillPe exXpopuyre (ﬁ@ﬁﬁ & 0% W) ap there wan
eondongation of wator laslde the sabiget. Thio wop avolded
by lageing tha outslde of the spbinet with thick layoer of
wopl and cotton fabricns

A% the ond ol oxposuro tlme, the sonplos weye removed
feow the cabinct and wore allowed to conditlon for at loank

18 hours ab 2690 ond 655 R priew o ony coleur ansebement.

apurenont of col oue
ALL tho colour mespurgmonts were performed on tho

YErn ' pelfleetonce opoctvo-phobometer using a thres Pilter
“whoel™, whieh gilves the XY, 2twrigtinmdue valuon dlroctiy.
A brlef dogseription of thoe instoument ond itso working 1o ao
FOLLowe

ha Light souree in g tungoten lomp oporeting ab a
golour temparaturs 208K (Bouroo A = CeT.He arsificial
Light stondayd) end hoo coeffleleats of X = 0408, ¥ = o.di07,
4w 0elhb, Tha ineldent light from the souvee fallo on tho
somple ab 5%, 1o voflectod on to the photocoll plueod
novtadly with fospeect to the somple and the eouprent gonoprstod
i pagoed to the galvanometor unit.

Yho inobrumont ceneltlivity on the standayd white
(nugneasium cavbonabte blosk) ils adjustaed in such o way thob

the galvonometer Peads
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100 for X fllter
90,8 for Y filter
3264 for Z filter
Readings on the samples are taken directly by using filters

X, Y and 72, from which the coeffTicients are calculated as

follows:
. b:§ L Y - A
nO= o y = , » e
b €N YA X+Y+% Xa¥aZ

In this work 5 readings were taken on each side of each
of the L samples from any one treatment; each of the 5

readings being taken in 5 different vregions of cach sample.

Hug
The x and y coefficlonts of a samplé were plotted
on the chromaticity chart. The line drawn through the
resulting point from the reference point of the light
source was continucd Lo cut the colour locus and the
Péaulting point of intersection was taken as the ‘dominant
wavelength® of the sample. It was found that the 'EEL’
reflectance spectrophotometor was not capable of indicating
the proper Hue (dominant wavelength) of a sample: veadings
tended to red-blue end of the chromaticlty dilagram.
However, in the present work, the instrument was used for

relative measurements.
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Brishtness

T e O

The brightness of the somple was obtalned by

maltiplying the ¥ velflectance reading of the sample by
100 -

908

@

Meycury vapouw 1lpght

An Oglira lém@ of L00 we ¢ power, which ran directly
from the maln supply, was used. A eylinder of sheet
aluninium 17 inches in dlesmeteyr and 15 inches high, centred
on the lamp with an internal civculay shelf Toy the samples
was uged. The lamp had a wealk continuous spectrum as
background with a number of superimpoged gtrong Mono-
chromatic bands at 3700 &, LO00 A, 5600 A, and 5800 AQBT

The nature of the light emitied Trom the wmercury
lamp used in this experiment is quite dlfferent Irom day-
light, but, since the aim of the present work was a
comparative study of the effects of reducing agents on
light fastness of different dyes and not the absolute
determination, it was thought reasonable ho upse the mercury
vapour lamp ap securce of light in place of sunlight. As
regards the velisbility of the test, it is observed thab
the difference between the fastness ratings of the samples,

an stanﬁara depth, exposed to the light from mercury lamp



and sunlight (ratings obtained from the Colour Index)

for equivalent dyes is + 1 grading, see TABLE III .

LARLE . LIL

T
2l

Gradlng number

Dye ! Afber exposure After exposure
to mereury to sunlight @
vapour lamp

B N

Naphthalene

]
. Green G9 2
i
. 8olway Green G | 7 G
' i
| Solway Blue RNS Beal 5
. Solochromato
. Past Res 368 | 7 : 6
- Lissamine Red | '
. TBPS 1 2 L5
. Propolan j

Yellow 36X . | 6 _ -

e e e A v B — R

Gradings obtalned from the Colour Index.

Methods end conditlons of exposure to lisht

A strip of 1 em x 6 om was cub from sach sample,
s

treated, untreated, and standard, The styrips were mounted



on cardboard and one guarter of the total length of each
gample was covered with eardboaragg and they were then
exposed to the direct light of a mercury vapour lamp.

The effect of light was followed by lifting the
cardboard cover periodlically and inspecting the standards,.

When a change in standerd 3 was just pere@iveé, the
gpecimens were langpected and thely light fastness were
rated by comparing the changes that had occurred with the
changes in gtandards 1,2, and 3.

The cover was replaced in the same posiition and the
exposure was continued until a change in stendord L was
Just pevcelived; at thisg polnt an addlitional card which
covered half the totael length of the samples, overlapping
the fivet cover, was flxed. The exposure was continued
watil a change in sbtandard 6 was Jjust perceived, then the
final card covering three quarter of the total leangth of
the samples was fixed, keeplng the other two cards in the
same posltion, The exposure was further continued until
a conbrast was produced on standard 7 egqual to the contrast
1llugtrated by grade I of the Soclety of Dyers and

Colourist grey scale.

ALL the thyee covers were removed and the changes in

the specimens were compared with those in the standards.



The light-fagtness grading of the specimen was the number
of the standard which showed a simllay chanpe in colour
(visual eontrast between exposed and unexposed parts of
the speecimen). Heneo 1 means very poor and 7 means very

good light-fastnesse.

AYPERIMINTAL RESULTEH

Hue
The general range of resulits isshown on the full

chromatliclty chart in fig, 5 and the detailed results are

shown on the enlarged povtlong of the chart, Only

- Naphthalene Green showed a éignificant difference and for

thig the detalled results are shown on enlarvged portions

of the chromatlelty chart in figs. 6,7,8.

Brightnegs

Table IV showg the difference between the percentage
brightness of the treated and the control samples exposed
to similar conditions of temperature and velative humidity,

for the dye Naphthalene Gresn,



FABIE | IV
Temperatuve in °C 20 1
XX wl oo om |
I R
Inmaculaw] 12,0 | 6.6 1 72
Inmacula-IT 93 6.0 | 12,8
Woter ___;iL“Q.BM 5 313 ‘Qf“?ﬂ

a5

AR

60| 1
D A7, L0

13 o:g- l 2-3

0.1! O

7.

546

1.3

.

30

Naphthalene Green (3, difference between % brightuness of treated

and conbrol semples.
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DIBCUSHTON OF REGULTH

It 1s observed that the pamples dyed with dyes such
as Solway Blue RNS, Solway Green ¢, Lissamine Red 7DBPS,
Solochromate Pagt Red 335, and Propolan Yellow 3GX, show
very little change in dominant wavelength or brightness
(£ 19) when they are exposed t0 various relative humiditios
and temperature after being given Siroset or Immacula
treaﬁmeaﬁg Tige 5o This +is expeeted because the dyed
samples when subjected to elther of the treatments show
very iititle change in hue or brightnesdg. However,
Naphthalene Green GS shows considerable changes in dominant
wavelength, fig. 6,7,8, and brightness (up to 17%) after
being treated and exposed.

It appearsg that In the case of Naphithalene Green G99,
the dominant wavelength of the Sivoget treated samples
tends to vevert to that of the control (untreated) when
they are exposed to high humidity and temperature, The
difference between the dominant wavelength of the control
and treated sample whieh is exposed to 32% RH at 25°%C ig
greater than the difference for a sample exposed to 93% RH
at the seme temperature, fig. 6. The difference between
the percentage brighitness of the treated and control

samplen decreases with the inerease in % R at constant
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temperature and with incveane in bemperature at the
corregponding humidity, Table IV,

In the case of the other two itreatments, Immacula-I
and Immacula~IT, the samples dyed with the Naphthalene
Green G¢ show a simllar reversal dn hue and brighiness as
observed in the 8iroseb treatmenﬁ, after expogure to
similay conditlons, £ige 7,8

In order %o explalin the conslderable change in hue
and bﬁightneﬁﬁg iﬁ the case of the samples dyed wilth
Naphthalene CGreen G8, 1t is firat necessary to understand
why the treabments cause the changes in the samples.
Unfortunately, a great deal of controversy exlsts regarding
the mechanism of the éhanges in hue and brightness brought
about hy these ﬁreatments.' However, it may be suggested
that the change in shade of a dyed sample when given the
Sivoset treabtment lg either because of the sensitivisy of
the Sirvoset solutlon to the metals which may be presens in
the dye or the reduction of the dye liself,

The first suggestlon cannot be supported by the
present resultg firstly, as it was observed that the chrone
dyeﬂ_aample did not show any uhamge in shade. Secondly,
the revergal of hue and brightness of the dyed and btreated

pample on exposure to high humidity and temperature cannot



he possible 1€ the change in shade is due to the formation
of colour complexes by the Siroset solution. Thirdly,
the sodium bisgulphite solution which is used in Immacula
processg, in spite of being ingensitive to metals, produced
similar changes in the shade of dyed material to theose
caused by Slroset solution.

The second sugpestlion that the dye may undergo
veductlion on the treatment moans that there may be some
ahanges'iu the chemicel constitution of the dye, for
examnple reduction of certain groups in the dye molecule.
Unfortunately it is not yet clear whileh groups may be
raspan@ibi@ for thise However, if such reduction la
possible, then the reversald of hue and brighiness may be
because of the slow oxldatlon of the reduced dye under the

conditions of high humidity and temperabure.

It ls apparvent from above that it i very difflicult.

0 derive any conclusion regarding the reversal of hue and
brightness after the exposure, gnle&&ha definite veason ag
te why the dye undergoes changeyan treatment with elther
of the pr@@easas'ig sought. However, present results
definitely indicate that those dyes which ave sensitive to
permanent pleating processes, ghow reversal in hue and
brightness wahen the dyéd gamples afber being traated, are

exposed to the high humidity and temperaturc, This is



gufficient to Jjustify our assumption that the change in
shade of the material, dyed wlth such dyes and given
rermanent pleating treatment before exportation may be
because of the storage conditlons on the Jjournoy.

The dyed, Siroset treated samples appesar to have
lower light fastness compared to control (untreated)
aampleéa The decrease in fagtness may be due to the
effect of either steamihg or ammonium thioglycollate
solubion. The possiblility of the foemer effect can be
excluded as 1t appears that mere gteam pressing does not
alter the light Tastness and hence it is suggested that
the decrease is because of the action of aumonium
thioglycollate solutilon.

Schiecke 86 puggested that if the dye ig fast to
the Siroset (ammonium thioglycollate) treatment, then its
light Pfastness would alter negligibly on the Sirvoset
treatment of a semple with the same dye. But it appears
that all the dyes investigated In the present work, which
have faiyly good fastness to the Siroset treatment, show
a decrease in the lightfastness when expoged to the light
from the mercury lamp; the decresse is mest pronounced
in the case of Lissamine Red TBPS. Naphthalene Green GS
whiech has very low fastness to Siroset treatment, suffers

nearly a complete loss in light fagtnessa.



Prom above 1t can be guggegbed thet the use of dyes
puih as Naphthalene Green 8, which have very low fastness
to the Siroset treatment should be rejocted if the dyed
sample is t0o recelve thig treatment. Secondly, even
though some dyes are fagt to the Siroeset btreatmont, it 1s
advisable to test them for itheliy faginess to light after
Sirvoset treatment.

It is observed That the sodium bisulphite and urea-
bigulphite treatments have no effect on the Lightfastness
of the dyes which are fast to the Tmmacula {godium
bisulphite) treatments However, both the treatmenis cause
a decfease'in the lightfasiness of Naphthslene Green GS,
though not ag much as that caused by the Siroset treaotment.

It can be concluded that among all the three
treatments lavestigated viz. 3iroset, Tmmacula, and urea-
bisulphite, only the Slvoset has some effect on the light-
Pagtness of dyes, irrvespective of thelir fasthess to the
treatmente L€ good lightfastness 18 one of the reguire-
ments of a dyed maoterisl recelving permanent pleating
vreatment, theu the Siroset treabtment should be avoided
walegs 1t ig known dirvecitly that the lightfastness of the

dye is not affected by bthe treabment.



CHAPTER TIII

THE SWELLING, CREAGE~-RETENTION AND TENSILE STRENGIH
OF THE WOOL TREATED WITH REDUQING AGENTS



INTRODUCTION

Swelllng properties

The swelling properties of wool fibres depend
primarily on the cystine linkages although the electro-~
valent salt llinkages may also be responsible to a
smaller extent. Any rupture of the cystine (disulphide)
linkages will lmmediately af'fect the swelling of the fibre,
Swelling meagurements, therefore,make: it possible to
estimate any damage that may be caused by reagents which
are known to attack cystine bonds in wool fibres.

Many microscopical techniques have been employed
to gtudy the swelling of a wool Fibre but because of
thelr 1lnaccuracy they cannot be relied upon. Centrifuge
methods of swelling measurement have been used by various
workers: Brown 89 in particular used the method to study
the damage puffered by wool on treatment with various
alkaline and acidic reagents used in wool processing.
Aecording to Brown the swelling can be measured accuraitely
by weighing the centrifuged fibres, which have previously
been wetted with a certain buffer sgolution, then drying
and welghing again, It appears from the literature that
ne attempt has been made to extend such tests to measure

the damage caused by reducing agents, used in permanent



pleating processes, to wool.

Mechanical properties .

. In order to determine whether the fabrics were
damaged by the pleating processes, Wolfram and Speakman91
carried out tensile strength measurements on the samples
of fabriec, which were untreated, itreated with different
concentrations of sodium bisulphite (with and without
rinsing treatment) and treated with ammoniuwm thio-
glycollate solutions. They found that febrics treated
with the 2% solution of bisulphite, rinsed, dried and
pressed were stronger than corresponding fabrics pressed
after impregnatlion with a solution of sodium bisulphite
or ammonium thioglycollate. Davidson and Howltt 65
measured the breaking load of wvarious samples of fabric
and yarng extracted from the fabrie that had been given
urea-bisulphite and resin treatments. They found that
the loss in tensile strength suffered by the treated
fabrics was small or, especially with the resin treated
fabrics, negliglble. gatlow and Gerthsen 23 measured
the tenslle strength of yarns from the wool fabrics given
Siroset treatment under varlious conditiods of concentration
of reagent, steaming time and presgsure. They concluded

that the wool was not damaged by processing.



The resistance to wear of variously treated
'samples was cxamined by Wolfram and Speakman 91, They
found that the fabrics pretreated with the 2% solution
of bisulphite had a greater reglstance to abrasion than
thoge pressed after impregnation with the reducing agent,
though all methods of pressing caused a fall in wear

resistance. Davidson and Howitt's 65

results showed
that the loss in resistance to abrasion was in some
instances small, but, with certain treatments appeared to
assume serious proportions. They coneluded that,
generally, the resistance to abraslon tended to follow
the changes in breaking load. Recently thé mechanical
properties of dlsulphide-reduced wool fibres, measured

84

over a range of humidities has been reported, It was.
observed that the reduction of disulphide content of a
wool Tibre produced progressive modlification of mechanlcal

properties of the fibre at all hunidities.

Crease-retention

The wash-and-~wear concept introduced a new requisite
for gorments e.g. retention of acceptabie crease or pleats
after washing and drying.,. ‘The term "Crease' 1lsg defined
as the deliberate fold in a fabric introduced by the

application of heat, pressure and moisture, The properties
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guch as crease-~registance, crease-recovery and crease-
retention can be olassified under the single heading of
resiliences All protein fibres ave highly resilient
and this is probably beesuse of the great flexibility of
the protein molecules and the exiotence of bulky side
chaing, Whilet the qualitative concept of cresse~
retention is clear, its quantitatlive definition ls
difficult: 1t hes been defined as the velation of the
crease angle in a subsequent state to the crease angle In
the inltigl statee The crease angle of a sample ig the
angle between the two avms of the sample.

Por the fabrics other than of wool, it is possible
to study the crease-retention of a creased material by
measuring the angle of crease by any of the apparatus
used for creage~recovery angle measurement. In the case
of wool fabrles, because of their thilckness, Fimpresss
and tendency to cﬁrl, there le no satisTactory method for
measuring a crease angle of a creased fabric. However,
in the past few years some workeras have tried to measure
the crease-retentlon of creased wooldewn fasbrics by
different methods..

- Wolfram and Speakman N

investigated the problem
of the optimum condlitions of treatments £é7 ivparslng

permanent creases or pleats to alle-wool fabrics and also



compared the merits of the bisulphite and the thilo-
glycollate processes. They concluded that i1f the fabric
treated with a 2% solution of sodlum bisulphite for 15
minutes at room temperature and pressed for 15 seconds
between damp c¢loth in the Hoffman Press, the angle of
crease retained after 3 hour immersion in a solution of
Teepol (0.3%) at room temperature ranges from 80° ror )
1ight welght tropleal suitings to 99° for a grey flannel.
Purther they thought that better vesulis were obtained if,
ingtead of pretreating the Tabriecs with sodium bisulphite
aolution, they were merely lmpregnated with a dilute
solutlon of sodium bisulphite immediately before pressing
for 15 seconds in the Hoffwman Press The godium
hisulphite gave much shavper ereases than ammoniuvm thioe
glycollate Iin corresponding concentration, Davidgon and
Howith 65 aﬁudied the ecrease petention of the gemples of
Pabric treated with different reagents such as urea-
bisulphite, detergent-bisulphite, reducing agents other
than biamlghite and thioglycollate, organiec baves
impregnated with sulphur dioxide, resins, and som% other
reagents. They found that if the materlials were stored
for 6 months after treatment with urca-~bisulphite and
then presgsed, the efficlency of crease-retontlon was

practically uachanged.



It is known that the absorption of water by wool
Tibves hag a profound effect on thelr mechanical
propertios. I% 1s algo konown that in the case of
gynthetle-Cibre Labrics a crease impressed by commercial
praegslng techniques ls well retained under high humidlty
ov even after waetting, whereas it disappears in wool
Tabrics under sueh cdhditians 92@ It appears from the
literature that so far no attempt has been made to
investipgate the effect of hipgh humidity and temperature,
which prevail in tropical countries, on the crcase
retentlon of woollen fabric given either Immacula or
Sirosaet treabtment. Moveover, it would be interesting
to exomine some dyed and treated sample as most of the
woollen materials which are subjected to permanent
pleating processes, such ns men's sults, ladies’® skirts,
are vsually dyede

In the present work attempts have been to study:

{a) +the swelling of wool from fabric treated with
reducing agents (used in permanent pleabting
processes), and steamed for various times;
(b) the tensile strength of the dyed and undyed yovrns
treated with reducing agents and steamed for

various durations}

49
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(¢) the different methods of permenent pleating of
dyed and undyed woollen fabrics and the optimum
conditions of steaming for each;

(a) the effects of storage at various humidities and
temperatures on the crease~retention of the

treated samples

BAPERIMENTAL PROCEDURE

Materials
Yool

The woollen fabrie used in these experiments was
that deseribed in Chapter Il In addition, for tensile
measurements, worsted yarns L8/2 Tex (12/2 worsted) were
soxhlet extracted with methylene chloride and washed with
distilled water and drlied at room temperature and humidity,

Chenlcals
In addition to the solutions desceribed in Chapter
II, a buffer solution was prepared by dissolving 6.26 gums,
of sodlum dihydrogen phosphate, 0.95 gm. of disodium hydrogen
phosphate and 2 ml of Lissapol N in distilled water and
the volume wasg mads up to 100 ml,. The pH of the solution

was adjusted to H.9H at Qggca



Ixperimantal methods

The woollen fabric and the yarn were dyed with
Naphthalene Grcen G8 as desecribed in Chapter II.

Dyed and undyed wool fabriecs were cub in to 3" x 6%
priecces and each plece was given one of the four different
treatments namely (o) Sivoset (b) Immocula-I (c) ureca=~
bisulphite (d) water, under the same conditions as
deseribed in Ghapter Ii. The dyed and undyed yarns were
treated similarly except that in the case of urea-
bisulphite treatment (¢), the yarns were divided into two
batehes; one bateh was rinsed in water after the treatment
while the other was not rinsed but squeezed oult and alr
drieds

The creases were then inserted in the treated
material by steaming them in the Hoffman press for different
intervals of time from 20 up to 120 seconds; the typlesl
gequence of operation for 20 seconds of sgteaming is

described in Chapter Ile

Swelline measurements

The undyed samples were eubt into " x " square
pieces. About 1 gme. of each sample was then placed in a
beaker which was filled with a buffer solutions, The

samples were allowed to remain in this solution for 4 hour,



at the end of which they weﬂe.taken out and blotted twice
batween Tilter paper to remove excess liguid and then
were. introduced into 15 ml centrifuge tubes prepared as
follows. The bottom 2 inches of the tube was filled with
absorbent cotton-wool vammed down tight with a glass rod,
a small eircle of Ffilter paper (prepared from a wad of
filter paper using a cork borer) was then ilntroduced and
the wool sample was placed on top of this.

The tubes were centrifuged at 1,200g for exactly
15 minutess The speed em@loyed was 35,700 rpm and was

caleulated from the Tormuls

N o= 298\[571:

where ¥ ls the gravitational factor required, r cm, the
distance of the sample from the axils and N, the number of
revolutions per minute.' A tachometer was used to adjust
the correct speed.

After cenﬁrifugiﬁg, the tubes were withdrawn one
by one from the insﬁrument'and the wool samples were
transferred without delay 1ht0 welghing bottles Cfitted
with ground glass sltoppers. The welghling bottles were
next weighed, giving the amount of fibre and absorbed
water, and bottle and fibre were dried Tor U hours at

110°%C and welghed again, giving the dry weight of the
Pibre,



Calculation of gwelling percentape
galeulation ol spwelling percentapge

Welghing bottle + centrelfuged wool (&)

Weighing bottle + dried wool {(v)
Weighing bottle (e)
Absorbed water ( a=b)
Swelling = .ﬁ:g X 100 %=
b=c

@

For each sample three readings of percentage swelling

were averagod.

Tensile strength

Storage econdition
The yarns treated with urea-bisulphite (without
rinping treatment) were exposed to 90% RH at 2500 for four

weeks.

Tensile strength measurements

In all cases the yarns were allowed te conditlon in
a room controlled at 20°C and 65% RH for 72 hours prior to
gubmission to tensile teats. The measurements were done
on a pendwlum type slngle-~thread testing machine. The
lower grip atbached to the machine drive traversed at a
eonstant wate of 12 inches per minute. The grips were
ad.Jusgted to accommodate 18 lnches of yarn ssmple.
Breaking load and extenslion at break werce recorded. Lo

readings for eaeh sample were tseken, All the tests were
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carried oub in a conditioned room at 20°C and 65% Ri.

reaga~rotontion

IR MR, T

gtorage conditions

(1) Dyed semples treated by the method (a), the
Siroset proeéés9 were allowed to lie flat on
the glass plates for 6 months in condltioned
woom which was maintained et 20°C end 65% R,

(2) Undyed samples which were glven twveatments (b),
the Tmmacula, and {e), the urea~bisulphite
process, were kept flabt on glass plates
avranged in a closed chamber controllied at

30% and 93% RH for 6 weeks.

Measurement of crease angle

A small plece of fabrle, 2 cm x 1 em creased
gentrally ecrogs the lengith was cut Lrom the above samples
and wap mounted on a razor blade. An image was projected
by means of a slide projector onto a screen made up of
drawing paper and the angle of crease wag measured
directlye. In all cases the samples were counditlioned at
20% and 65% RH prior Lo btegting and all the measurements
of crease angle were carried out in & condivioned room
maintained at 20°C and GB% RH, ¥For each somple ten

values of the corease angle were averaged.



BXPURIMENTAL RESULTS

TABLE VI
LT A o TR T T

The percentage swelling of samples twreabed with
sodium bisulphite (1%) and steasm pressed for different

intervals of time.

‘Swelling of untreated sample = 38.6%

- i
- Gteaming time Percentage swelling

in seconds Individual values Mean
10 0 b0ed Lh0W9  LOWJL B0e5
20 L W.2 Wl W5 Mol

%0 i D16 bie2 B1aT 11145
Lo o 1.5 h2.0 L2 h2,0
50 431 b24h L3ed 4249

60 : 52,6 033 L2.6 12,8

70 | hoa7 L3.2 W2.9 2.9

80 L0 2,9 42,7 12,0

20 379 36.5 Llely 586

100 391 w 11264 e

110 3705 3546 3945 3745
120 3849 3649 38,7 38.2

The veproducibllity of the resulits appears to be
sablsfactory up to the steaming of 80 seconds, beyond
whieh varied resulis are obtained. Up to 80 seconds

steaming time values appear to be reliasble to & 0,6%
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PABLE VI

The peveentage swalling of samples treated with ammonium
thioglycollate, sodium bisulphite, ures~blsulphite or
water and steamed for dilferent intervels of time,

Swelling of untreated sample = 38,6/,

1

s e j‘ - -
jateaming |
time in | Percantage swelling
iseconds oy oy : |
L CAmmonium | Sodiwm . Sodium ’U?ean l
thiogly~ | bi=' .| bie | bl Water
. collate | sulphite | sulphite %sulphite‘
L 2% 1% B | |
C (Birosel) (Tmmacule~ {(Tmmaculaw |
| oo I) |
| ; 7 L - : RGN 3 ~ : [
20 o M0JT 1 Wk - L 395 3949
: : i ‘ [‘ !
I Lo B T 4240 106 L bie3 | b3
60 | hadi . k28 b2 W9 b3
i ’ ; ?
80 j 39.6 ] h2e0 . 2Ba 8 L 1.6 % bie5
‘ - l

B R
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TABLE VIII

The breaking load and percentage extension at break of the dyed and

undyed yarns treated differently and steamed for 20 seconds

b

' Undyed Dyed

Treatment ! T .

. Breaking % Extn.| . Breaking % Bxtn

109:&. in S.H, ! at 1 SQE. % 10&(1 in S.E. at SOE'
i

gms gms. | break. % | gms gus break %

-+ S —

|
e
|

Ammonium :
thio~ ? ; '

glyooll- 329 4 17 0.5 317 A 20 0.6
ate 2% j ‘
(Siroset)

Ammonium i
thio~ ' i i

glycoll= 342 ' 4 19 0.5 - - - -
ate 1% ?

(Siroset) -

Sodiun : 5
sulphite 1%, 314 | 5 17 0e5 307 3 19 0.5
(Immacula-I) § |

vater . 346 , 5 . 20 06 | 200 . T 19 0.5

é ’ ,
Une ! , ; ! : %
treated f 350 J 4 l 2l | 0.5 313 P4 20 . 0.6




TABLE _IX

Undyed yarns treated with 2% ammonium thioglycollate

golution
Gteaming time | Breaking % Extension
in seconds . load in | SeH. at break Selle
i gNS. | gMSe 74
Untreated ; 350 L 24 0.5
20 329 TR 17 045
no 300 2 15 043 |
l ‘l t
60 ' 300 I 16 045
80 . 290 5 15 0.5
R I V T
TABLE X

Undyed yarn tresited with 1% sodium bisulphite solution.

R S i |

Steaming time | Bresking % Dxtension f

in seconds load in | S.E. at bresk Sk
SMSe EMge @

Untreated 350 1ol 24 0.5 |

20 5 17 0.5

5 | | | |

1o - 303 o 17 Oe5 |

) !

60 291 A 1 16 O3 ?

80 o292 b 15 0.3 |



TABLE XL

Undyed yarns treated with urea~bisulphite solution and

ringed in water,

Steaning time | DBroaking % Extension . g
in seconds lond in Salle at break = Sehe i
gMs,. S, %
Untreated 350 ) 29 E 0e5
20 . 310 5 21 0.3
4o - 298 5 24 . 06
60 297 6 19 0.k
80 300 5 16 0.2

PABLE XL

]

Undyed yarns treated with urea-bisulphite solution bulb

not rinsed.

Steaming time | Breaking 5-% Extension
in seconds load in  S.ile |, at break  Sele -
gMSe - gSe | - %
— en ; R i .
Untreated 350 L § 29 0
20 278 4 2 0.6
h0 | 265 | 3 22 0.6
! :
60 o 22 0.5 |
I
80 i 260 ) 3. 0.6

{
i : !
| i




60

TABLE XITT

Undyed yarns treated wlth urea=~bisulphite solutlon,
without rinse, and exposed to 90% R,H. ab 25°G for

L!- weeks.

- - s
ateaming time | Breaking | % Wxtension .
in seconds load in | S.E. at break Gelle
gmSe | gus. %
|
20 245 | L 37 " 0.8
Lo ; 242 | 3 37 . Da.6 i
60 . 222 b 36 1 0.6
i f
80 194 I 5 32 l 140 f
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The term ‘erecase angle'!, used in the following
results means the augle formed by the two sides of the
crease of a semple; an ldeal crease igs with the
adjacent sides parallel i.e., angle = 0, '*Dyed' means

the samples dyed with NWaphthalene Green (GSe

TABLE XTIV

The dyed samples treated with 2% ammonium thioglycollate
solution (Siroset) and steam pressed for different

intervals of time.

Noe Crease angle (°) |
Steaming time 1ln seconds
20 40 | 60 § 80
1 25 25| 21 | 22
2 2y - 25| 2 | 23
3 19 24| 20 | 25
I 2y 27 2 2
5 23 20, 23 24
6 25 24 | 21 26
7 22 . 27 | 27 23
8 26 2 f 2, 22 |
9 | 26 24 24 26
10 eb 24 25 28

Wean 23 | o4 23 o |

SE ”Méﬁé"”ibléw““6L% 0.6 |




TABLE XV
Crease angles for dyed and undyed gamples trested with 2% ammonium
thioglycollate (Sireset), 2% sodium bisulphite (Immaoula-I) and

uraea~bisulphite and steam pressed for dlfferaont inteorvals of time

Steem pressing Crea,se angle (°)
] T
time in sec. | mg:%_:_l:zzgget B ~ Tmmacula-l ; Brea-bisulphite
1 Undyed | a;,rea | Undyed | Dyed | Undyed ! Dyed
o | | |
20 24 23 29 22 | 23 i -
40 25 24 27 ea - 22 F -
60 24 23 | 26 22 25 | -
! ' i
80 j 25 24 | 2 24 24 -
TABIE XVI

Crease angles for undyed samples treated with 2% sodium bisulphite
(Immacule-~I) and urea-bisulphite and steam pressed for different

| %
intervals of time and then exposed to 3000 and. 93,RH for 6 weeke

1

Steaning time Crease angla (°) '-
in geconds | Immacula-I | Urea-bisulphito _
B - Unexposed Exposaﬁ Une:éﬁosed o ﬁ;p;a;E ‘

20 29 ; 24 23 | 22

40 21 24 22 2

60 26 | g3 23 22

80 25 23 24, 22 |
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Crease angles for dyed samples treated with 2% ammonium
thioglycollate (Siroset) and steam pressed for different
intervals of time and then stored for 6 months at 20°%

and 65% R,

| e _ .
- Steaming timo _“";rrcfgag§>angle (%) i
E2T o

in seconds Unexposed |  Exposed :
e . - |
20 23 5 22 ¢

|

140 24 22

! ; ;
; 60 23 21 |
t

80 2h, | 23 |
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DISCUSSTON OF RESULLS.q

e r T e e ¥
JEEAC R A e A R N

Wool keratin possess the characteristic of extreme
insolubility, which, it is believed, 1s because of the
numerous stable eovaient erosg=Linkages arvising from the
high proportion of cystine in the molecule. The swelling
properties of wool also depend chlefly on the cystine
linkoges, h2 though salt linkages may have some influencee.
It is obvious thaﬁ any rupture of the disulphide bonds,
which may occur by treatment of wool with strong reducing
agents such as ammonium thioglycollate, sodium bisulphite,
used in permanent pleating processes, will immedlately
alfect the swelling properiies of the fibre,

Ammonium thioglycollate trested samples show a
rapid increase in swelling up to the steaming time of WO
gecondno. As the gteaming time is further increased to
60 or 80 seconds there is a decrease in the swelling
(fige 9)e This would indlcate that ammonium thio-
glycollate ruptures the disulphide bonds raepldly when the
psanple is steam-pressed and the maximan rupture occurs at
the time of 4O secondse. if the time of steaming is
increased further than that there may ocecur a reformation
of the same or new types of linksg which in turn may

reatriet swelling as observed above. The rcformation of

the ruptured bonds does not appear to be complete at the



steaming time of B0 seconds as the value of swelling does
not f£all to that of the untreated sample.

The swelling of the samples treated with 1%
solution of sodium bisulphite rapidly increases during
first 20 seconds and then less rapidly, to reach a maximum
in the region 50 to 70 seconds, aiter which it decreases
slowly at first and then more rapidly, reaching the value
for untreated fibres at a steaming time longer than 90
seconds (fige 9). The dinitial rapid swelling of the
samples suggests the rapid rupture of the disulphide bonds
as Tor the ammoniwn thioglycollate treatment. The
maximum rupture of the bonds occurs at a steaming time of
about 60 seconds, thereafter the reformation of bonds is
slow bul 1isg complete after 120 secogds. In the case of
the treatment with 2% solutien, the meximum smount of
ruptured bonds is more or less the game, but most of the
rupbured bonds seem to get reformed after 80 seconds of
pbeaming, since the swelling at this time is nearly equal
to that ol the untveated sample.

Urea~bigulphite treated samples show an lncrease
in swelling up to the steaming time of J0 seconds, after
whieh the swelling ls nearly constant, This suggests
that (1) the rupture of dlsulphide bonds ocours up to

40 seconds and (2) the reformation of the bonds does not
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ocouy at the steaming time of 80 seconds.

The water~treonted samples show a similar trend
of swelling, and hence rupture of disulphide bonds, to
the urea-bisulphite treated samples, as desceribed above.
This suggests that steam is as effective as reducing
agents in breaking dlsulphbide bondse. However, the
veformation of bonds may require a very long time of
steaming since 1% is apparent from the treatments
deseribed above that the greater the amount of reducing
agent in the solution, the less the bime of steaming
reguired to reform the bonds and secbndly, the percentage
gwelling cuvrve for water~treated and steamsd samples
appear to be in general agreement with Astbupry and Woods'
saupercontragtion curve 38 for wool flbres sitretched and
relaxéd in steam, which shows a maximum supercontraction
for 120 seconds relaxatione.

The comparison of the various treatments deseribed
sbove reveals that, in all the cases, except the smmonium
thioglycollate treatment, the general trend of rupture
off disulphide bonds ig similar. In all cases, the extent
off reformation of the bonds, clther the same or new type,
varies with concentration of the reduéing agent in the

golution employed. The above vboervations support the

view of Speakman b that steaming of flbres, untreated
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or tveated with redueing agents such as ammonium thiow-
glyeollate or sodiwm bisulphite, causes a rupture of the
disulphide bonds which ave then reformed under sultable
condislonge

The comparison of the tenslle properties of the yarn
given the three different treatments mentioned sbove (£ig.410)
revealg that in all the cases, the breaking load decreases
rapidly with the steaming time up to 40 or 60 seconde and
theyeafﬁer 1t becomes steady ot o limiting value of 80%
which is about the same for all three treatments. The
initial rgpld decvease in tensile strength may be explalined
as the result of the vupture of the digulphide bonds since
it is known that in wool keratin, the disulphide bonds,
which hold each chain molecule To its neighbour, make a
major contribution towards the tenmile strengthe It is
concluded that all the treatments mentioned above can cause
damage o woole

Yarn tyeated With‘uxeambisulphite but not ringed
before pteaming, shows a more rapld decrease in bresking
load and reaches a lower limiting sitrength (74%) than yarn
given the above mentioned threec treatments. In addition
to thisg, if the unrinsed yarn is exposed to high humidity

for four weeks before tensile measurements, the breaking



load &ae@easaé drastioally for the sleaming time of
20 seconds {Pig. 10) and eaﬁtinue@ 10 decrease without
apparently reasching any limidting value, so that 1lts
sbrength 1s almost halved after 80 seconds of steamlng.

For all the bthree treatments namely, asmmonium
thioglycollate, sodium bisulphlie and urea~bisulphite
{rinsed), the extension at break shows a decreass.
The limiting value of the extension 15 « 17% is almosd
the seme ot the stesming time of 80 seconds (Tables IX,
X oand XI)e IP the yarng given urea-bisulphlte
treatment sve nat'riﬁsed@ the extenglon remaineg neavrly
congstant {Table XII), but 1 the same yarns are exposed
to high humidity, they show s considerable increase
(to almost twice the value of the unbtreated) in the
extengion (Paeble XTIT)- It is wnwise to attemplt to
interpret this considerable increage in the exbtension on
the basls of observations limited to yarns and no tests
on the gingle Tibres were carried oub. Nevertheless,
the @ﬁse&vaﬁ&@na arve mogt striking and demand fuvither
investligation.

Slnee swelling and tenglle gtrength of wool are
primarily dependent on the disulphide links, an increase
in swelling and a decrease in isensile glreangth may be

antlcipated, The resulis obteined by the swelling



measurementn, in the case of treated fabyrie, are in falr
agreement with the results of the tensile strength
measurements of the tresabted yarn. It should be noted
that though the swelling and the teansile strength measurew
ment are done regpectively on the Labrie and the yarn, the
type of the wool in both the'caaes ig the same, namely
merino. ‘

In the case of 2% smmonium thioglycollate treated
yarn, the swelling increases with the steaming time up to
Lo seconds (fige 11) and correspondingly, the tensile
atrength decreases. 1% sodium bisulphite and also urea=
bisulphite (unrinsed) samples appear to follow a similar
course of inerease in swelling and decrease in tensile
pbrength (figse 12 & 13)s

It has been suggested earlier that the decrease in
gwelling at longer times of siecaming may be because of the
reformation of the same or new type of links. The
posaibility of the reformation of the same type of linkages
{digulphide bonds) can be excluded as it appears that
neither the tensile gtrength nor the extenslblllity lncreases
with the deerecase in swelllng and 1t is coneluded that new
types of links, which are cepable of restrieting swelling,

alone avre formed.



Phillips and co=workers 125

sugpested the existence
of two maln fractions, namely (A+B) and (C+D), of the
eystine~3 of wool. Accardihg to them (C+D) does not
react with eoli bisulphite but does react with hot
bisulphite. They further suggested that of the tweo
fractions, fraction (A+B) influeneces the physleal properties
of keratin fibres more profoundly than fraction (C+D).
If these views are extended to the present observations it
ig suggested that both the fraetions, (A+B) and (C+D), may
be involved since the material 1l steamed after it is
treated with reducing agents and the reduction in tensile
strength may be because of the rupture of bonds in fraction
(A+B)s  However, in the case of urea=blsulphite treated
pamples where the urea is not rinsed before steaming, the
loss 1n tensile strength may be due to the rupture of both
»the cystine bonds of the (4+B) fraction and the hydrogen
bondse If the materisl is rinsed before steaming most of
the urea may be rinsed away, allowing the reformation of
hydrogen bonds and this is what is indicated in the
observations that the loss in the tengile strength of urea=
bisulphite treated and rinsed yarn ig nearly equal to that
of the yarn trested with reducing agents alone.

The breaking load of the yarn dyed with Naphthalene

Green @GS is smeller than that of the undyed yarn

kS



(Table VIII)s ‘The change in breaking load is almosh
nil for the dyed yarn, either treated with 2% smmonium
thioglycollate or 1% socdlium bisulphite, when compared
with dyed and unbreated yarn, but there is a change in
the breaking load if the dyed yarn is treated with water.
On the other hand, the breaking load of the undyed yarn,
given either of the treatmentis with reducing agent
mentioned earlier, changes when compared with that of the
untreated, but there is almost no change in the breaking
load of the yarn treated with water.

1t is apparent from the above that mere dyeing
with particuler dyes can cause a lose in the tensile
strength of the material. The fact that, with undyed
yarn, the reducing sgents cause a marked loss in the
tengile strength while 1t does not cause considerable
loss ian the dyed yarn, can be explained as follows.
The dye Nephthalene Green G8 1ls very sensitive to reducing
agents and when yarn dyed with this dye is treated with
reducing agent and steam pressed, the activity of the agent
may be mainly diverted towards attacking the dye and
bringing aboul the change in shade and hence cauplng e
small lossg in tensile strength, gecondly, it ig possible
that most of the bonds susceptible to the reducing agentis

may have been attacked during dyeing, as the losg in the
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tensile stfengtn is observed, leaving behind a few bonds
to be attacked by the reducing agents. The steaming
alone does not affeect the dye, but it causes a loss in
tenplle strength of the yarne

It is suggested that treatment with the reducing
agents, employed in the present case, of the woollen
material dyed with the dyes such as Naphthalene Green GS,
sgnaitiva to the agents, does not alter the tensile
gtrength i.¢e the reduction affects the dye in preference
to the fibre. Though tensile tests were not made oa the
yarin dyed with an insensitive dye aﬁd then treated with
reducing agents, 1t ls suggested that the reducing agent
may cause a 1oss in the tensile strength of the yarn dyed
with such dyess ( Table XVI1)

The crease angle measurements)show that the exposure
to high roletive hwnidity and temperaturve (93% RH and 30°C)
for six weeks has no negative effect on the crease-
ragtention of the undyed samples given either Immacula or
urea~bisulphite (unrinsed) treatment. Thig suggests that
the absorption of molsture, which can cauge the.disappearance
of a gteam~pel creamse does not affect the crease produced
hy permanent pleating processes.

It appecars from the eréase angle measurcments of

dyed, ammonium thioglycollate treated and stored samples
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that the exposure for six monihs to normal conditions
of relative humidlity and temperature (654 RE and 20°C)
does not impeir the sharpness of the creass (Table XVII).
This observation along with the findlngs of Davidson and
Howitt 65, that storape for siz months had no effect on
the efficlency of the cressge~rvetention of the wndyed and
sodiwm bipulphite treated samples, sugpgeat that the
atorage for prolonged time uvnder normal conditlong has no
effect on crease-~rolention of the dyed or undyed sample
creaged by elther of the two permgne@ﬁ pleating processed,
It seews that of the varlous treatments gilven to
undyed mateviael, the thioglycollate one gives a shavpey
crease than the sodium blgulphlte one, and urea-blisgulphite
one gives the sharpest of all, uwnder corresponding stean
pressing Limes. An ineyease in the time of steam pressing,
which hag practically little effeet on the sharpness of the
eresgse of the ammonium thioglygollate and uvea-~blsulphite
treated samples, causes a very slight improvement in sodium
bisulphite treated semples, as observed by Speakman and
Wolfram 91. Sharper creasss are obtained on the material
dyed with Nephthalene Green G9 than the uadyed, when
treated with sodlum bisulphite and steam pressed for
corresponding intervals of time (Taeble xV): Thin suggests

that the presence of thisg dye in wool asslstis the reaction
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of reducing agents with disulphide linkages and favours
the guggestion made earlier that, in wool, most of the
linkapges pusceptible to the reducing agents are attacked
during dyeing with thig particular dyee.

The coneluslon drawn from the results is that,
for all the treatments invegtipated, a steaming time of 20
seconds is found to be the ideal one since at this time:

(1) the net number of broken disulphide linkages

la less than for longer times, as found Lrom
the swelling mecasurements,

(2) the loss in tensile strength 1s also least,

(3) the crease that is obtained is nearly as

sharp ag that obtained at a steaming time
of 80 seconds.

The above observaitlons that the samples treated
with ammonium thiaglyeoll@té gives sharper creaseg than
those treated with sodium blsulphite and rinsed before
steaning, along wilth the observation of gpeakmon and

Wolfram 9

s Lhat the fabrics impregnated with solutions
of sodlum bisulphite before pressing, without rinsing,
gave muech sharper creases than ammonium thioglyeollate,
suggest that the 'rinsing' troatment reduces the effect-
iveness of the reducing agent 1in producing sharp creases

and this can be explained as follows. When the treated



sample is rinsed, there may be some reversal of the

reaction
FeBal R 5 NaH303~;::i-RSH o+ R.S.SOBNa

and this may reduce the amount of sodium bisulphite
combined with the fibré.

A poosible explanation for the very sharp ercase
in the case of urea-bisulphite treatment is that the
woollen material become less limp as the urea in the
material is not rinsed away and the two sides forming the
crease angle in o sample are almost straight compared to
thoge of the samples given either the Immascula or the
siroaet treatment, However, even though the urea-
bipulphite (unrinsed) treatment can produce the sharpest
crease in the woollen material,the evidence that it caunses
a coansiderable reductlon in tensile strengbth supggests that
the treatment has a very little practical value, On the
other hand 1T the materlal 1o rinsed before steaming, the
loss in tensile strength is less, but at the same time a
less sharvp crease can be expected because of the loss in
the effectlveness of the reducing agent due to rinsing
‘and also loss of gtiffness of the material because urea
i9 washed out,. It is coneluded that the use of urea-
bisulphite in permanent p%gating processes of wool material

ag suggested by Faranworth fs noﬁ'weﬁytéatt&ﬁattory.



CHAPTER IV

OPTICAL AND BLECTRON MICROSCOPY OF THE FIBRES TREATED
WITH REDUCING AGENTS AND UREA~REDUCER SOLUTIONS
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INTRODUCTION

It is & known fact that the disulphide bonds are
responsible to a considerable extent for the chemical and
the physical stabllity of wool fibres and it is also known
that the bonds are susceptibls to attack if wool is treated
with reducing agents under certaln conditions. Various
propertics of wool such as setting, supercontraction and
tenslle strength have been asgsoclated with the disulphide

129 pollowing the discovery of the bilateral

linkages.
gortical structure in woel,l& various workers have reported
an uneven distribution of sulphur in different segments of

the cortex: it has been suggested that the para-cortex is

101-~105

richer in sulphur than the ortho-cortex. Many data

have been accumulated about the relatlive response of the two

segments T4y 77,96-100 (the ortho=-

and the para-~) to chemicals:
it has been suggested that the difference in sulphur may be
responsible for the difference in the reactivity between the

two parts of the bilateral cortexolao

However, very little
appears to have been said whether the properties of wool

guch as setting, supercontraction and tensile styrength depend
more on the disulphlide linkages in one segment than the other,.
and this makes it more difficult to sgsoeciate any change in
the properties of wool on treatment with chemicals, with the

disulphide linkages in a particular segment of the cortex,
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o The change in tensile strenpgth of wool, as observed
in the lagt chapter, given the ureca-~bisulphite treatment.

The high resolving power of the electron microscope
along with the improved contrast given by phase-gontrast in
the optlcal microscope has made it possible to study the
changes in the morphologlical structurse of wool fibres as a
result of wvarlous chemical treatments. It 1s sdvantageous
to employ such methods in order to define the portion of the
cortex, histologically, which may undergo modification as a
result of the treatment of wool with chemicals such as
reducing agentse. It is possible that the treatment of wool
with reducing agentg, under the conditions gueh as are
employed in permanent pleating processeg, may not be severe
enough to produce any change in the structure ol wool
detectable under the optical or even the electron microsgope
and henc¢e it is necesgary to treat the wool with very active
reagents such ag saturated ures scluitlion containing reducling
agents,

In an effort to elucidate the very complex structure
and composition of wool fibreg, various treatmenis involving

the use of keratinolytic agents such as sulphides and uvea-

Thy,95,115
h

kisulphite have been employed by maay workers,
During early investigations it wag observed by Morcer

that when wool fibres were treated with uves solubion



74

“containing reducing agents, only part of the fibres was
dissolved and the extractable fraetion came from ortho-
cortex, the insoluble residue consisted of (a) the para-
cortex (b) the cortical cell membranes of the ortho~-cortex,
and (e¢) the resistant cuticular sheath. He concluded that
(1) wool keratin formed two histologically definable regions
difPering in stebility and (ii1) that difference in solubility
of the keratin fractions corrvegponded to degrees in
kevatinization i.ec. the difference in degree of cystine
cross-linking. He suggested that the insolubility of the
para-cortex in saturated urea solution at pi & was beeauss

of the location of (C + D) fraction of Ph:i.lli};;e;lg‘rj

cystine
cross-linkages in this reglon,

In the present work atitempts have been made, with the
help of the phase-contrast and electron microscopes, to study
the effects of reducing agents, both those involved in
permanent pleating processes (described in earlier chapters)
and the strong urea-reducer solutions. In particular
efforts have been made to determine the identity of the

povition of the wool fibre iInvolved in any particular

gituation.



Zechniques fon the preparation of the samples for

examination under the optical and the electron microscone

Fibre embedding and section cutting

Optical examlination of fibre sections does not
present great alfficulity and sections a few miecrons thiek
c¢an easily be cut by embedding fibres in paraffin wax and
using an ordinary mlcerotome,

Direct electron mieroscope examination of a fibre
requires ultrae-~thin sections, about 500 A, and hence the
embedding medium deserves specisl attention, In 1949,

Newmanlog

and hisg colleagues suggested thelr polymeth-
acrylate embedding technique for ultra-thin section butb
it suffers from certain disadvantages such as shrinkage.
In 1956, clavertt?? proposed the epoxide resin "Araldite"

as embedding medis. tArgldite" contracts far less than
methacrylates and is more resistant to electron bombardment.

Recently a surVEyllo’lll

of embedding media for electron
microscopy has been published in which the properties of
the methacrylates, the epoxy resins and the polyester resins
are compared and the basle simllarities between the different
mixtures containing epoxy resins are emphasized.

The actual cutting of very thin secetions ls @&ifficult,

However, if the genersal rules about such things as



preparation of the glass kniveg and the degrec of hardness
of the embedding medium are observed, excellent results can
be obtainade Several books (see bibliography) on electron
microscope technlques deal with the experimental detalls.
The improved techniques of ulire-thin sectioning and
mounting of sections of fibres have been published by
various authorsg. Thin sectionsg have been cuit, with glass

knives and also dismond RKnives, on a variety of microtomes.

ikaining techniques

oz

In optical microscopy, the use of dyes as specific
staining agents for differentiastion of sitiructurel elements
is not uncommone. In addition to the dyes the use of
various metals and metal salts p8 stalning agents for wool
fibres has been raporbedalgo’1079112’113“

In electron microscopy the heavy metals and metal
salts such as osmium tetroxide, silver nitrate, uranyl
acetate, lanthanum ascetate, lead acetate and hydroxide,
mercury ealts, phosphotungstic aclid have been employed as

ppeciflc staining reapgents;
common practice to reduee the Tibres belfore staining.
Thesge staining reagents contain atoms which have atomile
numbers hipher than those of the atoms from which the
fibrous substances are bullt up and the resulting

production of contrast 1s specific to the extent that the
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metal 1s preferentially. fixed in certain molecular groups
of the fibres. In certain cases, such as staining of
reduced merino wool Libres wlth lead and mepygury salis,

the migration of sallt molecules was abaerVSa*llg In short,
a grealt desl of controversy exists regavding the
distribution of the ‘active® greoups and the reaction

12,116-120 and. doubts

between metal atoms and the Sroups
have been expressed as to the corvect interpretation of

stalning with metals.

EXPERIMENTAL PROCEDURE

Lo AR T B

Lingoln wool fibreg were soxhlet-extracted with
methylene chloride, thovoughly washed in distilled water
and dried at room tempergbture and humidity. Tibres,
obtained from yarns employed in previous @xQeriments; were
also used in the present work. The microscopical

examination showed them to be of merino type and hence

throughouis the present work they are lsbelled as 'Y merino',

Chemlcals

Saturated ures solution was prepared by dissolving
120 gms. of urea (laboratory reagent) in 100 cc of distilled

water at 2500.



Urea«~blsulphite solution was prepared by dissolving
5 gins. of sodium metabigulphite in 100 ce of saturated
ures solution and the pd of the solution was adjusted to
7 by adding sodium bicerbonate,

Urga~thloglycollate solubtion was prepared by adding
5 ¢¢ of thiloglycollic acid %o 10D cc of saturated uresa
solution, The pH of the zmolution was 2¢5H.

Urea~bisulphite solubions containing 80 gms. of urea
and b gms. of sodium metabigulphilte per 100 cc of waler were
prepared. The pH values of the solutions were adjusted to
3 and 11 by adding hydrochloric acid and sodium hydroxide
respectively. The addition of these reagents were carried
out prior to msking up +to volume, Thesge more dllube
golutions were prepared because 1t was Aifficult Lo adjust
the pil of the saturated urea solution.

Another urea~bisgulphite solution was prepaved by
disgolving 50 gms. of urea énd 3 gms. of sodiwm meta-
bilgulphite in distilled water asnd making the velume to
100 cco at 2500e The pH of the solution was adjusted to
7 by adding sodium bicarbonate. This is the solution used
in urea~bisulphite solubility test.

Parblally hydrolysed starch was prepared by mixing
3 gmse OF stavch wlth 30 coe of cold water and making a
anooth paste. Wo the paste were added 60 cc. of boiling

water and 0.5 cco oFf hydrochloric acid (10%).



The mixture was boiled for 5 minutes and after it had

gooled 0,1 gm, of thymol was added.

IEmbedding media

TAraldite? repin wes prepaved by mixing the following

chemicals in proporiions as vecomnended by Glauart,lzg
Araldite GV —2L2 10 ce.
Araldite havdener HY — 96l 10 ce,
Aralditve plasticlser DY —O042 1 cc,
- Avaldite accelerator DY —06L 0e5 cc.

Fresh mixtures were prepared each time before embedding
Pibres. |
N-bubyl methacrylate {supplied by ICI) was used
along with benzoyl pevoxide {1 gn/l00 cc. of monomer) as
catalyst. Presh solubtlions wers prepared by adding the -
catalyst to the monomer each time Jjust before embedding

wool fibres.

Staining reagonts

Methylene Blue solution (0.05%) was buffered to
pH 6,8 with 0.05 M phosphate.

Osmic acld (2%) was unbuffered and was employed.
directly from the ampoule. A gilver-smmonium-nitrate
complex was preparealgB by the addition of ammonia, drop
by érop, to 0.1 M AgN03 solution £i1l a brown precipitate

was obtalned. The precipitate was dissolved by further,
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dropwise, addition of ammonia and the pil of Hhe solutlon
P

was measured to be T.05 at 20%0,

NMounting media

The abbreviatlions O0P and P0 refer regpeetively ©o
orthochlorophenol (refractive index 1.550) and peraffin oil
{refractive index 1.470) which were used in the opticel

examination.

Experimental methods

About one hundyred fibres of each type of wool were
treated with 30 cc solutions contained in H0O e stoppered
flasks (Quickfit). The flasks were placed in o water bath
which was mailntained at appropriate Lemperatures. The

gonditions of treatments were asg shown in the Table XVIII,

LARLE AVILE

{

Troatment| Uréa solutlon, Reducern i.pH of ﬁh@ETim@ of treat- Tanperow
nunbey Uprna: water ; A isaﬁuﬁiom ‘ment in hours i%g;g °c
T A | 120500  Bleulphite 5. 7 3 0
I B 120:100  Biswlphlte 5 9 20 50
1T 1205100 Thioglycollic |
[ acld 5 ' 2l 6 L5
1% 60:200  Bisulphite 5 } 3 6 50
v 805100 Bisulphite 5| 11 6 oo
¥ A ' 50800  Diswphite 3. 7 . 1 65
VB . 505100  Bisulphite 3 i 7 i 3 ; 65
t
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At the end of the appropriste time of reaction, the
flbres were romoved from the solutions and were thoroughly
washed with distilled woter for several hours and then they were
dried at room tempersture and humidity for one week,

In addition %o fibres, glven the treatﬁents as
mentioned above, those from the yarns given (1) Sirvoset
(2) Immacula=t {(3) uéaa«bisulphite (rinsed) treatments were

also examined,

Stainineg mashods

(1) The Tibres were immerged in unbuffered osmic
acid for 2 hours at room tempeyature and then were vinged
with water and dreied in a conditioned room before embedding,

{(2) The fibres were immerseﬂlin gllver-ammoniume
nitrate solutlon for LO hours alt voom hemperature and were

rinsed and dried as in (1) before embedding.

Preparation of specimen blocks for section cutting

g
TR iR EE e e

The fibres, elther previously steined or unstalned,
were embedded in (&) Arvaldite or {b) bubtyl methacrylate as
Lollows.

(2) The Pibres were sosked in the "Araldite" resin

mixture (without accelerator) for about 2 hours and after

that a few impregnated fibres were placed ln two



&6

dismetrically opposite noltches across an open end of a
gelatin eapsule (No., 00), conbtalning resin mixture with
agaeleraitor. | The fibres were kept btaut by catcehing thelr
free ends between the two sliding portions of the capsule
and the cover of the capsule was placed in poslition. The
whole agsembly was inverted go that the flbres becane
completely embadded ingpesine The capsule was then heated
in an oven 8% a btemperature of 50063 care was taken to heat
the capsule evenly over its entlre surface by suspending it
with strlps of gellophane tape in the oven. It was
observed that, in order to produce a proper havdness fop
section cubting, a longer time (up to 60 hours) than the
L8 hours of heating suggested by Glauerﬁlgg was neeessary.
(b) The procedurs of cmbadding was simllar to that
deseribed in (a) except that n~butylmethacrylete was used

in place of the Araldlte regin mixture.

Trimming of the bloeks

The gelatin capsule was stripped with a sharp razor
blade and the block thus obtained wes trimmed to a small
eylinder having a dismeter of spproximetely 0.5 em. It
was ensured that the Tibres were embedded nearly parallel
to  the axis of the cylinders The cylinder was then
fivmly fixed in the speclimen holder from the microtome

by a collet and one end of the eylinder was trimmed in to
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a pyramid; the heighlt of the pyramid was about 1 mm. and
the tip was aboul 0.2 mm. SQIAYS. The gample was then
ready Toyr section ceutiing,

Y

gection cubting

The sections were cub on a ulira-microbome {(A.Fe
Huxley Pattern), operabting on a mechanleal advance mechanism,
wlth glass knives. Por optical work the sections about 2 4
thick were cul, wheveas for 61éctron microgeopical
examinatlion, the thickness of the sections was belween
A00 A to 600 A.aecording to the colour scale given by Peachey 133

Optical micromcony

(1) The cross-secbions of the samples, previously
spained with gllvepr-asmnonium-nitrate, were divectly exaemined,
qsing PO as mounting medium, under the phase--gontrast
mnicroscope (Watson Service I microscops with phase-contrast
equipment ).

{2) The cross-sectlon of the samples which had not
been stalned previously, were dyed with methylene blue in
the following ways The cpasawaacﬁions were flattoned in
aleohol and atitached to glass sllides by means of pavtially
hydrolysed stavrcehe The slid@Awas heated to 5006 in an oven
for 30 minutes GO haéden the starch and the methacrylate was
then removed hHy Jozxhlet extraction with methylene chloride,

The fibre sections thus glued to the slide were dyed in the
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buifered methylene blue solution at 60°c fop 5 minuitoss.
They were then mounted in PO and examined under an ordinary
MLCroseope. -

(3) In certain cases the croasmséetians anchored
to glags slides, as described above, were sxposed to mercury
and water vapour for 36 hours ab 78%;,

(L) The cross—sectlions anchored to the glass slide
were stalned by pubiting a drop of ovsmic acld on the sectlions
and allowing 1t to react for 1L hour and then rinsing with
digtbilled water.

(5) Some unstained fibre cross-secbions were mounted
in Q0P and were left for 2 to 4 houvs belore examlnation
under phasg=-contrast Microscons.

Results which were thought useful, were wecorded
photographically using a Wabtsgon 2:.5" x 3.5" syeplece cameras
L1fowd R 550, panchro-line cut films were used: they were
develoﬁed in ID2 developey for b minutes at 20°C. It should
be polnted out that the Tilgures show parts of origlinal
photogiaphs and s0 far as possible 3 or moyre crosgs-sections
are ghown in each illustration bui where secbtlons were ay

apart it wes impossible to do this.

Eleotron microscony

4

A water bath was prepared by putting a dvop of wax

with a fine brush near the cutting edge of a glass knife;
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the water In the babth contained about 204 avstone. The
ultra-thin sections (approx. 400 A to 600 A) were direstly
mounted from the water bath on the glags kanife on the coppesr
gride (% mm diameter, Philips grids). A few of the grids
used in the experiments were coated with a thin carbon film
whereas the rest were withoul any kind of coabing. The
speeimen mounted prids were exsmined under the Elmiskop I

electron mieroscope opevabing at 80 kv,

LXPERIMENTAL RESULTS

Optical mieroscopy

Untreated fibyres

() 'Y merino' Libwes:- The fibre cross-sechions mounted
in PO or OCP do not show any structural fealures. The
croag~gegtions dyed before section cutting, indicate the
presence of bilateral cortical sitvugture; the heavily dyed
portion ls known as oriho-cortex while the other is called
pava~cortex {plate 1)«

The serisl seections of the untreated Libres (i) dyed
on a slide and examined undey the ordinary migroscope,
(ii) exposed to meroury vapour and examined under the phase-
contragt, are regpectively shown Iin Plateg 3A and 3B. The
presence of the bilaeteral cortical structurs, though not

very distinet, can be observed (Plate 3A). The poow
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contyest bhetween the two segments of the dyed sechtions may
he beeaguse the seetlons weve not vinsed with dilute acid
solublon sfter dyelng as suggesbed by Horio and KQH&Ole
No clear billaberal differentiation is observed on exposing
the sections o mercury vapour (Plabte 3B) as found by Menkart

- L
and Coee 00

According to them, examination of sewvial
gections of the flbre having bllateral sbructuvre, shows that
the portion which ls not heavily dyed by methylene blue
(i.c. para-coriex) hgs a dark brown colouwabion due Lo the
Formation of mercury sulphide.

The cross-sections of the fibres stained with fthe
gilver-ammoniup-nitrate complex, when examined uundey the
phase~gontrast, disbtinctly show the bilateral sitructure
{Plate 2), The heavily stelned aresa ls the para-coriex,
the ortho=-cortex is comparabively wveyry Ffalntly shtalned.

It is intevesting to note that the differentiation of the
cortical structure can be obseprved undey the ordinsvy
mlaorogcope but the shavpness of the image increasces iIT
phase~contrast 1g employeds

{(B) Lincoln wool fibres:-~ Thepe Libres weve found extremely
Aiflicult to handle during the cxperiments. It was obgorved
that during the sectlon cubtiing and transferring te a glass
slide the fibre crosg-gections came out of the embedding

medium, Koreover, 1 they were successfully transferred



“to a sllde, they wore washed away during dyeing. The blg

diameter or the stlfifness of the fibres may be responsible
for bhisg,

Howevar, it was poséible to dye a few crosgsesaciions
of the fibves (Plate 4), The narrow outer ring (undyed
portion) is the pavra-cortex whereas the heavily dyed inner
portion iz ortho~covriex by analogy with the offects in
merinoe fibreg,

The aroassg-gections of the Plbres stailned with
silver~amnoniumenitrate complex (Plate 5) show that the
outer annulay povition is mainly heavlily stained compared

to the inner poxtlion.

Urgated f£ibreg

s Y 8 TR

{A) Y merino’ fibres,

Tmmacula~I treatment (274 sodium bisulphite)

When the fibre sections mounted in OCP are left for
a certain btime, the following things ave obsaerveds
(a) the evoss-gseetions swell, (b) the corbticsl cells in
particular vegion of the sections become visible (Plate 6)
and {¢) after some time these cells disappear and the
sections appear to be almost howmogeneous.

The examination of the cross-sectlons, expoged to

mercury vapour and mounted in PO, undey either the ordinary

91
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or the phaéamaont?as% mierosoope show that o few of the
sections sve mobtled in the cortical regions (Plates 74 & B)e
- The dyed as well ag sllver-gmnonium-nitrate stained orosg-

geebione arve differentislly stained (Plates 8 & 9).

Siroset breatment (24 ammonium thioglycellate)

‘The observations for the cross-seetions (a) mounted
in Q0P {Plate 10), (b) exposed to mercury vapour, {c) dyed,
(d) stained with silver~amroniume-nitrate, sre similar to

those Ffor the Immaculglitreated flbre sections.

Urea-~blsulphite treatment (followed by rinsing with water)

The observations for the cross-sections of the fibres
when mounted in 0CP (Plate 11) arve similey to those mentioned
in the above two breatments with the only dilference that
in the present case the cell Dboundavies between the
Iindividual ¢ells are very distinet. The exomination of the
erose-gseetions elther dyed or stained with silver-ammonium-

nitrate show the bilateval cortical differentiation.

rea-reduger treatment (I _A)

TR By Rt Rl g B PR 3 D A

The photomicrograph (Plate 12) shows the profile of
the cross-sactions of the fibres mounted in PO and examined
under the phésewaontrast microgscope. It indicales the
presence of lobes on the periphery (cuﬁicle region) of the

sactions.



In the case of the croge-gections mounted in OCP,
the lobes ave sharply defined on the boundary of hoalf the
area of each seotion, whereas the periphery of the otheyr
hall la even. The cortical reglion nesy the smooth boundary
appears slightly davker then the region neay the uneven or
lobed boundary in each seebion (Plate 13).

The examination of serial crogss-gections, elbher

exposed Ho mercury vapoury or stained with osmic acid, under

phase-gontrast does not reveal any structural details (Plates

Ly & 15), The light and davk aveas observed in some
sections may be due o artefacis. Inder the ordinapy
microscope the seaﬁiens axposed to mergury vapour do nob
show any detall except that a few sections appear motiled
{(PLate 16).

The dyed crosg-~gections show that la each sechion
that avrea, about hali the tobtal, which has lobes on its
periphery, ls heavily dyed compared to the other hsalfl which
has a smooth boundary (Plates 18 & 19).

When 1he cross-gections of the fibres, stained with
sllver-gnmoniuwn-nitrate, sre examined under the phasem
contrash, it is observed that, in each secvion, the cortical
region which has an even bouwndary, 1s heavily stalned,
whereas the oﬁh@r having o lobed boundary is comparatively

poorly stained (Plate 17).

Sa



Tt should be noted as a matter of interest that the
obgevvations for the seetions mounted in (CP (Plate 13)
and stalned with silver-ammoniuvm-nitrate (Plate 17) agree
with each other that is %o say that in both the cases the
ragiong having smcoth boundaries sre darken than those
having lobed boundaries, In the case of the dyed sections,
the situatlion of the dark regions is guite opposite to that

mentioned in the above two obgervaitions.

Urea-reducer treatment (I B)

The observations for the cross-sections (1) mounted
in OCF (Pleto 20) and (2) dyed (Plate 21), are simllar %o
those Tor the treatment (I A). These cross-sechions are
poorer begause of the more dadvastic treatment they have

raceived,

Urea-reducer tregtment (TT)

[

The examlnation of the cross-sections mounted in PO
shows the presence of lobeg, vrather smaller in glze compaved
to those observed in urea-bisulphite treatment (I A), over the
entive periphery of each section. The photomicrograpn
(Plate 22) is a profile of the sections as observed under
the ordinavy microscope and it does not rveveal any detalled
‘structure, The image of the lobed bounderies appear sharp
when the seeblonsg are exemined undey the phase~conitrast

(Plabe 24).



The dyed cross—sections show differential staining.
A c¢lose ezsmination indieates that, unlike in the case of
urea~blgulphite treatment (I A), in caech section the lobes
are pregent on the entire bouwndary, which covers both the

more and less heavily sbtalned areas of the secetlon (Plate 23).

Urea~-reducer treatment (ITT)

The phobtomicrograph (Plate 25) of th¢ cross-—sectlons,
mouvnted in PG, does not indicate the proesence of any uneven-
ness in the bounderies ol the ssetion, but it appears that
the peviphepal veglon of the sections 1s looses

The dyed cross—sections, in addition to diffevential
bilateral staining, show that the peripheral region is
comparatively heavily stained (Plate 26). The sections
of’ the Tibres shained with silver-ammonium-nitrate indicate

the differential bilateral staining (Plate 27).

Urep-reducer treatment (IV)

The oross-geetions mounted in PO and examined undey
the ordinary miecvoscope (Plate 28) show the presence of
uneven (not lobed but Jegged) boundavies all the way round.

'The bilateral differventlation in the dyed sections
appears to be almost lost {Plate 29) and nearly all sections
are heavlly dyede The examination of the cross~sgections
of the fibresg gtained wilth silverv—amnoniwn-nistraite indicates

differential steining and also an uneven boundary (Plate 30).



L5

Urea-reducer treatment (V. A)

The cross-sections (a) mounted in PO (bh) dyed
(e) stained with silver-gmmoniuvmenitrate, do noit show any
modifications of the sections guch ss have becen observed
in some of the tresatments mentioned eoriicr (Plates 31,

32 and 33)a

Ursa-veducer treatment (V._B)

The obgervations in the present case are gimilar to
those made in the treatment (I A), nemely (1) the sestions
mounited in PO when examined undeyr microscope show the
pregence of lobes in the par§lcular ares of each section
(Plate 34), {(2) in the dyed cross-seetions, these lobes
pppear con boundary Of the heavily stailned avea of a section
(Plate 35), (3) the cross-seetions of the fibres stained
with silver-smmonium-nitrate show that the lobes are present
on the periphery of the lightly stalned arves (Plate 36) of

sach segtion.

(B) Lincoln wool Tibres

Urea-radueer treatment (I A)

The-examinatiOH of the crogs-sechlons mounted in
O0P indicete the uneven periphery in each section (Plate 37).
The dyed sectiong show covitleal assymeitry bubt this ls not
bilateral {Plate 38), The sections (1) exposed to mercury

vapour (Plate 39) and (ii) stained with osmie acid (Plate 4O),



when examined under phase~contrast do not show any details

except the presence of lobes as mentioned above,

Uren-reducer treabment (II1)

The cross-secblons mounted in PO and examined under
the ordinary microscope (Plate L41) show a elightly irrvegular
periphery. The dyed sections do n@t‘exhibit diffevential
dyeing and appear ortho-like (heavily dyed) with irregularw

boundaries {(Plate L2).

Urea-reducer treatment (IV)

Under the ordinarvy microscope bthe cross—secbions
show a deastic and irregular change in the shape of the
seetions (Plate 43). The dyed cross-sectlions appear
heavily stained without any indication of asymmetrical

cortex {(Plate Ll).

Sleetron micerosenpy

B

'Y meyino! fibres

Uantreated

Sinece the aim of the present work was to study the
effect of various reducing agents on wool Libvesn, It was
thought necessary to uge a stain which 4id not involve
pretreatment of wool fibres with reducing agenta, in order
o produce contrast wader the eleatron mnicroscope but keep

the fibres untreated in the true ssnse,. The cross-sectlons
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of thé untreated fibres stained with osmic acid (without
prior reduction with thioglycolliec acid) did not produce
any contrast when exsmined under the electron microscope,
The e¢ross-sectliong of the fibres stalned with silver-
ammonium-nitrate without pre-reduction, produced a very
good contrast hence this stain was used throughout the
prepgent investigations.

The low power electron micrographs (Plates LH & 46)
show the presence of two different types of cells; the
blgger, clearly definable and heavily stained cells are of
the para-type, whereas the smaller and poorly stalned cells
are of the ortho- type. The dark lines appearing ascross
the secetion are due to creasing.

The high power electron micrograph (Plate L47) of a
portion of the section in the Plate 45, shows the aifferent
layers of cuticle, The small derk apots appearing in the
photomicrograph may be due to the x

metal saldts. Two composite sheath-like layers envelop ths
cortex: 1in the outer one, the heavily stalned pert, the

comparatively less sbtained part snd the unstained part can
be respectively identified with the "a" layer, exo-~cuticle
(x) and endo-~cuticle (n). &= The inner sheath~like layer,

may be similar to the outer one; having a heaviiy stained oxo-
cuticle (r), lightly stained endo-cuticle (n) or alternatively the
inner and outer layers may forn a single cell with nuclear residue

(r) surrounded by endo-cuticle (n & 1), with an inner cell
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membrane (m), The epleuticle (p), an outer layer, which

surrounds all the layers mentioned above is not viasible.

Dmmacula~I treatment (2% sodium bisulphite)

The crogs-sectlion under the electron microscope
indicates the bilateral distribution of the coritleal c¢ellis.
The big cells {para~cortex) are not as sharply defined as
in the case of the untreated fibres. The dark spots may
be sglt particles and the large dark patches may be 4dirc on

the carbon Pilm (Plates L&, LOA, L49B).

Urea=reduger treatment (Ia)
Plateg 50& and 50B are, regpectively, the low and the

high magnification electron micrographs. The broad line

running across the section (Plates H0A) is a knife mark,

whereas the parallel fringes in the seetion, perpendicular

to the knife marik are probably due to the folding or creasing

of the section. It la observed that the cortical

differentiation ia obscured by transverass "fringes" and hence

it is not as distinet as in the untreated fibres. The

cuticle layer is almost continuous and intacet on the side

of the bigger cells (para-cortex) and the different layers

in the cuticle are visible. However, the cuticle does not

appear on the gide of the ortho-cortex reglon. end instead a

thin continuous, stained film appears to surround the unevenly

shaped ortho~cortex region.
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Urea-reducer treatment (V. A)

It can be obgerved Lrom the electron mi@régraph
(Plate 51A) thet half the portion of the cuticle has a
smooth surface whereas the surface of the other on the left
alde is slipghtly corrugated, The cortex underlying the
smooth surface sppears to be of para~ type. | Plate H1IB ia‘
a high magnlficetion mierograph of the right hand portion of
the cuticle (i.c. the portion with smooth surface in the
Plate 51A). The big cortical cells (para- type) are faintly
vigible and a further examination indicates the presence of

very fine granules in this reglon.

Urea~reducer treatment (V 1)

Piate 52 shows the electron micrograph of the fibre
erogss-gechbion mounted on a carbon cogbed grid. The thin
line running acgroass the section is probably o knlfe mark.

The big and heavily stained cells (pare-), though not vevy
digbtinet, sve vigible. Similar observations to those for
the saturated u?eaébiaulphite treatment above, namely the
presence of an even and continuous cuticle on the para-cortex
reglon and the absence of a cublicle on the ovthomcortex,

are made.
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n= UsHION OF RES U&TS

It would be appropriate 1o bheglin with the staining
techniques sincee mogt of the resulis in the work are based
on these btechniguesn.

I% has been suggegted that the pave-coriex belng
vicher in sulphuyr than the ortho-cortes forms dark coloured
matal sulphides, when the fibres are trested with metal salts
and also thait the ortho-cortex, belng move reactive, takes
more dye than the pérawﬁoﬁtexalgo As in the present work
it was intended o study the exact histological loeatlon of
the reaction of the redueling agents in wool, it was thought
reasonable to take the advantage of these staining methods.

It has been observed that whilst the dyeing technique
gave sptisfactory results, exposure to mersury vapour,as |

suggeabad by Menkart and Gael Qo0

falled to produce differvential
stalning. The erosg-sectlons of the fibres stalned with
osmic acid also did not show any differential staining under
“the phass-~contrast mlceroscops. The explanation for the
fallure of both the stains has not been found. The silver-
amnonium-nitrete has been found to be an execellent sinln as
regards the billateral dillerentiation of the cortexs A part
of the fibre cross-gection appears to be heavily stained with
an indication of the presence of big cells (§a$a~cortex).

This establishes the two different stalns for identifying



two histologleally different comp@nenfs of the wool filbre,

2L ihat ie

It was observed by Appleyard and Dymoke
the Lincoln wool Tibres were mounted in (0P it was possible
0 nee clearly a compleite network of ceell boundaries aeross
the fibre sections and slso that the cell boundaries began
to disappesr az the swelling of the cross—~secbion started,
They suggested that O0CP dissolved a fraction of the fibre
since the cortieal cell boundaries wore made visible., The
disappearance of the cell boundaries, as the fibre swells,
might be due to the closing of the apaces thalt erlse by
dlssolution of protein matter from the cortical cells.
Wo such network of cell boundaries in untreated fibres either
Linecoln or merinoe was observed in the present work though
the fibre sections swelled when mounted in 0QP. Iowever,
if the cross-seetions of the 'V merino' fibres, given
(1) the Sivoset (2) the Immaculae and (3) urea~bigulphiie
(rinped) treatments, are mounted in OCP, it has been found
that, in all the cases, a few cortlcal cells are vislble but
only in a cepdaln area of each ¢ross-section. These cell
boundaries disappear after a time as observed by.!&ppleyardnlgh
A pessible explanation of the obscurity of the network
of cortical eells in the untreated filbres i1s that, since the

eross-sacbions appear swollen under the mieroscope, there may

he a rapld appearance and dlsappearance of the eell houndaries
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during the time for which the sections were lef't in OCP
before exsmination. The aresa, in the cross-section of a
Tibre given the‘reducing agent treatment, in Whiﬂ? the
cortical cells are visible (Plates 6, L0 and 11) éan be
identified as the most reactive part of the Libre namely
the ortho-cortex.

The fibres, glven the above mentioned treatments with
reducing agents, do not show any modification, histologically
speaking, in the eross-sections and show the novmal bilateral
staining phenomena with both the dye snd the silver-ammonlume
nitrate solution.

The c¢ross-gections of the Tibres itreated with the
saturated urcea solution containing bisulphlte at neubtyral pH,
show nelbther a network of cell boundaries nor swelling when
mounted in OCF and exemined under the microscope (Plate 13)
and this ig not surprising as a fraction of the fibre
material dissolves in the urea-reducer solution and there is
a likelihcod that protein matter, on which the vigibillty
of cell network and swelling depends according to Applayaﬁdlga
may also have been extracted.

A fraction of the fibre material which dissolves in
the urea-reducer solution hes a definite histological location.
It has been observed (Plates 18 & 19) that the lobes, in the

treated and dyed smections of the fibres having a bilateral
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cortex ('Y merine'), are present in the heavily stalned
area of the sections (l.e. ortho-coritex) and also thad in
the case of crossesectlons stalned with sllver-ammoniumne-
nitrate, the lobes are present in poorly stained sreas
(i.e. ortho-cortex), Plate 17. This suggesbs that the
action of urea-veducer solution abt neutral pH, 1s mainly
confined to the ortho«goritex region ln a fibre having
bilateral cortex and this confirms Mercer's findingﬁnTQ

The differential staining in bthe cortex of the fibres
exlsts even after 20 hours' treatment with the solution and
the presence of the vhole of the para-cortex and abouts half
of the ortho=coviex ls observed (Plate 20). This also
conflirms Mercer's findings?& that, under somewhat similar
eonditions of treatment, neavly 20 to 25 percent of merino
wool digsolves in the solubion.

The treatment of wool fibreg with saturated ures-
golution containing thiogiyeollic seid abt gH 2.5 seems Lo
extract the material from both, the ortho- and the parae-,
regions of the fibres. This is in contrast with the
prefevential asction of the uvea-bisulphlte sclution at
neutral pH.

17 wasaturated urea solution containing bisulphite at
PH 3 is employed there is no indieation of dissolutlon of

material, histologically, but the cuticle veglon of a Tibre



appeare gropbly modifled as indicatod by heavy uptake of
dye by this reglon (Plate 26), However, when the pH of the
solution is kept at 11, both the regions (the ortho~ and
the para=) seem 40 be atbtacked and the amount of material
extracited appears Lo be considerable (Plate 28) compared o
- that in the urea-thioglyeollate treatment descoribed above.
The material which dlssolves at high pH such as 11 may be
identified as the major protein component of wool, namely
kerateine IE“QIEO
The examination of wool fibres trested with urea-
blsulphite solution, under the conditions such as employed

134 does not indicate

in the "ureca~bigulphite solubility test®
amy.diascluﬁien of material (Plate 31). However, increase
in the time of treatment in the above case, shows some |
dissolution of materiel from the ortho-coriex region of wool.
(Plate 34). ‘The present results cresie some doubis aboutb
the usefulness of bthe Yasolubility test™ which has been widely
accepied as the standard test in the wool textile industyy.
For insbtance, in the case of meyrino wool, where only the
ortho~goriex digsolves at neubtval pﬁ condition, for two
babtehes of wool the solubility may differ accovding to the
propoyrtions of the ortho-goriexr to the para-cortex in the
wool, but 1% 1s possible that this differenge in golubility

may be misinterpretode
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When Lincoln wool fibres, having a vadial cortlcal
asymetry (where the ortho-cortex is surrounded by the outer
pare~coriex), ave treated with saturated urea solution
containing bisulphite ot neubyral pH, Lthe entire periphery
of the Tibre section is alfected, which suggests that the
extracted material is removed chlefly from the pava-cortexn
(Plate 37)o Linecoln Pibres treated with (1) ssturated urea
solution contalning thioglycollic acid, ab pH 245 (Plate 1l1)
and (2) urea solution (unsaturated) contalning sodium
bisulphite ab pH 11 (Flate b3) are also abbocked evound bhe
whole periphery but, as for 'V merine' fibres, the amount of
material dissolved in (2) is considervable whilst bhat dissolved
in (1) is very little. Low solubllity at pH less than 6

115

has already been noted by Peacock and high solubility at

alkaline piH is well knawnoljg
From the results discugsed above, Tor both types of

wool, 1t is appavent that, though it is possible to locaie

the gegments of the fibres reacting wlth the urea-reducer
golution by examining the stained evoss~geetions, the detalled
gbtudy of the dliferent componsnts of the segment is not
possible because of the limited vegolving power of the opbtical
wmicroseope, Por insbtanee, it is known that, when the {ibre

is treamted with urea-bisulphite solution ab neubral pi, the

material is exbtracted Trom the ortho~ vegion but it ls not
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clear whelthey the material dissolves from the coyrtex oy
cubtiaele or both,

The electron mleroscope exomination of the cross-
section of the fibre given 2% sodiuvm bisulphite (Immacula)
treatment shows the normal bilabteral dlfferantiatlon of the
cortical cells (Plates U8 & LY) and the diffevent layers of
cuticle surrounding both the reglons of cortex, the ortho=-
and the pava-, ave inteoct. Howeveyr, the examination of the
erogs-asction of the Tibre treated with ures-bisulphite
solution at neutral pH Por 1 hour (tweatment V A) reveals
that some of the material is dissolved from the heavily
shoined layer a' of the optho-region (Plate 51A) and 1P the
time of the treatment is lneveasged to 3 hourgs, the whole of
the cubicle on the ortho-cortex reglon disappears leaving
behind (a) o resistant thin layer, (b) ortho-cortiex,

{e) para-covrtex with intaset cutlcle (Plgte 52,

If, lnstead of ithe comparatively mlld solution of
urea~bisulphite as mentioned above, saturated urea solution
condtalning sodlum hisulphite at the same pil is employed, 1t
is found that sfter 3 hours treabtment, Iin addition to the
removal, of the cutiele iﬁﬁgrthnmregiong some material Crom
the ortho~covtex ls also cxitracted. This is evident from
the uneven shape, the ortho-covtex assumes after the

treatment (Plate 50).
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Various possibilities exist to account for % he
abgence of cuticle on the ortho-coritex region in the cross-
sectien of the flbre treated with urea-bisulphite solutlion
for 3 hours degeribed above, Pivgtly, it is possible that
the cuticle might have been detached during the rinsing of
Cibres with water which follows the tresbtment with the
solution. Secondly, it ls possible that the cuticle rouwnd
the ortho~covtex might have been pulled away by vhe embedding
medium as suggested by Silkorski snd his emlleagueaag
Lagtly, 1t is possible that the outicle layer might have been
Gissolved in the solutlon, The former two possibilities can
be rejected sinco 1t is evlident from 1 hour treabtment that
some maberisl dissolves from the layer "a® (Plate 51) and
hence 1t is logieal to think that if the time of treatment
ls ipereased to 3 hours, the reaction would progress further
dissolving the whole cubtliele in the ortho-reglon. secondly,
in Plate 52, where the sechlon is mounted on a coated grld,
though the embedding mateylal sppears to be separated Lfrom
the aross~gection on both the sides, namely the ortho~ and
the para-, theve ls no asign that the cutlele might have been
detached begause ol thisg, Plate 50, whore thoe cmbedding
medlum is not separated at all Tvom the seetion, conclusively
rejects the idea of embedding medium playing any pays, in the

praesent work, towards the disappeavance of the cubtiecle on
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the ortho~ side of the flbres treated with urea~veducer
aolutbion,

At the end of the 3 hourn' treatment with uresa-
bigulphite solutlon at neutral pH, there appears to be a
continuous, thin resistant layer, which surrounds the ortho-
cortex and runs rvound the para-coriex (hensath the intact
cuticle on this slde); here overlapplng of the layer appears
to ocour (Plate 50)e The resgistance of this layer to the
urea~bigulphite solution leads to suggest that immediately
undseneath this layer there may exist a regigbant and
inviglble membrane of the type found by various Wemker$26“28’37
and known as sub«cuﬁiele_membrane. A grealb deal of
controversy exisby regarding the existence of sueh membprane,
but the pregent vepults support the observeations of Alexander
and Eaﬁland,ﬁ? who, afber treatlng the wool with peracebtic
acid-aimnonia, obtained a conbinuocus membranc, it is possible
that, if the subcuticle membrane exigis beueath the thin
layer ap gugpested eavliev, on complete dissolution of
material from wool, the overlapplang membranes in the sub-
cuticle may fuse togebher and as a result one may obbaln a
continuous membrane.

Lt 1s apparent, from the stepwlse veactions and
observations, how the reaction in the fibre progresses

from bthe layer "a" in the cuwiicle on the ortho-cortex side
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to the cortex, Though the fibres seetlons after 20 hours'
treatment have not been examined under the electwon
microscope, it is suggested from tho above obssrvations,
along with the optical microscope observatlons, thab the
residue left afber the treatment of nmerine fibre with urea-
reducer solution ab pH 7, consists of (1) the part of the
ortho-corbex (2) bthe resistant membrene surrounding the
arbho-cortex (3) the whole of the para-cortex with intach
cubicle,

The ivvegulary shepe of the ortho-cortex (Plabtes 50A
and BY can be explained as follows. The extraction of the
ma%&riai from the ortho~gortex creates some yoom and as a
réagult, the surrounding resistent thin layer collapses and
Folds to glve the irvvegulayr periphery. It is ouggested,
from this and the sbsenee of the occeunrrence of the Tragmend-
abtlion in optho-curitex, that the mabteriasl does not dissolve
in bits and pleges bHubt wnilformly from this region., Though
1t ig ¢lear thal the material digsolves Trom both the oprtho-
cortex and the cuticle suvrvounding it, it Is Alfficult to say
which one dissolves first. Also, beecause of the lack of the
detoiled study of covtical structure of the treated Tibres
under the elecbron microscope, 1t is not posslble to sugpgesd
the mechaniom of exbraction of maberial from the wool.

The 'Y merino' fibres given the treatments at pH obher
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than neutral and elso the Lineoln wool fibres have not been
exemined under the electron microsenpe. However, it would
be inderesting to see whait happens to, (1) the para-cortex
and the cuticle on thilis side in nmerino Llbves Lreated with
solutlon at high pH, since under the opiical mieroscops,
ennsiderable materlal appears to have been disgolved from
both parts of the cortex; (2) the para~cortex send the
guticle purroundling it in thée Lincoln wool fibres treaited
with solutions at various pH, since under the opbtiecal
microscope the mabterdal digsolved from thesge Libres appear
Lo vary according bto the pH of the solutlon emplayadQ

A possible explanatlion for the difference in
reacblvity ol the fibres having corblieal asymmetry, boward
the urea~veducer solutions ab different pH is not knowne
rlO?

Tt wag found by Merce and hip colleapues that among the

45

.various fyractiong of Phlllipsg ceystine cfcss«linkageg
(Ap8,0,0), the most reactive fraction namely the (A + B)

ls located in the ortho-cortex whereas the reasistant (C + D)
fraction is situated in the para-~coriex. Also it was
suggeated by M@rcer7n that the ianselubllity of the nava~cortex
in saturated uresn solubtion abt pi O is beéausa of the locatlon
of {¢ + D) Traction in this region. The observabion that

in merino ©ibres the material dissolves Lfrom both veglons of

the coritex suggests, according to Mercer's idea, bthat both



the (A + B) and the (C + D) fractions of croms-linkages

ave involved., © Bub this cannot be ﬁrue-ainee; according

to Fhillipﬂ,lgﬁ the urea~thioglycollate ig likely to cauvae
reduction of the (4 + B) fragtlon chlefly. . @econdly, if
the above ideas af-Meré@w are exbended to the Lincoln fibres,
the digsolution of the pava~coritex, on the treabtment of the
fibres with urea~bigulphite solubion alt neuteral pH, whieh
occurs in bthe presenit work, would not be possible. Prom
thig, 1t 15 suggested that the allocation of ¢ystine cross-
linkages of (A + B) type to the optho~, and (C + D) type
to the pare~coptex is not possible and hence Mercer's views
that the difference in reactiviity is due to the presence

of cerbain Lractions of Phillips cystine cposs-linkages
cannot be Favoured.

The ingolubility of the 'Y merine' ©ibres in the
urea~bisulphlte solubion at Pl 3 may be explalned as qus
either to the decomposition of sodium bisulphite LYy
hydvochlorle acld which is added to the golubtion to adjust
the pH or to the denaturstion of protein. AL low pil sueh
a8 2.5 (urea-thioglycollabe tregtment) the materisl digmolved
ia less, in both types of fibres, compared Lo that at pll 11
{urea-bigulphlte) and this may be because at low pH, the
munber of disulphide bonds broken may be smaller compared
bo that at high pHy abt high complete reduction of cystine

OGGKPSeéf



IH is thus apparvent that neither optical nop electron
microscope examination of wool glven finishing treantmenis
such as tha Immaculagnthe Blrvopel or the muggested mild
urea~bisulphlite one, pglves any indicatlon of modification
off sbructure, histologloally speaking, and hence does not
provide any information regarding the specificlty of the
rgaction of reducing agents in the corlbex. However, results
in the case of wool treated more drasitically with uresa-
blsulphltée at neutral pH, sugpgests that the atback of
reducing agent et thisp p is chiefly confined Lo the ortho=-
corhax and hence 0 the eystine linkeges in this portlion,
From thls it is suggesbted that the meitting and the
modificaition of tensile sbrength of wool, as observed in
the legt chapter, given the breatments such as the Sirosei
and the uwrea-bisulphilte, where the solutions of reducing
agent ave at nesr-peutral pH, ave due to the cystine linkages
mainly in the ortho-cortex and thalt the pamra-coviex plays

vary Little part.
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INDEX, MO _ PLATES

Plates 1L - 4t are opiicel microgeaphs of wool Pibre aross-
pections mounted, unless othevwise stated, ln PO under the
ordinary microscope. The terms PO, 00P, T.Me and O.M., in
the following deseription, erve regpectlvely the abbreviatlions
for paveffin oil, orthochlorophenocl, total maognification

ond original meguifleatlion.

1. Untreated 'Y merino'® wool dyed with Naphthelene Green GS
before goactlion cubting.

Tells x 800 (D.Me = 800),

2, Untrested 'Y merine' wool stained with silver-ammoniume
nltrate and exemined under the phase-contrast.

ToMe % 1LLOO (el % 500)a

Je A and B are serial seetions of the same untreated 'Y merine’
weols A -~ sectlon dped with meshylene blue,
B ~ gections exposed 4o mercury vapour,

ToMe X 800 (0.Mo x= 200)
e Sections of undreated Tincoln wool, dyeﬁ with mathylene blue.
Polle X 225 (Oulle 3 50)s |

5. Untreated Lincoln wool stalned with silver-smmonium-nitrate.

T,Me X LOOO (OuMo % BOO) e

i



INDEX 70 PLATES (Continued)
6, 'Y merine! wool treated with 2% sodlum bisulphite

gsolution and steam pressed for 20 seconds (Immacula~l):
the seetlons mounted ln 0CP and wnder phase~contrast.

TaMo x 1100 (Dole x TOO).

7. 'Y merino’ wool troated as for Plate 6, then seetions
exposad to mercury vapour:
A = under the ordlinary mlercseope,
B « under phase-~contrast,

TeaMoe x BOO (OcMe i 290).

8¢ 'Y merino' wool treated as for Plate 6, and then sections
dyed with methylene blue:
TJMe x 1500 (OeMe x 500)e

9+ 'Y merino' wool itreatod as For Plate 6 and then stained
with silver-osmmonium~nitrate solution: under phase contrast,

Tolle ¥ 2000 (OuMe x 500)

10, 'Y merino' wool treated with 2% ammonium thioglycollate
and steamed for 20 seeconds (8ivosed): mounted in OCP
an@ undey phase«contyrast,

.M. % 1100 (0.ifs 2 T00).

11, 'Y merine® wool given urea-blisulphlte (rinsed) treatment:
mounded in OGP and wnder phase-contrast.

Tooe % 850 {(OuMe X T700)s
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15,

16,

17.

INDEE_TO _PLATES (Gontinued)

'Y omerino® wool treabted with ssaturated ures solution
contalning 5 gms. of sodium bisulphite per 100 cc of

solutlon abt pH 7 at QOOG for 3 hours (treaiment IA):

under phase-—-coatrast.

ToMe X LOO (OMe = 200),

Vv merino’ wool treated as for Plate 12: mounted in
O0F and wnder phase-conbrant.

ToMe 5 1250 {Qalle % 500),

'Y merinoe’ wool treated as for Plate 12, then seetions
expossd to merceury tvapour: undey phase-conbrast,

Tolo ® 500 {0elo x 200).

'Y mevino® wool trsated as for Plabte 12, then sections
treated with osmic acid: under phase-conbrast.

T.Me %X 50O (DM x 200)

'Y merine’ wool treated as for Plete L2, then seetlions

exposed to mereury vapours undey the ordlnary micercscope.
Melle X BOO (D Ms = 200).

v merino' weool treated as for Plate 12, then stained with

sllver-ammonivm-nitrate solutions wnder phane~contrast.

Peie x 1350 (Oe = BOO).

186 and 19. 'Y mexino® wool ireated as for Plate 12, then

sectiong dyed with methylene blue,
ToMe x 1000 (Oally x 500).



INDEX T0 BLATES (Continued)

20, 'Y mering® wool tveated with saturated ures solubion
gontalnlng 5 gma. of sodium bisulphite pey 10D ¢¢ of
golution at pH 7 a2t ho"C for 20 hours (itreatment IB):
mounbad in QUP and uwnder phase-conbrast.

Poe x 580 {OuMa x 200),

21, 'Y merino’ wool treated as for Plate 20, then sections
dyed with methylene biue.
Tl % 300 {0ulls 2 50).
22, 'Y merine’® wool treated with saturated ures solution
containing 5 ¢c¢ of thioglycolllc acid pey 100 cc of
solubion at pH 245 at 4B°C for 6 hours (treatment IT).

ToMe x 3—50@ (OQMQ pii 500).:

2%, 'Y merino® wool treated as Tor Plate 22, then scetions
dyed with methylene blug.

Tlle ® 1500 (0ulfe x 500),

2, 'Y merino' wool trested as for Plate 223 under phase-
gontrast.
TeMe x 700 (0o % 200).
25, 'Y maerino' wool trested with urea~bisulphite solution
(80 gmse of urea and b gms, of sodivm bisulphite pey
100 ce of waker) at pil 3 atb 1o°C Ffor 6 hours (treatment TII),

Talle x LBOO ('O‘gMo B 500).



INDEX TQ PLATES (Continued)

26, 'Y merino' wool treated as for Plate 25, then seations
dyed with mathylene blue.
Talle x 1500 (Q»Ma X E}OG)G

27. 'Y merino' wool treated as for Plate 25, then stained
with silver-gmuonlun-nitrate solubion: under phase-
cONEPas8Ce

Tello % 1300 (0ele X 500).

28, 'Y merino’ wool treabed wlith urvea-bisulphite solution
(80 gms. of urea and 5 guns. of sodium bisulphite per
100 ec of water) ot ph 11 at 4o%C for 6 houvs (treatment IV).

TeMo x 1500 (Oelo % 500)

29. 'Y merine’ wool treated as fov Plate 28, ithen geetlons
dyed with methylene blue,
TJMe x 1200 (0. x 500),

30 'Y merine' wool treated as for Plate 30, then siained
with silver-ammoniun-nltrate solution: under phase-
contrast.

TeMe 3 1400 (0ele = 500).

3le 'Y merine' wool treated with urea-veducer solution
(50 gms. of urea and 3 gms. of sodium bisulphite pev
100 cc of molution) at pH 7 at 685°C for 1 houw
{(tregtmend V A)a

TeMoe % 1500 (Oarﬂb X 500)41;
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INDEX 0 PLATES (Contlnued)

A

'Y mevino' wool treated as for Plate 31, then sections
dyed with methylene blue.
e x 1500 {(QeMo x 500).

'Y merino' wool trveated as for Plate 31, then stained with
gllvev«pmmonium-~-nitrate solution: wndey phase-contraste

PMe X 1500 (0CaMa X 500),

'Y merino' wool treated with urea~bisulphilte solution
(50 gms. of urea and 3 gms. of sodium bilsulphite per
100 ec of solution) at pH 7 at 65°C for 3 hours
(treotment V B). Y

Talle ® 1500 (DaHo X 500).

'y mevine' wool as treated Tor Plate 3, then sections
dyed wlth methylene blus.

TaMe X 1590 (Onlra X 500)e
'Y merino' wool as itreated Tor Plate 3, then sbalned with

gilver-gmmonivm-nltrate gsolution: uvnder phase~contrast.

TelMe x 1500 (OQM:» X 500)0

fLineoln wool hreated with saturaited uprea solutlon

containing 6 gms. of sodlum blsulphite per 100 cc of
solution et pH 7 at L4oYC for 3 hours (treatment I A):
mounted in O0P and under phase-contragh.

Mo x 1200 (QaMo i SOO)G



INDEE TO PLAVES (Continued)

38, Lincoln wool as treated fov Plate 37, then sections
dyed with methyiens blue.
TalMe x l?ﬁ@ (ﬁ)am‘a £z 590)@

39. Lincoln wool ag treated for Plate 37, then sectlons
exposad 4o meroury vapour: under phaoge-contrast.

ToMe x 800 (0.0 % 200).

40, Lineoln woel as treated for Plate 37, then sections
treated wibth osmic acld: undor phasew-conbrosh.

Poe x 800 (Ouie x 800},

Ll Lincoln wool treated with soiurated ures solution
conbalning 5 ce of thioglyeollic acid per. 100 ce. of
golubion abt pH 2.5 at 45°C For 6 hours (treatment IT).

Telle x 1500 (O.Mo x 500).

2. Lincoln wool treated as for Plate Ll, then sections
dyed with methylene blug.
Tl x 1L35BO {0 = 50D).

3. Lineoln wool treated with wrea-bisulphite solubion
{80 gmse. of urea and 5 gme. of sodiun bigulphlite per
100 ag of water) at pi 11 ab AQQG for 6 hours
(treatment IV).

Tulle X 1000 (OoMe % B500).



INDER PO PLATES (Continued)

INDEX MO PLATRES (Continued)
4. Lincoln wool treated as oy Plate 43, then seectiong dyed

with methylene blue.

TaMo % 1000 {0.Mo x 500).

Plotes B « Ko  are elegtvon micrographs, obbained on the

o

Pimiskop I instrument at 80 XV,

L5 and h6. Untreated 'Y merino' wool, stained with silver-
ammoniuvm-nitrate solubtlon.

Telle x 5600 (OeMo 3 HOOO).

L. Pavt of the unbreated 'Y merino' wool (Plate U5H), ab
higher magnification,

ToMe x 68000 {(0.Ms x H0000),

48 and L9, 'Y merino' wool treated with 2% sodlum bisulphite
solubion and steam pressed Loy 20 seconds (Immacula-I)
then stained with silver-amonium-nitrate solution.

ToMe X 7000 (Qsle = 5000)

50, 'Y merino' wool treated with saturated ures solution
containing % gng., of sodiwm bisulphite per 100 ¢ ol
solution at pii 7 at 40°C Ffor 3 hours (treatment I A),
then stalned with silver~ammoniun-nitrate solution.

A low magnifieation micrograph,
Toe x 6500 (0JMe % 5000).

B high magnification micrograpi,
Telle & 26000  (0O.Me x 20000).



ITNDEE TO PLATES (Continued)

5L, 'Y merine' wool treated with urea-reducecr solution
(50 gma. of urea and 3 gms. of sodium bisulphite per
100 cc of golution) at pi 7 at 65°C for 1 hour
(treatment ¥V A), then stained with silvep-ammoniuvm-
nitrate solublon.
A low magnification micrograph,
ToMe % 37500 (O.He x 10000).
B high magnification micrograph,

TJMe x GBOOO {Oule x 20000)%

52, *Y mevino! wool treated with urea~reducer solution
(50 gms. of urven and 3 gus. of godium bisulphlte per
100 ce¢ of solution) ab pil 7 ét 65% for 3 houvs
(treatment V B), then shalned with silver—smmonium-
uitrate solution.

Tole X 8500 (OQMQ X 5000)@
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