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Depradation by Ultraeviolet Light

of Woel and other Textile Fibres.

by

Roshan Lal Shishoo

ABSTRAGT

Physical and chemical changes occuring in wool as a result
of exposure to ultra-violet light have been investigated,
The methods used included the determination of strength,
extensibility and reduction in work of rupture, the
measurement of density, refractive index, urea~bisulphite
solubility, alkali solubility, water imbibition, specific
surface area, dye absorption and X~ray diffraction,

There is a propressive decrease in strength and
extensibility and hence an increase in the reduction in the
work of rupture of the wool fibre after successive doses
of ultra-violet radiation., Increases in density and
refrgctive indices of the wool fibre were observed, which
indicated an increase in crystalline - amorphous ratio,
probably due to molecular chain readjustment effected by
ultra~violet energy. The imbibitilon value and the spacific
surface arca of exposed wool fibres was reduced, showing
that accessibility to certain reagents was lowered after
exposure or that the structure became more conpact in the

molecular sense. No appreciable changes in Xeray
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photograph were however observed to confirm these effects.

That the exposure of wool resulted in degradation of
main-chains and disulphide linkages was shown by the
increase in urea~bisulphite solubility and alkali
solubility aftér irradiation, The rate of dye uptake of
wool fibres was enhanced after exposure. The dyeing rates
of unéxposed and exposed descaled wool were apparently
equal, One of the main effects of irradiation on intact
wool was therefore modification of the cuticle,

The examination of degradation by ultra-~violet lighﬁ~
was extended to other fibres, Logses in strength,
extensibility and reduction in work after exposure were
recorded for matt and bright M 95, viscose rayon, Acrilan,
Matt Courtelle, Fibrolane BX and nylon 66, The light
stablility of acrylenitrile fibres seems to be very good,
followed by nylon, viscose and Fibrolane BX in that order,
The results of atrength tests showed that the presence of
a delustring agent increased the degree of fibre
degradation, Ultra-violet exposure resulted in an increasc
in fluidity of viscose rayon, and a diminution of the
viscosity and molecular_weight of nylon, This suggests
that in both viscose rayon and nylon,rupture of the

main chain molecules has occured,
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SUMMARY

Physical and chemical changes occuring in wool as a result
of exposure to ultra-violet light have boen investigated.
The methods used included the deterailnation of strength,
extensibility end reduction in work of rupture, the
measurament of deonslty, refvactive index, urea=-bisulphite
solubility, alkall solubility, water imbibition, specific
surface area, dye absorpticn and Xeray diffraction,

There is o progressive deovesse in strength and
extonalbility and hence an inerease in the reduction in
the worlk of rupture of the wool fibre after successivo
doges of ultra~violet radiation. Increnpges in density
and reofractive indices of the wool fibye were obsorved,
which indicated an inerease in erystalline - amorphous
ratio, probably due to moloeocular chain readjustment
effected by ultra-violet energy. The imbibition value
and the specifie surface arece of cxposcd wool fibres was
reduced, showing that acecessibility o certain reagents
was lowered after oxposure or that the structure became
more compact in the molecular sense, No approciablo
changoes in l-ray photograph were however observed o confirm
these effecto,

That the exposure of wool resulted in doegradation of
main-chaing and disulphide linkages was shown by the

increase in ureap~bisulphite solubility and alkali



polubllivy efter ivvadiation. The rate of dye uptake of
wool flbres was enbanced altor oxXposure. The dyeing rates
of unoxposed and exposed descaled wool were appsrently oqusl,
One of the main offects of irradiation on intacht wool was
therefore modification of the cutlele,

The examination of degradabtion by uvltra-viclet light
was exntended to other fibres. Losses in strengih,
axtenaiblillity end redoction in work al'ter exposure were
recovded for matt and bright MO9S vigeose rayon, Acrilon,

Matt Courtelle, Fibrelane BX and nylon 66,  The light
stabllity of acvylonitrile fibres sesms Lo be very good,
followsd by nylon, viscose and Fibrolane BX la that order,
Tho results of strength bests ohowed that the presence of

a delustiring agont inereased the degree of flbre doegradation.
Ultra-violet exposure regulbed in an lncrease in fiuvidity

of viscose rayon, and o dianinubion of the viscosliy amd
molocular welpht of nylon. This suggests thab in both
viscose rayon and nylen, rupbure of the main chaln

solecules has oooured.
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1,01 -  PHOTCCHIMICAL DEGRADATION O PEATLLES

£o s well known that the prolonsed suposure of bextile
flbres to Iight can result in photoshemical degradation,
ong of the best known illustretions of this Leing the
dalfference in propeviies between the protected porvion and
exposed &ip of & wool Flbwe,

in opder wo produce @ ph@%ﬁ&h@mi@a& change in agy
moherial, light muet not only be abo @wbuu, but also Lo of
sufficiontly high energy conbent o oxcite the molecuies
of the ivradioted substence regulting in thely chomical
rogation or dlssociabtlon. Two essonbisol features of the
molecules of which the wextile fibres are composed, the
longth of the smolecular ¢haln and the cohenlon batween
adJacent cholas, may be alTocted by these ehanges.

Avomg and molocules exlt or absork radliatlon only in
diserebse enorgy steps koown ed guanba, bthe megnitude ol a
guanbug belng diveckly propovtional Lo the molecular

froquency of a substence, coch molecule teking vwp one

iz}

guantun of radiation in pequiring its asotlvated state. A
moleenle coan soguire more cnoergy from a high frequency
radistion thon from redistion of o low {raguoncy. Table
I givesn some values for the wavelength, froguency and
guantunf energy of radiation in a pavticular range of the

1
BROCEIUR .



THDLE X

Range of the Ciaveioneth | Froquency | Bnovsy pop
Spectrum 3 EQAQPQG“A Qﬁ&ﬂ%hw
A 1ﬁﬁiﬁﬁrg3
Hear infra-rod 10, L00 30 N
Fisible {(red} 7 00 bwl 2.8
Yigible {(green) 5,500 245 346
Yiodblo {(violot) b 000 75 340
Near unltrae-vioiou 34500 8.6 5o
ilr wlt Pﬁvv“{? ah 2 5 500 12,6 8.0

L6 will be seon thet radistion ia tho near ulirge-
violet con provide abamﬁ'%hr@w tlrmes Gho onergy por quaniunm
of that in the near Indrawred roeglon,. The fundomental lows
of photochemiatry show thet Ghe gabsorption of radiont onovgy
will produce chenical chanpeg o an oxbent dopendant upon
the freguency of radiation, highoy frequency radlation
vroduclng the greatest ¢hanpes.

Ag recolved ab the aurface of the carth, the solar
radiation spogtrum nay be divide ; poroximately as shown
i Tabldoe 11

TALLE 43

Peveentage ol

O
Honpa 5
B& p “u@a} radietion

Plirewvioliot radiation 2O - 300 @
Jislibie rodiastion BEO0-PEG0 )

Inffraered F&ﬁ%mtiﬁu ahove ”&@Q 53




Alshough only four peresent wlora-viclet radiatlon io
vecaived by thoe material from the soler radiation, the
changes produced within the fibra are approclable conpared
with those produced by the remsindng 90 perecont radistion.

Thus, although pwndight do dn gesetice the medivm responsible

i3

¢

for light degredatlon of tewtile waterisls, in ordoy to

invastigote the ef fect of shorter wave 1¢m§zh (high frecuency)
radiation, an ultraeviolet Light source h@ﬂ been wvsoed, This

has the advantage of consistoney of intonsiby, whereas the
invonsity of deyiight is & variasble factor. Ultrawviolet
radiantion has the ewperimental advontoage of prodocing
poasurable degradation within a reasonable poricd of tine,
The xenon are has bean ‘f‘mmig G0 glive the Lust
approximation to sunlight, pavticularly for the uvlire-
violet and for shorvor wavelength ultvraeviclet (below 3500 ii,
while the combination of fluorcscent Jhanlenp and ﬁ}a Elight
lomp also epproximetes bo sunlight.  Billlot et aléuS@é
Doavig end Gibson liguid filvers and 2 tungeten laoap GO
provide & 1ight sowrce for which tho spectral energy
digtribution approzimated Lo that of the sun. Apyl@hyﬁ
found that of the svellable light gources, the hisgh
intensity corbon are with appropriate Lilters appoared 4o

give the most reproducible vrasulis,



An uwnavoldable ac%awﬁ whon an albroe-vriolat soupree is

=]

used, 1o that opone is produced by the yadiatlon which wmight

h g

divectly, or iadirectly, affect the depres of degradation
caused by the wltra-violet redlation Howavey normally
gzmone in not an loportant facvor in wool depredatlon sinco
the osonseproducing rodiations of wavelength 1850 g are
absorbed by L om of adry at stmospheric pressure,

In the setion of Jipht on textile asterials shero ave

two madn Sypes of photochenical gotlon of luportance namaely,.

. , 6
photolyeis and photosensitisation,

1,02 « Photolyels

tn this type of reaction, the radiation sbsorbod by
a molesuloe produces @i@yuyﬁiﬁn of o chemical boud with
congaguent lons of strengbh of the textlile fibre, The
rupture of the chain molecunles lavolves breoabliag single
borda of elther carbonscarbon, Carbon-oxygen, 0 Corbone
nitrogen depending on the flbre, whilo channes in eide

Linkages may involve gorbon-hydrogen in addition, Tha

gnergy reaquired $o produce these moleculny dlsruptions is

fz L

reletively high; in foet 16 i only Cho radistion at the

s

shortey waveleagth end of the vliraeviclot spocbyrum
o

fwavelensth in the 2500 4 region) whiceh bas sulficiont

s

enorgy por auantum o prowmobe these resctionn,. These

photolytic efffects are o direct rooult of irpsdiation and



do not depend on the presonce of owypen in conteot with the

o

irvadiated matorial, while &&@y‘ﬁlsﬂ occeur whon the textile

e ¥ 7

fibre iz exposad in an ineyt stmosphera or in o vacuum,

In the photelvals of all mecromolecules, the enorgy requlred
o produce & clesvage in o chemnleal bond will depend on the

nabure of the bond znd the astome involved.

1,03 w ?haiaﬁonmiﬁﬁmn x@n

In some systoms where thoe regotant 1 incapableof
absorbing the ineldent light o any considorable oxtent, for
a chemieal change to ccour 1v lo necestary vo Introduce into
the oysten a subataneo capoble of absorbing the lichd and of
conveying bhe energy so absorbed to the veacting molecules,
When thie energy is sufliciont to couse roesctlion, ool

nrovided that the abhosorbine substance is nob poraonently
i W

translormed thevreby, the process is known as Fhotosgnsiiisation

-

The presence of oxypen is cgsentlal, the vabe of rosotion
velng neglepiblo in lis absence as hes boon shoun where

g e bl
irvadiation of dyed and undyed [ibres ln vacuunm, or dn the

grosonce of inert smeos, Aid nob result din sdisnilfd
}‘ R = ‘nw

¥
] M. g - »
dosradation. This type of reaction con be indtlated dn
roth near wlbraevioleb, ov vislble, reglons of the spectrim
deponding on the type of sample, Holsture s anothos

eaviromwntal factor which, with wony types of mateorial, can

affoct a vary grogt dncresse in the magoituds of photochomical



change.  When a wedistion-abgorbing subsbonce such as o dye
or plgment is assoclated with a ibre, sbsorpilon of light

gk
o near vltvee-violet radiation mey bo dunereased and bhe
enorgy transfereod to the resetliang wolecnles ol the ibre o
as o0 inltiate photo-oxidablon,  Such dyes oy piguonts are
saomm a8 photo-aonsitisers and geny dyed btextiles will
conacguently exhibdit  greodly enhanced depradotion in light
compared with the uwndyed maberial, bBven colourless pigments
such as slne otlde and titenivm dioxdde, whilch have ctrong
sbsorption in the near wltraeviclet, will oet da this way as
phntoesmmeltisers

ﬁ

& ponoral schene of the mechanism involved has beon

30,30440 _ ,
usga&&oﬁ in which the light encegy pboorbed by the dye
is transfarred 0 the ouygen in the surrounding mb%ﬁ sphere

with thoe produchlon of activeted owyeon. in tho prosonce
of water vapoura, the activeted owxygen 1o assumed bo roact
with tho formaetion of bydropen peroxide,. The degradaibion
off the toxtile materigl io thon dus Lo oxidation by

asbivoted oxygen end/or hydrogen poroxide, depending on the

partdenlar seubile Tibre and the experisental conditions.

1.0 » Bffoct of Tomporature

The extreome differonces in abtuosphoris temperature
sotweon sucl sdtustions as high level atations, cultlvated

W

fiedds, rocky outerop (large), thick vegetablon and doeep



wator {(smadl) and in freo alr above 4,000 £6. above the

surface {(mevrel, resuld in severe physicel and chemlegl
domoge, the degredation belng greabter ab places with

A
higher tompersture.

Lo0% = Effeet of Humldity
g .
Ashivon and Probort  studied the photochemden

dogradation of dyed fabric by deylirht undey controlled

humidicy conditions An an atbempt o find o yrelation bouwvan

tho pelative husddity of she atmesphere and the extont of

&

photoohonicnd depradation of vat-dved cotton. In genoral
an increaso In bunddlty ueuvslly incrensed the dogredetion,
although tho of'feet deparvied uvpon the nature of the fibre.

14
Brorton  showed that bthe effect of atwosphoerle huwaldity oy

11.«

k3

the rate oFf photochenical doepradation was not creat fov
biedeht nvlon and brlght viscose ravon yarne, but was
coneideprablo For the sllk and cotton yverng, ead very great
fFor dull visaoso royon. he depradatlon of dyed and
vadyed cotbon and alll dp luerepood by molsbure, eud these
taxtiles arve mavkoddy affected by the velatile peroxide.
Un the othey hand the depradation of nyvien and viseose
eayon s much leos affected by hunidlivy, ond the effect of
phe veloblilo perovide on these fivres lo moebh loss thea in

GOEH0N .



106 = Other Factors

The roate of deprodation of a textily material is
graatly loflsonced by the intensity of the radiation uged
and the bine of ewposura, aud is ineroensed by the Increase
of both bhoge fackbors. Fiyﬁgi han shown that the sumbes

ol fractures poy chals in collulose ds preportionnd to the

Light dntensliiv,

of agme dwnportoncs ahen considering the ponsible degroo of

&1

degradotion.  The conrger yarns ave less susceptible o
domane Shan vhe finer enos, while in the cose of wool fibre
it hoo been shown that subotantlal dsmase by ulbreeviolob
1leht to caused Lo the scales which in turs may be regevded
as glving proteciion to the cortex.
tho order of soverity of ultrs«violet doegradotion
chonees with the fibres of difference chemlond strugture,
¥
&ippaig hoa elossified the Idlght stebilivy of vorious

-

fibres ao shogn in Table 111,

1

TABLE LY

. ! e B N ¥x i o & S ik, i) 5 | s
Fibre Ldehi a*w%%lﬁ v

Pols ﬁmAmﬁé 3%%%1&
iéﬁ?ﬁi mi T ‘2:3&;
Haturael 2311k tivtle
toelinlose hayon moderaba
Gm?iuiaxm dcetate aoid
sevylonitedle vary oood
§@lyv¢&y uhmmviﬁ@ . vory go ood

Tha ghyaleal structure of tho materiel ouwposed is also



LY « Thyeleal and (

ﬁiﬁﬂw ooty

& progresolive

“ i

tosp of strongth and owtensiblillty ov

Ugonderdng? da probably the most important of the chenges in
Bho physioal oroperties of fibres which Pollow photochemical
abtaclk, . This provides o ressonoble omplrical basis of
compariscn that possesses conailderable practieald Inbereot,
and 1t has besn waoed for thils purpose,
The chonianl or photochonicel degredotion of nabtural

LJ:

and man-nade textlic oolymers s accompanied Ly chonge in
she Plow propertics (Mlaldivy, viscooisy) of their solutions
and osuch g propaerty night e chosen ag a guantitative index
of tho exbent of phobochomical degrodation. Undeso sueh
geaourenents conld bo reducsd to somawhab wore comperablo

auch as inbe

I o g
& QS 8

]
KRS

ohsolube basis lovy

bewblios, but
of the photochemloan

Hoving complo

3
LS

photoghen

Shay can

degradation of textile Mbres, ceriain

ineslic vincoglivlies, thoy provide no

‘a i.z

compering the bobhaviow of difforent

ba of comparative value in a study

1 degradation of any pavtdoulay Cibea,

pod o genoy aitﬁﬁvvay of the problem of

Plbros

will now be conasidered dodividusdiv,

rris and Sm

?\1;

soudd disrupb

» dlsulvhide

LY
T

16

ith belleved that wltraeviolet Lipght

"

de bonds of dyy wool, ao thet
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aventually all the cystine was oxidised., The feaulﬁiﬁg
degradation of weol, dotermined by alkali-solublliity
measurenents, and by cstimation of liberated ammonia and
pulphate sulphur was diveectly related o0 the decrease in
;
ayatine cantenéi The primary action of radiotion which
resulsed dn the decomposition of cystine, waa independent
of the moisture in the system, and wap belloved o bhe o
divect activation of the disulphide bond,  This probably
leado to the translent formatlon of lons, followed by
hydrolyeis (which was shown o be a photochemical yrac@aﬁff
leading o the evolunion of hydrogen sulphlde Lrom the
wastable sulphenic acid, as glven byl

o GHaGH? w Ha S Gﬁgw HGw ™7 (il - S§?«$ 5w CHow O -
| Hn0

The sulphenic acid {HOS, ﬂﬁguﬁﬁ) Further decompoped o
give hydrogen gsulphide which wan eventually oxldised o
sulphato -
wCH @ Cilye SO wed =0 = GHO ¢ Hao

A direct cleavage of the disulphide bond of cystine
itsell by this bypo ?f reactlion, has also been postulated
by Anslow and F@ﬁﬁ@;, who showed that when radiant energy
is absorbed by thia substance, the linkages between the
helves of the molecule weve weakened, which vesulted in

the dinruption of the molecule,



11

There 19 also evidence te show that free thiol
radicals, ﬁ‘m by can be formed by the dlissoelation of
dis u?ph%ﬁﬂéf and further aupport fopy this was provided by
the wort done by Crawahaw and Spe&km&§3 in which the polye
morisation ofmeaoryiic eccld was nromoted by cystine and
ethyl disuliphide,. |, Since cy&ﬁain@a lyaine and fodogorgoic
acid are without m?xeez %hﬁ?ﬁ con be litvle doubt that the
abilivy of inteet wool Ho in$ﬁ1@§@ polymerisation is due Lo
the disulphide bond it contalns, AL 25%C, however cystine,
ethyl disulphide and wool are ineffeetive in sbaonce of
lght, and 1t wao concluded that the free radicels whieh

n

indtiate polymerisation wers Lormed by the {lasion of

-

disulphide bonds under the influence of light.

R oawdaed ol v 2w S

Row Syt Claol (CH,) + CHom © (CHL) 4 cmem-
[ 3, ‘j P :3. ,3
COOH COOH
i w8 w GHyeG (CHy) o Cllye C (CHg) mmamme
E@UGH ‘3&.)&3?%

The hydrolytic clepvage of the disulphide group of
oyl in@ in wool, by the action @% lizght o almilar to that
postula ted by Crondor and ﬁa?riﬁé Lo account for the
deegradation of wool In alkelioe solution,

doold which 1s relatively more stable to lisght than

[

ciin
silkg l1s oxddiped durlng irvadiation, tha ghiaf noint of

g"

avback belng the disulphide group of the amino acid, cysitine,



12

which 1o prosent in wool bub not in 913k, Thoe group o
readdily attacked by oxidiving apents and becomes aore
susgeptible vwo the agtion of alkaligﬁﬁ. The oxtent to which
wool lo oxidiszed beeys & functionald velaotionship o the
decreane in 1te cysbine content and 4o the lancrease in its
alboll solublility. The total sulphur contents of the
nnbrepsed and ascldetreoated sonples detrease during oxponurc.
Horoover hydrogen sulphlde evolved veadily oxidises o
sulphuric sald, which would geeouns for thoe comparative cape
with which some of the disulphide sulphur in wool is converised
to sulphate aﬁighwW,

The disvlphide group absorbs wltra-violed radistion and
although 1t wes found ¢hat the smount of oystine lost in the
irvedietion was 5 percoent of the total content, alter
exposure for 2 hours, no further ingrogso in eystine loga
was noeblced ap o 200 hours,  UOn the obher hand dncroase

Oy ]

in eyposurs Limoe from 2 4o 20 hours groetly inereased the

supareontrection. It vhorefore seems unlikoly that

ot
cystine takea any part in supercontractlion process. ﬁa&yﬁ
at ol suppested that syrosine might be invelved in the
sbrong polay bonds or co-operative scoondary Londs, which
when broloon in lithiun bromide solution sllowed the

secondary suporeoniractlion stage.
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Boarelst and Eing  found that the sulphur content of
wool was roduced oftor irreodiabion and that 1t was otlll
lowoer alfter woshing with /0G0 godiuvm hydroxide. Thay
conaidored the resultant loss of welght of weol was due Lo
tho detatchment of gorbed sulphur dioxide. That the
extrach must contedn matepials other thon this wos shown
by ¢he fact that it yieldod a byaroscople splid on
evaporation, and thot it absorbed ln tho wltra-violet

reglon. The spectyum of the aguoons extroact of irvvadiated

wool is gscen Lo resesble thadt of an exbennlvely irvradiated
. 30 - o
aclution oF tyrosing. he aguoous extracd spoectivwa 1o

anaffeeted by o chonre in pB from 3 {(tho ovigingds to 12,
It ls possible that oxldation of the phenolle componont
has takon ploce during lrradiotion, with the Pormation of
dopa-uinone (34 - dilteto phonyvianaline) or sisdlar
residues which noe loncer ¢ontain ionigeble eroups, This
exddation nmechanlsm ls supsorted by the observation that

heat-damagoed (L.e., oxddized) wool glves o digest spectrum

R

whieh indicatos the production of a simileyr substence.
HMiferonces in chemical compositlon botwsen root,

midddle and tlp sections of novool erimpod, and ol copper -
defficieont gteoly south Afvican Meploo wools wore

32
investigated by Louw, os well as the dnflvence of thesa
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differences on aclid ﬁy&ma%suyyhimﬁ, alkeld sodubility aad
urea bisulphite solubilitvy. In normel wools, the loss ln

cyantine pnd tryptophan conbent and ineyoase in ceysbele scid
ravenlod the extent of bywdrolvyiic and oxidotive woeathering
demage ond oxplalned the chanrses in solubility ond dye
ahsorption. Copper dellclont root wools contain losy
aygtine but more cysbeine and oyetole acld, and have loworp

-~

ailtall solubilivy and dye-nbgorption than the norgal wool,
and wore consldersd 4o boe incomplotely kuratinizoed,
Rerptinization can continue as a wodell of an inerease in
crossw-1inking during opeing and weathering on the aninpalls
bacl, thereby restoring the alkeli-golubllity snd dyo
aLoorption to lovels apsocloted with novaal weathered wools,
The tips of the wool {ibrea ave known o have o Low

oysbine conbortt duo to weathordag, and 1t has been shown

Eawiy

that oystelic soid is prasentia As wanthoring

nvolves tho
prolonged Intversebion of llght and water with wool, thoe
procoss whileh ogenrs ohould be slmilar o the photowchomical
reaction.

The alkallegolubillsy luersases whon wosl 1s degredes
cither by peptldes~bond broakdown or rupture of the
disudphide bond and fo o wmost usefwdl methoed Loy assessing
Blie damare. Horeover, discorientation of meeromsleculor

strugiure resulting from the hrosking of hyidrogon bonds
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only {e.g., Mithiwe bromide, phoaol) alse sreatly inereascs

the plkall - solubllivy althouph ne covalont bonds have
10
boon broker, o

The absopption spectrmum of the alkasll solovions
abtained during allbcli-solubliity tests of wool oxposed o
slora-violot light, resesbled shet of weol which hoad boen
reflveead Doy 8 hours in 2H sodiuva bvderozide and both curve:

* A 13

reprodueed the aharacteristic ainimum snd waximun shown by

tyrooine dn 2 sodiun hydeordde ﬁwinﬁwﬁuq

The swelling dn 0.31.0,. sodivm bhydrowide ip o function

£3 [rd

of the timo of cxposure Lo sunllehiy

<
Py
H

s
b
o

v of ovay W0 ey
cont resulting fron odposing clobh For 600 houwrs (unoxposed
wool swells less than 10 per cont). This easy owelling
mokes oxposad wool tlps dye dorker sbades than tho rest of
the fibre In fantetoepnilling acld dyen with levee soproegotod
motocules, and Uighter than the vest wlth oome ddaporsed
aedd eolours, The presonce of =~UN0 aad -5H

the devolopmont of the full shede with oome ehromne dyos,

Baert
ey
A d
&
PR
%t
e
v
2
&
inla
P
Vi

That ght bas on foportons offect on the
shown by the faet that wool exposed in o Fodeel-acter is

much wore quickly webtted by a solutlon of a detorgent, and

{«r

by the roductlon in shriskage to washilng and wllling, alter
prolonged ouposure.  Horeover, an increassd reactlion iy

found with the Pauly test in vhich bLYeown ataino ore Porasd
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with the tyrosine in the &@F@@K%} {The cuticle is
bolloved to have o fow btyrosine rosiduesi.

Although exposaed woold webts very roadiliy, tho amount
of modoture which 1t contoine when in oguilibriom with an
atmosphere of defined temperature and hueddisy, is rather

, . . 3
eas Shan with waexpoassd wool.

Tl

heeording o Lma&g@@ﬁig whi attempted Lo oxplain the
mechandism of vellowing of wool, the ulbre-violet light
gnorgy Lo absorbed by the chromophoric groups, ehicefly the
sromable oand hetrocyelic conbres and possibly the onolizaed
poptide chaln groups. It is Imowa that the aclylation of
hydvoxy groups of tyrosine luparts & awapure of provogiion
Lo wool, eill and other protelas, indiecating that phenolle
groupn are involved. Hewaver the laot that simple aminse
acids sueh ns alonine basome vellow whon treaved with vlirge
yiolet light led lundpren to the concluslon that the
vellowing mechandisn ip compley amd Shot several processes

may ocowr simultansously, Ha found from the exporiments

‘

#ith tloanste esters that alkoxy radicals acting as free
vadical seavengers are the active spents offeoblve Pop
inhiblting the vellowing of woold by light. This yvellowing
can be inhibived by lmprogneting the weol with botyl
phosphate and acetie anbydrdde, or better still with bubyl

Lihanato.
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. . 29 . . B .
Geobon and Jtabthen  have atbeibubed the yollowing of

woold Lo the conwersion of tryontophan into colonred

, . 4o
derivetivos and thie elnim wes also condirvmed by Lonnox
who observed & fallsin the content of tryptophen darlng

3

irvadiation.
o ‘

Lonnox  found that when wool was oxposed for one
hovr vo wltrg-viclet radistion with @ 128 « wavt lamp, 2
deap vellow shade was doeveleped, the yellowing producod
oceuring slightly more yeadily in dey alr than in moelst
alr, Studies on vellowineg were nade by a diffeovrential
spectraphotopatric sbaorpbion method for measuring colour

B .
in wm@l? The increase in absorpbion et 3200 § which
sccompanics the disapperance of groonioh colour devoeloped
ander anbydyrous aaﬂﬂiﬁiﬁms'$u§~&$ﬁ shat yvellowing by uliraoe
viglet drradistion con procecd by at least bwo stops,. One
of shase 1o a photoghenical step o give a greon componsnt

whiceh thoen reapts with water in 2 sseond atep bo glve

{3

o]

=

wyg.

wateriel with A oax ot 3200 A, fhe seaond sbop thopohy

e

intensifios the yvellowing. & rroone-vellow abade g
produced in dey wool febrlce when exposed to ultre-violet
irvadiadion over o ﬁ@ﬁi&&ﬂﬂ%,.km&x ocouring ot aboud

6300 & 1n additlon o uouad Amax ab E00 §§ Up cuposure
be the molat alv, the ebsorpilon posk at GICG0 8 disappoared
and the opbtical donsity ab 220G g inereased o o highop

vaolue than s obbtained by radiation in molst aly.
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Amine acdd analysls of wool febede sitor yellowing

and exposure of fodividucl aunino acids snd peptides o

%

irvodiotion treatment sugoest thabt cvatine was the anino
aeld ehiefly rosponelble for tho dlscolouration process,
e i td ’!‘&2 ;W o w
Gastigiioni sugprested that the vellow colour produced

whon woul i exposed o ulitree-viclot rediation is due &0
the reaction of sulpburde eseld, produced by the photoe
chemical owldation of oystine, wilth cheloesterol and

X

rolotod compounds presont i wool Srensd.

Dendit "&3

measurad the ulira-violet absorption
spectrun of hevratin, lrvadiated with ultraeviolet light
from n 125 5 high pressure meveury lomp, and notleed an
ineresse in absorption at wavelengths shove 3000 g, He
sugpeated that the couse of the additional sbsorption i
undoubily asscedeted with the yvellowlag of certain anino
acldn, paviicularly ayatiﬂﬁ, whot exposed o wlbre-violet
vediation, but 1t might alse be due, av lesst in pard, to

ko
inereased pegtenolate absorption.

o LI o . e )
Holy  Found that the effests of radiation rosgh pigh

into the neareazis reglon of the flbre and concluded that

-,

whis niabt resuls from (1) diflfusion of photochomicnl

18

1%

products (11 more dirvect trensfer of excitetion encrgy LY

7% 0y

means of axciton diffasion or sensitleood Fluoresoonco.
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L1

9 .
Bradbury has anelysed cutiecle - wvich motorisl and
whole fibras from bobl untrested end lrrvedioted wools, and
congluded that the oubey ropion of a fibre 1o no oora

by

afifgeted by irvediotion then the whola (lbeo.

Lo has been hnown foy many yoears thaen one of the

affoots of ultra-violet radiabion on wool is Lo inerease

the rabe of upbake of some dyes,  Gther Sreatmente whigh
produte o siniler result inelodo sodificotion of wwool by
alkall, by acld snd by chlovinotion, Limﬂhﬁrgiss@ﬂclmﬂ@ﬁ
that regotion of alkall and aeld with the flbre epleuticle
was responsitde for the increased rate of dye ﬁpﬂmk@ in

. . . ‘7? T S oy e y .
these eases. Haly sugpoebed that in case of uliro~viclet

irpadistion of wool 1% s apain modifficotion of the

@

oplouticle which is prlisorily rosponsible for the

%

acselorated rato of dye uptebke,  Abreded ploces of wool
Plbres, irradieted and ua-lrrodisted, were lmmersed in dye
8% Poorn hemporature on ﬁﬁ@ same mlierosgople alide anﬁ
.&xamim@d ab dnbervals Loy the depth of colouvr. Poth
irrediotod and nonsirvadiated pleges appoared Lo dye ab
approzimately the some rabe, and were heavily dyed beforo
an dntoct fibre on the gome alide had achieved any
appreciable colouration. It thus appoprs that L8 wlitroe
violet light pffects rabo of dye absorpdion by the weol

1
X

itore gortex the effect s sugondoery o meditlicasion of

i;{?&@-& ’-w
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x 22; ‘. R E- e Y L4 .
Holy  suggonsed thet redistion had an dmporcant
48

of foct on tyrosine residues in woel, and Pordoeml supporied
phe idea of a correlation bebween tyrosise sodification ond
satifoltlng properties of wool, which might ouwplain the

S N )

U iferonge in foltdng proportles of wool alver irvedistlon.

o)

fa

Hoe also found thob the wool Mibre; aftey vltreevioled

ivpediotion from a high prosoure meroury in quarts sourco,

Vg

whon heated In Jdchivm brenide solutlon, supercoatracted

much wore rapldly than novmeld fibves.,  Thoese phenomens

0o
rannin when wsovos-lengths shoepar than 2900 : are
glimlnated, bub a 3aﬁwav time of lrradistion is regulrad.
fisepocineki end &&ﬂﬁw Poumd that who demege caused by Light

lw\‘

was of similer btype to that for plhali-trested {ibros and

o
P

the curves of aupsreontraction were also very nuch alibe in
shapay  The modification due wo Mpht Increases Prow
porbionately with the time of ouposure.  They have
indicated she degroe of sueh demam as PRecovery simes HAT)
from the begdnnlag of the resctlion (Salon as tho time of
mmersion of flbres dn the reagent) up o the point when
thie fibres have fully recovered in longth from the supore
combraction. This methed of tepting wsos os o criterion
of dawsge the time of vocovery fyogm supsreonbraction in
gomoniscal coustic pobash adnce this mekev a oleaw
distinetion Lotween diflorent m@dmméﬁﬁw§Qﬁ in thoe fibroes

ceused by acdd, by alkaliy ovr by light.
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o

Wools that have been weathored durdng growsh felt
50
more readlly thon lese exposed wools, though cloth thos

has boon exposed 1o doylisht fop sovereld wecks felts much
\ k)
leass than unoexpoaed Labrle,
) 51 .
Maliohan and Speskman  have shown that slleht tonsion

duging irradistion doos

feH

n i ; oF e oy i X -
net affoct the dogree of dammge

o

mifforad

v bhe fibro. Prom Aepoy obsorveblons Astbury
58

2

kel

and’ Joods  stebed that ivesdisblon of unstrotchoed kovatln
by ultraeviolet oy Lerays cpuses intorenolecular ohanges
analogous o those due to the action of waber o stretchad
koratin,

The worl roguiyed o streteh o single wood Libwe 30
par cant of 1t lengbh in sabor ab & standard bemparabure
is ¢haracterliotic of that fibre, snd reproducible within 2

poreent 1 the fibre is vested in water Por 24 hours
betwaon exbhensilons, £ vhe cross-links in che hkevatln
modecule have been abbacked dn any way, the work to
streteh is u?&ueﬁgéa the change bedng o reasuvre of the

,)

euntent of damege.  Irradietion produces thi ‘sﬁgﬁhaag since
disulphide crogsslinkage groups are hydrolysed and other
changes also toke ploce. Chaneo in worl of sureteh in
sleprly of importance in moanuflactoring procosses in which

the &ﬁa@ sdaity of wool comas into play.




22

It hap beon shown thot the primery progess ocourding
in photochenical attaol on woel Fibro ls tho brogkdown of
the disulphide bonds wich the Cormation of sulphydryl and
aldehyde aldo chelins, and that the chenges in tho physlieal
charvacteristle of the meberial, chanpes in dyeing reaction,
andd the increased golublliity of wool proteln ave all sccondw
ary developnents. it is Inmown that the rosctions
responsible for the production of permnsnent net, which
oceur on treating the ostrebtebed fibres vader specific
conditions, are dependent on the pre-existonce of intact
digsulphide bouds armd ¢hat bovh - B and « GHO groups c¢an

ik

play only & miaor yole in the production of bonds whic

st.v:t

provent the collapse of strotched lfibwos on the subseguent
g,t*
preatment. MobMoban ond Spoghmon  niiliszed thoe sebbing

] Pl

veaction 2o an indox of dowmaps fopy exposed fibres and
followed the fundamentod chongos gceuring in single fibees

or sroups of Dibres, withoub regourse o treatment of lavge

e

‘u-\

mepoas of Ltreatacnt. Plno flbres oulfered wore rapd
atbacly than eoarse, and notural plgmentation afforded somo
probection apeinst swnlicht damoge slivheush renoval of the
more soluble proteins and radoction of the ash content of
tha fibres did not affeet the rabe of attack. Looaoly

bound water played o move inportent vole in phat3§h®mical
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breakdown than the firxwly bound water absorbed at low
hunidivies. JSupport for whe view thot the priwmary
photochemical process ccouring in wool fibres 1s oune of
hydrolyols, wes obteined by drradistion ab vevrious
hemddivies,

‘ 58

deCann whille studying the effect of different
wavelsngbhs on &ﬁm degeadation of weol sugpested that
degradation of the {ibre ds initiasted by radiation of
wave~longhh 2537 4, but alter it hed sverted, longer
wava-lengtha oould have an effect. The desradation
commences probably at the outer surface perhaps in the
acales end proceods steadily lowards as exposure continues,

leading 40 & nore porous structore in the fibra.

*

ﬁaim&ragl@gé wamimﬁmd thet the diffusion of a dye

ia move vrapld in the lreadlated Fibre probably due to

thodr nore porous osurfece. He also 2814 thab thero was
soms evidonoes that the lonzer wave radiebion gounberacts

she aotion of short wave padiation gand thet the modificotion
is cavsed by both short and long wave redintion, cach aeting

independently .

Jich cellulose the rupture of the chaln molocule by

the ultra-viclet ivyadistlon involves single bonds of
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aithor carbon-carbon or carbone-oxygen, Thoe opapgy
required for both these changoes sppesrs o bo of the
iy
order of 8090 kg, coll. por ﬁ&i@f? ,
14 has bhoon cleariy &%ﬁ&&iw“njéu‘aha% whon dyed and

uadyed textlle materials, including cotbon, ave exposed to
sunlight behind glose (L.o. o light of wavelength greater
than 300 X), thove in neglopgdble degrodation in the
absonce of oxygens, Egerton and Gulrvguds  careied oub
oome experiments o study the offoct of L&yhu rom a

»

Vistan guarts meveury vapour lonp, having over 96 povecont
x.}
of the rodiation emittad of woavolanpth 2537 A In most

t#"

sases it wes Foundd that the comparative offcect of owygen
cand inerd g&ﬁé@ on the agbtent of degradation of cotton
depended on the paprticulsr property of the cellulose used
Lo atudy the deprodatlon, Uoing measwroments of bunsile
strongbh ga the eriterion, the differonce bolweon oxposure
in omygen and dorbon diexide was 2llght. There was a
onarhet larger difforence with messurensnts of fluddlisy
and copper number, and with theoe oriteria the degradation
in corbon dionwlde was approximntely twostlilirds of thab of
ORVEED There wos also an inovesse in the carbouwyl content
of cotton irvadiated in carbon dioxide or altrogen; o otiil

t!»

3 o afffeoh was obhaoy el op oo y ,;,. oy Ry
OPEQP QL IeGL WRD ORBOFVTeA ON OXposurd Ln QXYEOn.
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Suiliings and Van Nos “‘ﬂd obsorved the production
of carbon diowlde end cerbon monoxide on drradiation of
cobhont In nidtropen. The formadion of carbouyl groups noy
he o prediminery step luo the resction leading to the
liberation of corbon diowide from the cotbton. The souvce
of carbon monoxnide is presumably aldebhydic toy ketonle)
roups present in the cellulese.  The results of
cxpordmonts in which cotion was Jlrradiated in the atmosphere
of dry and molst nltyrogen suggooted thet the proscnce of
waber vepour uwpdar these condltions had ne influence on
the various propoertics of the cellulose, such as loss in
tenslle streonsth, coppor nuwber, fluaidity end Methylene

Bive absovrpidon,

The lack of effect of oxygen end the inhibiting
effeet of waboy vapour show that oxidation end bydrolysis,
the expected reactions, do not play o prodominant port in
the photochoemical reaction of cellulose in the for ulbrowe
violat, in the neay uvltra-violet however shose rosctions

9

have been stated o assume o dominent vole, dhen a lipht

souree that docliudes both of Mhese regions 1o used, 1t is

raagonablo Lo expect g nixbtoro of @f?ﬁﬁms, This may
_ 99
explein why S6illing and VYan Hostrond using & G.0. Guorts
Unipre (wodel UARGAR) , which bas about egual cutput in tho

i
near, middie snd fer albtrasvioledb reglons, did not ghacrve



a6

the effects poculisy Lo cach roglon,  Apain when tests
vare made on cotbton liaters exposced o pediation from a
meroury are lomp wish different Tlters, the degradetlon
effect did not sewn to be limited Lo any partlceular wovos

L )

length but increasaed towerds shorter wevalenstbs in the

=

<

leiniby of 2500 A*

dater vapour was found to roterd the decrease in
Leoelluloss and the depolvmerlsetion of cobbon collulono
durdng ivvediation in the far altroeviolet, and the
rotordetion occured with, or without thoe presenco of
ﬁmy@aﬁg The robarding by water vapouy dn the for ultrae
viglot was astribed o inborschaln water bridelng with the
hydeonyd group on cprbon stom 2 oy 3, th interfering with

& a4

tho freedom of dlsplacesent of the covbon atom, i was

By

aduso found that only one photon out of thousand, at waves
length of 2540 23 ancomnsers condisleons fovourable for a
ropbure of the cellulose meleculer chnln,  Bvidence has
been prosented to subsbtantlote the theowy that certain
wavalongth reglons in the gpechrum nay inbaract in such a
manner as to reduct L0 a ned value the pross doprading
affgct of the taaai ineldental radlant onorgy on cobion
gellnlono. Thus clesy glass hag a slighbtly groesher
provectlve effect whan wsed bo sereen g sawmple of cotbon
fabric from carbon are yodiatlion than does blue glnes oven
though the latter has p lower transmisslon throughous the

SROaBIn..
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In studiecs of the properties of photosensitiging
dyvea Kautmkég pald perticuler attention Lo the guenching
of luminseence of the basice dye Acriflavine, Both
Aeviflavine and Acrddine oronge LP incrsased the photo-
chamical depradation of eotiton in Loth dry and humid aly,
although o a ansllor eutent than the active vat dyes,
Une of the most important featuves of the degradation of

L

borbtile waterials by Llght of wevelensth srester than

g

3500 A, do the properdy posnossed by many dyes of
acsolerating the rete of depradation. wervain vat dyes
efte, waledon Yellow 50 {1L.0.1.) gud Cibanone Yellow R
oLl Noo LA70) ave capable of increasing the rete of
vendering of cotton to s large exbent. The role of aeid,
divect cotbon and sulphuy dyes towards deprsdation of
cotion, oillk and nylon was alse investigated and all these
dyes appear o have the photosonsivising efffoch,

& ganersl schome of the mecheniom invplved in the

| 20,11,12

photosensitisation has beeas sugmented In which the encrey
absorbed by o dye or plepent uwnder lvradiotion is trange
ferred o the oxyoen in the surroundine abmoophere with
the production of activated oxygen, In the preossnce of
waber vapour the actliveted oxygen is assuned o react with

the Tormation of hyidrogen povonide., The photodesradation



of cotton or othey celliulonic waterial coused by Ghe

formablon of hydvropen peroxide hes been cxpleined in the
5
following manner,  Under

..

the influvenae of radiabion

2

_ O
wavelength legs than 3700 &

fnte
H

hydrogen poeroxide
decomposed by the resctlion e
fn €L
The ultimate decompoaition producks ©f the Jhﬂtﬁij is
£ hydrvopgen pervoxide are waker and cxygen, and the chaln
mechanisn of the photolysis is epparently propegateod by
Phe veactionsg e

HO ¢ B0, => 1O, + Hyl

i [ - 3

28

Pongible roachilons by which chains may be %0ﬁmiﬂdﬁ?d

QIR -
HO = 3:3@;3 v

2 Hﬁ? = Hally + O
Consequently, in the iaterasctlon of hydrogen peronide and
ovganic soceptors In the presonce of llght, there is a
poasibility of the formetion of hydroxyl and BO, radloals
and these may bake part in the oxldation of the textile
materialo. s

The degredation of plemented cotiton lg increasned
gongiderably by the presenco of eisher slac @xiﬂé, gine

sulphide or titenlum dioxide, bub not by 2ine cerbonste.

]
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it is prosumed thet thio difforent sensitising pyoporty
could be atbributed to the observetlion thot zine carbonato
‘ o 62
ia tyanaparent 40 wavelensths below 3800 &,
5

It was Found by ﬁgawtmne that the loss in strengsih
of cotiton exposed o ultra~violot light was furihor
increpsed 1 the eotton was given o bolling troesmbtment with
a soap solution aftor Ivvadiation. This treabment, however,
decreased the finidicy of highly tondered cotbon. It would
soern Likely thaet much of the photochoemical degradation of
cotbon by shortweve wlitra-violet radistion occurs neer the
end of the cellulose chodn, posoibly in the section conbalnme
ing the potentlally aldeydic group. 14 wan obsoerveld by
Epevton thot the degredetion of cobtton thet has boea

irrediated dn niltrogon or cavbon dloxlde was lnorcased by

storaze In the devk for o poriod of soveral weeks., I
would appeny that considerable demgpradation of the textile

Flbre ocoured in the absonce of oxygen, bub depending upon
the parbicular textile fibre, further dorrodation wight

»

sudt as o cons ?Qmﬁﬂﬁv of the presence of oxygen in the
surrounding ctmosphere, The photochomical degyadation is
accompanioed by the drop in the degrea of polymerlsoation and

the £ -collulose contont.
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Lol = Hﬂwan@v&uoﬁ Cellulosa éjhrbu

in the case of repgencreted cellulose fibres, the
rosult of the photochemlcal depgradetion has beoon sugrostod
an o form of hyﬁyalysisfg The glucosidic 1,h « linkapge
spllt end the aldehydie groups formed are, in the delusiored
fibre, further oxlidiaced vo cavboxyl groups, tho tlsaniuwm
dioxide acting oo an oxidation catalysv, This Duarthor
owidation dees ot appaay 1o take place in lustirous [lbres.

The acbion of 1lsht on viogcose rayon, both matt and

o8
lustrous, was studied by Kleinst and Mossmer, the effect

being more havmiul in caso of the mast fibre; the degree of
vondering Increaped with the fibre Dineness, Contominstion
of the toxtiloes wi%h'acidgp as woll as nold proups formed
by owidative reachion in tho celinlose matoerlol itsell
ineveosed the depradation. In the presence of titaniun
diogide plgment tho sulphur in the geidifled fibre is
oasily oxidised to fres sulphurle acid wesulilag in
lnereased Qervadntion,

B st g 6? . « Y .

Erperdments  darried oub abt ofl values of 3, 5, ¥, 9

and 11 have shown uhat metals ouch as copper and, in
particowndiar, lron, hove o cstalyviie effect on the photoe

chemteald desradation. 1t was supgested that this efleet
counld bo lavgely oliminoted by conversion of salts inbo

insoluble procipiteves or by the formatlon of a salt complex.

-
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&8 |
Schwen  Tound little differenca, on an averaga,

between the dry tonsile strongtbs of the irradisted Dright

and dull viocone veyon yevn, bub wheon the depree of poly-

morigstion ves veed as en indox of the detevioratlon, the
S

vigeose rayon which had not boen delustred proved superior

In gome regpeehs.

Semples of bhri-ht vigcoae prayon, uwdyed ond dyed, wore
cuposed o sunlichl pnd the awount of wedlation was
mpesured on o sposielly constructed instrment {(tin-cacslium

€9
photeelectric cell and clectro-mppnetie recorderd. After

cach exposure pordod, senmples were bestod for loss of
strongth. 4 definite reletion bebweon the dogree of

dogredatlon and the amount of radiatlon wes esteblished,
il samples wore more roslstont bo sunllght oxposore, the

reslatonce bolng groehost with dyes that wore fastest Lo

o

\:

Lighte Pha products of photodeppradation of cellulose were
congldered Lo l“ﬁ?ﬁiéh she reflectlon of the lfabrig in the
uitroeviolet reglon, ﬁhﬁa provectdng b Drom the edflect of
radinsbion. |

Irradiotion of regenersbed cdlluviose {(Gellophane
filws} with ulbrp-violet raye wos found o repult in the
rupture of glucoslide linkacos, vhereby part of the
ahaorboed 1ight guenta produced oxldetion of alchollic groups.

CThe rupbuee of glucoslde bonds led o the formabion of
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luminescent contres asacciated with the © = O groups and
with inceressing nuiber ol these proups, the luminescence
maximne abdfeed in the direction of the loengzor wavelenaivhs,
Thone results led “mpml@&.g‘ w0 the goenelusion that © = Q
group presont in cellulose indtisites the photochenical
raactlon,

The optical densiby of filns of cellulose &ﬂﬁ’

»

Y more w#nen ivrradiated
£

. . A ,
i thoe presence of nityvogen than in oxygon; for aylon the

Romad

cellulose geotate films inorcoaod mue

reverse wag the case, the optleal donsity being increascd
to somowhet nore eftor redistion in oxygeent than dn altrogen,
&
Rwiﬁgh@}»ﬁﬂhﬁéd the weathordng of cellulose acetabe
in terme of the change in the luswre of the materdol, and
avtributed this to its photo-chenlecal degradation, elbhough

J\ﬁp

no difference ves found botween the acotyl content, dye
conbont, and viscositdes ol cellulose acetele in the

axponed and wnexnossd portiong,

1AL - Synthetle Pibres

F]

Most polymers ave desraded by dvvedlation and
,
Zobey ':,3"3 sugeasted that fibres contoining avomabic zyroups
Oue, Terylene were relativoly vresistant, vherens
celinlosic fibres,which do not contaln any such groups,

were exbramely susceptible and degpyodoed casily,
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L4 wes ohown by gin<§° chalb Mlght and othey
atmospheric conditlons actlivate the polyanide molecnle,
and that thoe bhwdrelysis of the anlde croups rosulls in now
ominou and corboxyl groups and also in the Formaation of

doubla bonds and perowidot. It was nlso shown thot

3

duvring a hundvodeday oxposure

o
t253

o Ghe soleculoar welial

polyamides was voducsd and thal Mbres contalniag titanium
dioxide dopolynerised o o graavoer extent than fltwes withe
VP

34 P S PP, " 3 PORE . SN E4d . B eps, fad
oup Liboniun dioxide, Ford repprted on the formation of
an absorpbtion centve at 2900 A, in ayloen by bhe action of
adtra-violel Lizhi and sugreoebbed thal the processen
involved freo radicols end thabl the contyo was gither on
the elyl, or acyl, porony eedical,

The rupbure of the chaln moleculos of nylen {oand sill

Sibeoling w111 dnvolve bhe scisosion of oither carbon-carbon
. , (S

i Ty ey < e oasy e oo . e a3 wm o0y B ; BT AL LRT Ay o Ly S ya T

it carbone-nityoron aioncds bonds. Garpenser  found that

£3

vi:an monolayers of stearanilide, bengylestearylomine, ond

A

B ~phonyleoth vls stearyionine wore lrradlioted with rodistion

o2

of woveldenpth 2537 4, these gubstences undorwent photolyeis
13

ab the OO « W

s

F¥dal e sugreshlon wob aode thob
pyroteing containing sainow-acids with Lighteabsorbing sidee
chaine miehd wdovegs broskare of the adjocont €0 - Hi

Mokages in an anslogous manner. The enorgy requlred for

this chongo appeara Lo be of the ovder of 80 - 90 kel cal,

-
&:

por mole.
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Investidgating the depradation of nylon filsment by
"
ultra~violet irrodistion, Rato sugrested thet it was
highly probable shet ulitrosviolet irradistion would glve
rise to phovo~oxldation of nvlon polyawmide chains, This

will resalt in the formation and accumulation ol cortain
aldyhydle substances as relatively astable intormodiates
with which Procion Rlack UGS could combine wnder woalk
plkaline conditions by virtue of some reactive sroups,
prosusably aminoe groups, oxisting in ite own wolecules.

The electronio spoctvs bave been obltalned for a
nwaber of lrvediated polyonides (Including nylon 6.6 and
nylon 6,107 and monomeric émides. These spectra indicated

bhad both frec vadlicnl spotics ave produced as primoary
78

79

Egorton ond Pllton  exposed undved filws of aylon
and wothylmeshoxy nylon o the offect of rediation, Thoy
found, after prolonged exposure o a highe-pressure umrvuﬂy;
vapour lomp (0.8.C, Usram), in cliher oxycen or nitrogen,
only alight changes 1o obsorptlon spectra, elithor

immediabely aftor cuposurae, oy after storage in the davk
i.‘u

at reom bomperabure or ab H070; Swrthor that on expeosure

o
50 o low-pressure mercury lomp enlitling mainly ab 2537 A,

profound changes wore produeed in the Mims. Theso

changes were {a) an effect shown lmmediabvely afior oxposure,
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and (b)) a post-lrrodiation effect which appears on storage
in the derk and was preater on storepe at higher Lonpeeature.
The rosults with the wndved filoe suprestod that on
irradiation with near ultra~viclet end wvisible light no
vrapped free roadicnls wore produced in tho polymer matoriol,
which malkes it doubtiul whether free rodleanls play ony pard
in the degradation of textile mebveriels which are oxposed
o aanlisht bhebind glass.
Gﬂ
Lanton et al, and others hove reported results which

indicabed that nylon is primerily eross-linked by lonising
rodission. Howoever ﬁ@a&ﬁa@% al, conclwied Orom tho
resulto of the radistion of nylon thot slthough nylon
a?asgulin&&, sedssion must aloo play an lmportont role,
gince the depgree of urosg-linking satureates ab a rather
low value.  Alsthough Lit 1®E and Sﬂhw&muuﬁm have repoyiod
difforences in rediation-effecte which they have pityribubed

he p@a%mam@ or abaenco of on tygen, it must bo concluded
that the effects of prossurs ore as notable as thoe effects
of oxygen, end avre perbaps more lmportant. The aclssion-
to-erossliinking ratio of nylon lrradiated in altrocon is
almost twice vhat for nyvion irrediated in vacwm,  Tho
meve rapid deterioration of tensile propertics in nylon

irradieted in nitropen was fupther proof of this effect.
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Hydirogen was Sthe principal product from nylon
irpadioved in vacuo while methane was the predominaant

product in nivrogen irradiation, Papey ehromatography

of nylon has consistently ahown thot rreater amounts of
anines were present in tho lrradisted aylon than in novmal
nyion. Phe w&av%%s Indicated that seisslon bhod oceurad

at all polnts in the hoxomethvleng prosent in hydrolysote

28 bovh lrvadisted and wniveadiated avlon.  the hvdrolysate
from drrodiatod ayion wa émnqﬂ G0 contadn all poasible
primary amines resultineg from selssion of the hexemethyleng-
diamine basle unit, dbephonson et al, assused that the
mechanien of drradiation of nyion was basod on the reaction
taking placse ia an oxveonefree atwosphoro and that the
photochenieal resotion wad o froe radical ronetion,

Ulvraw-violet irrodiadlon was roporbted Lo cause a

davkoning of aylon and o guasiness of the swwisce, by

it ,
Stophenson of al, Thay studied the relativa officlongy

oiff differant wavelungbho of ultraeviolot light in producing
photolytie roaction in polyvmers when they were lrradiated
in an inert atwmesphere. The swrfaco gondivions aftow
ivradistion cronted a lavige wncorvoinby in thelir data,
Howover bhe lrradiation with thoe thres bands of uloroe
violet light ahowad, at loost quantitatively, that the

shortey wavelongth band preoduced the greater changes in

tha physical propertics and that o thrashhold pheton
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enorgy for damape of uylon could bo exapotted, The

axperdinontal recudte wore slmilay o thoge repoyted by
AP and Siowan and B‘cspi.’?*

Sy 5

An dIntoresting offect of light on polyauldos hos
bean recorded by Achihonmer b &ﬁ? who eladm an increasae in
erystallinlty after irvaddation., The Light coused a
decroane in wolaculay waight without o change in basie
agtructure and an inpaiveent of water « and alcohod -
?Gsﬁshxxmm,

Scowred and heat set waffoba nude Trom P0«-danler 34
filomans Anilon yavn {avion O) was irpadioted Yor verlous

A

pericds of time in o Vade«O-dHotor and the degradetion

asgeased by seossureuents of intrinsie viscoslby ouwabor,
Thoe average degres of pelyserisstion decreasad rapldly ab

a

firat, whilo the amount of water-seluble wmeterial lacreased
in proportlon o the axpomuro bime.  From thoe above
gxperinents Lo woas doduacsd by is ahxmuL&"tPuu the noleculor
ahedn of aylon 6 s apliv up by light at rendon.

A% somewhat higher levels of leradiovion, the altimote
vonsile agcbh end the modulus of clasticlity of the
wndrava avion was found 0 Increase while those of drewn
aylon convimied Lo degrease untild thoy approximated O

nearly the same levels At a stdll higher degroo of
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radiation the wlbimeto tensile strongth of both dirawn and
widraun somples dvoppod &h&rp!y while the modulus o
olanbtleity incroasod Sh&?ﬁl?-

Tivandwg dioxide incorporated in maoasmade tentile
fNbros by thoe gddition of finely divided pigmont bo the
spinning wixture bofore exbrusion is, however, cepable of
increasing the photochoemiceld degradetion of nylon and
cellulose ccetate in dy axr?na It appears from the
observations that the pyroecess of photusensitisation
occuring with aetive white pilament is cgoenblally the same
ag with vab dyes and dyes of ovher classes, wsad involves
pho formation of sebivated oxyren ond hydropgen pereoxide.

The photolysis of pﬁlﬁﬂﬁ?yl@mit?ilél has also been
inveostigoted using solutions of polymer in a sclvent
composed of ethylene cavbonate and propylene carbonate
(80:20 byweipht), ond by wilog the polymer in powder and
fdn foyw. ALY sawples weore cuposed to ultre-violot
Jlehin, In solution a vondom chain-aglosion roactlon took

HAe

place and ot the some time, photochemical roacblons occured

invoelving side groups of the polymer chalns, Silm and

1

poutlor specimett bocome crosslinked.

Acrdlen deteriorates fenter when ivradiasted in
84 X
plvvosen thon it does when lvvaddated In vocwan.  The

more roepid deterdoration in nldrogon is in opgreenent with
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the hicher seisslon to aross«Llinkins ratio {(determined by
pol foraotion) in nivrogo. The differcnce baetweon

vacmn and nitropon conditions was again Indlosted in the
moloculor wolaht weasuronenbs . The moloonlor waisht of

,,,,,

thie moleculor wolicht of avr?iaﬂ lrvadiated dn voacum

oy ey

increasaed by ahout por cent.

b ] ¥ {}R . L h -

Litble  has reported that polyveorvlonitrile rotsine
its tonoile propoyrties aftor high doaes of radiation better

shan most polymera. This was ln apreesmont with the deta

> ?

glvan by Sgephonson ab ol who also fouwxdl that the prooenco

of oxypon dld not-alvsr the lrradistion provoases in

Fo

palyacryloniterdle, as it docs in polyevhylens and
@alyamiﬂma‘

in gape of polythylencelveol tevoephthalate lbres
(Torvione and ﬁmcwﬁn)ﬁ tho photoahomical procosses that
wonke place durding lrvrediation hove been atbributed malutg

she eleavage of molecular @h?ina {probohly U - O

Linkacen). 16 woe poinded mmgﬂ&haﬁ photochenical
decomposition is cawsed in the fired place Ly wltre-violet
rave of bhe m&val&gn@; th range 2700 ?*: w SO0 f’i@ In this
ronee tho polyester exbibits o wach greater asboorpibion

than any other Cibro, showing distinet maxime at
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o 0
wavelenpihe 2850 & and 3100 4. Slnce thls portion of ultriom

viclet light is o & groat oxbent aboorbed by gless,

’k:

polyeater fabrics {curtaing) may be axpected Lo possessa

much longoer 13fe behind ploss bhan on direct exposura.

T

Gel ometion exporluents ailso gove conclugive
gvidenco of diifferont osclasion-to-orossliinliing ratios for
vacutin, ond nlirog vh, irradinted polyoetbylenc. Thie
difference was supported by the diflorent rabes of change
in tenaile propervios. o moleculor welsht of

n
poiy@ﬁhylaae\i“#&di had in nitrogen foll guite dr&m&ieallﬁ?
Although the work of Adoxander and T@mgq showed quibe
clearly that tho presonce of son plaved en imporient
vole In the eiffect of lfonizsing radistion on polyethylone,
16 would appear thet the effect of pressure ils also

i“} “!‘&L.} tﬁan
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Sxperinents wore made on weold fibras obbained Lfron

g Lincoln flgecds  The fibroo wora ataopoad In pelroleun
gther fopr 24 hours, rinsed, extracted with disthyl ather in a
soxhlet Fow 3 hours, dpded and then scoured dn a dilute
solubion of Lissapol N at 60° C £dr 1% minutes, being
finally riased in diatlllod wator and dyioed. Bofop

use all fibres were oven deled at 100° - 2109C, then
allowed o condibion in aly ab room vonperature Loy 2

hes, and then stored in stoppered botbled.  The welghts
quoted roefoy o the conditloned woizhi of the matopinl
unlosps otherwice stated,  Fibros of approuwimntely

gimilar dianeter {50z T wore cheson so that the pﬁyai¢al
proportios of the fibros wowe as comparable as posgible,

PR

the root onde and tips bolng out olf,

2ok w Wood yaon

Tho wool yeerns veed wore (@) 3071 Tex {3071 woroued)
ond (b)) A48/ Pox {1272 worsted).  Those wore dleancd
and extracted by the gane method as was used Lo wool

Eiltupas v
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Gther £ibros used in some oxperimonts were
(1) atb # 95, 3 donler(Medificd viscoss rayon)
(LI} DBeripght 1 95 3 dentor(Modificd visoosn payon)
(LEX) Habt Courtelle, 3 deniop
(L7)  Acxdlon, 3.35 dendor
(¥} Beight Fibeolane DX, 3435 denipy
(Vi) tiylon 66, 210434 denlar yarn,
Thooe fdbron wore scoured in 27 Teopol solution at
50°¢ for 2 heo 4o ronove any soluble added wmabbtor bolore

bedng drioed and conditlonod.

A dovico was developed on the basis of that used by
inadth M, Tho fibre was fastenod bobweon two Jaws, which
wora Ao turn geared on to twe rotobing shafts,  These
ahafts ware deiven by o Gmall plecbile motor and the
enbre of tho uppor gear was on bhe same lovel aa tho
uppor surface of a £lat oheet of glaas, the curface of
which had boen Aightly pgroundads & oixtare of o
Iubpicating 0odd and a £ine optieal abrasive powder
{200 neah silical was gopiind so thiae foco. Tho £ibeo

"

wan potated ab a conghend spoed of 90 renane & mabting
plece of polybhone 3749 w Y was thon placed in contact

with the fibpo and plato, and moved gonbly along the
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longth of bthe Libro with combingd potary and btronslatory
mobion. AL bhe ond of the operatlon, the microscopd
meacuromont of the diametar of the desealed Libro was
r:&:a*x*"‘md" r:s{m; it has beon poesible to greind longtho up
to 3 3nwh¢u, findohing with depcaled fibroes of

appropimatoly wnmiforn cross section.

.

235 » Hathod of bepaours,
The Cibros wero peuntod ander olisht Gonoldon on o
mobal :z’;“ﬁ“*maez? whidolh A Gurn was mounted on g doum potabting
at a constant spacd of 33 TaPalle The fibrag wore orposod

R

to wlireeviolot drpadiation fov 20, 40, 60, €0, 100 anl
{1n come cnoes) 120 hoursn, tho distonce botucen the are
and the PMbrog being e lnchess Ib woas felt Chab the
robation of the fitwaes resultod dn more undfomn expopube,
but the tlme takon for an onposude pas pobt corpoctod ©

0

actunl auposure on any apecific fibro surface,

-

2616 « FTemparaturg oad hoaldity dovine desaddotion,

The tauporaturo dnolido the cabinet encloging the
foame work wos malntained ob o constant value of 229 by
the usa of o thermentatically controlled heating olament
and the humidity was maintalped at 658 re.h, by the uso

£ poturaied sodiuvm nitrite solubions, Tho untfox



digtpibution of tho tomporatuye and haeldlty ineddo the
whole cabinot wae opsured by clreviating the conditioned
aiy by wmoans of a fan.

Wookly pocords of temporatusg and bumlddty wore hept,
uaing o thowmmo-hyarogeaph,  Thoso showed that the
mostdauny Sluctuations in the anbinet ovay the perdod of

Oy

cuposure wore of the owder of 5 3VC and 4 2 % rah.

M

Red¥ w .‘E}:E..wl’ﬁ:. .‘f“e:mi* 0
“A Homovia fluopaescont lamp noded EX {00 1) was ueed

For the lrradinbion oxporludoba.,  This has a m:?z, 3 PrOsnure
mRPOUry vapour are in a quarbts tubs.  Fhe epootval
t“ﬂ shribution of & high prossure porouapry vapour arc io
;;a;,wan in Yable I\?s « Tho figures ayo averases obialned
from date glven by sovopal dliforent investigators, vhoso
flgares Loy the individual bands vopy by 4 @ @ with
alightly widor vardation Loy tho pesonahes line 2537 ‘\
The fotnl wltro=violet intonslty obbalned from thoe
8100 soupee uoed fop obtalning the data dn YTablo IV, wae
760 micro watbe/on? ab 26 loches, and 999 nlero wattsfo S
ot 18 dnchog, distange Lrom the sources  Tha caleulatod
Latenalty at vhe exporimontal distance off 1he8in, was
975 miovo waktefcns®,
The dnvensity of Aight was checked porfodically hy

mOans 0of o gpolb galvanometor and o sensibive ljmm-em,
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Although this did not give the intensity in absolute units,
it did allow a relative check that the intensity was
remaining reasonably constant, The use of a uranyl

oxalate actinomcbor - employing the technigue of
differential absorption spectrophotometyry to determine the
amount of oxalate photodecomposed, thermopile « galvanometer
systggﬁﬁgﬁc was considered to measure the intonsity of the
ultera~violet light, but the method was not adapted because
of the cost and avallability of the apparatus required,

2.18 - Test Methods

(a) Strength, exbtensibility, and work of ruapture
off a fibre,
{b) HMeasurement of density

X |

(c) Measurement of refractive index

N

(1) MNeasurement of fluidity and viscosity
(e¢) X « ray diffraction

(£) Alkali solubility

{g) Urea - bisulphite solubility

(h) Water imbibition

(i) Changes in specific surface arca of wool

(§) Dye absorption.
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{a)}  Spronsih, extonsibilitv, and work of ruocture of a fibre

A LT T BT B TR TN T

The breaking load of o sipngle throad of 30/1 worsted
vara and ite extension from an indtial Sension were
dotermined on g pondulum type singlo thread tosting maching,
baforo and after irpadiation., The lower grip atiached &
bho machine drive tronsversed all a constant rabe of 12

juches per minute. The grisos woroe sob o accomsodato a

opacimen of A inches lenpth, Although this is not a

stondard teat length, this length was chosen bocausy 1t was
the most sultod o cuposure conditions,

Sinple Cibre stronpth tasts wovre carriod cub on a
Cambridpe oxtensoneter wsing a conslanbt vabo of loading of
1030 3 30° g/ en™/ min., simulating the test conditions
ugad by anakmamgp. This nocossitated o opvring motor ratio
of 1 ¢ 9 wilth a 0,5 od. spring, and a fibre motor rabic of
9 3 1 the oxtonaslon bolog nmapnified five Gimes, A toob

iepgih of 4 incheos was used, which wag sultod to give {

maxinan unlforn erposurg «

The wool Sibros wore teated in wabor and aftor oach
oxtonsion the Pibros wore relaxsd in water abt 2090 for 2k,
hourp to onsure conplote regovery and o roprodugiblo
stresa-strain bohaviour, I6 wae later found possible to

opaed up



the racovory of tho fibros by uvslng & temporature of 50“8

so 52°C as phown by Feughelman %

, whersby & rost of hall
an hour waz sufficlont to glve roproducilbile strosg-strain
CUrVOsS as iong as grtansion did not excesd 35 % and
the time of total oxtension did nov exceoed 10 minutes. The
worl: required o peefoym each extension wag caloulated by
deteraining the area botweon the load oxtonsion curve and
the extenslon asis, and the reduction In work found botween
the mﬂcmgga@d and exposed fibres, This ares was the sum
Umnaﬁ of tho arcas calenlated from tho sguare, triangle,
vostangla or braposiuas phaped by the curve, a plonimetor
not. Lelng availablo at this tima,.

ALY fibres, othor than weol, wore tested in tho
condivioned state, ths mean strongbh and exbonslon boing
found before and after irradiotion, and tho results
Eproased in the seductlon in work of rapture

Load -~ oxtonsion cupves of nylon 6,06 yarn vere found
on an inastron strangth ﬁmatimg machine wiith a tost length
of 2 Inchose 4 connbant rabo of oxtonsion was uced with
a croos head epeod of 2 in./win. ond the chart speed of §
i&.!mim, The loss in strength of the yarn, after the
grposure bo ulvra-violet irpradiation; was cuprossed as
the reductdon in work Lo wuptuors the yarn, the work done
being plven by the ares subbended Ly the load exiension

curve over the enbension awxle,



ALY the exporimental pointe shown were the mean of
at least 20 roplica toeaste, for all the fibres,

{b) Measurement of donsity
Ao

A simple technique was adopted for establishing a
godunn of liquid geaded in denslbys Plge, 1 shows a slmplo
apparatus, whereln upon subjecting the empty column Lo

el yen e et ersy 1eve daensity 1iould evlons m (G ‘7-\6"3
raduced pressupe the low densivy liguid (wylene 0= 0,8062)
wad drawn throush cock B and poplaced in tho chanboy by

che high density liguid (carbon tetrachlovide @ = L.594)

e
£

£rom Ghe beaker G, 4 gradual and oven incroasce in the
denslty of the Jiquid ih the chambor and therefore of tho
Liguid drawn into the celumn, was ensured by conblauous
mixzing of the carhon totrachloride and xylone by an
clectro-maznetic stiverer D, situated below the mixing
chambor #, When the vorstical tube was filled cocl B was

closed and the column was roady for use ac a ns of

po—y

e

)

donsity measuremeont. The Glme taken o establish the
column was about 12 mln., being conbtrolled by the rate at
which the solubtion was allowed e ontor the basce of the
column,  This method has the advanbage of taking moch loss
Hime o establiioh the coiumn, and overcomos the uncortaintics
and onpiviciom of the difiusion mathaﬁum of setting up a
1iguid colunn of gradod density,

The tobal intended volume of the column was calculatod

as L6 1loros ao that 800 ml, of both xyvlene and carbon



b g% to vacuum

pump

i

Pids % » Apparatus used for cetiing up a iquid cotumm proded §n
dunsity
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vatirachloride wore tekon inltdally in the oubside boakor
and mizing chasber § roppoctivaelys The density ol bage
of the colun was always less than thabt of the inivisd high
doneity solutions The botol halpght of the colosm wan aboul

100 ¢,

ntaining phoophon

0 e dly
c.‘ltﬁz:}

G A dehydeabing a0

s

was oloaeod over Gha colurm Lo opsurg he DRoE

which might otherwlse have ovn actens bo the lnside of

.l

L

d o«

gradad colam, wlde veed were deied bolore

i e

f, < ‘id {}u b :’.

ot ol
e

G

-4, 4% N Srg ey
5 melsthure

Bhe

T30 bhe tubo, Sodium wirg was used as an deying agent
Por wylone, wheraas carbon bobrachiovlde wan first teeatoed
with calolun ehlorida fop 24 houves, Filtopred vhen disgtille

Pwice Lo onsurs propor deying,

Hoffors the fibroa weors adudbbod, ‘,‘j&:a.nf 2lehee

Eylong solubion for o few minabeoa and thon lomadiataly
prancfoveed Anto tho Lubo, Th&ﬂ gnpured vhat oo erbrapped
o A

A3 WS ol .mé}«

denedty gradiont of tho colunn was chochaod by

tho

eog 0f glass boads which ware prepaped $O COyor Sho range
of densiblon invnlyed.

To facilitate the selactlon of thoe regrired glass
tublng of particular thickoess for one portdoniar denslity,
o theoprebiend yvelatlonship wvos derived os follows:

ﬁ&ﬁﬂ% raprosents a glnes boad whobe lﬁﬁﬁﬁh s 4 Clita

e sxlal radiug = vy on., outor axlal radius = w, cm.
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Fig, 2

X £ r‘g - ":‘
Then, Volumo of boad = ::)‘ LN N AC T 1t :::*p“’ la O
and, Mass of bead S (1’;{ oo ?‘«;’ )4 Ps:* v BB {x'?;)w:f.ma 3 ) Qﬁ;

aPProHe

. e g Mage of head
2 saplty of Doad & GEpEsessestecs
60 bhab, Donslby of buad &  GEyEs=ieerrr,

D
“
E2s

7 {[ :%m%gj;i@ ]3 + b3 vy e L3 ‘i"’fsg}

i -—

i35 b PSR

Ao bf3 v, - (4)

ﬂ}.: e ) ,. “
P Op [3.@1.(%;;}‘*] approx. 18 wall io thin

-‘E?‘ LA 3
e (33 } foed

whove Pg is tho density of gloss

BEfoch of lonsbh on the denglty off tho bead
AsHuming {210 e, 2ppiying thic to eguation {(A)
0w 2,5 L (3n0uh8) 30 & 132 w 1 f???a’gra@.!%;]_

1’:} o &s‘i:'} a5 :‘5?.

N

Q & 1»3&
This seemned o be noar choush 1.3 in vicw of tho
approximation mde.,
0 de 20 mm,, thon
0o L3k iee., L has only a second opder effect on

tho denslty of the glass boad,



24

S0 that the density of the bead depends neinly on
who ratlo of she internal to oxternal diameser and on tho
density of the gloss of whigh it is mode. Dy toling tubings
of different sulitablo thickness, the theoretical densivy of
varions oioss beads wag cpleulatod aftor applying the velue
of vy and v, in the equation (B},

Flnally the above beads weroe calibirated for vhelr
correct donsity which is pliven by

denolty of boad = a gfea,

My =Wy

vhere mm e welght of bead in oir
and M, = welght of beed in water,

The calibrated beads were introduced into tho graded
column after deying in acetone, and tholy posisions noted,

by weans of a cathetometer, along tho helght of the colum.

A deonsilby proflile of the wholoe column was then prepored.
{e) ﬁ;ﬁﬁu?emcgt of refractive indox

The refractive index of conditioned wool was determined
by finding an imnersion liguld of the same refractive index,
the indon of this liquid thon heing mea%yrad on an Abbe typo
vefractometor. The Decke liac meﬁhgghaéaa used in opdex
4o discover whan the indices of the lmmerglion liquid did

mabche  When the polavieing mieroscope was defocuased by
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incroasing the spocimon » objective disbance ., a brighn
line was aeon moving towards tho mediwe, cithor Libre or
Lumersion iigmid, ol hig%mw vafpactive indoxn and by
decrensing tho spoclmen ~ objoctlve dlstance  the opposite
effoct was obtained,s hwo dotopminations wore carviod
out, one W&ﬁh_ﬁﬁ@-ﬁ@ﬁu? aey et pa?xll@l, and Uhe other
with thoe polaviser sob porpendicular,; o the Libwo axds.
In order o cover n wide range of rofractive index
ismersion ligquids usually consist of a mixbure OF two
atable and non-volatile liguids that do not oiffect the
Tibvo,  Hermong 2% recommonds mivture of bubtyl sboaraie
(index LA445) and tricrapyl @ﬁm&pﬂh o {indow 1.558) Loy
de&&mlm&a, Prust ¥ found n wmhxture of 1 Liguid paraffin
{index 1.482) and [« @r@m@m&gmnh one {1.0658) suitable
for aylon and tho game two liquids wore used by-&aradith.“ﬁ
Lo gotton.  In Yhe preoont neasuromants the imsereion
Jiguide used ir caso of wool ware sane as used by Faust
Cand Mg evedith, for aylon and cotbon, and various mixtures
with lﬁﬁﬁ??&iﬁ of G001 in vofractive index were fivstly
praparaed,  Aftor further exandnablon this interval was
parpowad down 8blll fupthor antll the refiractive indox of
Ticwld and fibee sateheds Gapre was taken that the
temporatiwe of Ghe dmmeorsion liquld on the microscopic
elido whiah.i& in gontact with tho gpeclion wao sane g on

the pelem of the rofractonator, bha Lamymr&tura being 21°0,
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(1} Fluldiby of Vieoo

GG PYONn

The sbanderd nmethod mw toat fop the fladdivy of
viscona payon in cupramaoniun hydroxide was foliowed 4

" 3

coase of Hobl NeD5 and Deight M4, gwover due o the
exporimental difficultdes b oxposing a sufficlent welght
ibes, o 0.5 # voluvion woo usced lusbend of a 2.0 % as
wrescyiboda
A welghed sample o disoelved in & standard
cupratmoniug solvent, in a stendard capillary viscomobor

-.

ond Ghe pate of flow moasurad of hm aplutlons of scamplons
L3 e

supasad fop differont dntopvalse of b &‘ﬁi’h

CThe £laiddsy ds siven by the aeuguabtion
e , .
Fet-Kt whope a* ip the viecometor const Aanty
& 1o the bime talen in seconds fopr the solution o fall

from one mendecus to othor and It = 0,138 V ¢, «:»
- 9

ﬁ,\; = Glwo of - flow of the glyeorol solubion,
&

¥« Volune ‘&mm-femn Lo morks.,
k{6, boing very emall compared with ¢, was Ezc,g;iﬁt‘i} dy ©
vhat the £ialdity woe g*;ii:ii‘(’:‘.tgl by the oguation P = Ji“
143 ¥iscoslby of nvlon

A o i}h&d 208 » Using @ o« ool as o solvont wae
odoptods 007 ga of nylon were dissolved in 3@@ mi.
of commoercially pure selvent bolow 5363&(3 in a Liaslh,

The dissolublion of nylon was houred by mh@.!a:i.ng; in tho
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stoppered £lashk for oovoral bours The resuliing

solution wos £lltered through ;g;it* g wed and tho

fad

viacosity was meoasuod in an Ostuald btypoe visconobor.
Tho time teben o w e gresod was Diret doberained, the
tube rinscd out with nyion solutlon in m - creool, and
tho viscooliy. of nylon solutden In o - aresod Phon,
dotemined. by the following eguabion.

Tho intrinsic viscosity V o "‘%Q N hore

mmwmm g

2

]

N o= tine takon for nylon ooloation in so¢.

Mo b ime balton £or m o~ Crooold in 86,

G« concontration of ayleon solutlon in mw/c.c.
The viscosity 40 thus oxprecsad in uwnilts 0f décilitres

DO Bl E & F,} “‘5% Hylon samplos wepe irpadiatod ab

various tines of oexposuro and the respectlvo viscositlos
dotermined,  The viscometor was loph !

el
nalnbained ab o bemporature of 20°0 & e

i C3 3 -}{ o :‘L\a{:,ﬂv d' lx »a nj}ﬂ}"i‘:’li -nw

fhotographs of wool, bolfure and after lreadlation,
vore talon using Wi - filtered Ou K radlation of vave
lengbh L84 A from o Philipe nealed - off Gube pun ab
40 WV and 20 wA,  The specimen o {(£1lat) £iln distanco

) WAY kel Omla



(£} Alkali solubilite

Adlgndd sodubilivy values Jop wopol v were obtained

fodlowing the mothed of Hareie® ., Tho wool samplo

whose initdael dey wolght wae hnown, was Greated with

O.1 B sodiva hydrowlde solution ab 65%C for one houp,

bho ratlo of wool o scelubion being approximately 1 3 100

by woighie The wool was recovored on o Duchner funncl,,
washod with water G111 Lrep from alkall, deled to a
conguant weight ab (355%, and the loss in the wolght

dotormineds Bocaune of tho 14 mm_ms cunecowmnbored in

®posing onough quantliy of wool Libres ab a timo,
m.m:a::m:ﬂr to malte an appracisble llguor mmw Lonbe

G?’x} t*m.m-.&,eel out wibth @ yorn cather than o single Fibra..
The ailall solubilivy i tho loss in weight
Iy oy

ovpropsod ao a percenbage of the orlginel dry woight of

the aample..

(2}  Urca’ s« Blouinhite solubiliby

The methed followed fov the L‘i»"k;m“bn.ﬁ?l}}i iho

solubility test was thab used by Loos and Bloworthid
but with olight sodification. jocouse singlae fibres
wora belng examinod, the nethod of vraatment was amendod

%

so thob tho solubility of single fibres could bo

deterained, Tho conditlopned Fibreos afior wolghing wore
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wound over small t,::',tmw wiilor Bguhos for vaso of hondling
and ddentification, and wove thon lnbreduced into a
copfcal flask, centalning 50 nl. ureneblpulphite solubion
{50 % weoo + 3 % sedium bloudphite) as pl P The Llask
wa fmpmorsed in o weber bath thoraootabloeally contyolled
g0 as o give a temporatuce of 65 g . 150 dnoide tho Plaak,
tho wabtor in the bath bolng circulated by means of &
propoller o onsure vniforn beaporatiro.

AfBor one houpy the contenbe of the flack ware poured
out into a aintored glass filtor and the licuid romoeved
by ouetdon,  The residuve wao woshed 3 blmes with 2854
WO wt‘ﬁﬁ,ﬂb Lon and ab loast & wimes with distilled watow

and deled ab 105°0 6113 a constont wolght wos roached.
Phe doss in wolpght of the unexposad and euposed sanplaes
in. uratwbi Loukphlites wos calenlatad, The fibves wore
wolghed on & Shirloy microbalance which could read accuratoly
tothe 5th decimnal of o willlgean and pave rosalls up Lo tho
acouracy of 4 Le5he The pH volue of the solubion has
boon shown o Lo o vary exitical {actor and tho maxinunm
f;mms.w wopcours ab pl 7. Tho pll of the urea w .3..&11.1 phil
soplution was adjuoted by odding approginatoly 2 wl, of

5 N soddom hydeomide per 100 mi, of the roepenb.
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(hi  Hotor Imbibiglon

Cameron amd Mopten™? define Aebiibivlon valuo as the

,‘H »

guantbiity of wabor, in parto per 00 poarts of dvy &

il .
by,

oy

vatalned by the wab Dibyo after conteifuging o 0.5 ga
pomplo for 5 minubes at 000z«  Thin value i o very
close approximation 6o the amouand of waber talon up
within the subotanse of the dey fibee when it ig owellaod
Go equilibpium on domersion o wabor,

In the progsent tush, samples of anoxpoocd and

K]

oxposed wool were plaged in scaled tubos conbalinihg

digbillod water whilch wors mochanically agliated Lop 24

howes o eroupe pordfoct soaking and thereby reach tha

; ¢,

euallibedun, altar which hove wops transforeed o 15 c.c

I 4
cantirdiuge tubas AN . Those wers then centriluged ab

2000 g, Tor exactdy 15 clnubtes in a Floldon Walkop
conbediugo. Tho gpoed regulred will depend on distanco

of tho oomplo feom thoe contre of the conteifuge in the

particular inatrument vsed, This wap neasurad and tho
a;:asacaa;i caleulated from the simple foranla N = 208 !

vhera P oo groavitablonal factor

gy
e
13

3w bhe dletance of Gho soanplo from the ands
: in oevai,h,ma‘ue: &3]

and ¥ e the madbor of rovolubionofmin z‘.aﬁi* the
gantrifuzo
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The nunber of rovelatdon por minuhe was approxminatoly
2000, ATCor centyifugling tho tubes wore withdrawn onoe
by one from the lostvument and the sanplos inbpoduces
wibhontd delay into stopperad bobitles whooe Initlal welght
woe knowne The sawples woro, given noe opportunity to
loso molsture Lo tho atmosphore. Aftor deoying o 4
constont veight at 1209C, thoy wore weighed ond the ratio

ahsorbod wakes

cndcntabod.
{11«}; »&J\J*} 1.! ITU 0y & 3 1){. *Q

73

(1) Spocific surface arna of wood

Giles ot al W0 have found solublon absorption of
L:r»-ﬂ;%,x:*amh{mgw at woom bemporabture boe bo pultab 10 for

speciiile surine aren measurements on o wide varlaby of

LU

oolido, including carbon, comont, ooal, fibres; organdce
plgmonts and wabor soluble maberialo o.8., cugar, Tho

cupordmental procoduro was ao £0llows.

pelitrophensl was recrystallised fvron woaber and
fje:%{} 0le 0F LG mem0lof e penitrophenod lushon was

? roparad, using wator {(deminerelised) as a zolvent
Bight ordinavy oeda glacs test tubes {578 in. dlamebor)

A

were boken and G085 gy of Dinely cub wool yorn wos welzhed
in thope aceueavoly. Into cach tuboe was then placed 1D ¢.c
of tho mizture of penltyophenol selublion and water in o

o

range of concentratidone 1 meaneloflitre o 40 mamolefditre
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of penditprophenol, ‘AEE the additsdon of the solubions
wora moda fron & nlorn huretbo, anl were precoded by
dyapring of Ghe tuboe noar the tops Tho tubes wore thon
sealed dn o flame and ixged by ohnephor - Dronge speing
clipe to a shaf't mochanically rotabod al 35 repeite undor
vater In a shermostat tonk, ab room tomparnbors (?bmiﬁﬁh},
in owdar Lo give CONHLONG GnleoTorecnd i 'ﬁEOﬁ (Clunic
and Gilles, 395?”“ Yo o AfGer BL Thours, by vhich time the
abporption conlilbelun bad beon roached, tho tubes were
allowad o sbond #4131 all the wool fibres sebiled doun,
the oupornsbont ooy then bhelng docenbeds A Dlank sob

was adso done wibthouh any wool, bo set she-ecalibration
| £y

L le of p&ﬂ.t?ﬁﬁdﬁ@ﬂi golution from oach of thoe
pubos was 4id uﬂaw o difforont ovder,  Before
makdae up the wﬁzl velune by dilutlon, different omounbs
(0.5 = 2 ml} of 105 eodivg hydroxide seluation wore added,
Cdopording upon the dllucions made,  This was So make sure
that the solution was alkaline. A1 thooo aqubous
solublons ware ma@ surad on a gpectrophotometer {Unicam

SR 600) at L0800 A usineg a % md. coll, Tho dilutions wore

made dn ouch an opder das to pive the optlcal density on

the spectrophotoneter betwaen 0.3 o (.7, the range in
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upface oras caloulatod.

SPGGOY was used Lo
of variocus onbrocts

an 4o possibleo with

In attospbs o make guantivative measuresionts of |

the absorpblon of Hobhyl oraage, thoe saoplos of wool

Libeee wore walghod ond limersed in dye solution in

sealed beot btubos, which were agitatod mochanically in

s thermootatically controlled wator
The tuboa werg then removed, broken

mﬂmzmm{i}. dye liguors wora mc}““m:*f:z

bath for wo houra,

opon and she partiall

sheorptlonotrically.,

From the aptical duzam ibigs 80 obltained absorpilon

Leotherms were Syawi,,
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Tl w ‘""‘Mm{g}‘li, Lf{“imiu u',igﬁ.“ ﬁlu‘i {ili‘ii 3 i”i? TURE

Moure {3) shows the relation bobtwoen she tine of
guposure oud pevecatase loss din obvength ond oxbension of
o 30/ worsbed yarn. iv can bo peen Ghat the lnorsase in
eupogure tlme breings ohout an appreciebile loss in bensile
propertvies ol the yava, the effect beling wore drastle

powards ineressing the oos in oxbansion than sousrds

¥

ingreosing the loss in breaklinge strengib.
e . . 316
fhe load oybtenoslon curves obtninod by mﬁwnimp whOn

$9 3 2w

PSR g oy 7] a4 v dul
bosbing wool Uibres witl

fod

tho Scehopper Fibre Dynamemebor

S a e e At B gm&igen  de by sy . e . KO I T ’
vere divided by him into three ports, vis (1) in which

Xy

grsenslon of the {ibre i provortionsl to load {41, in

which tho owtension iangreases out of proportion o the
inorease dn lood (1i3) in which exbension is leoos por wnlt
losd incresse bthan in (1), Seetlon (1) contained the
interval up Lo vhe limitc of elastieity, occulon (11) the
voegion of plasticity and sceetlon {(114) the ropion of
Aefloraation up o the bwwuixﬁg pwiﬁt» The arce onclosed

by the curve and the absciose is o measure ol the work done
In breoking the Mlbra, Testa carelcd oub on wool which

had baen dawaged as mlforaly as possible by the sebion of
Light indieated that tho greostest diffeoronce iay not between
the strength amd extension, but betwoen the relatlvo amownts

Gb work done in beesikdag thom,



Jool fibres show an approcisblo loss of enerpy

apperently incrensing with the ¢dwe of euposure.  1The

L

arapn {Figs &) plovted Letwoen the time of cxposure and
the peveentase veducetlon in work of rupture showd an
suponontiad reiatlonship, the greatest degradation
occurdug uwp Lo an Inliddald 40 houwrs wposurae,

R

Migure (3) shows the effeet

5

of evposure tloe on
the poreoentoss reductlon in work of Acrilan and matt
vanrtella. in u@&”&ﬁii sy of the degroadobion &gﬁ&d?ﬁ
bo be ocouring within 40 hours oxposure.  Thove sppe

et

o be o distiactive difleorence in the rate of attachk on

ardion and @abt Courtelle, although both ave aceylie
fibres. This mlesht bho of intoresy in view of the fach
that acoviios ayro svadted o have o higher vesisbance Lo
Light thon most of obher Clbres, bt as one fibre was
delustred and the other onw brishe, the difforence in
shotr resistance to ultve-violet Light {10 per cent ab OO
hye axposura} may be due (o the presence of a delustering
apent in ono.

Flpare (0) gives a ralationshilp botween the exposure
vlae ond the percsntage voduotlon in work of Fatt MO5,
SDriohit MO and Mbhrolane DX Up G0 L0 hours ouposurg 40
ultre-violet 1ight, the degroe of dogredetion in descending

e P

opder ol severlty scens W be Fibrolane DN, Habt M35 and
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Iright H¥98, whoreas above 00 hours exposure Bripght HOG,
Mottt 95 and Plberolone B aeens to bo damaged io that ordoer,
Hlore aloo the efffect of delustring ament is guite
nyonounead as up o 60 hours exposure Mabt M5 aulfored

o 199,

flawe (7)) shows the peprecntape veduetion in work

F.

8 per cont move roductlon in work thon Beirh

-

e
y

{up ¢o the breeking olongotion) of aylon 40 yarn, 21D
*d@m., plotted apainst the time of cxposure. It sooms
from the pgraph that nyvlon saffers o grooter leso in
gbrangth for the inltial 30 howrs exposure, after whilch
there is o steowdy but reduced rave of dogradation.  The

affeet of wloroeviolet exposure un the tenslle strensth

18 ohown in the Table V.,

TADLE i
R G
et AT A TV * LSRR RN S iat) AL WA S RLL N WA N ) S o

3 LYY W ey .y R4 af
TenOsuLe Broaking Braaltdng R i
L3385 (WY 8308 . o et & b O, TP it g oy 2 93 pmy g .2
tame Y spbenslon 1oad. fmsonsion  Reduction
EON A e 13 4 ¥ X Y

Cdn, Yera in dork

G (3,412 1.382 2346 .0
20 0. 3485 . LYY ] L7 b 3269
4 UL 30, L0001 15,2 5546
Gl {4301 0,482 15,0 B2
80 DaRi31 0 L B394, L W0 58,9
140 0266 0793 1343 06,9




3ve « Penaduy and Refractivo Indes

Figuwre (8) shows a denoity profile, in o liguid
olumn fovmed Lrom mylene and cerbon tetrachloride, whieh
goeors Lo be practlcally linesy, Flgure (92 shows the
inereaso ln tho denplty of wool Dibres wlih the inoresse
in exposure time to u?"“w»wxmim% irradiantion.

I3

c As o check on the doneiivy u“umﬂntj?’ ahw
dsterminatlion of the rofvoctive indicos of exponed and
unexposed samplos wero corveied oub. T The hipgh nolecular
wolpht of bthe lmmeraion modls ond thoedr nobture soomed 4o
puarantee that they wore atill less c&pah1® of penobrating

into the fMibre subshence than the liguids used for donsiify

TALLE VX

A IR RN R

{The changes fn denalty and roifvactive lndices of wool,
with ultre=-violot irvodiabion)

otk x ! g ey e 2 e 3 A PR TR R i T ST B i A TR R Ay
ai&'{jﬂbm""ﬁ} } > c“ ,3*1!
T %) 1 0 a R S A T 1
”h éﬂ_* M 1, In0 ¢ n 3

D R e S L N T T YU RGN R UERS & ] 13 EERTPCT W & PRy 5 o .Y el o RIRCITVIEI'S

G L0530 ,54807  1.5451  1.37200 04122 G.0103
20 19500 1,5015  3L,5M40  X.3245  0.4214  0.010%
1.3 a L ELBO P 13880 - -
&0 L6825  1.SARS  A,5h5% 13320 04097 0,0102
gj‘;{j i 3 @ fizg 6 aw 2« L4 333&{.) " e

100 L0538 L8430 L.5405  1,3260  CLA091L G,0005

measurenonts.  The results are given in Table (Viy. Each



66

roeading in tho table of the densitvy and tho vefvective
indices ip the moon of 5 expoerimontal readings, The
rofractonotor woead o comnidored o vead aocurabely He
the third place of deecimal, the fourth place value belng

1,

obbained on gumpation of rasulta.

In Teble (V1) », end n ave the relractive indices,
¢ is the donsity end ma = nj gives the birefriogence.

In gase of apleotrople [bros, the two principal
refroctive indlces are deternined soperabely coidl Bho
ipovropic refrective index coleulabed from thom by the
equahlon

By g @ /3 (N - 5y )

Lat

Lot uwa convddow tha results of dongity deterninotion
in orgenie Mgnids and detoraination of the refvactive
indews  Tho well hnown rale of (lads tam@-and Dale otates
that 1 n be the reffyactive indox of a auﬁﬁhanawg then
“,wi%“é. ig a corigtant indopondent of domueratay LE we
multiply thilo by the moleoular welghd ¥, we obtain tho
noleculay refvaction M R, which could be found additionally
from known atonle refraction,

The Tibre subsbanee must be considered as compact

1 conalating of o practi waliy hoagpensoun mixbuve of

arystalline and amorphous pavis. R M tt(m muat bao 0vppp Ll
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that there is ¢ definitervelation between refroctive powey
aad densiby of @ flbvo.

It i eoen Dvom thoe exporinents bvhat the coryesponding
chonga in refrective indor ia smoller than the 1neroane in

donelity aftor vlbtvow-violeth iveadistion of wool, The

biraelringgace seoms to be proetically wachanged after

05 ‘
Irradiation, Hersmans coneluded that sinoe thoe molecular
rofraction of both nabive and regenevetod Dibros appeared

o Do vane, and odneoe the guantlty of ¢rystailine matier

Y

lo vory difforent in bobh coages, Lhe applicability of the

Gigdetone and fale pule wes dndependent of the percontagoe

ol amorphous reglon.

3a3 = h?aiﬁﬁtv of Pash M 95 and Bright ¥ 95

LRSSt Nkt vt.:ﬂ.,.a rRL \-am_‘qr-\x‘ e 7 GaTiod et R AR

The Dlaldity scasured was that of an 0.5 par cont
slubion in cupramaoniun bydroxlde and to zive a neasure
i the stondard ““uiﬁxmy, isee, 06 2 poy aonb solubion,

a relotion bovwoen the percensano coucontrastion and

flutddvy hao beont depwn (01 103, This relation gives
g oourve more or loss of linopny chavachorisolas. b wos

agowtad therafore that for the couparative purposes the

fluidiny valuea of 0,5 per cent solutlions could be accopied

g"'n

pe raprasentatdive of the desree of degradation of the

samples.
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1

Figure {11) ghows the offect of wltrowviclet light
she Dlalddty of both Mabt ood Drdight B 95, 1o is soen
that in both fibres the Dluldity increases steedily as the

time of exposure o ultre-violot 1ight ls dncreaned.

oy Aighi senaglitivity of Matt viseose in yeported Lo

o Nt ke DD dal, - U B 5 DR, B T F . ‘a3, ety

be greater than that of Bright viscose, the prosend

fald S T SO g . UG R R T Wl
fividity measuraments wounld sugpest that the deproee of

g X » a 3 PRt e A e g o T 14 n Hoy U T 4 £a oty DY
chomdceal degradation ls sipilep, &0 con be seen that in

P SN ST I [ Y - PPV 5 A WL - T -
the inivial peprlod of exposure up Lo 50 hours the gurve
For Matt I 95 1ls steeper, however, 1% ls net atotiscally

£

In generald, greator variatlons in strength losses
ocoured with the Uatt semple than with the Brighs sample,
while in both cnses these bypes  of vowiation in fluidivy

values after cogunl perled of cxuposure appaared o be less
exiensive than w‘a tho case with o corvesponding strensih
logacs.  from ﬁma sbandpoint of practlcal sorvice, the
doss in bresking strongth in Dibres durlog exposwre Lo

altreeviclet Light i vsunlly the sost inporbant leature
of tho damage sufforaed.

Investigetions™ iu the feld ol cellulose clomlatyy

)
have abwwma Ghet whea geotton s unlforaly depraded by a
chandeal oetion such av ecld hydrelysls, a defin

n

ralationshin exlists between the rosulting choanges in its
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strength and fluldity.  Although the actlon of lipght on
axposed fibres cannot be deseribed ag wiform, it 56141

appeared poosible that the relationship fovnd to exist

between thely strength and flvidity chaneges wmight throw

some 1ight on the mechanlem by which the breakdoun of

cellulose iy alfected. VWhen {lulditice at a particular

exposure were avoraged and plotbed against the corresponding

average percentage reduction inwovl, as shown in Jlgure

she resuliing relationship was practically linear, {Fip.l2).

Jedy » Viaecosiby of Hyvlon

e
<

The relation botween the intvinelc viscosity of anvlon
aenples and the time of exposura to wltira-violet Lipht 1s
shown in{Pigure 13k  Thie shows that viseosivy is decrcased
as the period of exposure to the degradatlon conditvions is

increaned, the fall in viscosity beling quite lavge up Lo
initlal 30 hour exposurc.

The applicability of Baker's equat ﬁgd‘ﬂ a {1+ [n]oi
Lo the polyamide solutlon were examined by Achhomaey &nguhis
comworkers during their investigatlions into the mochanism of
photochenical degradation of polyvamides. The value of 4 = 3
was fouad o £10 the deta odeguately. The agreemcnt bLobween
the values of intrinele viscosivy (1) abraimmd for the some

4 ] L A TALY Y s & £3 A .&21
specimen bub with dlfforont concentration was foir. Taylor
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hag exprensed the relationship between the intrinsic
viscosity of nvlon frvection in formic aeld and the molecular
wedght as I 5 = 13000 €w;1'3@, whare i, 18 the nunber
average nolecular welpht snd (nJ is the intrinsic viscosity
in formie pald., Thelr meosurements of intrinsic viscosity
wers made in mecresol, in Y0 perceat formie acid the
intrinsle viscosity velues aye apgvm&immt&ly'@.g of those
detormined in necrosol,

Application of Tavlor's relation of intriosic
viscositlies of wnirradlated and iprprodieted nvion leads to

a viscosity - molecular welghd (M ) glven in Table {viiy.

TARLE  VIY

Exposure bime Viscoul ty-overage
hir. moleculor welight
Moy

20 5907
. 5140
60 5598
80 3929
300 40
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PMiaure (14) shows tho relation betwoen the viscosity
of nylon solution snd the percentape voduebion in worlk aftor

(]

different intorvals of time, which secems ¢0 be a linear one.
" The posalbllity cannot be excluded that the viscosity
ralatlon of pbotochanicolly degeaded yara is o function of

the changes in varn stvacturs,

3¢5 = X « Ray Diffraction

On vilswal observatlions no wmarked change was observed

in the A-ray photopraph of the irradiated wool.

Beh w Alltall Solubility Toeot

CWool fibres show an apprecisble increane in alkali

golubility

L

ai'ber exposure o ultro-¥iolelt Llght. The
rosults of those oxperiments show an approxinately linear
relstlonship between the cxposure timoe and peraantoge alkaeli
pelubllity of both samples (30/1 Tex and 1A8/2 Tex). Prom
she graph 18 1o observed that the golubllivy difference
botweon wndomaged wool ond wool oxposed for 20 hourg is
praater than the differonce betwoan wool oxposed fop 20
hours and A0 houvrs (Fig. 18).

A8 allali solubility of wool hag beon uwsed as an index
off thoe chewlcal damage of wool by different agoeato, tho |

oxbent W which a cosrse yarn and o finer yarn are demaged
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io given by the curve 4 ond curve B pospectivaly. Poy the
goarse varn the peveentage alksli solubllity inereases from
I’fi «]

23 o 31 percent dupdng 100 hours oxposure. fhe finoer yorn

is nove sesily domaged, the alkell solubllity lncreasing

Prom 20 pevcent o 45 poercent. Thue it seems likely that
Lhe degradetion woves Dpirly steadily imwords from the

surface of the wvarn.,

3.7 = Urea - Bisulphlve Solubilivy

The prepont tests were made to find out the bohaviour
o wmai damoged by ultra-violet radistion towavds the
uren - blsulphite solubion, Damaged sowples exposed o
vlora-violet radiation for different periods of tlme were
sreatod with the sgmo solution ab pil 7. & graph waes
plotted (Figure 16) botween time of exposure and the
parcontage wrea-hisulphite solubility.  The solublilicy is
shown $o increase with inereasiag oxposure btime, the rate
of solubillty being bighey for the first 30 hours followed
by & further inoresse but with o lowor grediant.

130,213,
From the results given by Lees and Elasworth it is
clear that the pll value of the rosgont is an importont

> +

Factor in relation to tho emount of wool dissolved, waximum
FAR 2}

solubllity occuring ot pH 7.  Flgure {16) shows the efisct

of ol on the pevcentage Jweawbiﬂuly%it@ aolabilitvy of wool



»

axponed to wltra-violet rediation, While the Inorease in
solublility of wool swposed for 100 hours at i § is from
2,5 o 9 percent, the corresponding increasce at pll 7 is
fyom 7 oto 28 percent,
Table (VIIL) shows the effect of ultra-violet licght on
G doscaled wool Ulbres vhen urcaebisulphite solubilivy is

noed as an index of degradation.

TABLE VIl

Erpoaura Hif%»n»@mlmhiﬂﬁ solubilicy &
:iaé 0 Intact tiegcaled
N He0d, Wwoold

L bl - & A fiaal 24

’ 0. 354007
5O 15.60% 20, B0

80 19,235 L7 oG5
4% i soon nhln while the solabilibvy of drvadieted

intact weol iacresses with inercase in oxposure btime the
golubillity of the lrrvediabved descaled wool deercases with
inerease in exposure LANMC.

The values given in the table ere tho mean of ben

opporimnental readings.

3.8 = dabor Tnbibition

When keratin fibres from vordows sources wero driled,

and Immorsod in water g disgsetriesl gswelling was roecovded
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22
Vo Although similar teend was found for Morino and

™

by Hal

Linceln wools, the results indicaved that 10 typleal Lincoln

and Herine fibres of the same dlemcter could be obtalned,
tho rate of uptake of wator by Lincoln Tibre would Le

approximaboly twice that lor the Herino flhee,

The presence of crosg-bonds stable to water is
indicoted by a marked reducticn in the isbltltlon value,
The regults of the exasination of g gseries of oxposed wools

are shown in Flgure (19), where the lmbition value i

0

plotted cpeinst the tine oF oxposure Lo ultra-vieolet light.
L con be seoen thot in case of weol fibroes the imbibition
volue decreased fvowm 54 porcent in casé of unexposed fibresg

o aboud AL pevcent in case of woeol wxposed vo 00 hours.

3.9 =~ Specific Burface Areca of dool.

{(Sorpsion Inethovms)
pndlirophenoel from vator seolublon woo usod Lo meamwre
the surface ayrea of wool fitres., The value obteined wos

123
much highor than thoe microscople value (microscope, 10,13

:‘2 : p " « b:-{f Pt S FES Y. & a
m.g”i’ pendtrophanold ga A8 W g 1;, This shows that
penltvophoncl popetrates the Internsl structure of the

fibwres, as arpoctod,

\rE

pacd Plo Burlace Ares

S !

Gateulatlion of the o

In all the casoes the isothorm « coneentration on

substrate (6%1 noainst concentration In bath (Cﬁ) - WOrR
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plotted (Figure 18,19) and the monolayer capacity determined
from the first plateau of the isotherm. Table IX shows the
amount of p-nitrophenol present initially in the solution
andd that taken up by the fibres, exposed to ultra-violet
light source.

Consider the curve A (Fig. 18) which is sigmoid in
shape. The specific surface area (3) as given by the
following equation

3 = C,xNx A
where C, = monolayer capacity in moles/gm,
(In this figure curve A, its value is 106 m.moles/kg)

N = Avagadro Number (6,19 x 1023)
A = Area occupied by 1 mole of p-nitrophenol
in cm2
*".1.6 . P TR N
(25 % 10 in this case)
As concentration on the substrate in the figure is

given in m.moles/kg, it must be divided by 103 x® 103 to
give concentration in moles/gm.

Therefore S = ;Q% (25 x 10"16) x 6,019 x 1023
10

= 159 x 107 cmz/gm or 15.9 mg.ﬁ”1

In practice the values obtained by nitrogen measurements
124
arve often taken as absolute., Nakhwa has shown that in
most cases the method using p-nitrophenol give results that

compare very favourably with those of nitrogen estimation,
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Whoere valuwes by nitrogon were higher then by penltropbonol

thie repaon Lo that ﬁhe uitrogon moloouls {(cross-aoctlonad
-y ™y
pren of eolid and liguld nitrogen are 13.8 A% and 17.0 A%
385
regpectively)  is smellor thon penlirophoncl nnd con

pengtrateo smaller pores in the fibro.

Ag mentloned eoplier, the menolayor cappoliy wen
colculated in each gase from the first platesu of the
isothern and the Lenganir reciprocal plobtting method oy
BT oguation sontionod wider gos sbsorptlon was nob

12k
adopboed «

2ot

The opeoific surflace avens of the unermposed and expos

fibren are piven in Table L.

"E‘.é“!. ABLE X

mynﬁﬂﬁze &2%& 5§ .8, 8.
i?gp 2. -I"
- n. 2

0 15,95
g {:} '§ 6’.’» - 6:42
L{§~(3 .l '3 - k {“‘

»

Ho further appreciable decropoge in specliic swface
vng notlced Yor wool ewposed o 100 hours Lo ultro-viclet

light.

3010 w» Dye Absorpilon

Graph {(Ligure 20) shows the abaovrphbion spectra of

methyl ovange solution after 2 hours trostment wlth unoxp

oG

oaoed



78

and exposed wool, Une con gathor Ly this shob with
Increasing exposurg Gime o uvlira-viclet light the fibre
ahsorbs an lucreaged anount of tho Qc‘mpc}mnw {red and

L]

vollow) of methyl oranges &4 as there is slight shifting
off poalks towards rdght afber successive doses of rodiation,
it may be thob ab Flest seinly vellow ecomponent is abaorbed
by bhe exposed wool, much move than tho vnasposed one and
then with ineveoasing time of mxpwﬁuw@ the proportion of red
ﬁahan‘uyg valative Lo yul}aw» inerenses aarkoedly. This SIS
quite merked by visual observance. |

The following oxperimental rooults guprent that in the

]

anae of wliraeviolet ilvradiation of wool i ia modii ia ibion
of the eopicuticle whileh is primarily voapo mwtcs o the
aeae&ewa&ad rate of dye uptoke. Ploves ﬂf‘ll%?ﬁ& Ware
obpaded as deseribad ecarvller. The pleces were bthen cub
into halves, half was irradlased fop 20 hours by ultva-
violot light source. Tho ivradlated and wlrradiatod

§

ploces wore immersed in dve a@thy? orange and moethylone
blue) ot room teuperature on tﬁ@ aame plceroacople slidoe and
extomined et intervals for dopth of awlﬁur. Both iff&diatwﬁ
and none-irradiated plecos appeared Lm dyo ab approxiswtoely
the seno vate, and wore heovily dyed before an intact Dibre
on She some glide bed scheived any approeclablo coloretion,

Lo thus sppoaro that ulira-violet lipht effects rabe of dye



absorpbion by the wool fibro cortex, the effect is
aceeondary o modlficetion of the cuticlo. Those resulis

R
wores very much same as regorded by Ualyv,
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ol PHOTOOHEMIOAYL, ERCBECT 08 dGOL

(1) Reduction in tensile properties

g

If the cvogs~linka in the heratin molocules bhave been
atvacked in any way, the work required Lo sbreteh o fibve
ig offected, tho change beiug o wmoosure of tho euxtent of

5
damagef Thin offect 1n markedly pronounced afteyr
irradiationg since disulphide cross~linking groups are
hydyolyaad and obhey ﬂh&ﬂﬁ@gytaﬁﬂ NIaa, The relationship
betweon roduction lnwork ond mumber of disulphide bonds
broken la not however, linear bhocause disulphide bonds
brealkdown 1s accompaniad by intense swelling which itsclf
facilitatos exteonsion owing to breakdown of hydrogen bonding
betweon the neptide chalna,

Bofove continuing the discusaion on the changos
produced in physical characsteristics of the wool fibve by
ultra-violet lrradiation, 1t s worshwhile 6o wention hers
the molecular structure of wool,

(a) Nlcelle structurs

»

ﬁp@akm5§? firest advanced a thoory of the mnicellar
gtructure of keratin fibres after f-ray enalysis. ﬁl@x&ﬁ@éﬁs
sugrested that the wolecules are held togethor within tho
giicelle by hydrogeon bonds o give rise to erystalline aroas
in the fibre, The wmlcelles which gre supposed Lo be soet

in g eyatine cross-iipked cemont are connected bto the latter
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by disulphlide bonds. The disniphide bonds within the
micgelles which are fow in ﬂmmﬁe$” are armranged in such o
way as o allow relative wmovoment of the molecules within
the micello, Althoush no accurate esbtimate of tho
proporiion of the wool fibre which ls tvuly ovyetoelline is

availlable, this is covialnly less than 507 of tho total
130

Libre pobterinl and 1% may bo e low as W, it scemn
reasonable te suppose that the individual micelles contaln

erystolline arcas in much the same wey o syopthetlce fibre
contain opystalline regions, ono chain way thyroad lts way
thirough hoth cryvatalline and oxmorphous ropgion giving vise

S0 a structure which is called a fringe micelle.

{h) Fringed fibeil structure

lMany of the lwmporitont features of the fringed micelle
structure gre combined with fibrillar structure in the
fringed £ibrll¥ structure proposaed by Hearlds In this
struchure the fibrils are agsumed to be long, perhops
gffecvively ianfinltely long, iwmperioct crystals windlag

IS
¢

thely way through the fibre structure, and separated by
non~cryotalline reglons. A in the fringed micelle
ﬁmé&@tuﬁa, long chains are assueed to pass aliernstely in
end oub of eryobolline and nouwcrystalline replons linking

the two structures Sogebher in o conhlinuous mannesr. it
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has beon ougeested thobt intev«fibrillayr material is richer
132
in oyatine than the fMbelllaymberial.
Keeplng 1o mind the above stvructure let us now sce how
the ehanges in differont physical and chemdeal properties

are brought ahout by ultrse-violet Light.

{i%) Physical properiiles

The ropulbs on the density seadurenents aiter
irradiotion obow clearly that the structure of the Libre
begomzn awre-oompact aftor the degradetion.

&

Hoymang and ?@rm&ag? have supgostad mhmb donslty micht
depend on the percontoge eryaballinliy pr@ﬁ@ﬂh in tho fibye
substenca. They bhave pointed out that densivy and pore
structure are masroscopic concepts, whereby it is now known

hin bhe fihee 1o of mmiﬁ mlar

3

that any fyree gpace wl
dimonsions only, arising Orom the inefifileiont pecking of
the bulky slda«-choins. Thug ﬁrw@mka Liguids liko carvbon
retrachloride and bengone connot ponotrato the L£ibre bup
morely envelop 1t complevely. In these wedis shorefore,
bho mopswred density corvesponds bto the Mibre as a whole,
Inclwddng eny ree velung within the fibre. dhen o
auellilog liguid lo wed, en increase In donoity rosults
ewring o the Tllling ol such free space by a rearransenont

tovolving move efficient pocking of molecules snd side

choadna in the awollen fibre, i order to chocl this
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1

theory, the density of the £lbres shoould bo compared with

¢

some other rolatlve gicasura of oerystallinity for oxample

the sorptlon capacity for molsture. The molsture reeain
of wool isn chonped during lrradintion ag obeerved by Irutor
233 29 37

and Jeodford;  Berritt and fing, ond Cunliffe. Hvon when
the namples ore washod after lrradiation, the repgsin
increasos oo thet the conditloned samples appear o have
lost less than dyy ones, bub the overall chance in regain
wos stlll o decreasce. Modern views on Dibro strustwre
and on Ghe process of molsture abserption leod bo the
conclugion that, ot not oo bigh vapour pressurc, the
asorptlve cepacity of the fibre should, at leasst, o a first
spproxination be proportional to the parcontage of anorphous
subsbonce.,

The {ibye substance nust be conaidered ag compact and
an conalisting of a ppactically bhomosencous wminsture of
orvatalline and amorphous pards. Lo thon must also be

A

expectaed thot there i a dofinlio relationship between

q

refractive power nd density of the {ibro. This ls givon
by the Gladstone and Dale forswla, i.e. that p = I should

d
be a constant for o plven fMbvre.

Ouit vesudds while showlng an increase In refractive

L)

inddces after irrvadiation in case of wool fibre aslso shou
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that the celouleted value of n - I doereasos gredually as
i
vhe oxposure time increasas, do have to bako an Importent

octor into conaideration which is that the wool fibroe is
never wholly crystalline: theve being o certain propordion
of asorphous mabterial, having opbical propertiesn diflerent
from thooe of the erystels, which iz slso alVected quite
appreciobly by nlirasviolet docradation.

The results of the inercase in denslty, and, to some
exvont refractive lndex, suggest some ineroase in the
cryatallinity aftor ultrs-viclet irradiation. The
explanatlon can bo made thet along with the disulphide bond
breoabdown there in a breakdown in the meiln pepitide chaing
probably by Ghe short-wave radiobion, 18 wo pake the
fringod micelle structure into conalderation it ls quite
probable that after the maln chaln 1 broken, slong with the

Lr@ﬂa”iuﬂ of dlsulphide linkepes, the smaller chalns will
have the tendency 4o come clogey vhe replon of oyystalline

«

order and oriontete thomeclves along that region. A there
in no apprecieble change in the bivefriogence alter
Ircadiction, no chapges in orlentation of the crystealo as
such conld bo accounted for. S0 partlel crystellisation
of the cryostallites micht occur o mako the struchure rothor

more eompact, thua giving higher donslity.
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If we take into account the fringed Libril structura,
it can hé asoumed here also that as the long chain moloculos
vihich pess alternatively in and out of crvstplline and none-
erysballine reglons are dopraded in the latter reglon, in
the sense that disulphide bonds or the peptide bonda ave
broken, this might reselt in some chadne aligning themselves
along the TLLrLLl up o a certein leagth thuw lacraasing tho
seyaballinity of the gtructure partsislly. Algo 3¢ bas been
sugeosted bhat inber-fiberillar meterial la richer in cystine
vhan bhe fibrillar meterdials This ds to be oxpected; the
Jolning togebvher of two proveln cheins 1o wlikely to occur
at oxactly tho rmyh positions needed Cov Loth chaling o be
incorporated in the crystalline lattice pnnd so it 1o probable
that portlons of moleculps, incluwding cystine proups, will
he pushed oul dn the non-e¢ryoballine vogion, So 1t is quite
Likely that byeaking of eyaiing linkapes by ulitre-viocloet
Light could make 16 easy for those chalns nsarer the fibvils
8o geb aligned o 6. All these Inflorances m;ght legd one
towards an ldes of dunereased eryostallinity of wool after
irvadiation, Uouplly any choange in the coyystollinibty aftoep
lryadintion should ohow up in a change in the Levay
diffraction pastern of tho oxposed weol, bhubt no marked
chonge in the pattern was observed.  However, it ig

sipnificont thab moot chemical reactlong with wool and



haly have livtle effoot on the Zevoy diffra

unlesn they ave of the type thot leads Lo a

the Hebonds.

Increase in donsity due te the peoducts of 1
?Y{'!L’Hi i Q‘.?a

L3

The recction which is supposed to take plo

uitra-viodet irredistion is pylumorily ¢l

the disulphide boud of tho eystine
Fol1oving mannoy se

% e Tt " e
{\;g § e L‘t §. ?e; - P we S.J‘ we iy {§ .y w {.: !I
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One molscule of watery is tokenup by - U

wetlo
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on patbern

ddosolutlon of

hydrolvelia and

‘: Lll}‘t ‘E_ Q

hydrolynils

in the

APy

HO w Oy« ul-(1)
S

we wbome DONE

rosulting in the iacvease in welghi by the Pormation of

« IO and - SH group. This incroase in welcht as caleulaved

par 100 gme of bevatdn comes to be 0,98

of

cyatine = 240, pereontage of oysitlne

gma  (molecular weipht

in weol kovobin

= R3ads) . 4 we suppove thab after 100 hours all the

eystine linkages ara broken and thet thoere

is no appreciable

change in the specing of the main chalng, then the densivy

of the fibre will increase by approximatoly L. fho density

of wool {fibro oiter 100 hours exposure

31t

ases by L8

{Table Vi), &8 thoe two Dlgures ave gqulte noay, the

possibilivy cannot be raled out that Gl

¢ dncroeasaes in welpght

by the produgts of hydeolyais might be the reason for the

"

inoreased denslitve
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Farther oxidation wmay oocur resuliing in thoe folloving
produehs

. A R § .5 )
The incroased in welsht as caloulated in this cose

ner 100 moa, of kerabin, Howover

A&

would bo aboub 4.5 pus
thin value is smech highor than the velue of Increased

dengity got in the resulis, Thus a possibilivy of Increas

"}
&

l!

in vhe density of wool by this reaction con be pruled out,
furthor boconse with the increase of such g mass tho chaneoe
in the internal volume cannob bo neploctod.

The above svggestions arve made with fow suppositions

and moreover the navure of the sitebility of the products of

roactions (i) and (?w}, and thols contlouity lo uncortalin,
On thoe othor hand the sugoestion pul 10”1&%& of an increased

crysballilinity is supplemented by the vresulis of otherp

™ . o, 1 \A e .
GRBOILHONNS §

bhominald Ohaneon

(1140 dober dmbibitlon

secording o the genoral idos of structuwre mentlioned
¢apriior, the moleoules of liguid can penotrabe botween the
micalle foemdasr o ol of veletively low wateyr conbent.

G-

The exbont of penetration of Liguid this way mey detormine
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pho extont of specific surfoce aven available which in tuen

wlll give some idea of the crystalline asmovphous ragio. of

During the swelling of a fibre in wabor the

p)

&

crystellites ronaln unchanged, so thot the basic fibe
structure depondent on crystal foregs lloits fmbibivion,
with reazents which ave agble Lo penetiyabe the cyyeballites

£

190 01

P
ney

x

and ao covse unlinised swelling ox disspolwn the

L3
)
b

unbraated ‘ién the presence of crossesbonds stable o

reaszenhs way be expected o limlt the swelling. The hipghly
andatrople swelling of wool Dibros snd similar polymor
aystans 1g explained by the association of o limited nunber
of polymer chalis Into definite umits or micelles with tholr
N

oo oviontated almost wniformly parallsel G0 tho fibre ¢ zigj’
Lacording to this genorel avvengement, wolecnies of liquid
can ponetrobe botwoen thae wicelles forming a gel of

radatdvely low waber conbent and the oxtent of ponctration

A

en

of 3iguid iato the micelloe may be investisated by flading

tho lnbibluic adue,
In the cose of wool, wost of theowelling is kaown to

s

o " L . R SN “\‘ X 4 e ¢ 3 A .3 ¥ » e -5
e intevemicellor ag the S~rgy epoeings ave only slipghtly

135,856
affocted by waber absorptlon, When »n woul fibre is
inmovased In water, 14 aboorbs or imbibes spprozimetely helf

1os dry welpght of wator within the structure, 1lte dimonsions,
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ecially transverse, Increasing simultang uuaty, Thi
lobibed wobter must be accommodeted in the emorphous reglon,

we reloy o the average sepeavatlon dlatance of tha

o

an

structural univs dn the swollon fibve as o pore slimge., JFrom

-7
¥
3
P
<
:‘

reanlin we soe theb the wabter lmbibltlon, which
2.5 At A7 y & . g g Ap T o e IR . o

bhe omount of chemically held water in the pore size,

3 by v Py 6 ; p ) s Fe Yo E 2 L3¢5 T SE e -
decroases apprecinbly aftey leradintion, Fhils counld be

o by P Ta, e - - - o - o P oty s o S §et #: oy 4 ¥ )
due wo the decrease in the pove sise or in ovher words due

norease In dinensiong of the gtractural wlis.

[i¢'e
o
iy
&
P
)
t‘"“"
2;1

{dv) Chonces in snecific surface spon

The specific surface oren of wool flbre is olse shown
Lo De decrvepsing with lncerecse iln exposnre time Lo ulirge
violet light. This wmethod of physical adsorption of
penitropononcl is move sensltive, as it glves the wotal

o

surface area avelleble for woleculsy abeorption including

vy m s £9 e o A ~rpa iy . R ay o - 2y . e,

aurfnee irrecularities ond chomnels of meleculsy dlmensions
TP SR N A I I tfen., » o Sy ey " - 1 A,
watiin the fibro, ihis nvon seoms 0 Geeyesse as the

apesture time dncreoasos thus hindbing oy tho possible

\'.’

4 #t 3 L gre . . P - B S el
changed in the cryshelline olepont oo supgestod bheloro.

(v) Pyve abporpiion

As seen in tho resslis tho dye shaorption increosos

wish

L]
,.-«
,-.
-

wraase In exposure tine. Lo there was ag

approeclable difference in rato wf dve abesorption aftor
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nitra-violet radistion in cage of the intact and descoaled
fkbw@ﬁg 10 shows that 1% is ¢he £ibre epicubicle which is
ragponoible for tho lnorensse snd the chanpesin tho
splonticle are independent of the chances in the corben,

and this sugrestion is supported by the poasibilisy of

2B,

&

oy

gL oy o 5 y > v PHE S . i S AT
differance in the {eliine propertles of weol fibres after

ot

iﬁ'haﬁ beon mown for mony veers that one of the
efifects of ultra-violelt irroadistion on wool is to Increase
e rate of uptabe of some dyes,  Other sreotmenbs which
preduce @ similar resulis include medification of wool by
P

214, by ocid gnd by chlorinatlon, Linﬁbeygl coneludead
that reaction of alkold and aclds with the fibre epleuticle
wan responsible for the inoreased rate of dye uptake in
theso caamﬁgl

‘ 126
In an exporiment by Haly, Intoet flbros wore trostoed,

for 10 minutes, in o 2 percest wifvol. butanolic ECH

ution. This treatment is believed to ailect only a
pagion cloag Lo &hm Pibre surfoco. - dome of thoe fibres
were thon lrrodiated. On gubsequent dyelng 1v was found
thet agoln the Lvvadiatod and uadrvadiated fibres dyved oo
approddnatoly the aome rate. The oplouticle wasg destray&&

by dvradiation This was demonstrabad by the Loot &%a

Q
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ﬁ?§ﬂ0?ﬁ0ﬂ bliasters formed on Uibreos irvadisboed in saturated

Mn’

bromine water after the fibre bad beepn lrraediated. 16 is
seen from vhe superlmental resulbts that walle the vaete of

+

dye uptoke of the irvadisted wool fibres incregases, ab the
spms time the penitrophoncdl sbsorption et egudlibrium
decreasos.  As explained cardior, the rate ol dyo uptake

La related Lo the chonges la the opicutlicele and hence any

K TN . o o o E I S 5 B, . k.

damase 0 bhoe sploutlicie layer do likely 50 give increase
gy A AT T e d o s 3 g ey € 2o dela

rate of dye uptake {Pigure 207, The deoregase in the

pendtroshonol sugpest sone kind

chanpe in the insternal structure of wool elther in way

off erosseborl formation or in the malin chaln readjustments,

{vi; ,MLJ*“ 3*1%bim‘xy

33
lareds and Smish  Jollowed the chenges occuring on

Lt}

&

iveadiation of wool in the Fadeometey by the doeteraingiion

Ty

ol

of dncreasoe in solubility in G.IH seodivm hydroxide
(1 b, ab 057CG) and thedr vosults show thet the solubility

2 PN,

Inereanad from 11,9 percent for wexposad fibres to 30.2
poreent for wool exposed for 10C hourg. They also found
a iinvoy relatlonship between (he decrease in porooentape
agratine and the Increase in alkall solubility. It wvas
alno Tound thoat dosres of dobtorioveiion w43 greaser in the
acld « trostod Dibroes and somewhat doss in those Sreated

A %53
th alkali, Von M@?g@nfa QEperimeints alse show vesulis

i“'

[N
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rosenbling thoso by Heredls ond dmith., e fouwnd that aclds

aereaped the scelubillity prodused by the action of sanldipght

X

o spaples exposed wnder glass, and that while allkoldls wore

’ul
ax

not able to hindey hrealdown of wool melacules thoey delaved

-

oxidation of the sulphur. This latter conclusion was bosed

o o stronger tin - salts reaeblon on allsli «» tirreated wool,
and A0 view of Hoerdls and Smith fisures seem rother to bhe
dua 40 fixadion of sulphides in the fibre by olkall,

I hos beon ghoonexporimontaliy thet the alkall -
solubility inoreased after euposure B0 ulbra-violet light.
The cheplesd ehanges which ocaur in wool during exposure
might resuls in the wodification of its ohemical structuvo

in any of tho following wavs i

{1) The main poptide chain may be hw it”a'l yaed resulting in
a reducthion in sean molecular chaln length,

(:i.i}. The disulphbide ciross linkozes may be broken by
oxidotion to form nonereactive side choins incapable of
Forning new crons linkapas, op

{111) Tho disuiphlide cvoss linkage may be hydrolyood,

The allali~solubilicy test entoils treabing the {ibires
Wwith o solution which wlll rupture the disulpbide orosge
Links,  Once this iz achloved, the smount of protedn

which 1 gapable of belng disgsolved will then depond on

»

the axbent of hydrolyveis of the meinechain peptide links.
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Thus the alkoll solubility fisure of the irradiasted and
ualrradiated wool shows that the eifect of ulira-violet
irvediction could he duve to the changes brought aboud in

any one of the threg ways aonbioned above,.
b
Harels and dmith  found thobt she resulding depradation

of wool by ultra~violet light, determdned by alkalle

aolubilitvy measurenents, and cstimatlon of liborated

ammonia end sulphate was diregtly velated Lo dcc“;s@c in
the oystine content of the fibre, Altshoush the overall
rabe of reaction 1o greptly incresscd by incroasing the

water contont ¢ the neldivy, these factors do nob influence

Loks
I*s

the first sbage in thoe repction which MHarels and Smith

believe o be o direct acbivation of the disulpbhide bond.
Thiv probably leads o the tronoleont formatlon of ions,
followed by hydrolvels (which wos also shown %o be a
photochenical procoss), leading o the evelution of hydrogen
sulphide from the wnetable sulpbonic acid,

+ -
Fary

)Cisww;i,»}n&m h Gl-ipm%;ﬁi{( —> Yol - (}E*}?« R o= CHY

ﬂpﬁ YOH - ﬁﬁa - 3 HOY - GH?nGH<
kb:l L
The bydrogen sulphlde 1s eventually onidized vo
sulphato,
The oikell solubliliby lncveases whon wool is desraeded

elther by peptide-bond breakdown or rupbure of the disulphide
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bonda, fecordling to thooe authors moveovey digorienioblion
of the macromolecular gtructure, resulting fron the breeling
of hydrogsen bonds only, also greatly increases the sllall

golubilloy althouwsh no covelent bonds have been brolen,

(vii) Urea-bisulphite solublility

Yhore doos sm% appeay 0 be any vesson why an lncroase
in golubllity afvoer iyvediotion should not bo interpreted in
tho same way as an increase in the allall solution Ulgure,
namaly as evidence of wmoin ehai&'hydwwlyﬁiﬁfw A prapetion
takos place botweon the bisulphitve and the disulphide eresse
Linkages, chenglng the weol moleewlar strueture, ot least
in partsy also uren bas the power 0 disperse protoins, which
1t docs by hydrogen bomxding o the imidol form of tho
nopblide Link, If vdbre-viodet rediation abtacks the
disuiphlde bond, either dirvectly, o Indirectdy, an dncrease
in wool seolubility after radistion would be oxpeoted,.

The yesulos (Flpure 16) sre contpadiotory o thope
abvained by Lees et ai%ﬁ They onposed Horinoe &4 s (roob
half of stapley, for seven days to vradlation from o Honovia
typa SHO L3ewatt lomp, wing o Joods gless filter at o
tenperature of aboub 2690, The ealeulavoed peyeentage-

olubillty was thon less dhan that of wuwlamapred wool. A%
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tho same dime they recorded the hipgh solubllity of the roob
end of ficcce wool before processing contrassted with the
Lower values for the whole staple in commerclelly ocoured
WO

The pressnt results are, however, in sccordanco with
those of ﬁ@imarmglwiﬂ'whﬁ abtributed the csunas of this
ddsorepancy with the resulte of Lees to one of the following
factors. |

{a} The intenslty of the light sourge

(b) The use of the Woods filter, which sbops the
léﬁg@w vavelongth of the ulirva~vielet speatrum but allows
the shorter wavelengbhs o pans through. -

On the basis of electron microscople studlies by Mercer
showing that the soluble protoin comos ondy fvom tho orthow
covvex and the inscluble rosidus conslsts of o mixture of
para-cortax, orthocortex, cortleal cell wembrane and the
raalatent cublele sheath, one may conclude that the ocbion
ef the short wavelengihs alone on the orthocorivex causes o
decrease in the porcentage golubliity.

- 223,240

agcording vo Lees and Blsworth thoe solubllilty of wool
in allaline urea-bisulphite solution éacr@m&&s, WO an extend
depending on the conditlong of pre-treatwent of the Cibve,
The decvense in solubility s due o formation of new stable

L. £y M * P i 11):3
eroas-linkoges during alkaline treotmont. Busenbury
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moaoured the eyobine content and the wrea-blouviphite
solubilities of the Yuips! portion and fouwxd thet the
above values were lower than those of the 'hody?! of the
stople,  He stiwibuted 1% vo the indicetlions olthey of

the effect of smlisht and/or weabhering of the fibres

C"
CL’

while on the animals, or of conbact with alkellne conditions.

Probably this da one of the reasons why Legs ot al gob the

£ 3

low ureasbisuipbite solublilivy rosulis of the tips of
M
Movino floecce,

The effect of variows foctora - pil value, concensrobion
of blsulpbite and of uwroa, temperature and tlme - on the
aolubilivy of wopl In wrea » bisulphlte ls quito important,
aud as ouch these factors ?xwm aontrodled Iln she expevinents.

It hos beon a&mmrva§?$*hat tha urep - blsulphite

solubility difffars bebweon eoarser and Dinoy wools within

tho aome bop ond this gould bhe attribubed Lo the P&&n shab
finoy Fibves offer o velatdvely largor aves of attack. In
1o further possible thet finey end coavse fibros diffeor in
morphologleal struacture, and shat different olements of

atructure differ in their pesistonce o athack by the

parti azlgv roagent, or they ollow for it diffusion with
g?@a%er or loan cose. The above obaervetloas wmay well
support thoe low valves of woa-blsulphite solubllity obtoined
in the results, sssuning thobt the wool used 1o of coarae

auadity e«
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Wlbaony and his Qﬁliﬁﬁﬁmﬁgﬁ have poeluted out that,
according o clocbroumicroacople studdoes by ¥, Rossenbeck,
she eudicle of coarse and fine fibres dlffer oo an to
pernlts veagents 50 diffuse more easlly into the finep
fibrea than ioto the comroer yarn. The high value of
the wroa=bisulphite solubllivy of the despceled valvendiabted
waod fibroes (Table VIEL) noy be accountod for by tho
proeceding sugnention.

CGonsidering the values in Table VINY, 1t 1o nobiced
that after ultro-violet ivvadiation, the solubdilivy of the
doscaled £fibre 1o incroacsod, The Tollowing sugeestiona
may bo put Dopward towards this offecet. This mpy be due
$O 1

$1) The formatlon of gsome cpronaw-linkagzes af@@v

Irradiation.

(A1) The ineveaso in thelr vesistones o asttack by
urea-tisulphlta, due Lo change in norphologlcol structare
0f the fibee whoreby the diffesion procecods with leps easoe.

The avgunent agelnst (1) i thet 11 eross-linkoges
are formed in the deseeled weol thore is wo yeason why
these should aot be formed in cage of labact wool thoveby
piving decyeagaed solubllity which does vob gcour,

(Pable VIIL) end Figuve 16
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Farcher exparimental work is reguirved Lo he done
before any definite sugpesition ean be pub fovward to gecount
Topr the changes in urea-bisulphite solwbilicy of the

goocaled wool {ibhron,

he2 = Photochenical effect op Viscoue royon

In gonoral, chonges observed dn the bresking strengib
and in the sapwamm@mimm fluidity serve a8 g vwasuroe of
degradation suffered, although the pProsence of other agents
in the exposod sanples also seem quite significonib. Losses
in brealking atrength op worl of rupbture of gxposed {ibros
indicate the extent of physical demage, while lncrease in
the flulditvy rveveel the progressive melecular breskdown, or
depolymerisation, thed cccurs in viscose rayon. Light in
boligved o break the weleculor choling of cellulose Ingo
shorser wnits and to wealien the glucosidlic linkages so that
they avre more readily attacked ond ruptured by exygegfs
The rate of reaetlion is lncressoed vhen molsture ig prosent,.
The bhreakdown products obbained pa;a@mm the propertleos: of
a roducing tyre of oxy - caliula@@f

When drradiated matt and bright viscose yayvon {lbvag
wore imnersed in 1 percent forrous sulphate solution
followed by an immersion in 1 poveont potassium fervicyanidoe,

bovh samples were stained deep blue while tho uwnirradiated
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fibyes wore uvnstelinoed., Also by the application of Clibbens
sad Geeke bvost, the oxpesed viscose fibves were stalned
heavily dovk.  These tests conflrned the nature of Yormsitlon
of oxnyceliulose by the wltra~viclet ivrvodistion,
The incresse dn fluldivy is indicative of the stepwlac
aciasion of the cellulose molecule 1nko smaller ﬁreémemts.
Cn oxldation, the hydyvoxyl groups on celliunlose molecules are
Civet convorted into aldebvdic groups which on further
oxidation are changed iato covboxylic proups paviilcularly in
the case of delustred fibres where tvhe delustring ssont
mipht prove o sulbableocatalyat, The copper reduction
procodure which is o measure of poweyr of cellulose to reduce
Fohlingte solution to metailic »Opmqg was usod o determine
the presence of free aldehyle ﬁrwmgt The absence of
aldehyde proup wvas noted with both brisht and wablt viscose
rayon suggeshing that probably 2ll the '-UHD group have
been furthor oxidized o -~C0OH group in theso cases alter
ivradiation. The for witye-violet dogradation process 1s
move eepdd in action, breaking down eellulose Ly wolecular
dissociatlon which do independent of the presonce of ouygen
but in its carly steges 1o inhiblted by wmoleture, and causes
strensth losses in cotton which ave accomponicd by amall
fiuidivy inmve&sméﬁw I4 was concluded from a resuls of

L) : .
covefully conducted experdimonte  shat noear ultvra-violet
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ight 1 of insufficient cnergy conteat to cause direct
melecular change in cellulose, bub is able w oxelsve the
aﬁrv@unﬁing asmespheric oxygon molecules, which then attachk
celiuvlose chains,

The loss in teneile strength of the {ibre after
irradiation may be also due 40 the broakdeown of crogss-bonds
botweon adjocent molecules, The stensile rupture of o
vigeose rayon fibre ocours wainly by the lrreversibls
alipping of adjaceont cellulose wolecules over each other
with the application of inerceaing stress the fibro
olongates, at first with the roversible elasticity (the
ffibre structure being strained without internel elipping
ogeuring), and thenirreversibly with inercasing speed until
rupture takes placcs  Strong cross-bonds betweon adjacent
moleculos whan broken by vltra-violet licht might lacrease
sho posslibllivy of internal olipping, so that the cuposed
fibro showed a greater irreversible extension and plasticity
aven at low loads.

aince tha fluwidisy increasco of samples in the presant
exposure test are penerally not large, it is consldored that
measurenont of the loss of strongth of a material is o more

G
sonsltlive iadication of dJdegradation., Acecording to Egertaéf
measurenent of fluldity of the photochemically degraded

portile Libre 1n o sulitable golvent does noet reveal the
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extent of degrodation. For instance, viscesse rayon
deluntured with titanivm diouide loses sirengbh on cxposura
to sunlight, but the degradation ig very inodequatoly
r@py@m@nﬁéd by the changs in floeidivy mg the cuprammoniunmn
solution of tho Qiﬁawﬁa rayoh . S&EW@gh found however, whon
evalunted on éh@ basis of tho deterioratlion of degres of
polymerdgation, the yarn which hed neot been delustred proved
ﬁﬂp@é@@@ in pld respects, whevens whon evaluebed on the
basis of dry tensile strength, no difference worth
mentioning could be determined on an avorage botween

delustred and lustrous vayvon,

el = Pﬂ@t@ghemi&gl gfﬁ@e@vau aylon

?&m polyaer chaln is brolion by the yadiont enorpy of
ulbramvioloy tight, and Wthe arrows Indicabe tho probable
gminﬁs of clesvage. The carbonyl group of the omide
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arbon mononido
abaorbs saergy ab 2800 gg and this energy abparently veoults
in the seission of the bond between the iwmine group and the
carbonyl group. This yosults in an d@af@ﬂs@ﬁ viagonliby

munthor after ivradiatlion.
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reducing the viscosity of nylon ia mecresol and also reducing
the bengile strongth of the yern, inaddivion to decreasing
10s molecuiory welight and these estimntions can bhe a
roasonable empleical besls of comparison,  dincoe the
strength of U - N bond ds vatbey weak an compared with the

o1

v - G bond, thevefore chain break probebly ccours at the
amide Linkogo.

The roegulis of ﬁh%?maa& spegtronetrice and pyrolysis
toabs by Achhammer el al showod that the polymer molecule
breaka at the = 0 « § « bonds in adjecens svoup of o
motecnds, the break relemsing o blearbonyl polymethylenc
frpomonts, This éiﬁ&rbanyﬂ polynethylens fragment yeacts
b form water, corbon wmonoxide, cavbon dioxide, hydrocarbon
andd gyclopenbtanone the porticular products depending on the
oxposure conditions.  The broalting of o very swoll proportion
of the G « N bonds would wesuly dn an eppreciable docreasc in
molegular welght and an epprecisble chenre in physical
chavectoyinbics The experinentel vesulis show quite
cleardy the roduction in the m@leéﬁlaw weleht as caleoulateod
from the viscosiby numbers sftor the increase in oxposurc
time, Achhammer ot ol also found that the vesults of the
Tight and electron microescoplenl shudiesn svgpest an increase
in oerystellinivy particularly on euwposure 0 vltra-violoet

radiant encvgy, Lhough electvon and Xeray ddifraction falled

t



Lo revenld any snch changea, Infrowred transmisasion studios

of samples before and after exposure to &lﬁwamvimlet rediang
enevey show thet there are no iamdaﬁmmga chanras in bhe
repeating unit of chomleal structure of thoe polyamide moleocule
a8 o veoult of such treatmoent.

-~

Finally reforence o Flg. & ond Pipg. O will show

“r
Bt cd
ol
£y
o

thore was & considerable difference botwosn wool and
FMbrolang in ﬁh@ rolabive perceentage roduchion in work after
the two meterials had beon GLprCG o wltva-violet light,
This would sugeest that Durcher ezomination of these

;

Line information on the

T

maberials wight yield intere

hehaviovy o probteln siructuras.
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(a) Busling the inltial perdod of expobure the effocct
of eadiotion i movo severe then o thoe cape with o lator
pariod of oqual oxDOSUE O | |

{b}  Theors io o loss in st amggi‘;}h ad exbonalbility and

»

hence an dncroase An the woduetion in vork of runturae

-+

with ouposuee,  Joarse yorng are leosg alfected than
Finor yarns.

{c)  The density and the rofiroctive indlicos of the £ibro
inergased altor QuUPOSUrG,.

{d) Thero is an incroase in alkall solubilisy and
vrea-bisulphite solubllity afber exposuro,

{e) The imbibition value of oxposad £ibees io loss than
that of tho anexposod Libros,

(£ The speciflic surface area of intact woul decreasod
afber eEDOSURre .

{z)  The rate of dye abgorpilon increased after exposure
Loy intact wool although there was no apparont Alflorenca
in the rate for exposad end unexposed doscaled wool,

Tha radiation cawses a chomical modification of
wool £ibre probably both in the scales and in the inner
structure.  Tho former view is sw oported by the work
on desealed wool and the latbor by the changes in denoliy,

rofractive indox alkalilesolubllity, wreaebisulphito

105
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solubliity, dabibitlon value and chonge in speelific surfaeco
area aftor iveadiabtion, The inersasoe in denciby nay ho
dua vo tho Dormabion of products of hydeolysis and
oxidation of disulphide bonds by action of ilght, thoroby
ineraasing the mass of the Libeo structbure,  Tho
pugoostion alsoe pub forward is that under the influeace of
Llght, disulpaide bonds brsak and the maln chodns moy coma
closer o cach other thus maling tho wholo styucture more
COMROCs, fa addition to the broakdown of dleulphide ho
cho nadn chains may also brealk and the broken chnins may
aline thamselves noar thoe crystallltes, thus imparting an
additional partlal erystollinity o tho exposed fibre,

+

Thic ouzeostion 1o supporbdad by the fact thadp the iabibition
valuwo and apaclfie cucfacoe praa of the @}zp@sczc?-, EFibiron are

Lowar than the corvespondlan values fop wnoxposed wool,

The structural readjustment of molecular chalns aftoer
s * x ATt Ty 12 £ - N g 5 P 80 S 'y o 10y Fe]
axposura ooone Lo bo a good raason Lo those changes the

raduetlon in sbtirenghbh of wool fibwo aftor oexposuwre 1o dua
the breatdown {3 diouliphi da,. Linkagos whoreby there 10
) ‘%mf;;wg" chance of o slivpage botwoon the maln - chaino,

©omay be due to the cleavage of tho main - chains also,
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ﬁ Loy 5:. e

{n) thore fs a weduction dn stropgth of viscoas rayon,
aceylonitedle lbres, nyion GeG, and Fibrolane BX afltor
¢

CRPODWNE, SUgsenting that the molucular sabtructure of

42, A

thoss mabericds has boen modiflied by thoe action of uwlvx

he pooults of strongth tests showed that the
prasones of delusteing agent increaspo the dogres of fibpe
dogradation, Thas maiﬁ,.. M98 sutforad move loss in strengbh
than the bright M05, and matt Courtelle suifaopyad more 1lo08s

w

» RENPIRIL O % fow 4 ! wom T HAT - > " PR ks oy it
In strensth than Acrllan, after expooire o ulltra-violel

{c)  The flnddity of viscose rayon incersapos afbter wlte:

»

violat exposuee, poselbly sugpestling a stepwilse gclasalon

3 the calluloze polesitla inte smallor Dragswenbo,

%

(3 The viooosity and the moleculor wolpht of aylon 6.6
decraasaed afbor oxposure which shows that polymeor chain 1o
brokan Ly the radlant onergy of uwlivoeviolot licshts  sinco
Hhe strongth of Ol bond io rathor wonl as compared with
the «6eCe bonds, chaln break probably oceurs at the anlde

3in &ﬂ'@@
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