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ABSTRACT

A study has been made of some physical and chemical
properties of wviscose rayon, and the modifications in these
properties resultlng from the addition of a resine

Me thods of stripping a resin from a fabric have
been studied and it has been shown that chemical degradation
may result, but the use of 0,1N hydrochloric acid at 60 C
for 20 minutes for urea-formaldehyde and me thylatedurea-
formaldehyde finishes, and of 1.5% phosphoric acid in 5%
urea solution at 60°C for 20 minutes for melamine-—
formaldehyde and ethyleneurea~formaldehyde, has been
recommended., Fluidity measurements, made to determins the
degree of chemical degradation,have shown that any change
in the physical properties of the present materials was
not due to chemical degradation of the material either as
a result of resin impregnation or removal., The Kjeldahl
me thod of nitrogen determination has been used to estimate
the original resin content of the materisl and to follow
the rate of resin removal during the stripping process,
This method was preferred because measurement of loss in
weight does not give any indication of the amount of resin
which might still be present in the fibre after stripping

and in case the loss in weight was not duve solely to
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removal of resin. It has been shown that the last traces
of resin were extremely difficult to remove but played no
part in modifying the mechanical properties of the resin
treated sample,

A study of the kinetics of acid hydrolysis of
urea~-formaldehyde treated viscose rayon in hydrochloric
acid failed to separate the fast, and the slow, first
order reactions of hydrolysis of resin polymerized in the
fibre at the temperatures, and concentrations, of
hydrochloric acid investigated, and further trials using
lower concentrations and buffered solutions have beean
guggested.

Tests on fabrics and yarns hefore and after resin
treatments, and after resin removal, have shown that the
physical properties have been altered or modified butb
tend to vevert to those of the untreated sample on
stripping.

A study of the effect of additives showed that they
reduced strength and extension but improved tear and
abrasion properties in one case, and recovery properties in
the other.

The study of abrasion resistance, and correlation

with mechanical properties, carried out on the second batch




of samples containing four different types of resins,
and two different concentrations, showed that the results
from the Bocking tester correlated with yarn extensibility,
energy for rupture, and total stiffness; whereas those
from the Aceelerotor correlated with initial modulus and
yield stress, It has been shown that correlation exists
between extensibility,energy for rupture and total
stiffness and between initial modulus and yield stress
but no correlation was obtained between these +two sets of
prroperties and therefore no correlation has besn observed
between Bocking Abrader and the Accelerotor. The reasons
why the two abraders correlate with different mechanical
properties have been discussed on grounds of difference
in mechanisms of ebrasion and forms of frictional wear,
the magnitudes of strain during abrasion, and the end
points of the test methods, and the importance of shear
properties,

dtress—relaxation of fibres in water and in acid
solutions has been carried out using resistance wire strain
gauges which were designed and constructed for the purpose;
the sensitivity, the stability over long periods of time,

and reproducibility have been shown to be satisfactory.




Viscose rayon, cuprammoniuwm rayon, silk, nylon 66,
and polyvinyd alcohol showed the same relative rate of
relaxation in water while cellulose acetate and
polypropylene showed different relative rates. These
anomalies have been explained, Resin treated wviscose
rayon samples exhibited different relative rates of
relaxation and it has been suggested that these may be due
to alterations in physical structure and as chemical effects,

Stress-relaxation in acid solutions exhibited a
change in slope at a point near the completion of resin
hydrolysis, The time at which the change occurs has been
shown to be different for different resins and to be a
measure of the susceptibility of the wvarious resins to
acid hydrolysise.

Finally, the use of stress-relaxation as a means
of measuring the relative accessibility of a modified
material has been further illustrated using Fibro, Strong

Fibro, Vincel and Durafil fibres,



ACENOWLLDCHITET

The anthor wishes 3o sxpress his gratitude and
oingore thouks o Professor B, Hersdiib for the intorest
ho han shown in the prasent inventigetion; to
De, W, #. Eldor for his valusblo guidance and encouragement
thepovghont the present worki to The R, D, Sethna Yruet,

Tho M. X, Yato Endownment Scholarship and The Foreipn
Bdueation Tpust for the finonaiol support and scholavchipss
and (o Hasers Uourtaulds Litd. for the courtsey and
co~operation in supplying and procescing the fabries which
ora used in the prosenit study.

PFinally, the suthor wichas to oxpress his gretitude
to Ixs. N Peacook and Dre s Forgusson and thanks $0 all

hig collenpuas for thely co-operstion at all times.



& study bas boeen made of some physdieal end chemical
progerties of vigeose reyon, and the modificatlions in these
proporties resuliing from the addlition of &8 rosin,.

Hethods of a@iripping o resin from s febric have
boen atudied and 41 has been shown that chemioal degradation
may result, but the use of 0.41F hydrochlorie acid at 60°C
fop 20 minutes for ures-formaldehyde and methylatedursaw
formaldehyde finishes, and of 1.5% phosphoric aeid in 5%
ures selution nt 60°C for 20 minutes for melamines
formaldehyde and ethylensuron-formaldehyde, has been ,
rocommonded, Fluidity mopsurements, made fo determino the
degroo of chemiosl degradation have ahown that any chonge
in the physieal propertiaes of the present matorials wos
not dug to chemical degradation of the materisl either os
a result of resin impregnetion or removals The Xjeldanl
mathod of nitrogen determination has been used to estimata
the original resin content of the material and ¢o Lollow
the »oate of ruain removal during the stripping process.
This nmothod was preferred becauvse measurement of logs in
waight does not glve any iIndication of the amount of resin
which mizght atill bes present in the Libre after etrlpping

and in ense the loss in weight was not dus solely 4o




pegmoval of resin, It haa been shown that the last traces
of reain were extrenvly 4lfficult to romove bul played no
pert in modifying the mechanigal propertiss of the resin
traatod sample.

& study of the kinetics of =0id hydrolysis of
ures-opmaldehyde treated viscose rayon in hydrochloric
agid failed to separate the fast, and the slow, first
ordor voeactions of hydrolyasis of resin polymeriged in the
Tibre at the temperatures, snd concentrations, of
hydrochioric acid inveatigated, and further triasls wsing
lower concentrations and huffersd solutions have hoen
puggasted,

Temts on fabries and yarns before and after resin
troatments, and after resin removel, have shown thet the
physicnl yragar%ia&'hava hean altered or modified bui
sond to revert to those of the untreated sample on
atrinping.

A atudy of the effeot of additives ahowed that they
radueed strength and axtension but improvad tear ond
ghrasion vroperties Iin one ¢ase, and vrecovery propertiss in
the other,

The study of sbrasion resisiance, and correlation

with mechenicsl propsriies, carpried out on the second batch




oL sonpleos containing four different types of ponine,

and two difforoent concontrations, showed that the resulic
Ceom the Dooking teaier corrolsated with yarn exitensibillty,
encrgy for ruplture, and total stiffnessy whersas ithose
from the Accolerotor coryelatod with indtisl wmodulus and
yield ovreag. 4% bos boen shown that correlantion oxioits
batweon oxtensibilidy energy Tor rupiuco and totold
stiffoose and vetween initiel modulus and yileld atress
byt no corroleillon was ohiained between these two mets of
propexrvios and thepefore no correlation has buen cbsopved
e twean Bacgkdng Abrader and the Aecolercitor. The poasons
why the two abraders corzelsasie with different mechanical
properties have heen discussed on grounds of diffeyence
in mechanions of agbrasion and Lorma of Crictional wear,
the magalvudes of Strain during sbrasion, and the ond
Points of the tesd moithods, and the importuncs of ahemr‘
Proporiic.

Streuewrelaxation of Libren In water and In aeld
goluwidons hae been ospvried oul wiing voegistancs wire strain
gavgoo which were ﬂaaigﬁaﬁ and constructed for the LURLOSCS
the senaltivity, the etability over long poriods Gf'ﬁiMﬂ,

and roproduclbility have been shown {0 be satisfootory.



Viseoss rayon, cuprammonivm rayon, ﬁilkﬁ nylon 66,
and polyvinyl alechel showed tho psme rolstive rato of
roloaxatlion in watar while cellulose esseiate and
nolypropylens showod diffaront rolative ratsg. These
onanialies have been oxplained. Mealn troeted viagons
yayon somplog axhibitod differant polative rotas of
raloxation and 1t hea heon sugpesised that thess nay be due
0 alteretions in physienl structure and aa chomicn) offects,

Gtrass~galaxation in acid solutions axhibii@ﬁ 2
ehange in slops et & paint nesr the completion of resin
hyderolyais. Tha time at whish the chengn bDeours hes boen
shown te ba diffarant Lor different resing and o he
g esure of the suaeeptihility of the various resing to
aeld hydrolyais,

Finolly, tﬁg vae of strass-relaxation as a means

of mospuring the roletive accessibility of 2 medifisd

mataerial hag basn| DISCUSSED
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CHAPTER 4

INTRODUCL ION

Koy 0 vesin dreated fabrics



The present lavogtigation was undeprteken to further
the study and wndersatanding of the effects of treatment
with pesin compounds upon the properiies of & celliuviosic
£ibre. The particular cellulosic fibre chosen was viscose
royon and as the materisl may dbe used in the form of fibre,
yoyrn, or fabric it was decided 0 obiain the materisl in
fobric form from which yarn and fibres could be choken 6s
reguired, It was doolded to reatrict the investigation {o
one partioular fabric construction, & plain weave, snd
1engthe of this were obtained whieh were yepresentative of
& pure Tinjsh, for control purposes, and of various types
af oommon commer zini resin Linieh,

The work fell into three ports, and thess have
bwaen reteined although some mettar may be found that 4s
common to more than ons part.

In Part 1, the maln concern wos to investigate
chemienl dansge cavsed by resin treatment,. The messuremont
of such damage reguired that the finish be stripped from
the faberie, and hence the study was eéxiended to covey
methods of steipping whieh had to remove the finish without



asusing deogradations A brlef study of the kineties of
noid hydrolysis and the wmechanism of the reaciion beiwesn
eolluione and resing has alad been made.

#though originelly ithe main reason for applying
8 vesln finish 40 a cellulosie Libre was to lmprove {he
propoprty of orvease racovery, it 1s now known that many
other properties sre aleso alfected and tests have boen
covried out to measure the changes in some of those
propoprtice and relate them to the paterisl and resin
finish.

Rop Papt 2, another hatoh of the fabric was ohiained
in which the finiah was restricted to resine only, as
difficulty hed been found in Part 1 in sopsrating effeqts
whioh sould be atiriivuted solely to & specific resin rather
than 40 resin and other additives,

Two wear tastors were used, o Booking Abpader
{Be¥oe ¥ork IV) and an Accelerctor, and the vesulis of the
sbrasion studies have bean egm@ar&a with mechanical
proportias of the yarn 10 try snd f£ind aome correlation
betwean these proporties snd the perlormence or servios
‘valu@&.

In Part 3, the sitress-pralaexsation behaviour of resin

froated viscose reyon Libres in water, and in seid



solutions, has boen studied and consideration given to the
hypothonpis that the relative secespibility of viscone
rayon spuld be meosured from 8 Xnhowledge of the rate of
ptreso-polaxation in geid solutions, SGtudies of the
ntreas-relaxation in weter of differsnt visaoae rayonsg
Durafil, Strong Fibro L8, Bright Pibvo, and Vincel sand

o6f different fibresi cupramuonium rayon, cellulose
acetate, silk, nylon 66, polypropylens and polyvinyl
sloohol, have been included,

it moy be mentioned, to elarify, that the tensile
tesds reported in Part 1 were carried out on fabric and
on garn bud in Pard 2, for experipenial convenionce,
tests were restricited to yarn only; whersas in Yart 3,
gingle Libre tauts wore made. The yoason for the use of
either the fibre or ithe yarn or the fabrle tests hag boen
given in the aporopriate asciions. Comparison of fibre,
rern and fabric teats have boon reported in survey of
Literature and the yarn snd the Libre tests have beon
soprraloted in Chapter &,

In opder 40 simplify the legend and to dintinguish
botwesn the fabrices uveed in ¥ard ¥ snd Papts 2 end 5, the
fabrive have been nurbered (Teble 1)}, the table being
ineludad at this point for sase of reference,
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.02 Resin Chomistey

It wos o oovly as 1900 A, D that 1t was obasorved
(18G) that » bone dry cellulosie fabrie showed botter
wyinklo r@a&ﬁﬁ&ﬁaﬁ than a conditioned fobrie, & factor
which wes later proved to bo dus o ﬁh@ formation ol more
physieal corosslinkages {hydrogen bonda) within the fibre,
The searah for compounds that would give chemigal
erosslinkages between the cellvlose chaing was obhviously
the next ﬁyaﬁaaiﬁian, and formaldebyde, in the presonce
of an acidy, had the distinetion of belng the firet
compound known to form chemicel oroaslinkeges or
mathylene byddges batween the cellulose masromoloculos.
Unfortunataly, 1t was nod poseible to develope the proccss
commercially dus to the volatile neturs of formeddehydae
and the difficulty of obtalning uniform fibre modiflication.
A large puiber of compounde have since boen synthesized
Tor achieving the aang effeet as that produced by
fornaldohyde (279, 3095, 306) and in the first chamiesl
ereass prooling process Labrics were lmpregnated with
resin progondensates, dried and Tinally cured at elevated
tonporatures (96),



The mechaniems through which an improvement in
wiinklio rocovery was obtalned were not understood begause
the wivuetuwe of maithab textile Libre nor synthetic
veusin was clear st that time (186). Considerable study
of both has since boen made. (1,8, 5,h,8, 4, 17,41,52,77,
91 095,100,101 y10L 108,106 , 118,120,157 ,1735, 201,202,212,
Riliy @18 ,223,228 y 234 4240, 24l , 256 , 258 5 259 , 265, 266, 270 4 277 »
200,341 ,368,3680). 'The sdvent of synthetic fibreas drew
attention to the a0 cslled non-iron propexrties of textile
meterials and in 1954, the e¢onventional wrinkle rosistance
process was extended to allow ¢eliviosic materisls to
compete in this Field (196,279) while other applications
of resin treatment now include shrink proofing, watep
ropeilancy, snd the iwprovemsnt of dyeing techniques (197,
306,34%)e ‘The fundamental procees is still the theruo-
Yixation of a suitable molecular block within a fibre but
only thosa espects likely 10 by used in the present work
bhave been discussed below, although furthey information may
ba obiadned from & nurber of genersl reviews of resin and
Dibre chemistey (190,197,297 2503500k ,305,506 303 ).
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Fipure 1. Gimethyloluren or wﬁéanfwnmalﬁahyéa.

Hethyloloves compownds, Flgury 4, groduets of
the yasetion betweon wea and formeldehyds, were the firet
rasin yraaﬂn@gngat@m waed sommercially fox improving the
wrinkle posistence of sotton (96)s Thens compounds are
holioved to remed with the hydroxyl grovps on gsllulose
thyough thelr Nemathylod groups, thongh some resin polymor
Lopmation alzo takes place and somd polymerization cccurs
oth inside and on the suprfacs of f$he Libves, Mejhyloluwrcaos
roned rendily with cellulose, the catalytic spents and the
gonditions reouired need not be cevere, snd the ronction
ig oseily controlled, Howover, the bends betwesn
¢ellulone and wres compounds ary aasily bhydvolyosed; the
efficiency deponds largely on the uren 4o Dormsldobyde
patio snd the reaction produst is unstoble in storags

(125,502



Figupe 2. dethylated ureg-Lormaldehyde,

The storage property of meithylolurea compounds ie
improved if the reaciive hydroxyl groups are replocsd by
nonprasciive groups like methyl geoups. Thess compounds
hydrolyee in the presence of acid Lo give methylolures,

Figure 3, Dimethylolo thyleneurss or eycllio
| urea-formeldehyde,
Cyelie methyloluren compounds are tetra-auigiituted

deprivaiives of wran in whioh the tun nitrogen antoms are



sonnasted by o carbon chain {100,188) the most widely uwsed
of these compounds being dimethylolethylensures (TKEU) op
gyalic uvran-fornaldebyde, This oompound is clalned net 1o
form en Anseluble resin, is steble in atorage snd in the
tveating hath, dose not Torm surface resin, but is

susceptible t0 acid bhydrolyais.

?H ——-CH2 OH
N —="=C
/ AN
HOZHC-——~ HN —C I\
7
M —C
I
NH CH2(‘>H

Pigure e Trinethylol melemine or melamine~formsldehyde,.

Hethylol melamines ape prepsyrad by reacting
melamning vwith formaldebyde and by varying the ratio of
rasgents the depres of substitution, the nusber of mothyloel
groups in the finnl produet, ey also be vepriod, Hethyiel
mlammﬁ ars comparatively lovps molooules snd save onpnble
of resin Lormation and slthough thelir effliciancy on waight

hasis is not as high as thet of oyelic wreas they producs



compareble wrinklo vecovery with lower strenpgth lossos,
They also give n more durable findah, poasibly bhecauvas of
the teritlary nilrogen atome present in their molscules,

Other oresssproofing conpounds which may e
rmentionsd bul which have not bean considersd in the prewent
work e dnclude epoxides and related compounds, triazones,
and reaction procuets of formaldehyds with acetone, wiih
phenol, with polymarised msthaoryl amide&,Awitn alkal ine
guides, with polyvrathane, with glyoxal amﬁ#rea and neny mnora.

Belore furilber nénsiéaraﬁi&u alf the effegts of
resin tresntment on oslluleosce, some mention mey be made of
¢pilulose itself,

it has hoen genevelly agreed thet celluvloss
coneists of long chain molecules of cellobiocsey some of the
molocular chaing are stralght snd parallel, being prouped
togethor into a regulsy orystallite with hydrogen bonde
betweon the individual chaing, whersas other molecular
chains are nelther straighi nor paralliel but exist in on
smorphous chaos. DBetween the two extremes there in o whole
range of intermediste variations, It hss beon sbown by
Hearle (133) that most, but not all, of the amorphous



meleovior chains peos through more thon one crystellite
holding thom togoether dbut in addition to the connector
choing there are alse chain fragments. The combination
of ordewly snd fisoprderly moleoulsr arrangement hes a
hearing on the visocoe-glastic proportisa of the fibre.
Ppom the standpoint of textile chemistry, the
amnpyphous yegion ig wvery importent for this is the
pecassible part of the cellulose structure, snd 41 has
heen svtimated that sbout 60% of the strusturs of viscose
rayon is amorphous. The individusl molecular chaine in
the disopderly roepion have sonme mobility s¢ that thoy may
eome suificiontly close fogether, hﬁé@ and thera, fopr
hydrogen bonding to oecur, It i dmportsnt to appreciote
thnd thore 48 & network in the amorphous region itself
for where the individugl chein moelecules do coms
sufiiciontly ¢lome togethsy they may form jJjunction points
B augg&aﬁaﬁ by Hermens 139). The hydrogen bonding
forges between the molecules are of two types. Betwoen
tho moleeular chains in the cyxystellite there are regular

interiooking forgen, whilet the honds in the amerphous

ragions are prandom interchain foroee of cohesion. Whan an

external atress is applied to the system some of the

interchaln bonds break, sllowing fibre deformstion end



then form new bonds with a new eguilibriumg these
intorehaein bonde may notl be sulficiently strong to
pastors tho Libre o 1te ovidginal position 8o that the
fibra has podr rscovoery from deformation.

Resin Bppli

The ¢rsese proofing of a estton o rayon fabric
weually consists of imprognating ths fsbeice with a
golution of suiteble ropin formar of cofunetionsl
ranotants, squeszing out the sxeess licuor, and then
drying ond ouring at an elevated temperasturs. The {sgbric
phould be clean and abeorbent and in the case of cotion,
mey be premupeerised. The ragin may bve any of a lerge
nunher of monomeri¢ reagents of smell enougb size to
poymit penedration into the celluloses and capabie of
reaeting with itselfl and/or with the cellulose, A
guitable catolyst is added to facllitate reactivity and

svbaequent washing to remove unroacted resin iz a8 common
practice { 39).

Bodes of

Twe major theorise have heen advanced to éxplain
the effects of resin precondensmtes on cellulose, the

resin depoaliiion theory and the cross-link theovy.



The rosin depnsition thepry was svoonsted by the
oot that tho grdginel spente used wers resin procondensaies
whiah eowld form thyes dimensional polymers within the
Libre undeor thoe conditlons used in trenting celliulose,
Howaver, 4% was found that many resin formers which were
Enown 40 boe capoble of resciion with cellulose did not
improve wrinkle pecovery whon polyrerized with the fibys
(132,207,851 ). Hoveover, nootylated cotton, which cennot
boe oronnelinkaed becouse the hydroxyl groups are blocked,
shiowed no icuprovonent in wrinkle pesistance on treagtment
with edther reslin precondensatos or non-penin fovming
agents (GhG)s  Another srpuemont was baeed on the ccuparative
goee with which some precondensates could he piripped Lrom
tropted Lobeies wheress formuldehyde, ascknovwledped to
erong-1linlk eolluloss, cennotd be hydeolysed o eooily.
However, susceptibility to hyderolysis depends on the shoemiesl
nature of fthe bhond, and the bonds Lformed hetween Heme thylold
procondensotes and callvloss are e2sler 1o hpdrolyse then
those formad hy Tovmeldehydeo (27,54,05,120).

Tho resin doposition theory has the suppart of some
expovinental evidence (57,83,108,147,206,851), GCesriain



pragondongeten balieved 40 be incapuble of erots-Linkinbg
gallulone when applied with an alkeline cntolysd have heon
Found o dmprove the crease rogovery of the materlol, @l though
the lmprovomsnt obbainsed with tho alkellne ¢stalyst was
gonerally Limited In smount and duretion, Heeln purticlen,
preswned o form within the fibee under those eonditions,
may s in ooty be hydreogen bonded to adjscent eellvlose
ahalns and thus aet as orosps-linkepos aa long as the fibre
o dyy oand the lagh of warh fosiness eon perbanps he
adtrivubed to yupture of those bonds by water {Jh3). It
haa been raported that no ovidenes ol wesetlon of eellvioss
with wrot- ond melanins-Lformaldehyde precondensnion won
found vhon tho Anfra-eaed apsotion of treatad coelluless £ilms
ware oxomined, wharezs the gpectrn of filmg troatad with
apery roogents, and with fosmeldehyde, indlanied othew
formotion (28). The reesvory of all four £ilms wom
inoroased by the trveatront i those which shiowed no
gvidonce of ather formation lost the improvenent on waohing.
Othoy workoes hoave pepaprted spogtvaveapio ovidenco of other
Formaidon v eellulosoe f$ireated with upsas ond molaniise
Lopmaidehydo procondoncaten (66,179), and fobpic froated

gommevelalldy with theso qompounds did not lose weinklo



POGOTORy on washing, vo sthat wﬁ&tﬁ@w it is possible to
ioprove yrinkle recoveory of collulose by simgle deposition
vomaineg in ooms doauvbl.

The orossw-Llink theory 1s supported by an improssive
crgunt of evidence (109). fTresiment with compounds, which
gdvo woatoy goluble matorials when polymerized by themsolves,
pove fabries whien A4d nat lose theliy inproved recavery uwpon
prolonged lsundering (360). Ths roocovery of celiulose can
ha dmproved by treatment with compounds winich do not form
vesins {7h,137,257). Polymerization of ethyl mcrilate in
allylated cotton @iﬁraa improved recovery, but polynerization
within uwntrosted {ibres which cannot be orossaelinked hy
acprilate, did not produce sn improvemsnt (88,342}, Yhe
tranted fobrics were insoluble in solvents (264,296) end
thaey rasisted miercblologliosl depradation, indicating that
hydroxyd groups on collulose chailns in ithe trested fobrios
were blocked (65,113), vhile insclubility in cellulove
aolvents and veslistonce to microbicloglcesl degradetion caon
ho obtoined by means other than orosselinking (33,085,80h,205),
thege means are net affective on ulira thin sgotions of
fibrss investigated by electron microscepic tectnioue {200,348).

Unllke cotbon treated with monomethylolursa, which cannot



groos-Link esolluloas, dimstnylel wren fronted fibros do

net disintegrete into thin sheeta of mierolibrils upon
bagding in water in a blender, but bresk into short, thick
ehunka of cellviose several laysrs fhick, sugpoesting ithe
pragsence of both interlibril and interlayer ovospelinksges,
Callulosg, treated with.meny orease-proofing agents, hasg
been found to exhiiblt sn incressed absorption in the tip
ropion, which indicates neyw ethsr groups snd thus chemieal
Linkopos (66,236,312}, Furthermore, ihs absorption
dacrensad rapidly upon acid hydrolyeis, at a rate correlating
with deoreese in wrinkle raegovery bul Lfaster than {het fov
the resoval of the agente (179). Thus it mey be surmised
that 11 is the sxtent o bonding of the reapgsnt wiﬁh.
gelluione that is important in improving wpinkle recovery
end wot the mere presence of the reagent in the Librs (3h3).

hatsver the mode of action may be, 1t is belioved
{33} %o dopend on a docromse in the strsgs-induced s8lippane
hetwoen the structuwral slements of the fibre. According to
the proponents o0f the deposnition thsory, resin particles
inside the fibres exert tho eifect mochaniceally simply by

thelr prosenge. Also aines vator coannot be sheorbed on



rosin hopded hydroaxyl sroups the pesuliing deorease in

internal lvbrication provides additional improvement in
rasovery. According to the proponents of the oeroso-link
theory, the daecreesed alippage is due to the restraining

sotion of covalsnt opuss-Linkages, formed bhatwoon

pitrustural elemants of the fibre.

A dong orpas-iinkeage 4s likely 40 be somewhat leos
effogtive thean s shori one in preventing ehain sand £1ibril
slippage. 1t has been sugpested that 11 cellulose chains
i %ﬁﬁ‘ﬂibﬁﬁ wore bridged by long molegules, the £4ibre would
not lose mueh edrengih. ‘fhe long sross-linkages would permit
moleoulne slippegs and hence bettsy load distrivution and
higher slongation. The experimental svidence is
asontradietory (107,%511) wherse it han beon shown thet the
longer the molecules af oross-linking agant, the lower the
loas in astrangth for a given levol of weinkls sésovery,
whavens eceording to oihers (223,7%04), the adfrength lose dus
to orsage preafing is slways dirsctly proporitionsl t6 the
dagree of recovery, rapavdless of the type of the rosngent
uped opr ths degres of oure,

A part of the tensils loss dus to orsane progiing
oy he the pesult af the hydeolysis of gollulone by aeld



gatalysts, it heving been reported that, with coralie
pbhylencupan, & nueh as one helf of the fotel loss ie due
o Laehoys other {then cropu-linking (100}, The hydrolytic
dumnge 1o lower in the cage of {rlagone or melamine troated
eotion, epparaontly becauss the basie nitrogon aitoms in thobe
compownds oot ar bullors.

Honowmerie treating sgents ponetvraits the amorphous

rogiong of a fibre more or leso completoly, but do not ontop
indo tho orystelline ilattiee of the vellulose, The Lipan
haes been indicated by eleotron miavoscops photonicropranhs
o fibre swiaces, and dy ovidence Lrom meial reduetion,

dye staining and radiographic evidences (00,81 ,20%,2082,345,
Ah7.550) ¢ while the latter hos hwoan indicated by studlen

of Bepoy diffroetion patkiovns (66).

i% hao been suggosied thal the &ige ol roagent, ond
the dagroe of swelling st the time of {trectmenit, contrel tho
tocation of reaction sites (191,267,381, In the
gonventional progess the fabric s lnpreguneied, deied and
gupad, The resclion is belioved t0 take plage in the drisd,
aolliopsed Pibros, and orosselinkages are likely to form

primesdly dn the highly disordered repionc. In the ‘wei’



PROQUSS, bhovever, the lmprogpopated Lobrica are not cured st
high tenpersturss snd the reaction tekes placs in the
swollen or distorted Libres, and oross-links in the pogion
of moderate lateral ordor, It nust be neted that resgents
gan react with aingle ceoliulose molecules end intramoeleaculay
crosp-linking 48 possible partlculsrly in the distended
paglont,

This leads 4o the concept of dusl function of
srogs-linkhoges, Linkages formed in dey fibres in highly
disondered reglons heve primsrily a roestrictive effect,
Thoy bind moleoules and mnerofibrils together, hinder
plippags, and veduce swalling, mojisture absorption, and dye
ponstration. Linkages formed in regplons of prester latoral
ordor ave likely to h&vq:ﬁiaru@tiva effect, Guch crogge
linkagea decresse the amount of hydrogen ﬁmmﬁing in the
dry Libre, increase ohaln elippupe, increass regmin,
swelling ond dye sbeorpiion and generally inervessc the
aoceesibility of the fibwe (172,254,317

The deformation recowery of cellulose Libres depends
largely on hydrogen wonding bhetwesn the siructural elemsnts,
duating, which removes moioture and incrsases hydrogen

Cbonding, idmproves wrinkle rogovery. Conventionsl methoda



which introduce oposs-linkeges into the fibes, inprove both
dpy ond wobt yegovery, but the recovery in the wot siate ie
ganerally lower than lu the dry atale, Uaking cotion moyro
posesnible to meieture appenrd 40 improve 148 pocovery 1n
the wet but not in the dvy state (149). The wed rocovery
abtained may depend on the Interusl preasure gonerated by
gwalling forees, 1% has boen sugpested that the crosse-
inkagen produged by the wel wpeoaction procoss lapose no
voatrein on chain elippose in dyy libres, ilowsvor, thoss
arogselinknges stebilise the awollen structure snd restrain
slippapge when the fibres sre wet (2W,267,580,516,3u8),
Grosge-linking at an intermedliate state of distenalion yields
hetder properties for most normal uwees than trestmontas at
adther extyremes (954,867). High wrinkle recovery {wet and
dpy) has also buen obtained by conventional yeuin

treatment of fabries previously treated in the awollen
state (266),

& nuiber of meihods have beon propossd by various

workers 4o sealisd in messuring the mode and effcved of zouin

Linkoabe

Gwpranmondun bhydroxide ingelubility as 2 mbeons of
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doteoting cross-lintopes In cheomically modidied celluiloge
has beon oloboretod by Rooves, et ol. (26h).  Celluiose
disgolves in cupramnoniuvm bhydroxide by Cived beooming
polvated epd swollen befora the Long chodn molegulay uniin
are soporated and digpeened, but 47 theose chalns voro
gronp-4inkad separation would bhe reotriotad.

In o cenventional crease proofing treatnent
Pormaldabyda Lo ovolved during oupdag and the reactlon
Betwoen osllulose and fres lopmeldobyds hag hoen propogsod
by Boglioedd and Buessice (108) ond exporimsatolly
demonotrated by Doet-Gordon (35) and Alvasoksr and Tuener (9).

Hohia, 0% ole (206,207) found that oven after pomoval
o the gosin by scld hydeolysis, sone loxmaldobydo remaingd
fized and 88 115110 a8 Q.00 rendored celluloss insolublo
In oupronmondws bhydroxide, an anount svpported by
Bent-Gordon (35} Mehta aloe showed thet tveetnont with
Qe BH alkeld bhydeolysed the methylone edher vonds hotwson
colivlione eud the reain and that the reactlon wes
practiceslliy complote in 84 BOTE S, The Insclubility of the
gelliviose In ouprommenium hydeeride, wiich ds highly olkalina,
cannet bo due te the procence of yosln erogs-linkoges as

thase are no longey presond

Yhen cellulose is immersad in water s consliprsble
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volumd of water io labibed and dhis i agounmpsnled by &
Loayge inorsoos 38 o wolume of the Dibwe, due $o the
infarnnd prescure. Howevaer, the ampunt of waler pemaining
aftor eeatelfopdng o wsuwally dopondant upon $he chemical
ond physiesl cbapaeitrieilen of $ho Libre, but ¢an bho
elierod by moddliging oy by elioping the nestupre of dhe
angopaible veglon (178). Thus ohénmicel wodificotion,
grope-Linking, or poreordoation slsor bhe smownt of wotsy
lwhibed. Comersn end Horton (93) weve the Livet to suguoest
Eoom the data on weler lsbibition that ot loasd pors of the
rosin waa invalved in covodond grose-links «ith gsllulose,
Wolo, at ole{37h) and some othees (120) heve slvo published
data on watey inbibition.

Hedded

IR ACIERNETS

T0 differentioty Dolbweon covelond wrosoe-linkoagus
ond physicel crozo-linkages dn o opsasee-proofold fobric 14
showld bo posslible 4o sdluest the conditions of trectient
g that one o the other would be Lavoured. Usny sueh
guperivents have boon eavpled ont by verious workers.
Hyessle, ob al. {231} vesd monofunoilonal voaing such as
manoens thyloluegs, thopaby eliminating the ghenes of GrosGe
Lipking so that the offegd wonld o malinly due to phyasiesl

hondag howovar, moacemeihylolupea hes been shown by
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dedung end dodunge {188,159,160) to contsin frec ureas,
formaldebydo, ond di-methylolures bosides monow
mothylolvren, Recently, Uapglisrdi snd Shippee (1069)

undng resing wvith dilfevend roactlve pites, have shown

that those with higher reaetivity hed highey wrinklo
voniotenaa. Hgain, tho wooetlon with celluless i
neeesearily s hederogenous peaction, with the deunity of
crovslinke very high in the sworpbouns rezions and
peactiosldly il in the vppetalline veglonk. Boonuso of
theso physigel limdtaticns lmposed by the state of
gallulosy durdog protocslng ond becoves of the varlous
sida vosetions which would oecur, it has been conciuded (109}
that 1 provently kaown wothods of ovonse proofing end
atabilising esllulosic fTabries involve 8 hotorggonons
mﬁﬁifi@ﬁ%&ﬁ% of the {ibre. Anuther mesns o chavoohorise
pATs] imﬁﬁ?ﬁﬁﬂﬁ& o8 evbie~linking reactlong in ccllvlone

hae boen the eonpodlitive roaction perinciple, in vwhich
gogond hydrorglated moteriel is intwoduwod in oollulose,
whapeby the reolin cen react with edther one op bhoth of tham
depanddng wpon theie local concsentyrations and thely
sotivitive., Thosy ¢xporinents have showsn that opross»1Linking

vonetions onld be the mindnwm yoguivements fop obioining
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mador inmprovenents in oresss regiatsnee ong dlmensionsd

atobility of cellvlosic fabries (109).

It bhas been shown by Steele and Giddinge (315)
that 0. 50 sodiun hydroxide can hydrolyse the motbhylol
grovp betweon the cellulose chain and the vesin, Alksline
hypdrolyeis in the asse of dimethylolwrea sepayrates the
bound Torvoaldshyde Into two porvioms: forasldehyde bound
in <he Tomm of mothylel groups, which oecours duwwing ourling,
and formeldehyde bound in the form of nethylsno groups,
which occups durdng drying with losa of formaldehyde.

it has been observed during aeid hydeolyvais thot
for 1085 removel of the ronin, 807 of the weinkle vecovery
was losty, snd for 368 of the resin removed, 95% of the
wrinkle recovery was lost (10),

Recently n letior has been published by Mohéa, of% al.
(208) rogording the kinetice of ncld bydrolysis of wote
formuddehyde trested febrlo, by which the aclivation sneprgy
of mothylol and methylens linkages in a resin treatod febpio
hng bosn eploulated. ‘

Fiaally o study of the susceptibility to seid
wdpalysis of the products fyom the resction of amilde
methylol compounds with celluloss corried oul by Heaves,



0% Gle{568), haw shown & covwvelation botwoon glesiron
Gioplacemont and esgoe of hydrolysizg. Sdubstitvent elsetron
releaning geoups attochod to elther the amido nitvopen

o the corbonyl soprbon, faellitate acld bydrolysis and thug
dependlog wpon the subatiteentn, ithe suaeeptibility aof

rpadnoug produedts to ascld hydrolynis would he dlfferont.

figdivications due 1o the setion of resin gonpounds
on eellvlong, snd the nature of the chenges in fabrie
propertios other 4han ohongss In solubilidty, wase of
hydrolysis and noisture aoacrptlion, hove boon repopéed in
a host of puport (13,46,07,03, 117,120 ,128,150,180,158,811,
Dl g 250 4 250 4 251 y 052,060,201 , 270, 287,309,321 ,378)s  the
gonersl offcete may be suwnnaricced ac followss yoduced
extonnlbility, altered (veduced or increaced) tenscity,
roduced tesy sirongih and vbresion resistence, incrosped
moadulug, increased elsstic recovery and Fobrlo orosss
reeovery, and increased shrinkage resistance,

Tripn, 06 52 (306) have stated that the six
Ffundamental propopriiea of a fibre are astrenpgth, elongation,
atiffnuas, wughuess, olauticlity and yogilionee, and thot

sthopy phyeical properdles oon be ralaied to one op nore of



those iy, opd thug o change i one propsety of the
materisd moy be gEpoctod to modify othoep properiise.  Tha
vroladlenship botween changen of elastic rocovery and the
logg of strongiéh when celliulosic fobricn apo dvoontod with
vaulin findshes, hos bosa the subjlect of much pescopoh
wnd the requlis have boon cwnoerised by Steelo ond
Giddings (3135}, where it heo beon shown thed the ghaugos
in gtrueture which luad to inopvaeed slouliic rooovary opo
piso presponvibls for the reduction in strongth, ond thob
the some physlical bohaviour would be notod whoatoven the
noda of intevseiion betssen pesin end aalivlese {108).

Gaglicedl and Geruntfoet (105}, diccousaing tho
phyaical propertiss of resin treoated fadwic, sttrlbuted
the deos in teneilo atrongih o 8 physies) moGificationg
whopeas Frick, 0% 8l.{100) shousd that o pavt of the
‘ongdie lows rogulted Lyom hydvolysin of oollulonc, ond
popoytad ﬁh&%vwiﬁh eyolie uvpene-Yormeldehydo s much 08 one
holf of the total losp hobk beon due to Laetors othopr than
orosaml nking.

O'Byrion and van Loo (235) on tho othor hond,
Lodientod the dnpoptsnee of the hydyogon band indevooblion,
and atated that the ofleot of o gelluwlose yenetant dopendoed

as much on the altoeation of the hydrogon bond intevootion
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EY

betwosr moleawies as on the Fopmation of govalond
Qrato=d inko,

dn the gpinlon of dhe presont suthor, nach of
tho confliciing ovidence popordod obove may bae dus 4o
fuilore $o pocongile physioenl end chomiael ovidonse in
that those vho cladm a loss in aschagldeol propardios ng
antivoly dua 0 physieal moedification hove nét gvaluaiod
ehomicnl degradobion, and no pager hoe bedbn Touwnd vhuye o
shoprough study hoe Loen weds in poosuping the poppible
chomionl degradabtion ol the vesin dreated maturlcl.

Pwe pomaining poinds vore the gusetions af
identifyling the type and omownt of reein findsh present in
g aderiod,  The Syon of resdn findeh was hanown {rom
infopmntden suppliocd with the Tobede ol an oppdrtunity
wan Soken 40 gheck tho contwal canples go fhobt o uoknown
gowdd he vopified 4 required. Yhe pmount of findeh
progtnt on ke orlainal cempdos roeguired Yo e cheched,
whida 16 wog peeonsory %o bo pble fo chesl the amovni,
aider stelpplng, In opder to beo oble to ssoess the
afdicioney of the oerlpping provess and henes the inclualon
of supvey of tost mothodi, & auevey of litoroture

sugeoatod thedt the following toste wight o weoiul,
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{(a) Formaldehyde finish

One mathod (21) oconsists of steripping the resin in
5% swlohurde acid at bolly allowing %0 cool, atd odding
Gropa of the supernatant ligudd 4o carbamele selunition, IF
fovmaldohnds i present as o et of the hyderolysis of
the peain, the solution will be oolouvrsd deep blue. It ip
atadad that the presense of urea-formgldehyde ranin in
aagents a8 low as O.19% may be detsoted,  Anothor mothod,
goheyvor®s test (333), consiste of atripping the rosin widh
010 hpdroehlario oold at bell, sllowing 0 onod, end adding
draps of freably nraparad 19 solution of phenylhydrasine
hydroohlorids to o Loy drops of tho nuparnatant 1iauid,.
The soluwtion is allowed fo atend for 2.3 minutes and 1 mi
o frenhly preporsd % solution of potossiun foprdoyonide
ol B omd somoendroated hydroohlorio aeidd is oddad, when the

prapanes of fomsoldehyde profuess » fuchoie rod 00lour,
{b) Testu for upes, thiourcsn, moloming
Accarding o the Furfwral test (333), o red coloup
should develop within 5 minutes 4f awy of thess products
are present, and o differenilate betwoon them the tesd

sanples ore dyed with .19 Selwny Blue B 4in 19 sulpbhurig
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aeid whan melenineg Lovnaidehyde treated sanples are dyed o
g hoowy Dive, compsyed with Llight blue of vrea and

thiosuren Sampled.

Hothods, of ranio pegovel

A purvay of Litorpture chowed dhe fellowing woethods
off atelpping haye Thwen nsed by vorious vorkera,

o) Teentwmant with &% hrdroohlorle neid hao boan
raporiod by Forsintl, o6 a3.{90) t0 romove uvene,
melkeminge-y cosainsformaldobyde posing, vhich weps sromined
ppostirosenplionllys Yo oomnont wan mofle pagerding Hhia
affoet of the brestmeont on ﬂﬁilgﬁﬁﬁﬁzj-

(b} Depserd (30} roporded that tresntnond with
0 9 hydeoshlorie acid af 66°¢ fop 25 minuton resulied in
the onmpiete hpdpolynis of wone-formmeldabyde paning,.

(e} Tronitmont with 0.10 hydveoohlorie aald ot 60°C
for 1 howy was obtudiad by Avagaker and Tuener {6) in 1986,
by Tankoed (3301 in 1958, oand hog boen poeontly roconmended
an o ohandapd mothod for removing uea-formoldehyde posing.
Paokard {330} aomoeored this mathod with ofthor mothode,

(o) ond (b) repovted below, snd shoved that the rosulie of
panin removel wore mosply thoe semey whepyens PosteGordon (35)
sugrestad that tho strongth of the acld was of poptioular
lvpordanee tinoe otrong acld reosuliod in domage o the

PAvwa end adadtionsd lose In welght.
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() “roatment with 0.020 hydvochloric neid ot
boll fop 30 minuntes hag boon suggoesitod by Morton and
Booumont (214) ne & satiofactory method fov remaving
waasiornaldelydo rosins, vbul it nas dinoe bedn repoprisd
(15) that o greotor loss in wolght wmay he obteined due 1o
vamoval of nonerssinous metter,

(o) Grootment with 1,55 phosphorie oeld in 9%
wran golution at BS°C fap 90 minnios was wnad hy
Gooke, et 03.(67) on melonines and vressforonldoehyis
treated 2allulose Tobrion,

(£) “Teootmont with 1,570 phosphorie acdd in 5%
wron solution nt 75°C on ethylensursneformeldehyde tronted
somplon hag basn atvdided by Cooke and Hoth (69), vho Dound
that over 955 of the rosin waen vamoved within 5 minutos,

(w) ‘Teoatoent with 18 Teavtorie asid ot boil fop %
20 minutes on woa-fopmaldahyde somplen hos boan fomd by
Tonkard (330} to affeot eomplote vemoval of the Poain.

{h) Best-Govdon (35) and Tenkard {330) fomd thait
vraa~fornaldehyds rerin was removed by trestment with
buffored sontic acid solutlon, ol 1.6 at 95°C for 1 houvw,

The resin content of o materia) may be eotinetnd

by checking the Fommeldebyda aontent, by massvring ths losg



in wedght of o pomple after acld hydsolyeis, op by
estinating the nitropgen sontent.

The formaldehyde content mey be obtained by
golovrins trie nethods using Sehifi's Reagent {354), or
by volvnetric mothods using lodine reagent (9} or Sodium
snlphite reagent (288),

The lows in welght of a somple csn he uped whers
@ reain tronted sanple of kaown weighi is extracted with
hot aoeids, the veuidus is thon thoroughly washed, driod
and weigheds The loss in welpght 45 expressed au &
poveentags of the dry weliht of the extracted specimen,
Hope the totel losa in weipht is assumed $9 peprosent
the amount of resin finish (45).

The {we standard methode of nitrogen estimation
ave the Dumas method end the Ejeldanl method {(149a), the
letter being the more populsr moethod and the one uwesd in

he pregent worke.
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In this choaptor chappes in some propovidien of a
visooss rovon natorial o a repulit of resin troatnent have
boen ptudicd using ohemiesl and physiosl methods of
dorestigation, Hsthods of stripping hawe been checked
with pespogt to efficient rosin romoval snd cellulonsg
degradation, the lattor wdse serving as op indication of
tho chamianl state o9f the pntorlisd as g vesuld of rosgin
weatnont, and o etudy of the rate of acld hydeolysie of

ure a-fopnaldehydoe drunted visooss reyon has boon attonpioed,

& spun viscose reyon fabpie (U1009) was obtalnaed,
jengihe of whieh had besn gpecially Tindebed hy Hosnrs.
Oourtaulde Lid. , vhosa gowrteay and qo=gpoaration are
aeknowlodpgeds. These lengths wore anslysed,y the steucture
hedng pladn weave with a 30/ te& warp and weft having
14,45 Tope e and 11,95 1opede reapscetively, Othor detsile
of Tindshes have been given in Table 2 and ends/in snd
piecks/in in Teble 6, pp. 52

£1) ssmplos weye washed in 2 p/litre soap solution
nt hoil for 30 mianutos o remove any wntrosded resin and

wope then dpied and conditioned at 2021 C and 052870 reb
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hefops ony tests wore wada. The gamplen wors washed in
order to eusure that all processing streins were rélaxed
and that there wan ne intoeferonce by loosealy held svrfsee
rosin on the physicsl and chemlenl properties of the
matorini.
Apventigotions into mol

Bome nmethods of styripping have boeen repoyried buib

it wee felt thot further informedion waa peaquired sbout
the aotion of these atripping sgents on the materdsl. This
was ohtained by carrying ont atripping tests on the
untreated samples, and ueing the fluidity values of the
asomples as an Andiceation of the severdty of the treatment.
The warious treastmenis and the fluidity values have bmen
roported in Table % Only 4wo readings wore taken in each
cass ad the reaults wore alwsys closs and appoesred o
progrees in lagienl senusnee with yegard to the timc and
temperature of treatment, It will be posn dhat excopt fop
0. B8 hydroeblorie seid, the degradative affeet of the
atripgping reagent on cellivloess has been siipht.

On the bomis of thepo yresulis, dwo mothods,
(m} 0,18 bydroebloric aeid &t 60°C snd () 1.5% shosphoric
acid in 5% urea solution were selected snd wers invastigated
in fupthor detail to study ithe efficicnaey of these pethods

in atripping different roeins Ipom the fabric.
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Hantion was made in the litornture survay that there

were a swiber of methods svallable for identifiontion of the

type of peain present dn o material. In the presont woprk
the type of recin was known but the opportunity was takon
o guery out cheok tesds, & positive identification being
gbtained In all onsss,.

A gtripping bath of the reouired congentyration wos
prepored dn & 5 litve pyrex benker, the solution heing
raloed to the requirved temparature (veriation 12°C) befors
the sampleos wers intproduced. Smull soueres (3% x 3Y) af
& rosin teentoed CLobrie vers out and nbout 14 of puch
pamplos were Ammerasd in gulidk succession, the solution
belag etirred continuously, At dntervels of 5 minutes
two plocus selacted et reandom were vonoved end washed
Piret in eold weter 4o #top the reaction and then in werm
wator till free Lrom acid. The somples were Labslied,
drided at 105 C in an oven, gonditioned at 20°C and 6556 2. b,
and then ueed Lor fluldity messurements snd roesin contont
oot dince the stripping bath was lsprge, the ochange in
soncantration due to avaporsation at higher temparatures

of axporiment vas net oonpideraed o be signilicents A
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fresh stripping balh was prepsved fop ench rasin {vented

Prbuedo,

Sdaco all the yeuing invautigated were amido
metiwylel compounds the Kjleldahl adtragen eatlmation method
was amployed to enloulate the ampunt of resin 4n the sample.
Thie methed has the advantege of being ¢asy 4o adjuat fop
aiftoprent sanples contasining vearying anounts of nitrogen,
alus tho determination could be made and poerallel anpiysis
condd o repented without the neaossily of preparing a
froah digestion, One digadeantago would spposr 0 Do In
the vavistion of the resding from person to person (34),.

% woa shown by Brodetrect (4fa) thet the duscoms ¢f thy
analysia would depend lergely ob the sheics of the antalyst
and the precision of the determination would ba incressed by
veing atandard solutions of low styength, Hud ollowing work
by Frankfuet (98) on the selegtion of cotalyuts this
disddvantnge can be overcond,.

A Haopo-ijoldahl distillation noperatus with
Parnac-tapner antonmtic dioohaprpe syrangsaont was anployed
(19,

A pample of daboui O. 52 waes put in o welighing hotilo,

and dried in sn oven at 105 O, cooled in a dasicostor eand



then weighed anocurately, The sample was placed in &
Ejeldahl £lask ond S5g of copper solenite catalyet (98) was
addod, the latier being propaved by mixing carcfully 920g of
poaksaodum svliphate with 10z copper pelenite. 4 grein of
pavelfiin yves addad o provont Losming durdng Gigestion
procoss. 1o the gontonts of the flsel wers added 25 wml
gf anncesntrosted sulphurico agid snd tho flesk wag shelen
gontly wnbtdd the asid poneiroaded the sample, the solution
$wrndng black. The Tlack was then heated gently fow
5 minukes and thon mors Lieprgely watll the solution bhooams
glony gpoon.  The coandents woere aliowed to cool and tho
yodume mado up to GO0 ml with distdlled watop,

a5 ml of %he solution wore pipetted oud inteo the
mrora-Giatiliation flask, and to ennuve that the reonirved
pmgvnd OF godium hydroxlide was added, n few drops of
phonoliphtheledn indieator were put in the solution. Defore
agdiws hydroxide waz run %ﬁrﬂugh the funnel into the flask

and stoan Introduesd, 25 ml of O.01H twlphuric sold wes put

in thi rocelvey finsk bepsath the vondenser snd the tip of the

gondensar wag placed under the level of the liguid. Htoenm
was then ket In and the distiliation cayrried out watil half
off the ligedd in the fisek hod Jdistilled over into the

raealver. The pooeiver weas thon lowered s that the tip of
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tha condenser wae @bove the swrface of the liguid and the
diatilistion continued for a few minutes in opder 4o wash
down the eondenser.

Hethyl orvange was used o8 sn indicstor with the
Beld in the recelver and 44 1s importent that the liguid
renging ved (acidic) uptil the end of the distillation.
Befops Bitration with sf&némra alkali the solution in the
rogelvor wag bolled in orvder $o sliminate sny csrbon
dioxide which may have besn In dhe soluiion. Blank
detersinations weres alao porformed.

The ultrogen contant was onloulnted

1 ml of B0 a0y, 2 0,004 nitragen

from which the resin content of smch sanmple was celeulated
by using the apyropriate multiplying Lactor which io the
ratio of the wmolecular weipght of the monomer to that of
nitvogon, muliipiled by the nuwber of moleculen of nitrogen

in o nelecule of the mondmer.

Finidity nocsurensnts were carried oul using Phivioy
viseometers snd standard cupremmoniwa hydroxide, the
progodare followed belng glven in B S. Hendbook ﬁa;%ﬁ (U5l
The volue of Tluldity was evlouleted from the Lormula

P oa O
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where ' iu the viscometer constent send t the tdme in
pooonds Tor the Liow bvedbwsen ihe two nmorks on the viagometor,
iIf § wos leas then 200 sceoonds a kinetle voorgy carpeoihion
kA% wos applied, the welue of k being aleo n constent fop
whe vigeometer. P then gives the value of fiuidity in
vooipeooal polee of a &0 solutlon of viscous Fayon in

seondard eupranuoniun bydroxide.

Visgose pavon fabrde (ca 1g) wae pluced in o
woishing boitle and heeted at 105 C until a constant
wedghte 44 was then sliowed to regain moisturs in en
pimosphers at 20° ¢ end G50 v.h. for 48 hours snd weighed
agelin. The rasulte sre ropordesd oo grommes of smeisture

vopgained by 100g of ovon dyy meterinl,

& plece of Pebeic (e 1g) woe atcoped overnight
in dietilled woaters It wap then cenitrifuged in a
pactitionsd centyrifuging tube at 2000 p.p.m. for 5 minukes
at poom tonpereturs, weldzhod aceurately ond the ssople wng
thon dpded ip on oven ot 105 C.  The posulds ore yopopted

oo gromgsis of water nmbibved by 100g of oven dpied meterinl.
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Tonuile progeptien were mrasuped on fabeio ond on
garn hafeye and after rasin trentmont and nlso alter
rosin stvipping,
Broeking strongth and cxtension

ha beeoking Ioad and axtension of fabvics was
mansured on a Dendaon teoting mechine O L2 on 29 wids
strips ob L 5Y por minuviae conotant rate of extonsdon,
spoalmen Jongth being 8% (B8 Speciflention). The wolue
pepuried b o meon of B reodingn.

The feneile stvength of yorns gnn obtadnad on a
Boor single thrend strongih toster. The specinon langth
was BY inptecd of 7" an spoolfied in B8, Speeifiontion (L)
g othoryies the testn wore conductod no per speeificsiion,
80 tests por sanple vore taken,
Yorn elastio recovery nt 59 extencion

Blondie rocovery ot 5% axtenclon was meapured on
Instron tester. Tho prooodure for detepmindng tensile
glastin rocovery suprested by Hevadith {210) wee followed.
Yoapnes gere mownted in the Jawo with o protonsion of & dex
of tha yorn and extended to 5%, held for 4 minute ond the
Jows were then returned to theilr avigioel position srd after

1 minute snotheyr oyele was stnrted, Thoe tensile elantic
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vegovery wos tokon as tha smount of the extension racoverad
aftor final 1 minuie axpressed as s poreentege of (hs toial

srionsion, fhe reported value is a mean of 4 resdings.
Crease regovenry

Onindons oea divided on the mosd sulieble wmethod
of menauring oreaso resoveyy. Reoves, o ol. (267) ond
O'Bedon and van Loo (235} uned tho Honsonto method,
wherans Mopsh (191) sugsested the woe of 2,55, mothod,
ponaidoriag the Monsnnto methsad to be more optimistlie snd
the 9,0, Le method to be moro poslistic, A ocompoarative
study of thess two methods wen mede by Chipelgati, of ol. (57)
who showed that the shirley Test methnd (Vonannto) gove
higher velusa for both dery osnd yet arcone recovery, The
difforence 18 more pronounesd in ense of wet regovery ond
they suppested thet these difforences ape lnvpely due 4o
the difforence in hendling proesdures. In the presont
invootization the Shirley method (Honsmnto) hos boen
ndopted an per spenification (4%), The volue reported io

o moan of 10 rosdingn,
oo wtrongih

Tear strongth measursmentns were cavried oud on

Ingtron testing machine at conetent rate of sxtonsion, The



gogppion fop tonguo bestn were prapared 8o per B d,
dpecification (43)  Tho value reporied is o moon of

5 posdinggs )
farasion posistanes

Appasion rosistancs was measnred on an Acoslorotor,
the test belng oarried out ag 3000 repeme £opr b ninutos
and the sbtrasion resisiones belng measured as parcentages
logs in welght of sample, Details of the machine and the
propopation of samples heve hean reported (182) and the
subdect hes boon enneldered in more detaild in Part 2 of
thio thosis,

43
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A0dd. hudrolysls ol

B id st 6§

Hasults of the study of sceld hydyolysis of the reain
treated samples in Q.1 hydrochlorie acid at 60° C ot
Gifforent intervels af ftime have been roporiod in Toble 4.

From the welues of povceenisges anitrogen content in
the fabrie after differsnt poriods of hydsolysing tveatmond,
it will he asen that over 959 of the resin hog been romoved
within 10 sinutes of the trestment oy samplos trented with
sthylonouren-methylatedures«, and wres«~formaldehyde, wheress
the melamine-formeldehyde trested semples 53411 ratained
epproxinately 200 and 10% of their oviginel resin contond
sfter 10 minutes and L0 minutes troetment vespoetivoly.
it will slso be obseprved that the nitrogen contents of
urenwformaldehydo resin trested samples containdng
additiven (sample v and wi) were highor thon thet fov
urso~formnldebyde treated sample without additives (soople
iv) which suggests that the additives wore nitrogenous
while the sdditive in eample vi was more easily hydrolysed
than somple ve Khia point has besn discuasad st a lateyr olngs.
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Tahdlae b alsn glves the weluen of euppomnondvm
fluldity of semplas which suggond thot theroe hon Hoon no
dogredation ond Little diffovonee hotwoon differant pesin

treatoll asmnldes, and betwesn resin treated and untrested

samplea, Tor the corvsaponding time of stripping

Fonults of the study of acid hyderolysie of rosin
wroated and untreated samplos in 1. 5% phosphorio nodd in 55
upga ah difforent interyvals of time hoo boen repordod in
Tahloe S

A plndy of the valwes of pepoentage altpogon contond
in the fabrie aftor Giffawent intervolo of stvipoing show
that with othyleneuroa-, methylatodurans=, ond oo
Pormaldebyde somples, over 95% of the yenin has been pomoved
within 10 minutes but with melanine-foraal@ohyde o porioed
of 25 minutos wos roquirad,

The fialdity of varlous sizripped somplos agein ohow
that thove hag boen 1ittle op no Alffaeyaenco hatuoson dlifepent
weain treadted ssmplos themaslves, end heltwesn rvosin tyented
and the untrostod somples, Toy the eorvosponding time of

SHRippdng,
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The effees of these dwo methods of ateipping on
gobin romogval ia otrikingly differentd, ag O.1F hydroehloric
peid romoves roesing in ssmples iy and vi more effsctivoly
than 1. 5% phasphorie acdd in 5% uresn, whoress with ssmples
4 oud w, 1% 46 the other wey round, phosphoric acid in wen
being more sffeotive than hydrochloriec ncid.

0y 13 hydroohloric acid st 60° ¢ which has & pH value
of 1.00 1o a strongey hydrolysing agent than 1, 8 phoavhoric
acldd in 51 uréa solution ot 60°C which bhas a pH ga&a& of
175 smd this 15 ensily observed Lrom the fluidity values of
undrentsd ssmples, the values bedng 7.8 recip. poise in onge
of phosphorie aeid in wen sclution as compared with 5.8
veoip. polas in the ocoee of hydyochlorie aeld, both after
30 minutes of the treatment. Comporing the two valuss ot
Lo minutes, the hvdrolysing effoet io neayly the sany for
Both typoes of treatment., This ulght He explained on the
grovndes that yhosphorice acdd in wes . L o 8 hulfer
soluiion which maintaing a constant concentration of
hydpogen iops throughout the etripping period as appossed to
@ 1 hydroehloric scld which is not & buffer solution and ie
hound $o turn weok with the time of {dreatment. It ia
unforiunate that the pH valuss of the solutions wers not
mossupred agein 8t the end of the experiment to Jusiify she
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volidity of the arguement, It may alsn be pointed oul that
uros 35 0 known swelling agent for celluloss and henes
pollulone io more aceensible to the action of hydrolysis in
phosphorde acid wes mixture than in bhydrochloric acid. This
alge oxpleins the snomsly that phosphorie seld ures mixture
élthﬁmgh baing woeeker ithen hydroohloric ecid iz s betier
agiripning agent for bulky resin molecules llke malaning.

formoldehydey (sample 1)

Hesulte of nolsture repain and water inbhibidtion
topgether with resin content have been shoun in Table 2 (pp.» )
snég Flpupe 8,

£4 would be goon from Figure 5 that the effent of
vosin asntent on moisbure vegain and vater inbiblition ia
Inteposting, in that the presence of rosin hee s much groatey
affeot on wetsr iohibition then on molgture vegain, while
with Insreassiag resin content a snaller proportion of
rodueciion in weled inbibition s obilained but with =&
proportionstely lerge ohangoe in the moisture regain
charsateristics of {the uteriol,

In the opinion of the avihor, water inbibition
whieh iu much more & volums cghavacteristic as opposcd to
nodsturo fegaln whlceh is prodominently & ovitoria of

soconnible resctive surfsce srea, would thereloye be easily
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ghtoraed Ly poesin blocks whieh effectively aliors tha Lras
voliime or enpty spaoss in the fibre. A0 posin condant is
ingrensed there would be less and leos gpoce avalloble fop
the poeain o go in and benee highor and highor propovilon
of the vaain cshen goto depdeited or peaoted an the spelaae
of the fiveo and & govresponding lower propoytion of
voaduetlion In vater inbiblition ie oblained,

Tha sitegt of resin contont on molsture pogaln ia
strikingly difforent, vepy 1itlle change 1n molsture pegeln
ie obtainsd in the initisl stepes wp to sbout Té, It eppears
tharefore, that olther The aoceaslble spen chaveslteyistien of
the Tibes are 1ot muoh altsrod, or elss the reactive siten in
eallulose Llogked by rusin dre aompencated by the rsaetive
adden on resin where modstupre eould Lo shaorpsd. With
inoveoaning rosin content and altersd surdioce chovactorinticos

of the £ibre, s rapld reductlion in molsturs ocontont is

ohbainod.

Beoaling etrongth ond extoncion

ﬁﬂﬁm&ﬁa for the brepking strength and estonsion of
both yarn ond Lsbric samples have beoen veported in Pevle &,
The tensile edrength of fabric in bath werp and waﬁ%aireat&gé_
aes beon Found 10 incresse in all the resin trested samplos

imv&a%ig&t@é. A loss in strength on stripping was noted
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values approsching thet of the wtroetod gmmples 14 should
e noted that the 2eoulie have Lgen ropopied on & besls of
s eopstant muber of thresds rathor then 2% width, for
variatliens in the nunmbar of ends and picks Lotwesn gififorent
ragin treotod sopples was obaerved and vialuas slteored on
ateipping Gua (o ouspsyved shyivkags. Whe tonsile strength
of yorn both warp and wolft diveotion has aleo shown @
tendaney o increase but the lvneroment has bhesn relatively
omell an compared to the lnerement n fabric sirangtl,.
This mey bo gxplained from the waluves of Labric asaistanes
which opre highor for resin troated sonples than ustreatad
GEADS O

Valuso of percoentage extension at bresnk Joy both
Lobrie and yorn show that the extonsibility is roeduced on
pasiln trentment and that the extonsibllidty inercases on
pondin pomgval, tending 0 the valwe of the wnbtreatod somplde
The satonsibility vealues for yern have been higher then the

gayvesponding valuves fop febric.

Ghiftnoas

The vee of this torm teken of & patio of brosking
abrongth ovey extonsion hen been iscuseed by Blder (78an)
and while 1% wags noetod that thers wove objloctions 4o the

upe on theorsilesl grounds, it wos shown that the tewm had

53
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B praeticel vealue pardiculorly lu denoting & change in
property ae 8 peosult of ohynieal or chemiosl modificaltion
gff the materisl.s The rosvlts in Teble 7 show that the
volue fop fabrie otiffness has bhesn higher than the
gorresponding value foy yara siiffnoss and that the resin
treated somplos hove highey obiffoses wealve than the

wntreated somplo.

Fobelo seolsteonad

The ratio of febrlie strength to yarn styrangth bimes
the totel nunber of threads glves on indiestion of fabpriao
agsistonee and Is noemally greatey than one excant Loy
Yobrles with oxgensively bhigh onds and plcks pey inch
roowlting ia thread Jouwing It in confasing to £ind thet
o vedwes of wndreated and steipped samplos to be loss than
onas In the opinlion of $he auwthor, the present anomsly should
not bo pbiributed to the jaweing of thresds ss the values of
ondes and ploks pery ineh are tool low - 0 aven aoncelve of
pueh & poosibility. one ot the ¢ yopaon for the anomaly appears
o Ade in the faoct that the f@%yiﬁ gnd yoen tensilo tests
waro eoppiod oul on two differsni machinee snd prons to @
sonedant apror, Unfoptunately, the oreor betwsen the $wo
instrenents woas not nesoured which mokes the reported veluog

of fabric aselotance rather mesninglass, Howover, assuniang
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a constant oreor between the twe maehinea, the voaluss could
ba Juetifichly sccopted Top compariscn purpesces oad it would
bo sesn thaet the wealn trented samples heve a highop value
for fobric assletones than the untrostad sanplo, which

mieht be dus 40 some mediflentions in surfsce progeriiog.
Fabple orosao yegovery sud yorn slaesiic recovery

Tho valuvon of percontags oreast reQovery of
febrlen show 8 smell inopense for a)ll the vosin treatad
gmuplos ovey that of She uwntrosted materiad (Peble &)
Helomine and ethylonouvet-Lormaldohyde somples showy Little
laprovenant in febric opreass rocovery, compbrad $0 Ungte,
me thylatedupsa~Lormaldobhyde fdreated samples, slthough the
para eleatlo racovery valuos Dor moloninges,; athyleneones e
formpidehyde have boon shown 0 be high, This son be
b b bog vi&waiia&ﬁ from o atudy of Figure 5, 8 plot of warp
fabyle opresss poooveyry oapalngt yarn gladiic roouvely aid
5% oxtonnion, This sighiliss that the yarn elostie
ropovary on 468 own 12 nod anough to predicd fabplo orensd
paeovory and thet theothewy %@%ﬁiiﬁ povamabors, pueh oo
modulue, whioh ere infiuvenced by the type of wvesin, mey be

Anvalved,
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Lffect of Yarn Elastic Recovery on Fabric Crease Recovery
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Tany stvengih

PTepr strengih of molaninew- snd ethyloneurase
formaldehyde trested sanples wes found to decresss, whereas,
methyloteduron~ and ureasfopmaldebyde treated swmmples showed
an inecreass in tear strength, bat in all oesos the teay
strongth of the samples alfter resin removal showed values
nearly the same as that of the uwntreated sample snd thie is
token as confirmatory evidence thai the semples have not
sulfered chemical degradation during resin treatment,

Abpasion rosistance

The pesulis of sbresion resistance have been
raported in Teble 8., The affect of additives on ebrasion
popistsuce appesar interestiing. Although the abrasion
resistance of sll emmples have been poor as compared to the
wuntroated semple, the sample v which had additive A had
betiey chrasion resistence than the sample iv which had no
additives and this in turn had better cbrasion resistance
then the asmple vi which contained additive B, Thup it
wiLl e sean that the additives may or moy nod inoresse
abrasion resistance,
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Feom o atawdy of the wayiows mﬁﬁwa—ﬁ of atripping
roportod in the ilteraiture and of ithe progent work 14 osn
e coneluded thats

(a) Using 2% hydroghlowic asid at 60°C an
sppreciable ampunt of chemleal degradation ocourrad ,

(b) Ireatmont with 0.1 hydroohlovie acid at Go° O
vromoved most of the resin within 15 minutes, thoat no
appreciable additional portion of the resin was stvipped by
further treatment and that 1Litile chemlcsl damage ocourrad,

(e) dreatment with 1.5% phosphoric acid in 5% uren
golution at 60° C removad moat of the resin within 15 minutes
and showed very little chemical damage up $0 20 minuies of
the treatment.

(8) 1% formic sodd at 60 C removed ethyleneurssnw
fornnldehyde reslin butl wae not effeciive in the caswvs of the
gther resin treaited sammples,

It haos been noticed that no singls mathed of stripping
ean be suggested to remove all types of resin finishus,
howover, from the results of the nitrogen entimation and
Diuidity measurements, the most oficctive wiripping nmothodyg



foar o poypiioular Linish would sppear t0 be as £ollovase

Saadn
e 1N hydyoohlorie aoid at waswtornaldehyde,
60° 8 for 20 minutes. me thylatedurea-Fformaldahyde,
10 G phoophorie neld in mal cmdno-formaldehydo,
8% uren gt 60°C for 20 edlhyloneuran-formoldehyda,
MARULC S,
15 formic acid at 60°C athylenaurosw-formaldehyde,

£or 40 ninntes,

Theso methods remove over 95% of the traated peain
with 1ittle chemiesl degradation in gslilulose.

The £luldity walues of the stripped resin trsnted
samples and the similarly troated control samples showed no
significant difforence, It haes therefore bwen concluded
thet eny change in proporty of a aomple can not be sworived
to c¢homical degradation of the aample by rosin Pinishing and
fusther that no significant chenmical degradation agourrad
i1 a suitable stripping toshnique was adopled,



62

It moy be mentioned that wory recently, in 1963,
Be 86 Inudituto has spocifiod a mathod to estinate
wroawiormeldehyde resin gontant by lose in welight wmoethod
ugdng 0. 18 hydecchloric acid at 60°C for GO minutes, The
presgent work supporte this method and it may be further
sdded that undar {this atrippling oondition, any anidow
formaldehyde resin would bo gomplotely removed, end their
elternaiive process of 0,028 hydvochloric aeid at the boll
for amido-Lormalidohyde resinae, which in their opinion gives
alizhily hiphor loss in welpght due o proester premoval of
nop-nitrogonovs mattor, is really not neosesary. It may bhe
plso addsd that with either ol these conditions there would
We & subsltontial chemical degradstion.

it is now vesliged that perhaps Lurther use might
have Dhoen made of the test methoda Lor the identification of
reging, partly o check theiy sensitividy and partly %o anﬂék
the vate of etvipping and the nsture of the residue. It i

congiddeved that this should be done in any future sohome of

WOLHa

The pasults of the Tabrice snd the yarn physical
toats gopried oub on the resin trested, stripped, and
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patponted camples also ongrest that the losg in souw
tonplile proportien bas been a pesult of phyoieal modification,

It io noted that the main changes resulting from the
fopration of orosgelinkages, either physienl or chemiesl,
hetwsan eallulose molocules have heen the inorense in the
alastio precovery sand incroass in modviva, l.e. deorssoe in
axtensibility, This incrossn in modvdus appears o 8id in
prafueing resistance o0 oressing. At the seme tine a
higher modulue produces fabric with a lower e¢mpacity fop
enotpy absorpiion and conseqguently lower rosistance 4o
abrasion. However, the roasults of the tear atrength appesp
interenting a8 in some cases the teny astrengih hoe actuslly
ineesased, which might be due te the lubrlcating effecet in
$hiose caoos, whioh increoases sthe ability ot fibres and yarns
0 resrrangd ondaer Losd and ghoarg shragpot,

It may be glso noted that ot comporoble &a&mlﬁ of
elastic recovery the inoreaso in yorn stiffness io nod tho
oos for all the resine ueed, It would be expeoted
thorafore, that dirforent meterdels vhich can praduce the
seme improvonent in the yorn elostio rocovery nay not give
the sane value of fobric aresne racovery as n rasult of tho
differonces in yurn extonsibility,
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1% de regeated that the dype ond tho smounis of
additivon wsed in somples v and wi wore nod Raovun and honco,
not maegh ¢ould be deduced: .. Howaver, @ domparisecn botwoon
pamples 10, v, and vl all uroa~lornoldelyde treatod sanples,
aould bo made and hao been veporied balow in the order of

Pahings

Yeneile straength 1 @ 3
Batengion ab brealk 4 2 3
Moloture vepgain 1 a 3
Water imbibition 1 2 3
Tonr strengih 2 1 3
fhpesion resintance 2 4 3
Fabrio coouse vecovery 2 3 i
Elastie recovery at 570 @ 3 1

1 Anficnten valnue higher thon 2 whieh is higher dhan 3

£t will be notiesd that the etvengih and the
gxtonsion propeyrties of both sanplaon with additiven ave lowse
than that withoud aﬁﬁi%ivé and yet oanple v, with additive A
posgoonss fuproved lasr and abposion perdovmance ond somplo vi,
with additive D possesses improved cresse resistance and
elnstic rocovery properifies compsred with the sample without
additive (iv).
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(eds.of Urea-topmanldehyde Nolymeplzed

Feory 114tk0 work on the aeld bydrolyeis of rogin
troated osllulase hos beon reporited, although acld bhydrolysis
of the rosin polymor itsolf heg bsen studled. dedung ond
dedungo {158) and Londquist (17%) coloulsted the activatlon
anerey for the hydrolysis of wea-Tormaldehyde resing in
aolution at different pH, while Hapsn, et aLl.{78) eslawlatod
whe ootivation energy for the hydrolysis of urea~formaldehyde
poaing in eollulond.

Kuseole, at ai.(&ﬁﬁ) dinted ning posoibie roscilony
whien o difuneiionel rogin pregondensate ic polymericed with
aallulasice fxbrﬁa.O{ﬁhﬂga,ﬁhwaa raagtdont involve only woolin
polymarisntion with ao bonding with cellulose, while the
romaining six iovolve reupootively, (a) simple ovoss-iink,
{(b) Linvey polymar croos-linked to collulose, (o) oolymor
notworl orons-Linked 1o cellulose, (4) monomer nttached to
only one collulone chain, (o) lincay polymer linked to one
colivlose chaln, or (£) polymer network linked to only one
gelivlonic chain,

The pamoval oi & resgin from the foabric depends not



66

only on the hydroelysis of the tewninal FeGloQ-Cell bonds

bub s8lso of the Della-I bondo in the resin polymop. I¢

hag besn cghowny that the former Lond fe hydeoiyped foskep
thon the Latter, during acld bydeolysis of dimethyiol
otbyleneuros (271) ond during alkeline hydrolysis and

pald hydrolysis of dimethylol uresa (315) spplied to coltion
wadory uwoual eondidions. It is thoyefore erxpeected that
duping the indtial stages 0L a0ld hydpolysis, resin linked
an {a), (b)), (4}, or (e} would be bydrolysed at a ropid
ebey whoreas o polymer notworks{e), (e), or (£) connot be
pomovoed by hydrolysing only the end nmethylol groups and must
o further brokesn doewn by the hyldrolysis of methylens groups
bolors thoy eould be vemoved from the materisl,

in the prosent expoyiments uresa-formeldehyde tyented
gsomplas vore bydvolysed with 0.1 hydvochloric acid si ?joﬁ,
507G :Zdzm"e‘;, and with 0,018 hydrochlorie acid ab 50°C ;'I?f::f:;"f;,
fop variows lengths of time end the porgentage nitrogan wan
gobineted on those hydrolysed asemplas,

The doia of vogldunl nidropen have been ploitod
apalnet dhae of bydrolysils as a first ordor rorcotion in
Fipowo Te Oy 9 From Flgure 7 it will be peen that tho cupve
with 0,15 hydroehlorie acid at ?ﬁoﬁ ond ﬁﬁoﬁ and t0 o gertain
oxtent the cupve with 0.01H hydrochlorie acid st ﬁﬁaﬁ arhiblt

& sudden ¢hange of slope, whereas thoe ourves with 0,18 and
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0. 011 hydvoohlovie pedd et 25°C show a $ypiend pattern of
n fast and slow repgtion ccecurring simultonscunlys The
insitial poytion of Flgure 7 has koon yeplotted i Fig@f@ &
o ahows Q possibdllity of the separation of two yesohions
with Ou 1l snd 0,018 hydrochlovie acid s aﬁoﬁp whorese

0o separation is ubserved with the othor curvss., Mgure 9
shows the complets hydrolysis ourwos with Q.11 snd Q.01H
hydrochiopie aedd at 25 C and a sudden change in slope will
e noted which mppears very similer to the cothop throe
gurvon dn Flpoure 7. It esn be sugposted that the avddon
chemae dn slops moy b3 the pesult of a near eam@la%&an'@f
hydrolyain and in 81l coses thes svdden ghonge opposps st
ahout 855 fosin vomoval. YRewits have been reporied in
Tahle 9,

Ona of the major objoctions to the gonditionn
omployed in the prosont investigotions is the use of
upbufferad seluitlong, although tha.maﬁariﬁl #9 liguoy ratio
VIR WORY 1L aric.

It oovld Be econciunded thei althoush $he wophk fadled
to goppratie the feast and the slow yate of hydrolyols of |
refdin polymsrigsd in the fivpesn, at wll %amya@é%uwmm a0
congontpations of acid imvestlgeated, it has plven suidieiont
guidmnce as 4o ihe range of congentrations 4o o employed in
future sxporimenis whare it may be probsble o Geporste ihe
two raten of raaaﬁi@n of hydralysile, i at all posalble.
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The hoendle and croass rocovexry properiies of mony
viacoss rayon fabrics originally tended to bo poor, and
eosin Cindshing hae been widely uvsed to improve theoe
shoveotoristios,  However, reein treatment sffocted other
proporiies such as strengih and durebility, and reporis
over the yeers heve tended to be contradictory so that it
gannot be categorically stated that the addition of 8 resain
improvos, or impailrs, the gquality of o viscoss rayon fabric.

I% was felt thet a useful conitriduiion could be pmade
if the influencs of various types of rasin Linish on physicel
properties of viscose rayosn wes compared with the abresion
results obteined on two commercial woeasr testers, the
Ameriean Acgelerstor and the BEritish Booking Abradey
{B.FaTe Mark 1Ve). fuch i the work reported in the following
ahaptors,

Phe terma ‘abresion’ and ‘weer' have been used
intevehangesbly over the yearg to refer to the mechanical
distruction o' textiles both in the laborstory and in actusl
sevvice use, The fterms are not synonymous but g distinciion
ig not alweys made botween them. 'Abrasion' should mesn

g yubbing action involving relstive motion bhetwoesn one
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moderind ond another, whoreas 'wesr' should he o more
pomprahensive toprnm and roafer to the effocts of wll typus
aff astion, mochanleal op chemiosl in aature, which havo &
dolaterious offeet on the properities ¢f the moteriaol.
Mpasion has been defined (205) as the physical desteuciion
of fibpea, yorna, snd fabries resuviting from the coniaod
wlth a ralative motion of a textlile ourface ovey that of
onother curface which mey be grit, wool, metal or frogquently
mnothor texiile. Weer moy rosult Ivon the peladtive moetion
and bending of the fibres and yorne over cach othey in a
fobrio sivuature; aém&gﬁ to wany toxtile ardicles in actuel
porvice probebly resulting from a conbinsiion of dirsct
rubbing, commoply reforred to as 'flai’ or surfece sbrasion,
and floxing or bending, generslly termed "flex' abyesion.
Lose of mechaniceal propovties, or weakening of n febwio,
may xesult Lrom the renoval of, or damage to, individual
fibres and thres poasible mechanians have baen sugpvated 8o
contributing to the mechanieal breskdowsn during sbrasion,
namaly, frictional wear, cutting and plucking or snapping
of Tibres (23,215,247

One fovm of frictional wesr moy occur if the surfsce
of the sbradant I1s relatively smooth and the fibres are
fiemly held in the yarn sivucturs, It ia Likely that
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glonoly woven fobyics containing yarns of high twint are
mors ongasptibla to frictional woay than loosely woven
fobrion contulining low twist yorns,

fraong the sevoernl thoorien of feiction, the twe
most widely considsred hove boon the Yohrasive' and the
‘adhosion' theoprisa (23,37,56,041,200,286,%20). Moot
progent-day sutboritios sgroe that molsoulor adheslon pilays
the prineipsl role in fricetional phenomens, but othep
iavastigators have attributed Criction to tho plowshdng of
goft pupfaces by hepder onss and to olostricsl forces (241).
fn  one - hand, frietion and conntriction mey leed do
woor os f yoesult of bending ond floxursd fatigue. On the
othor hend, when fibro ochoclion 1o prelatively poor the
feletlonal force com &lapleee, o remove, fibres fvom thelr
normel positlon in the yorn. Thus breskdown of strucdure
soaners without apprecisble £ibre dennge.

2ioves will bs out Af abradant suxfaco mvens are
vory smell and sharp eompared to that of the fibre, Fing
sbrasives, such As emery papery and sand peper used in
laboratoprdon, cause o eutting action when rubbed over s
fabric surfaces (292)., The cubting process is known %o be
agsooiated with the development of complex stirass petterns



wadeh qua load $0 fibre tensioning, bending or slippape
in eddition to the dirvest dammge ocrused by cutting (23).

in addition to cutting and frictionsl effeots,
glugking oy snagging of fibres and yarns can take place
as the sbhradant teaversog the Labric surface., Flueking
will be moprs pronounced when ithe normal forces bputween
the abradant and fabrie are lerge, since despor yarn
ponotyation will ogcur. Bepending wpon the force
GEReetad by the sbrsdani and thes extont to which the fibvre
is bound in the yars, rupiure on firet contact, slippage,
o vepesiod stressing ﬁ&n‘wguult. Laaa&l& woven fabrics
gontaining iow twist yarns would be more subject to
abrasion damege due to plucking than tightly woven fabrics
conteining yarn of bigh twiat, In the latter, fabrics
would be more seversly bound In the yern snd therefore less
aeccsbible %o the abradant.

fulfficient svidence exists to prove thet innvmsreble
gmall fibre particles of various sizes are yemoved during
abrasion. Abrasion testing with blade type shredants
renoved partidles from the gotton £ibre &8s amndl ag
100200 &° (292). Oiher obsorvations have shown hhat
perticles @-3u wids and 40-50u long ers torn avay from

75
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aotton fobpilos dupripng cotuald wesy. In the study of the
frogmentotion of eoslon ibres during dry sbyacion (75),
ahipliko povtielos O0.15«0, 50 in Qlometer wnd iw3p Long
were sbhodnad by pdbbing topether dwe heavy plagos of
eenvese Wol ahrasion, on the gther hend, produced voyy
Long fine £ibedln 100«200 &  in $lonoters. Secoupe of the
inhopont floxibility ond case of deformstion of fiwraen, 1%
iz net likely that sbrasive wosr will ceour presdominanily
Fhrough ponoval of Cibre pevticles. Obsopvations of

Livzoo Trom v texiilos shows Shat abrasion causcsd geows
Tibro domage rofher hon graducd wear hrouagh the ronoval of
fives matorial, fibrillation (354), euiicle depags (60) and

raverne apscking havlog toen yoporiod.

The dupsbility of fabrio mighd o ozpegied 4o e
and
dopondont on the mechanioal propeeties of the Ddbrd, on

yoen and o Lobeic constvuction and Cininb.

Tongile, cheey and flexursl propertics of fibre
oge baporhoant varisbles determining durebility.
Tenpile propoyrtioes

unayous studies hoave ghown that sbresion

resigtancs of Labries 18 higher for Libros which have greatoer



anpoedty 4o oboaordh work under gonditions of popsatod
atrotohing (5,106,126,327), one suggostlon heing the
moamarsmont of the ares undesy the stropg-atrsin quevs
af ter mochenienl conditioning {326).

The gopaeity for work aheorption durdng wipesiod
nivatohing dependns upon tho strenpih, axtonsibil ity , oad
slasticity of the Pibre, and Libwss vhish aro dofieiont
in theoa, peetionlorly the labtor, sormelly would ho
orpoatod 40 hoaye pooy wearing propostlied.

It hes been oupeeotod thoet the reduction in

rLabaratory shrasion pocisdonce qecompenying resin tvonlmontd

af collnlasie Tabrdies posulind feom chongos in the Hirscns
strodin propevties of the fibveos (105,106), It boo alog
haen auppeated thot ebhomies)l crops-linking and posin
doeposition within £ibrils, betweon the Lilwile, snd
hotwoon growih leyars, of dbe gotion fibre reducsn the
rolotive movement batwesn these struetursl ¢lements (251)
end exbonsibility ia thersfors reduced, The elasbic
rogovery is dncrensed aings theve is ious tondsney o Lo
nay foveas of atirsetion resgvlting Drom movement of
struntural eloments from fheir old positions, bud the
gtrangth 1o lowored bacause the Librilse are leas froe 4o

move dnto more oplentatad positions elong the Libre azis.

77
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The net pesudt i that the gork sheorption capasity of the
vosin froated Pibeo 15 legn then that of the opiginngl fibre,
The inoposnad elastle yeoovery of resin tvonted
fivpos wovld be axpeoted o componaete aomewhst for thelp
lowared extonedibilllty bHecavge although thedr resistanos to
ilghay dtpaind is lead, thelir sbility to roaover from lowar
etraing 1o ingraanad,.  Studics with viecosn reyon hove ahown
thad the differsnea in lahoratopry thraslon renistance between
gasinstrsalted and untvonted fabrles dapends greatly vpon the
et conditiens (107). A% the high londs normally used in
aseslerated Lobovatory tasts the sbhrosion resistance of
vesiln troated fbplos wan gonsddermbly less than that of the
wnbrantel fobwiag. AS the aswvority of the ftend conditions
doepsnsod, the differancs in ebragion roesistomes betyseon tha
e beosme sualler, watll, wnder wary mild tost conditions,
ghranion resittancs of regln tronted obries setuslly
osxosoded thet of the vnlrested. Thus, thove is evidonce
that while high work éhnorption de nocasgary Loy mope saveys
shragion sonditions, olestiedty 40 move dmpovtmnd wnder the
midd gonddiions mope Liksly 0 be cnsountevsd in sorvico.
L8 thare 10 any connogiion botweon the tungile sropspiles of

@ $ibre and durebility and lov sdraino eve involved, thon



gonaideration should be glven to the initied) medulus, while
the relative effecte of oonditions, other than time, might
2lao bo dmportont.  Thus 2 major eontributing factor to the
pogk wat dhranion performence of wiscone reyon hes been
stated to bhe its low wed stronpth {217}, while on $he other
hend, Tibvvg gwelling oould stiffen fabrics ond reduco tho
floxibility nsedod to prevent doveloppent of high shrasive
strannos. (295).
HBpar, RRoRartion

fhoar atrons is the pesult of Lfoveos aoting
mavpandlowlarly 46 tho main axin of the Libre, The ipberent
Tlorihility and froedon of motlon af Libran in o textils
sirnetirs are sush that satressss other than tensils should
eeldom dovelon b0 ony approcishle magnitwdo (290}, Howowowr,
whon sheyp dhrosive ourfacen are peesant, or fibre movement
ia postricoted, the rosistance of the Tibre to shosr bhegomoo
inportent (26). Fis81d4 gsevvice tests indlestad that an
optlmen halonce belwean shear and tensile proparties io
dooirable, depending upon the abresivn conditions (205},

It has hoon otatod that ranintance to shenr providen
Turther oxplonation of ﬂﬁ%t@mﬁ}ﬂﬂmﬁéﬁﬂﬁiﬁﬁky high ghrogion

paoiodommon, In epite of 1ta rolntivaly low wvork ahoorption
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Auring repeated strotcehing (291) It ls supgested thob
cottons vesistones to shear (32) Lo 2 major footor sccouwnting
for i4n low gbhraplon denmnge. While longitudinagl srientation
provides improved toensile strangth, oriasntaiisn of advuetural
eloponts troansverse to the Uibps axis contributes fo improved
ashaar strongth (208). AMorasion studies have indiented thab
too much lengthwise orisntation vesulting from ‘ovore
siratehing' of fibres lowers sbrasion resistonss (327).

It hes bean sugpested that an spproximate grder of
shrasion rosistancs of textile fibyes osn be obtained by
aplovlating the ratic of the shear tonecity to inltigl
modulug.  Huch rotice computad for ayien, ontton, vipoose,
end ageliate have shown o morked rosesblance 4o the order of
shpasion posistonee of thess Cibyes {23),

Rexueal ny

The bpondipng resistonce of fibres and tho toensile

shress developed from fontepfibre Triction are jfoportant
Taotore dotornining internsl abraslion demsge resuliing from
fabric floxing (25)s Yests on the flexing peefopmenco of
pylon and wool Llags Indigate the inpovtance of interfihpo
friotion (23). Improvement in fibre flox ebyrasion reslstoneo
from the vse of lubrloants adso indiestes the gontribution

of intertibre friotion (1h,93,349).



Fivye bhending arontes tonsileo strain on the outajde
‘cupveiure of the hend and compression on the inside {(109).
Ginee bhuockling ocours ensily the net rosult is that teansile
“stpain 48 high, while compression is believed o ho
polotively smell (206). Thus £ibres with high elsstic
extonslibility shoy good hending reslstones so that the
opder of inbersnt ebrssion resistance might be sonowhaly
similar o that for flexing endupranes. Un the heain of
flexing sndursnce, shrosion vesistance of wool showld be
alanilicantly groster then that of astton and on a poy with
that of nylon, Agein, the discorepsneoy csn boe axploined by
oennalderdng the importanoe of othopr propeprtied, aneh oo
shear strongth or uvliimate tensile strongth,.

Lopn.and. fabpie gor

Yarn and fabric consdruction and geometry ore soms of

the major parameters in deternining the sbrasion resglatones
of different favpios {37,187,549,383),

Yarn dimgtery

Ingrensed sbrasion rosistancs with large dismetor
yorne hoa been noted. Thicker yarns may net necesserily
dmprove flen abpasion to tho same axtent as flpt obrasion.
The Llargar mags 40 ho abraded mey be offset to some extond
by tho highapr straing on fibres in the outside cupwature of

lavge Glamoter yerns (119).
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Yorn twint

Abpragion reslatence increnses with twist to an
opbimun value beyend which s fupthor inopease in twist
gnuses o decvease in abrasion perfopmenee {2h,146,119).
Ingreasing twist to the optlnmum wvalue improves sbhrasion
rosiotange by improvement in Libre oohesion. Twist bayond
the optinum value Inpose large stroessos on flbres with no

fuarther inprovesont in eohosglion.
Yorn onimn

High evdap in s given dircoideon projects yarn in
that divegtion o the pubbing surfoge ang the complonentery
yorns eontaining lower erimp sve peoteeted (24).  Thus bighly
gprimped yorne misgbt be srpoctaed to suller grosier shraogion
domage than tbho profeeted yarn, other things being oguol.

Thyeads pur ineh

Tpials have domonstrated (20,292) that abrasion
ropintanse inceronscs with threads per inch. 9he larger
guprfnoe aren oxposod 4o rubbling permite better distribution
of shraslive atressos, and Llbee binding is slso doprovod
gince mope rern intorssetions ares aveilloble, Althowgh very

tighily woven structures heewe improved resistance to flat
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ohrasion, domage from £lex abrasion ie incyeamed

consldopanly (2h)
O ave

Pledn woeaves provide better fibee binding then
teedlle and satoons boesuse they condaln more yarn arosge
ovarse Howover, when the advantages of higher yorn cownty
ape dosipod, twills, sateons snd similar conptruetions give
adoguate winding with lesg loss in fibre snd rorn novemont
than that ocours in plain weave. Seleotion of weave 18

mLoo lergely dependant on end uvee (24

Additive Pinishes and/or chemics) finishos heve baon
appiied to modify the procerties of materisi. Additive
Tindohas ere deposited on fibvre surleoces and osn aliey
abrasion ohaprscteriaties thesugh the mochmnissm of Libre
binding, protection ond lvbrieation. In contresit, the more
reoent chomicsl Cinidches impart chemicsl modifications which

are wsually sceompaniéd by chonges Ain géar pepformencd.
Miditive finishes
Additive Tinishet ere binding sgonts such as polynerio

materiels like atarches, gums, proteins, snd fthevmasetting

and thermoplastic resine having o pavticlo size too large 1o
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vonoterete the Libro, Thoy are deposited on fibre or yarn
guprioces sither as discrete papticles or as films, conenting
the Yibren together and physioelly proteeting them Lfrom the
soradont (119,830,305,3675,369). Bindiny snd eoating agento
gonerally improve resistance to flat sbrasion but may ve

leas boneficial in flex abrasion deponding upon the deagrae

%0 which fibre mobility is restricted (36,300,301 ).
Lubricanto, wsunlly of the fatty hydrocarbon type, inovroose
mobility, improvements in flex ebrasion belng etiributed to

a raduction in surface Lriction, btut too mueh lubrication ean

be bhopmful beeause of excessive Libre slippags (927
Chemienl Jinlshow

Chemiend Linlshes modify celluloss by reacting either
inaide ar on the surface of the {ibye and eon have different
effects on the sbrasion presistance. HGome sgents altey
ghrasion performance booause they affeot Libre mechanieal
propertics, while others produce Libpre swelling snd sffect
the supiace characteristics of the Pibes (84,119,318),

Some finishes for weinkle resistonce merkedly lowew
the abroagion resistancs of cellulosic meterisl ag measured
by seeeloratad laboyatory foais, the loss in cbyasion

parformance recul ting mainly from chonges ip fibre sschenicel



85

properties (119), while on the other hand, soatyletion and
aﬁ%m@ﬁh@iaﬁiﬂﬁ inereane flptd ﬁhragian resiatencs but have
an edverss eifeet on flex abrssion resistance (4¢,116).
ﬁaﬁhgmﬂmﬁﬁhylataﬁ coliuvlose is the only chemically modified
gallulose which appesrs 40 have both inproved fled end flox

sbrasion reaistence (6h4).

Ingpection of lLiternturs hes shown that there ﬁawﬁ
bosn o ¢onsideyrable numbier ol instruments desipgned to test the
Gupability of textile matorials (22,043,608 ,72,290,291,302,32%,
3853 'The bulk of these mey be clapsed e shrasion mschines,
the Libre, yarn, or fabric being rubbed eithor to Lreaking
polat or for o prodetexmined parded of time. Other instruments
mey he olannificd o weesr testors, the mateprinl heing
subjeoted to veried actione sueh aa pubbing, Llexing or
Lolding, snd the Accelerotor (488) is an exsuple of this typo
of instrumont. The Docking Abrader (43}, (i F¢T. 8k, 1Va)

s alse g wonp tester bul soesures thpee proporties of Lebrilce
breakdown separately, nsmely, flexibiiiiy, toughnoss and
rosistance 0 flat sbrasion.

Az the meln purposs of thig work wes the eonsideration
of the offeets of wosin finishes on viseoas rayon, 1t wae Lelt

thpt o comparisan of the rasvlis of desis v two instrumonts
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woudd be uasefule Broens ond Hopton {(43) sugponied thet

pome soveolation ahould exist betwesn B, ¥, %, rvegulte and
Pibya, yarn, or Lfabric proporties but gave no actusl rosults,
neither have any exsmples been found pelanting o the
Aegalarobop.
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Yonpile propartics of yevn and chengss in gsar
performmae of o visouse payon fabrioe, a8 o rosuly of
vanin tyoatnont, hove been messuroed.

The methods of measurements of densile propeviics
and oaleulationsgs the working of waar testers - Accsleratop
and Booking dbredey (5. F. % Mark 1Va) and the results of
preliminary trisiag sueh 48 the work yongrted in thils chapior.
Latepial

4 second bateh of spun viseose rayon Lebria V0D,
{some . details have boen given in €nt -ty me bk ), langths
of whileh woge gpecially finished by Fesgrs. Couprtmulds Lide,
wan examined, These lengihy were mnalysed and deteils aove
boon given is Table 10.

Inspection will show that there hes boen sone
dilferances botween thoge Labrics sugpesting that there mighd
he pome ehengos in the geometry of the Labries, which ceould
sino influsnee physicel test reoults, ss well as the effects
of the pasin Linlshes themselves,

The ohemical state of the fabrics wes chackoed by the
methads diseussed in Part 1 of this thesis end no saigneg of

chemienl tendering was noted.
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donsdle,
ALY yern tensile tests wores capeied oul on on

Ingtron Tester Model T, uning & 2 inch test length ond a
constend rate of extension of 1 por cent por sdoond, A
mindmuwn of ton tests per somple wore carriod out, ‘

A the yorne wore ovimpod, the point of wmero exlengion andl

ﬁhca toss &%:znﬁm covldvet e ascertoined . eesily ;- tharefore

Toaw Py et

s © L ekt SRR L © e v i AR TS, as ks e e o POR—

& loagd &ﬂ#ﬂﬁ&@ﬁﬁﬁiﬁg to o pretension of ¥ tex hns boan
gpplied to the yern boforve clomping &méhf,wg%%ﬁm 58 8 point
ol zoro lood,.

A typioal Lload-extonsion trace of the yorn is ghown
in Plgupe 10.  The initinl pordion of the ourve 06 lg due 4o
erdmp in the yavn, A8 the yarn i siretehed, more snd mape
of the erinp is removed watidl Q1 the Libres in the yarn ape
ghve tohed loading to the elpstice reglion BO. O i tho yield
poiat end B the poldnt of pupture., Yha Jdotted ling ANM
gopyosponds to the load of § tox. *A* iz feken as o point
ol sepo laead snd ¥, whieh is ﬁ&@ intavcept of the axtrepolated
Linesr poprtion Sﬁ ond the goro load ling M, is tehen ap 8
polnt of vewre sxtension and thug kaowing the onllibration of
the dnsteoment in terms of load asnd ehert speed, values of

varigus paroametsrs mey be obtained,
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Figure 10 Typical Load~Extension Curve for Viscose Rayon .



B e the peasure of breaking losd and has been
gxpropoed ns gremocs por tex and MY reprocents bresking
axtonsion and expressed ag & poreentage, The initial
modiviug has boen expresasd in dynes per &qna&# pentdne tey

and wap ocaloulsted fram the alops BG,

‘ .
o ﬁ x L ox 981 =z ;g, b4 ‘i{}ﬁ) see  eew {{?}
1 P
Fhere % - modulus in dynes/ome

E . slope 16
T
g - doad in proamooss
1 - sxtension in om
apegeimen longth {n om
p - denslty in groowes/ouble om.
T - tex [varn)

The eatio of the braoking lesd to bresking extension
hg@ hoen usad a8 o mesowrs of stiffness of the mptorini. Flder
( 78n) &ﬁ% axsmningd ¢ nuwvbay of thetd samples ond Iound
rontongble spreoment betwaen the renting of fabris stilfnens
wadng this feem snd the flexural rigidity obtasined fyonm
honding testo. This could be a ¢hance gorvelstion or bo due
to the fapt that bonding stifinses spproschos a final value

ghich 48 eguivelent to the finel tensils strassestrain
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behavioue of the mateorisl. The siiffnoss is expressad in
Aynes per oguert contimeter mnd selovliated feom eguation 1
ghapn ‘' is the bresking load end 'LY the breshing
HRHENGI0n.

The smroa wnder the cupve ABY is considarsd (o e a2
pmoapure of the epnergy veguired to remove the orimp and has
been expressed as onergy poer unld mase in Joules per gromme,
while the srea under the gurve LN 15 o messurs of the
eneprgy to rupturs ond has also beon exprasscd as energy per
uwald mass In jouloew por gromak., It omn he ealeuvlated from
the gguation
Engrgy por unlt mess, Joule/p = (work factor) x eivess, g/lex

x steain,® % 1 x 103 x 981/107

whoro work facton = ares under Dirgsc-otrain eueve
stresn, g/tex x niraing ©

Hlostic rocovery was pessurad sag per the mothod
suvgpestod by Meredith (R10), sSamplesn wore extonded to give
5 pog cent extensgion and hald at that length for 1 minaio,
The eroaghead was then roturned to the eriginel gavge longlh
and the gamples sliowed to recover for 1 minute. Finally,
the smaple was reé-~oxtanded end the smount of roegovery noted

and sxproassd as pereentags elostic recovory.
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Piies ovety Hlpnen deg
Honp Fosig

g&x@%ﬁ%ﬁg gfgngw%}&%%

e Aceclerolor wos developsd in the lsborstories of
the Amsricon Asnoeiation of Poxtile Chemists end Colourists
gk Lowsll, Meooeohuspats, to give repid sethods for determining
fostness o washing and resilstancs to sbresion (68,182). I
conagints asasantislly of o water tight chawber £itted with a
goliar, liner and voloy. fGeveral different collsrs and rotors
mny be waod and the spead of the rotor varioad, dependling on
the effeein desirads

A& Lobric speainen is dyriven by an impeller {(rotor) in
popandom path 8g that 11 ropegtedly implogess on the ymlls and
abradent liney within the chombere. The spoeimen follows o
Zigoeg aourse in o generally elroular orbit sand is subjogted
to ghrasion, flexing, impaet, comproselion end stretobing.

The peprodueibility of results hep boeen reaported to b2
axeelleont (182).

In the pregsent work semples of Labries LY inch sguars
yoye wnpavelled for 4 inch on 211 sided snd the edges conted
with o froe Flowing adhosive {(Typs Ubsbond Adbesive MeF817),
The semples wore nllowed te condition at 20°C mnd 65% pu.b.

Lor 24 hovrs snd wore then veigheds  An Y7694 liner snd s

hi ineh pitchod rotor were wsed snd the semples wers yun dyy
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at 1500 repente Lfor poriods of time raongeing Trom 1 minute
o 20 minvies, o ¢onstant eépeed being maintalned by manual
oonteol of the rheoptat. Remple weys sholsn 10 ramove
gxgosn dotpliveg, donditioned for 12 hours end then woeighod,
The Liuser was brushed velore each tost and repluced alftew
12 tesis, saeh Linsr welng sbreded with & control somple
befors festing was presumed.

The porecontoes 1000 in weidght older o cortain time
mey he fokon a8 g measure of woear roesistanes but triols
wake eontinued and the effeets of uvsing differont rotors
snd epeeds were investigated,

@f the four different rotors availadble the piliched
rotors wops Sound 4o be betitor than the § shaped rotop
‘%ﬁﬂﬂﬁ-ﬁhﬁ motarisl got repositedly entenpled, and the ki inch
plichod rotor wep used for eall jeatis,

Two different speods of 3000 and 1500 Pep.ae wors
tried over periods of time 9&5%%&@ from & minute to 20
minntos. The percentsge loas i& fabrioc weight haps bean
piotted against timo of sbresion and the resulis shewn in
Fieurs 1. It will ho ssen that the oupves spe neasyly linoop
up b6 about LOE loss in weipghty &t 3000 pep.m. sboud L5% of
the loss in wedsht was obiained in L minutes, wherons ol

1500 vapetne the loss was of the order of WOV after 20 winutes.
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Figure 11 Effect of Accelerotor Speed on Rate of Loss in Weight
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& pindy of the loss in yarn strongih wes oarried
mut on tho abyaded samples and the repulis have hoen
reported in Filgure 12 and show that tha ¥oeprp yern hog boon
more severoly doneged than the weft yoren, & Lact which eon
be attelbuied to the effect of ovimp, the wary yern
posSsessing nops orinp. & polationohipy bobween paroonbapgs
lose dn Tabrie welight sad percentope loss in yayn sdeenpth
hog beon ghown in Pigure 13 and 1% will be seen that o vopy
Fapld indtinld losc in strength cocurred which may be due o
loonening of the yaprn strueture. There #loo apposys o be
no Giffeyonce betwoen the ourves at 3000 Tepetne o0 1500 e De i
suggesting that both praperties are sinilarly sffestad by a
change in time conle and that an inorease in speed need nod
Imply an increasce in actusl soveridy of abhraslion,

i Interosting point is fﬁ&@ o comporatively aaalld
1o dn welght g sovonpaniod by majer doterioration In tho
servicoability of tho materis). fnothey intereoting aspoat
i that the durebility of & material depends on the rocovery
freom doformetion es woll as weslotence fo defopmation, Thie
in poptly covernd by the resudds shown in Figers 14 ohoye
the pecovepy of the waft yarn hos beop maintained,

From this prelininary investigation, 1500 veDen. was

solectod as the standard speed as more samples could be
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asiudicd at different intervals of 4imo with lobs gisk of
areor in the measguromont of abrasion rosletones dug o an
apper dn mossuering bl

Gubsoguentliy, toats were ¢srrisd out on AiiTepsni
posin troated sswples weing 44 Inch rotor at 1500 pepems Lo
ﬁiﬁﬁ@gmn% intorvals ol tinw ranglug from 1 minwte 40 20

mAnuios.  Ihe poreansase losa in welght of the febrig
Boepded was ealoulated and pletted sgalnst $3me of obpasion,
Pigars 15. The slope of the cueve whioh in the rate of
poreontone logs In wolight per wminuis has baon token as the
mensuee of abrasiosn resistance, the highey the value the
ki@w&ﬁ the abragion pasistance of the mateyisi. There wan g
Lincor relationshipy betwoan losn ;m velgnt and the $ins of
eat bud tho rate of loos In welight will ke sesn o diffes
gor oagh fobric.

Gne dmpertant poind that wes chocked was that thoe
popoeniage resin content did not changs with sbhrasion, “The
vosin oontent being nessured By the method disousted 1o
Papt 1 of this theuis. Pigupe 16 ohowe thot ony change wvos
annll ond verded wnilowely with the time of sbrasien, L%
is censidered unlikely thet esny c¢hange in 4 physioepl properdy

of o maberinl csn be stiribuicd 40 4 choange in resin econtont.
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This Ingtyuwnent has boon devaloped frow san eaplied
peetotyre whose use hed boar disoussed by Breens and
Morton (L3)e  The Mapk 1V deeter with o fiat obroding
meshondom sddaed o0 e Ball pepsdration and flexing poechaniums
of e arlier prototppe can be adapted o the desting of the
shension resietance of fabeios of varlows matorials
seruetures and findahes. 4 peespeglive viow of hoe BP0
{Bapk YVs) has bess given in Figues 17.

L% consiots ausentlelliy of o heomvy platfomm o the
aiphd of vhich 1o & oteel rubway on which a 8o0lid sluuinua
onrvinge (G) mouwiod un ball races reciprocates in o 3"
gtvoke ot 700 Papemte This motion is produesd by a conneoting
ol (J) vunning o a ovenk arm at the lefé of the plalformy
the ovenk epindle is goared o s six decsde counter (4A).

The carvipge and ibe head {(P) are furniched with vowe of
pRenter pins on whieh the fabyic 1o npounted. Above the
geprrlags is he bead whdeh is capable of moving vertieally
45 & homvy perelled liunk wotlon (1) counterpoived sn that
with ne weights on the bead spigot, the vhole of tho head
motion dg in eguilibveius. By placing weiphts (3) on tho
spidgot vertioal hend losdings mey be given, ‘The deslign of
the caprricge snd hesd with s high thermel capoeity end
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conduaetivity is such that fempereturs risce Suring oz,

fhat op boll sbyasgion is negligibly smell (37a).

Tha flexing of the Lahris spours vound the spsalally
gonebruatsd plate shideh ds pulled 4o the 2efd by a stireup
and Link motion (). the fompion is applivdg %0 o stirpup by
o weight (0) working throvgh n counterpoiond bellworsnl and
ghaine An epnentisl fopbupe of the desisgn is that the obhoin
ia attached to n dsad point In the Link motion o0 thot the
maching mey run ot a high vato with the £lox plate weizht {C)
shationapy thus avoiding lorge inoriisn offeetss  The end
point is token whon the tead otrdp brealos A9 the fenslon
in the cohsin 48 loot the Bell oronk woves under weight (G)
and m&k@g o gontoet whieh otops the noter,.

Bedd, Penetrotion Tgss
In the ball penotrodlion tesd a 36 inch eleel Bl

in pu apperopedately insnlsted gollet ip iwpertod into the
contye of the boad. The Cobrlo is seeured aeross the dap
suplags of n speelaliy sprmg piade seeuradl in tuen jo the
rociproanting carvioge. The end point i given by conbsgd
of the ball with the top of the csrvippe, the motor belng

ghoppad by meong of & thyratvon relay.
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Fhas dhragdon Let

in the £t obrasion 0t the flad attachmens is
placed at the oonire of the hoad; fhe ecsentlal peri of the
sbtioabuend 19 the oheeding supface ﬁﬁﬁ%i&%iﬂ&-ﬁ@ a spoolelly
s pered wovon sdainlecs steel pawie sot w&ih 1 woid st 5
40 the diroetion of peeippocation of the carviage boiow.
The fabpic 0 i teoded is attoched goross s Dlock of
gioetrionlly obnducting plosticiaed polyviayl ahiopide
whioh 48 fixed in 8 hokder to the {top of the wvaciprasating
coprdagss The end podnt is plven whan govaw mokes oleetrieasl
aondaet with he blodk which then stops the motor.

e mochine way celibreted wsing (Sionderd)
culibpatlon Fabrice and the galibration checked Lroam doy 4o
dr

?,:fi

3 0% the begdandng of the tosta,

Ball penetration and st and flex sbracion losds
wore eapried oul under dilforent leads 4o etudy the effeot
of propeurg and e yesults have besn roported in ﬁiﬁ&ﬁﬂﬁj@?t
23y %ﬁ, 8 lincer rolationdbip being sbowt bedwson oo
pretouye sod the logarithm of the oycles for penstration.

Dpy Dlen shwasion tesis werve not carvied out i

differont prossures, boosuse the peadings at the moxinpm

avalicblo pressurs of O pounds were lavge onough end
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Figure 18 Effect of Pressure on Flat Abrasion Results
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Effect of Presgsure on Ball Penetration Results
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HEAD PRESSURE, 1b

Pigure 20 Effect of Pressure on Wet Flex Abrasion Results
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eomparakle o thad of ball ponebration at 2 pouwnd pronouro
and flat sbrasion al & poudd progoupres. A& deereane In the
nuiber of eubs o offect ponoteration dus to tho ingyoons in
presawes will be noded and also sll the sonplon hove
maindalngd a pelative yanking 46 saoh athor, wo that sug
differnnoe in the pooulds between varlous goamples dogs nod
appeny ¢ be due o Looel varistions in prosourg.

it wos ﬁﬁﬂﬁiﬁ@ﬁ@%-ﬁﬁ@ﬁﬁﬁﬁiﬁ to hove e wvalves of
tig pospeotive fesdts within o ressonable rengs o evold o
tont bins when expresoing Ity Peotor or Figues of Herld.
Thuo teste hove beon ¢areisd out and the Duty Yaotor snd
the Fipupe of bordt ealouviated using the Lollowing veluves:

Bald ponstration teat af 2 1b pessoury
Flex shrasion teat st 8 1b pressupe end
8 1b tonsion

Flnt shrapion toest at 2 1h vyessure

Bhryyanae o) oy o Hoonl e
ﬁ%ﬁﬁﬁﬁw ﬁ’i% A .m}., x

The $hyon waluss of sbrosion aumely, tho Bell
%&%ﬁﬁ%%%iﬁa,‘ﬁiﬁﬁ pbrasion and Fladl shraoslion, oy bo
consddoered oppopatoly opr mnother agpresuion, the Duty
Faotow, repurdad 59 be p guldy to orosive wear, is tho

Hapmonio moon of B oud ¥ ealewloted from the oxprossions

Duty Faetor = 2

S S
sifea}



A vesful method of fobrio cleopificeiion accoprding
o vearability ds voported to Pe the uge of the Plgupe of
¥aprit {ithe harmonic mean of the nersolised, ¥, P, end ¥
Lantors )2

Figwes of Yeprlt » 3
el o+ 1

ik

: Lo
B ¥ ¥

whors B e Ball ponedeation test oyoles  x 1gr@

Flex sbeasion toot oyolsy # s

&

I

P = Flod skession st oyelos ® 1ovB

Agoupeoy
Mlve togts per sample wers mels and the goafficions

af yardation Lfor the tesds wewe 200, 105, and 15% Lfop Ball

pendtration Flox pbrosion and Flat ebrasion yospoctlvely.
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Tengile properities 118
ooy tonty 147
Gorrolation between wear tasts and
(2) Zavn oxtension 145
(b) fmergy for rupturs ond atiffness 156
(o) Initial modulus and yield stress 134
(a) Blontie recovery 135
Corpelotion hetwaon Accelerotor and B.F. 7. 138
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Comparigon of instruments 1h9

Torn property and fabric woar tests 165
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BABULTS

fonsile Peansuiies.

The rooults of woenelle teadts on yayn token from
posin irepted viscess reyon Pabrice (seeond baich) have
heon given in Tabloos 11 end 12, Altbough the maln aim
with these was 40 seek corroelodion with weay teat resuvlis
aome obeepvations wmey bo mode 4t this stape. There bag boen
na wador ohianges in the sdrongth of the yarne ag f rogult
af vesin treatment but tho broaking oktunsion has hoen
roduead snd thepe le o considorable dyop iln the toupghness
as avidonood By the vesulise for the snergy requirsd to
rupture the materlial. Dodth tha inlsinl atiffoess and fined
giiffreas ap ropesaoniud by the indtisl pnd final tonsile
modull inovessad with vosin freatmont and she rasin treatmend
has aloo lnegredsed the olasllic pacovory of the yerns. The
gty paranoter het uog megsured vas the anergy 0 renove
erimp ond vellect marked chonges in the pariiovniay yoprn
pharagteriotic o o ronuls of ropin tvroatmontd.

Cn the hypothosie that o Lobrie propeprly iz influsnesd
by yavn properdy which in tuen de influenced by Libre proposty,
£4vre ond yern strongih aad exdonsion were eompared end the
rasulto have beosn shovn in Pigures 27 and 28, Thero appoaprs

w0 be @ eskrelation bul slos o ceantder of reoulis whieh moy
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YARY STRINCTH, g/tex
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FIBRE STRLNGTH, g/tex

Pigure 21 Comparison of Yarn and Fibre Strength
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e on effeet of varishility in Libre modifiestion snd/op
inouificeiont nunhar of toentse.
B Lantn

Bosulto of the woesy bests on the Accolepstor and

.
h
by

(%

Boeking Avprader (B¥. % Yepk 1Va) have beon given in Table 13,
The rote of Logs In welight of the vesin dtrouted souples during
the Acceloreior oot has beon merkedly ilnereasaed, being
dapondant on thoe smovat end sho dype of geain. On the othow
hand, the posudds on the Docking dbrader aloo show that the
vaay pordomaened hag beon roduced as a pesuvld of resin
troatmont but ie dopendant on yeoin contenty aet on the typo
of resin, Tha posulds Loy the ball ponedesiion teaits on
somples 1 eand 2 which shoy en Luprovement over the wirosted
nemple pemaing unoznplainaed,

The valuans fop Doty Tootor end Figure of Heprlt hove
been included beotung thoy alloy considoration of combined
tentn wing o 2inglo valug by the rosulis apo not diregtly
gomparable with otbher publisbed valugn Lor shoeso factars
booouse of the dilfferont losds employed and becauss tho flox
tente were slse eorpied ouit in the dyy (eondidionsd) staie.
Although the hapmonic goan hog bean used on this ococasion,
ﬁh@ww is pevbops not steb & greal resd becsuss of thoe parity

af prasuldte of Ball, Flex end Flat shraslon $99t3.
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The relasionahips betweon the extension of & yern
At brosk opd e results of fSccolorotor and RF.T, ftonte
havo boon shown in Figures 23, oh, 25, 26, 27 ond 20.

A Lincsr evolationship appoaes 40 oxist with the
Aaoslorotor pesvlie and 1t s depsodant oo the rapin content.
An dveponse in posin content with s decrasas in yarn
exbenslon pogults In an iAnereased lons of wolght, the gato
gt ouvch a loge is depandend on the pepdieuiar type of rooin.

The Ball) poneipratlion results sugpest s diffoprence
in rogponsg between nelapine-losnpldehyde treatad canplos
ghdoh affer incyeaned resisiance o @&ﬁéﬁrmﬁiagﬁiﬁﬁﬁarig
»aloted to welght of resin, vheress the other finishes
sofinss $he sogistancs and ag&i&f&i&aﬁﬁ&y ralated o posin
aontont,

%he Flez ond Flat Svrasion posulis both 1ie in &
gurve suash that o degresus in yarn extension presunlis in o
decronst in resistanse $o0 sbhreosion, Tho ﬂffﬁﬁ% GE
Inugensing the rogin contoent of any eopseific resin in to
poducy the ronistancs to sheasion., Both sugeest thad thopre
are Limlting velues beyond whieh an inoredawo oy deocreany

in yarn extonsion would axertd r1ittle effect.



ACCELEROTOR TLST loss in weight per minute, %

e | ] 1 ] ]
12 14 16 1) 20 22
EXTENSION, %
Figure 23 Relationship Between Yarn Extension and Accelerotor

Results
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TEST BALL PENLTRATICH
N
1

B.F,T.
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Figure 24

16 '8 20 22
EXTENSION, %

Relationship Between Yarn Extension and Ball Penetration

Results



B.F.T. TEST - FLEX ABRASTON, x lO3 cycle

@] | l ] i 1
12 14 16 18 20 22

EXTENSION, %

Figure 25 TRelationship Between Yarn Extension and Flex Abrasion
Results



s X lO3 cycle
[« 3

B,F.T, TBST - FLAT ABRASIOI

L

0 1 i 1 1 l
12 14 16 18 20 22
EXTENSION, %
Figure 26 Relationship Between Yarn Extension and Mlat

Results

Abrasion



B.F.T.TEST - DUTY FACTOR

] ] 1 ! 1

Figure 27

14 16 18 20 22
EXTENSION, %

Relationship Between Yarn Extension and Duty Factor



B.P,T,TEST -~ FIGURE OF MERIT

O | ! ) | | !
12 14 {6 18 20 22
EXTENSION, %
Figure 28 Relationship Between Yarn Extension and Figure of Merit
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A lincapr decresne Lo shown in the Duty Faetop
with Goorcesding yorn erxtopsion end inepveasing repin
somtond, vhile the Figora of Herit in slse reduced nlthouph
pos in a Linver Caphilon, the ouwrye bolng sdmiler to that fop
the Flex and Fload dbesgion pepviin.

Thme the Ssgcclerotor regulin are influencod by the
gype of rosin progent snd the dogrea of yovn eutension,
any redustion in oxtension resulting in on ineressed rofo
pf wear. The BJJL T, vesulds plas roficet the degros of
yorn axtension bul ere Leavgely independont of tho iyype of
yaaln,  The poeulds in Flpurs 29 show thet parn extensiom
in Taet vepics linearly with tho rosin contont ond is

indopondant of the type of poiline

Snepay for

ihe pelationships batweon the energy reeqguiped 4o
bragh 4 yosn and the pepulite of Accoloroior and B, W, T
toptn hove bedn ahown In Figures 34 snd 3.

The selationships appoar ta fellow the samn
pubborna ag thoss Loy yarn axtension snd Flzure 38 also
ghawg & Iineoy relationshiy belwaon resin gontont ond
anorgy foy rupluve.

Thus the higher the anorgy yeoulred for rupliure
the bodtoy the woear properiy reglotored by bola the
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Avcolarobad ond the B PeT. (Figure of Nerit) ond sgain the
B ¥,y veluss wevo indepondent of, snd the Accelevotor
valyos éﬁiﬁpﬁmi& ant any the typa of poriie

Pl y@iéﬁi&&%h&gﬂ hetween the {teneile) stifiness
of & yaprn and the yeosults of fccelerotor end B, F, % teets
have hean ehowun in Plpures B35, 3h end B4,

Tha pottern d8 sindlar to thone obove ond 3% sy be
goneluded that the stiffer the yarn the lower the phrasion
pasintonee of the yopn, bed the propepty of atifinecs o
dopondant on the type of rosin os woll ao the smound.

nilint Jodulue, pnd. ¥ield Stre

Tho relotlonobhips botwaen the indédal modulug of o

s mad tha pepulds of Acoelayator mnd BP9 desia bhavao
basn shovn in FPiguran 56 end 57

The mosud s guggeet o roversael of the previous
pottorn dn dhat 44 Is tho docsleroior rosvlis vhich ahow an
ahaolute linasy walationshin, wherann, the D ET posults,
whilo Linone dn pospeed 3o apselfio rosin sontont,
Alsorindnode betweon the types of rogin prosent in dha
materiale In both oapss opn laerosas in Indtial moduius
eopeepponds with o decroase in durebility. The lnorvoans in
modulus weuld sppeay fo prosuld from on inorease in resin
opatend but the pate of Inoropgs vopies with different

meeius, Figure 30,
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Figure36  Relationship Between Yarn Initial Modulus and
Accelerotor Results
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The roletionships batwgen the yieid atress ol @
vorn snd the resvlts of Aceslsrotor and B.®. T, tosts have
beon ahown 1w Pilguross 39, hd and W1,

The pettern is siniler to that for initisd
Mmodui g,

Blretie Boogvery
The relationships batwaen the elagtiie pecovery of a

gapn fvom B extension and the yeaulis of Aceslercstor and
Ba Fo By tegts have been shown in Flguves B2 end i
in both cases an ingresgs in the power of rocsovery

#prom deformation would oppesar 9 be acsompanied by o
podnetion in the durebility of ths matordial., The
fonalapvator resulta distinguish to some oxtont batweon thoe
Pinichas, wheveas, the 5, 0.9, resultn apposr to ho
indapandant of the fype of finish.

CInapention of Flgure Il will show that the eloptic
bwﬁamvwwg sppoars 10 inorsasse with an dnoreass in pesin

sontont but the rote of inovease voriosn with aifferent posing,

o and, Be o ds. Jhpadep

Uy to thie polnt é:mum%mﬂ af properties have boen
gompaeed with both the inctyuwsents in vae. 4 refopence 4o
Plguran ho snd b6 will show o compaprisen betuson tho
ipptpuncnts and the effect of resin contsnt. 1Y would

appesr that 1f the fype of resin and the content is knowun



ACCELEROTOR TEST loss in weight per minute, &

@]

3 4 5
YIELD STRESS, g/tex

PFigure 39 Relationship Between Yarn Yield Stress and
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Pigure 42 Relationship Between Yarn .Elastic Recovery and
Accelerotor Test
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o Foraehed oan e mnde of the proivhile rate of lusn of
velght on on Acselarotor test, wheress only the contend
wund o koo Lopr & fovassst of the prohable Flgore of
HFordit ond thad the 1lkely end vepult of oither toat oan
be fopcesgt provided one io known dogether with the type
of pooin.  With both Anwteunente an inorsnss in the resin
aontont of the present fabries hos resviied in o llosee
deepreane An durebility bot the Acoolerstor pusoulis hove
pleo veen influenced by the type of posin provent.
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Tha prosent work wag uadertaken 4o evaluate the
phyaicel propeptiss and the resistanes to obrasioen of the
gome fobrio treated with voxdouvs resing. The yorn end fabrie
geonstry wos ressonebhly constand throuvghout the otudy buh with
soams variation in yern and Febedoe oonstrustion, principally
st and orimp.

Abrosion rosistence isn known to inorenss with
inoreass in threeds per inch (24,292), but the vavistions
in the present ssmples (ende/inch 66-70 ond ploks//inech
Eom66) would not be axpectod to couse ppy apprecisble changs
in shresion yesistance,

Grimp distribution detarmines the yelative voritlieal
displocement of ench gt of yorn shove and below the plune of
the fabrie, and high erimp in a given Gircetion projects yarn
in that direotion so that the gomplimontary yeaeus contnining
Lov epimp ave proteeted (24). The cupves, Figure 12, of
yoapn atrengih apaingt time of ahpasion showed & afaep qurve
Lor warp ya@ﬁag indlestive of o highey rate of doumage then
the welt yorn & expsoted from the datn on erimp valuves,
Howaver, no eoroletion could be Lfound bolwosn opimn and
aithor Aceelerotor o B, F.7. Abvadesr results and 1% s
goncidored thoreforo that the changes produced in shroaslon
ragivtongo ere dus $o changos in the mechaniend opeopertica of

the fibre, yapn and fabpio,



Aggelarator

An Loy as A8 knowh, the Acealeretor wen designed an

& ganernl purpose instruosnt with whieh the influence of
Ligulds on materials could be measured in fastuseos and
shpiniropa tosts as waell 85 the we of the inetrumsnt gg an
gbrader,

A pagommanded procedure (68) was the messuvement of
iopn in somplo wolght sfber b minuvdes al 1000 vep.ne This
eonditdon was Lound to be too drsutic fop resin tyoated
viooose rayons with & lose in welight of the order of SB0-600,
while boyord 0% loss in waight the ourve of lons in welght
against time of sbvasion, Flgurs 11, wes no longer lineny,
ILarvealy due $0 excoss of debris in tho chmnbar effentively
roeducing faberde 1iner contaet, A similer sffood wes nlse
oghaorved efter 20 minates st 1500 rep.we In the opinicon of
tho progsent autbor, the slaops of the lineny portion of the
aurve, which ig the rate of loss in weipght, is o betier
moanwre of dbrasion resigtones and this has been used
thyougbant,

In the grwﬁﬁﬁt tessae the inastrument bhaee only hean
uned on materiels in the dpy state ond with one type of

fhpaflens Jinsy. The roproducibility on roepeated tests hos
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woon found to be exesllont ond no appreclable eprror sesems 40
e eousad by elight voriations in the applieation nf the
binder used Lo prevent undue Craying of the eGgen of the
toat oomploc.

The effest of the spesd of the lupsllor has boen
ghown 4o loave noe olfect ethopr then to alfor the time senle
off the pate of loss in welght ol the muterlad. Ingvessing
ppesd by twe Told, from 1500 to J000, redusod the time soole
hy a feotor of shovt %  This can by #imﬂﬁlagaﬂ fpom the factk
shat en the sumbay of pevoluiiong poy loteprvel of time s
ingrosned, the centrifugel Toreo on the fehpie i incrensed
and goncuavently ihe acesmel fored betwesn the Lobrle ond
the Liney, resulding in oweh higher pate of loss dn waight,.

Tha eate of loss in welght was glicrad by o changs
in both the smownt opd the fypoe of veein lindsh yressnt on
ho materind and poosibie ressons Lo this will e dleoussed
undar thoe oppyoprdate sul-seodion.

Bualkdne Sheades

I the Boeking Abrader tests dha matovial ia

genersily used ln the dey etate bul wel flox tosts are
regopmandad in these ases whape dyy 0t oyolon ope
engossive (37a). The wvesulits of the prosend study with vet
and dpy flex tents do not suppord sueh gu alternative as the

‘ € p-109, 1\8) ‘
rabings by the dwo toods ore $iidorent; possibly dus o the



151

Aigforence in weter lubibition valuse, Therefore, all fegls
involving Plgure of Herit results were coprried out on dpy
aompleg,

The roprofdueibility of B, ¥F.%, ronulis wan found to
he generslly poor, probably duc te the fact that & vewy sunlil
ares of the Labric is abraded, The Boll Penetvation test,
whove a 4 inoh reciprocating motion of the bell is iavolved,
gove o veariation in resuld of 3%@%; Flat Abragion, whereo the
sbrading sves 18 & sq. ineh. , gave o verisidon of *8{s; and
in Flox Abresion, where the bending action ogours over an
grore of 1 inch hy & ineh, gave variation of Y4,

The investlgzation into the effset of noymmni precsure
betweny the Labric and the sbradent showed the Lebrios o he
rankad in the ssme order, snd a lingsr relasionablin betweon
the wraspure and the log of oyeles was ghtsined, The shifs
feom the lLinsaridy wander low pressurs has been atiributed o
mashing vibrations rosulting in redacsd arsn of contaot.

Thio inveatigation was helpful in the eslection of
the sooropeiate prossures $o give nonely the pame corvocted
ralues for ball, flat and flox tests, thue aveliding toad hHiog.

The woluve of Plgurs of Herit was sltered by a change
in the amount of resin finish, ivrespootive of the dype of
Tindoh present on the materisl snd possidle reasons Loy thie

will bho dicounsed In the subseguent subw-saction.
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ihe ranking by t$hoe two teators, Hobth wsed o apsess
gonr propeviies, has booan eontredietory as shows by the
Tollowing table where the sawmples have boon aspranged in

inoreasing ovder of sbrasion resigtanca,

fonalarotor teat T 82 1 6 kB 3 8B 5 B
Be ¥y Ta ot 2% i & .‘5 :5 & &3 % 53

{irigume of Herit)

Al though thaye ia aspparant gontradiction in ranhing
the sampled, & linear coprelation fopr & speoific roasin finish
hao besn shown, Plgwre Wb,

The reoasons why there is ne genepal corpelation
betwean the two wear tesaters Lfor the renin tresied samplos moy
ba two Lold, (A} Giirfersnt forms of surasion with a
pradominancs of a partiowiar typs of weapr, &, g frictional
wanr, oubting or plueking, and (b) differesnce in the megnitude
of straina involved, possibly linked with the Glflfepant cad
points of the test and eome guidsncs mey ba Lound fpen
covrrelontions with different mecheniceal properiics of Tibwe,
yarn end fobyile.

Ho oonelusive onawer regerding the conteibutlon Lpom
eutting op piucking of fibres covid be given at this etage of
tho atudy unlass the microscopdgel investigontions af the dobrie

aftor various testa i eriticalliy made whioch would throw Lighsd
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on the type of Iragtura, longitudinel op tranaverse, and the
smownt of euntting anpd plucking of the Libros.

Fpom tho knowledgs of the sdievaond reporis on ophicsel
fnvootigatione reported in Chaptor ly, it mey he sald that iT
the suriage of the abradent ia anell snd sharp, Like the one
waed in Agcelerolor whare tho abradant lo » very fiae
enrborvndun oleth, the Tibres ere more susceptible o tho
agtion of culting ond this ia suppasted 1o be associatod with
tho dovolopment ol complex stroas patisens loeading 1o
tonsioning, bending or slippage, whereas the incrsase in ihe
noyual fores betussn the abradant 8ad the fabrle would oause
greator plucking of {the {lbre an larger aveas of tyvue contaod
hetwoon the 4wd bodiss would ocecury however, the ranking of
roesults of both Abrasion tente has & net altored wnder range
gf prossures investipgated.

A msjox form of sbrasion iz the contribution of
frietional weer and two forms of thia have heen sugpostad,

An adhesive form of frictional wear, whore molecular wealds
betwesn the fabrie and the abradsnt apre esheared by the
rolative notion produging weany particies, bas been ragarﬁaﬂ
in BP0 tosts (370); whevesas an abrasive form of frietional
wany e whero satusl penetration of the supiovee of the nmatewinl
by the abyadent end ploughing out of the sbhraded svbhstanes Dy

porativo motion, is mope predominsnit with the dccelevrgtor.
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Ropently Yeiner aad Pops (571) ?@ﬁavﬁ&é TIarl on
goprolation of difforent abhragiosn tostorn {ﬁ,ﬁ%ﬁ% wuh ned
Aopclarotor) uvsing fibron of 4ifleront generld gpoupi,
variouvs bioads and difforent fabric oonsitruction, ond
montloned that a corrclation coefficient of 0.9 (pood) wos
obtained botwean abrasion testers which had the ssne modoe of
friotiongl werr, elthwr adhesive or shrasive, and o
gorpclation coefileient of leas than 0.4 {poor) batwoon
sbrasion tosders which had differsnt modes of frictlonnl vsow,
Theder mathometical Tormuli were computed from the pesulic of
weay ond no eonslderation was given 4o sny othoy propevrty
whioh might indivence 8LY&$ioN.

Consldering the magnitude of stvaing involved and
tho diffevent end pointo of the test, the and poiand in the
Be Folls dumt 38 the gomplote braakdomn eor disintegration of
tho yarn as comperad with dhe vats of removal of fibrous
matoried from the Tabrie in case of Accoeleroiopr. Weiney and
Pops (370} showsd & good corveloiion betwesen the B, ¥, % ond
tho 840ll tester (322) ond betwesn Tawer (22) ond Sand
tester (28] but pouy correletion between the two sots of
maehines and ativibuited this to the form of {rictionsl wesy,
the fYorper set having o predominent adhoesive form of

friotional wear and the iattey huving & prodominanit avpacive
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Popm, ond complaesoly ignored the faat that the foruse sed
has o broshing polint o the eand point, vheraas the lotter is
Judpged by vieuel fogpection alfter o fized sunbayr of provolutions.
Howover, from p atudy of sctun) wesy trials on
Cevries (370), 1t wes suggcated that the sbwesive form of
Yrlotioned wosr goncrally sppears to prodominate in the
soyvicenbil ity tosting of oowbad, uwsilisy ond work elothing,
which gugeosto thaet the fLoeelorotor mny provide agro vosful
infornation than the B.F.We Tt should be remccbsepsd, howover,
that the B, F. Ty wvas designed prineipsliy for the evolustion
gl resin tpoated Visoone royon.
The affeet of mochanioel propoviiss of the yorn on

chraslon roasistance, a3 moasuped veing the twe tﬁﬂ%@rﬂ,ﬁﬁ

disonoped in the nexd sesebion,.

FPhgaloal proporties of fabric snd yorneg ware
reportad in Part 1 of the theels end yarn and fibre peopervtics
in Part 2 wheps for experimentel convonionce messurenenio pers
midde on yarn rather than Sibre, the vasulis of yapn propertlices
being mueh more gonsistant than thosa on single Libroes,
espsoinlly after resin tresiment,

Anong the exfects of trsoating viscose payon yarn with
repin, whe Lfollowing seom (0 be of inporitance with regard o

phrasion properticgl
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(1) A peduotion in yarsn extoneibility, recuvliding
in reduced anevgy For rupture and rveduosd gtiifaose.

{8} An inceromes in tensile elastie TOQOVOTYe

{3} fn ingresss in initisl modvlus and yiedld point
gtress and o reduction in y1iold point sirain.

It 4o intorasting 10 note that yarn oxtonslibility,
and henco onergy for eupturs and etiffneos, is noed polated
$0 tha inlitiasl modulus, yleld sitrscs or yiold stvaln,
whoreas elastic racovery is influenced by both the
wxtonaihility and the initial modvlus,.

Piguves 29, 38 ond L% moke on interesting study,
whore extensibility, initisd wodulue ond elasilce ravovery
aro plottad rappoctively against resln sontont, Diffaront
typas of ragins gave Alfferant mlageafﬁlmmtiﬁ POCOVENY s 00
somparad $o extennibillidy whera & single slopo foy all dypes
of pesing was obtnined. Howaver, the difforence in diffovent
plopes won mueh smaller compared with the differencos obialnagd
in the modulus plot,.

A pomment that yreduosd @xtﬁmaibiliig woen aceompenlod
by ineroaspd alastlico recovery hes beon eited in litoratuvs
(17, 108, 106, 107, 21h), dut ¢ommants wavs vavVOlLy
roatrictod to smouwnts of a apseific pronin.

Gaglinydl and Muesole (107) have shoun thed in rapld

obrasion tests, roduaed Tibre oxtoncibility loads 40 poor
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shpacion penfopmanos, sinply booaven of loeas Tavoursbhla
girens dleteibuilion. In laus papld ohenslon tebis, whors the

magnitude of atvess 1o low, the low fibre axdensibliity is

no longor a najor condyibuting fackor ond ingrcoeecd glaptic
roegvery i prodoninent snd at vory low mapidude of
nirosses the vosin tvanted pomglon, becauss of theiy higher
glostie roeovery, oo aotually botter thon untreniod sonolos.

Tho preosens stmﬁﬁ ahows that apn elnadle yooovery
inoroanon, dbpasion resistonce douronsos, sugpesiing sheid
with elthes BT Y. opr Acecleroitor ony tundency ho dnproved
ebhrosion redigtanes 4w L0 lusreessd elestic yooovory in
overvhelmoed by othey factors and 8 govveladion is nod
Juatifiod oo tho megnitude of streon invelved in perhapn
noh Low enoughe

The gorrclations between yeen nscbanicsl proportios
end avraglion recistancs, usiog U F.T. and dcoslerotor, is
vndqucs  Brtenslon at braesk, energy fopr rupture, and £inal
gtiffacsa give a posliive ocopralation with ﬁ.ﬁu%. WEaL
results whovresns inditlsd modulus and yisld stress give o
posltivo eorpalation with Accsleroior. dAweanging the 4
diffovent types of resin findshes in deeyossing ovder of
extonoibility gives: watwesiod, melapine-formeldehyde,
wpade-Lormeddobyde , othylonsures-Torpeldohyds and

mevhylaladupaa-Lormaldeiyde and that is exaetly the grder
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of rateing with the B.F.T. tester. Arranglog according
to the increasing order of modulus givess untreated,
methyleatedurea-Tormaldehyde, ethylensures-Lornaldehyde,
uwrea-Lornaldehyde and melamine~formaldenyde and that is
the order of rateing with Accelsrotor. In othey words,
melomine~formaldehyde samples wero the beat of the four
typos of resin finishes according to B, F. U, tester aud ithe
warat of the four typss according to Acoelerotor test.

Why is it that the two sbrasive testers have such
a diversive corrulation? It may be suggested that the
Be s Te tester corrvelates with tensile propeviies beyond
the yield region whereas A¢celerotor corrslates wiithin the
yield »opion of the {eneile characteristicn., This may be
the effect of magnitude of stress involved during sbrasion
ar the effeat of the end point of the tesgt. If so, then
thin could supggest that a lower magniilude of atross is
involved during sbrasion wsing Accelercotor and thet this
instrunont should be more remiisitle in assessing agbtual
wonr porformance than B .. %,  On the other hand, the
contribution of shear proparties in Accalerotor sbprasion
might be imporieni, as has besn sugpested (26) when showp
abrasive surfacos are presant, so that sheay and flexural
proporties of the yarn should be measured in fwiure

investigationa. If shear properiies did have a subsiantial



aontribution, thon the Accelerotor rosults might bo
warenliostia, for the inherent Lleoxibility and freodow of
motion of Libras in o structure are such that sirosses
nther than denegile should seldom develop o any

appreeiablo wagnitude (250).
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dhen o sample exbibiting both olestieity and {low
is deformed and then oongdrainad $o pedaln the delopmstlon,
the intornsl 30w which tekes place praduslly rolazen the
stposs o that smeller snd amalley foveen ere poguired Lo
keon the sample dofosmed (7)e  This decny In stress with
time in oalleod strecso-rolamnition ah constant stealn.  In
the axperimontel atudy of time effects on fibres, opeap
tosts are more freouent ihan prelaxation tesdo beceuse it ie
eaoier o malntain constant load snd messure the extension
{ereep) than $0 maintain constont sxfonsion and messwurs tho
load {atresowrelaxation). However, volszation tesis are of
gregtor thecratical importance beeauns the exteranl form of
the soople ressing constsnt throughout the test, snd there i
no sontinuous change in cprosg-taction se in a simplo craep
test (210).

In the weactionerato«~theory of viscowelostic
bohaviour these types of motion were postulated by Usbolahy
and Byeing (337): wotion due to desony of the primary
strugtural elements of Clbre network; motion dus o
reloxation of secondery eross-bonds permitting units of

aetwork streueture to 8lip on the application of atrossg
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oad mosion of the moebile segmonts of the long moleeules or
groups of moleculos. In the oxporimsnisl Goterainsitlon of
strosoerslaxation, the sample is ropldly strotchaed o @
given leasth which 18 then held while the stress deeny with
timo I measupsd, In thio type ol egporinent, relaxulion
dug to mobille segmenis of thoe long molegules or growvpn af
molgoulos hes boon gtated %0 ba ropid and henoe noed
obnarvebley conversoly, motion due o decay of the primery
Birwetupal edoments of he {ibve network weas gtoted 4o be
vary slow (51)¢  %he oboerved airess decsy hos hus boen
ghteibutad o the polaxotion of the secondary noiwork LONIG.
Vorious othoer aupacts rogerding ths delinition,
hintory and discussion of visoowelagtic bohaviour snd BHPoELe
volexasion heve bosn prosentod by Losdermen (177), Aifvey (7),
Mork snd Tobolsky (185), Wakehsm (356) and ﬁgiah@ (hale OF
the worlt reporied on ecellulosie Libres, the Lins) ratrnctive
foras oupported by the fibros has beon studied by Heemune (138)
while {ths mochanical properiies of cotton snd viscase {ibrog
heve been loveetigated by Andeprsen {11) and devedith (200),
ndeprsen (12} also suggestad that the megnitude of the tension
had g diyect infliuvenee on the dopras of orlenteation of waeb
vinoose rayon, bul wouvld not gonerally inoresse the degree of

owiontation of dry ¢ellulonie fibrea, At a high degpoe of



ptratoh the relsxation procsoded mops slovly snd this wes
seovned Yo bo the ragulid ol greater hinding onergy.

Somn workoprs have sepeosted the use ol SEronG
palowadion as o pethod of messurling e secoesibility snd
atrugtursl bohaviour of textile Libreg by studying tha
affeats of verioun yoeasgonts on thae gipoessepalanation
hohaviour of a Libeo, omd netling the divevgenee feom the

aoroal velszation bohaviour. Hirsogesralaistlon behavigur

of wool Iin vaprdious reagents vhioh aldtack eystine and gther

gsalt Linkagesr has boen lueludod in the prosent peview In
ongd powe relevent infopnation sepgarding arons-Linkazes

might be appliestle 0 repin trestod viseobo rayons,

Kots ond Tobeleoky (168) studied the pirosse~pslosation

of wool in water, ond by roplacing waler with sodiuw

bigulpbito, ohowed that the deesy of atross woas due to the

reduction of oveiine linkogos.

Hoonoy, ¢te al.(213) snd Toboleky, ot al.(338)

studicd the slfest of oxypon on adrssg-rolazxation snd oreep

mepoursnents of sollulose, while Hark and Tebolsky (10%)

augpested fthat the knovlodge af she accessibility of

enllulosa to vavious pesgonts could help in detesmining the

poreontops orystalling contons,

162



163

Reoss and Syeing {263) studicd the effoet of aclds,
hapet, cxidising agents ond reducling apents on o 861086
reloxation behaviouwr of haly wnder conutunt elongution 10
determine the amount of mochoniend streength contributed by
yavious bonds, while Kubu (170) studied stropewrelasaliion
bohoviowy of wool, il and nylon in weter snd wool in
Gifferont rofducing ngontig.

A later eivdy on wool by Eubu, et £1.(171) showed
thnt tho respoetive sald solutions of aodivwn chloride,
poteasivea ehlorido, smmonium chloplde, potzssium bromide,
potassivn flusride, poteasalwa lodide, lithium chlorlde,
aodivm sulphate, forric obhloprdde, and mognssivm ohlovlde
nrodunnd varying rates ol relaxation Gohgvigur oF wool in
wator ond that thors was a Ivether veducetion of the order of
SO when the sslt selwtlons were oplscod by 001K hydroehlovie
aeid, indicating that tho sald sonsitive Linkepuvs wore
diotingt Irom acdd sepalitive linkages. They coneluded that
st water sonsiiive linkopes wore hpdeopen bonds and that
agld aonsidive linkagos ware salt Lridoes.

Lmpaicir, of Ele (176} studicd ihe mocheniesl properiies
of eodton flbres valng siresowprelaxatlion in alr, wator, oelda,
omd olkolie and found that the principsl portion of tha free

onorgy of activation pelexation was An the ontropy Leri.
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They suggested that reloexation oecurped through segmental
matlon of the chalns op groups of moleculen rather than
thiouph movenent of a complets chain at one timey the
soid solutiong eausdng an lugdenianeous relaxation whonevep
the neid ﬁ@ﬂ@ﬁmﬁﬁﬁﬁx@n wae above g eritien) minimum.  The
nabupe of the resgonits, and the rapidity of the reaction,
suggested that the bonds that werde atiscked by the aecid were
hydeopon bonds, and thaet the limidting value of fthe fToree
rodustion was # function of the seceopibllity of the Libre
and theprafore the ascesadbility wouvld ehange with temperature,
On the other hond, lLemissks snd dhitweld (178
found no apporent change in the slress-relaxation rats of
vicoosn prayont in water after 2L hours whon water wes roplaced
by hydeogen bond byeskiag resgenis 1ike lithium fiuoride
palt solukiones ‘They coneluded that after 24 hours the
relanation rate was not condrolled by secondary bonds oy
hyderogen bondsy and the increasnd rate of stross-reloxetion
of vigoose rayon in seld golution was due 0 bpeshdovn of
prioary bonds, whieh can be interpreted in toyme of
agoosuibility. Hylon with largsy draw ratioca showped omaelloep
rates of pelaxstion in water, the sbsclote atréss supportod

by the fibye wedng presisr. Hormelly oriented apoeimens of
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verious matarials dneluding wool, 81lk, reyons 2n8 synthetdic
iveon showed a sdnilay strasp-relaxation behaviour in
diotilled watuer ol §ﬁ0ﬁ, and 1% was conecluded that the
géropu-polaxation In woler was feused by geission of tho
wonkor Doemndary linkeges poeculiar and somoon 4o ol the
materisls investlgatod,

Subseouenily, Velsntine (352) questioned the stpouse
relaxation method of deterndning seceseibility of Libres to
hydreehlorie aecld bBocanse the Influenge of the proliminepy
cxbongion and relaxation on the aceeasibility wan unkiowite
It wes supgested that theyre vwres al luagt threve Lactora
dovelvads the degrea mnd wese of ponstitation of fibres by
asdd; the degree of bhydrolysis of thé polymer; and the
dogroe of relaxation and redistribution of sirain depending
an the nwhor of bonds bearing the stresg,. 4ny one of {hoce
might affoet the rata of relaxation and the Judgoment of
aoeeanibility.

Vary Littlo work on stress-rolaxation of rasin
Trantad viogeoue payon has baen roporded, The only paper
that sould b tresod was by Stoele nnd Glddings (31h) who
papoprted work on the stresserelaxation belisviour of cotton
and yeyon Cibres troated with oono-nethiylolures pnd dinmethylol-
urgase  Sbrassersloeation wes carricd oudt on Cabric st 65% yehe
and 7% C.  The rosults correlated with the molecular strueture

of the pavrticulsy fibre.
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Finnlly. on investigation of the sfvoas-poelaxation
6f savoral common plesties was mode bE Waloon, 0t ale{26h)
e this rﬁﬁﬁﬁﬁﬂﬂﬂ hos hoen included becavse they Lound
thol an inerepse in the content of the plesticiser punerally
Incronsad the pate of relaxation.

The prosent work was undertshen {0 investipatie the
pivens-esloration behaviour of presin treoted vigeoss royan
fibwes in water and in scld solution. The lotier should
hydeolyss the resin polymer in the flbre and bresk the
crosasiinkages and %lkaw interpretation of the resin-libre
Interagtion, Consideration has boen given to the hypothesis
that the relstive socessibility of visgoso rayon qould e
messurad from the venetion rete of wedd hydrolysic o8
indicated by Logatar, ot al,{(178) and Lemiseka ond waltwell

(178)s
The work is 1linked with that of Tert 1 ond Fort 2

in the noeed for knowledpe of the stress-sirsine-itimne
relationships of o matevial and the seperation of physiesnd
wmd ehomlenl aficete,

A siudy of the sitresse-rolaxatlion in water, of visoose
rayony oupramnonium rayon, cellulose svetate, silk, nylong
poalypropylens and polyvinyl aleahol Libros hag beon nmade, and
finally similar work hes »led hoen ¢arried out on diffevent
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visoose rayon £ibras, bidght Fibro, streong flbro L, Vinocol
gl Bagadll, |

Sineo the presont work wan covried out on single
Tibreg and loads of the order of 1 graome were enviseped,

voniotonee wire steadn gouges were conatorveted,
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The anveenpary regulponments of an apperatus Jop
stresoerolaration expapiments aro: a dovico which will allow
agourato m@a&uyﬁmaa%mzflﬁmalz Lopeos involved, and means
whoreby an asocurats gatennion {atralin) may be produced and
medntaingd on the sample ﬁhﬁﬁagh@uﬁ tha 8tresag~relexation
invaestigationg.

Poros con bo messursd in veciovs weys (52, 1hl, 203,
B0, 3%%) but resictence wire sitrain gauges have been

employad frequently beesuse of their acouraey in measursoesnt

168

agorbined with simplicity in conetrugtion, while the fibre may

be atretehed by the dropplng of a dend welght, hand pulling,
wse of 8 sorow ascombly, o by syring expesnsion methods,

In the present investigetions four resistenco wire
otralin gougse weye used, snd the Tibres were sitreiched by
maang ¢f o serew type eesonbly Fitted with 8 hend deivon
mechanisome 4 gauge consisted of Lfowr unbonded elements of
(0. 001 ine )} 8., U Ho. 50 KAREA vogistanes wive, Kavia (i)
lo ospenbially an 80/20 nickelechponmiwn glloy with sddltions
off sluminius end iven. I% has besn designed to give high
apoeific veslistancs ooubined with a very low temperature
goaliiciont, low thovmal s.mefs sgninst copper and ataﬁl@\

ovey Long pevioeds of time undep high strosses and aversags



169

gouge density. The wires were mounted on a Tufnol hase as
ghown in Figure e and connectsd into a U0 dheatsione bridge
eiveuit o shown in Figure L7h, where U is the strain
songitive olement. The foree 4o be nmesgured was applied at
the midepoint, #, Sthrough o thin gless rod, I, the wiroes
Bodng approximately 10 om. long. One element, b, wes
mounted with a 2b° gng gliving o mochanicsl advantage of
more than 2. Yhen a foree is applied to the glass rod, D
elongates slightly thus incorsasing ite resistence snd o small
voliope output is produced. %The four eloments of the pauge
fy By Gp and T wera silvar soldered to brpas tebe, made from
" lengths of 1/16" diemeter brass tubing, following a
gpoeial technique, Since it was diffiaul% 10 solder the
alemsnts to eqguel lengiha, a short length of HoddS (B, & 8. )
BEerma prosistance wire wap added to the appropriste arm to
briog the bridge to near balanecs, dingle pole resistowp
galtchen B and N wore used for coerse amnd fins balance
racpectively, resistors O and P were for emact zore voliago
outpul adjustoent and 1 was a 0«50 ohm. rheostet used to
vapry the gauvge sensitivity, Figupre bL7a.

pature Sontrol

Although the temperature ¢goeiffleiont of rosistancs

‘-.E’ar o

of thoe RAREA wive used was relativaely low, Gooffielent of
T

Flootvioel Hosistivity ﬂ.@ﬂ@&ﬁ?(%&»ﬁ@@°@) and GCovfticiont of
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Figure 47 (a) (b) (e¢) Wire and Circuit Diagram of
the Resistance Wire Strain Gauge.
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Linoer Hxpanslon ﬂ.ﬁﬁ@ﬁ?ﬁﬁ{(ﬁﬂmiﬂﬁ°ﬂ), it won found to bo
neeensary Yo thormontat the goupss in order to obitain
shability over a long perlod of filws. Thin ves asseomellshed
by meunting the gauvges within o thoemootationlly controllied
ehnmbop {:m.&”Q}, tho tonporature being controlled Ly o
mapeury-toluane rogulator snd 8 vélva ralay unit connoetod
to 0 hot Hulb hooting wlt,  An oloctrie fon waos Qaed o
givgulata tho aly to give sn avan dintribuilon of tommoraiure.
Anput Valtase Rosulation

A FANNELL stabilised power uwnilt Model HEU 1241 whdoh

pave o constant RG voltage ontput wes wsed in proference 4o
dey call battorles ag no aliapation or roplseonant wab
nooded providad thaet spoelsl repgulaled rectifiors wore also
unod,. Un eonneadling the stabilisod pover unlt So the gouge
giveuit, o considereble timo lag in yvooording wes notod,
This difviculty was overeome by hy-pousing one ef the fixed
rotlstor linhe of (he strain gaugs beridge by o lavee
elactrolytic capaodtor (H0004F) thorehy elffcetively coupling
Wopsthor the low pobtontisl oide of the input of the rocorder
and the poslitive oidae of the output from the stabiliced
powoyr wnit op sghown in Fipure LE,

Twp voepr@ing unite were woed in theses fnvestigotions

to gover 9 log (time) ayolos.
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Figure 48 lModified Circuit Diagram of the Resistance
Wire Strain Gauge.
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A single point Dedotol Dynemaster Potontiomodor,
BT soelen wos used fo yocoprd tha indtial or omedy part of
ahratperalazabion, the wid boeing run et hipn gpsod
(06 8% /min) for the fivot twonty wminutes of the exporimans
%0 gbioin 8 mosnidied rocord ol the deeny of eiress within
this poriods Fupther recording was earpiod outd on a
mulbipoint Canbridgs vocopdar which ran at low sposd
(0. 8"/ np) for the phriod of obaspvablon vhieh was usully
twantyfowy houes. The cwiten connoation botween tho two
rogordons snd the four pesisdancs widg atrain gouges
gonalatod of Louvr dwo polo fwoe way 2 and switehas ond o

bwo pokes Sive woy bresk bafore meke 2 anp dSwiteh, Fipues LS,

Gougs sonoltivity bhas Been delined sg the voliage
putput { A %) par vold daput (B) por grom of foreo (V).
Huporimeontally, with a foree of one gramme on the pgruge,
AR w Q0045 vollt, ot ¥ & 75 wolln, giving a gsugs

sennliivity of 0,60 millivolds pey geom load por vold input.

it hop been repordad {335) that o 20g losd on the
gongo produged a sireon in the wire of 69000 p.s.i. while the
#icld stress Lop RS wire was stated to be approxinoetely

DE000 DeFede A 20g lowd was thovelors token oo tha limidting

173
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laoad that could be appliod o a U.001 inch diasmctor ot
@l ° S 8L
Lmandiy

It ia obwiownly desirablo that the pauge volioge
outpud he o linger funetion of the load npplied on $he
anvgs ond 1t wae found thet compiete Linoapliy wee ghoepvoad
up e the limiting Joad of 20g.
Ganee Galibestion

Baoh gouge woag calibrsied by placing a sopicsa of
known woelghts on the ioading swvin of the gauvge and rocording
the corresponding reading of the wvoldagy outzud in willivolis.
The senaitivity of the gauvgos could Hu changed by ohanping
thie voltepe input. Sach gauvge was ealibrated ond
standardised to give .9 mililvolt output corresponding to a
tonsion of 2g for en input voltags of V.5 volta,
Stroin. Jonlying Nevige

The genoeral arpangoment of the apperatus hag bHoon
sliovn in Pigure 50e,b. 4 9in, long end Yine dlemoter glass
roi (A} was vent nonr one end to o U ghape, the ewmsllor apm
of whiceh was narrowsd down o form a hook 49 enpage the loweyr
ond of the specimen (1) snd formed a m@#ablﬁ srm 0f the
Btraining system. The fixed srm (C) was attached to the

loading wire {D) of the gouge. The styeln wes eppliled o
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tho opoeimoen by the werticnl movement of the movablo orpim (4)
sy coupling 14 to n threaded rod (RB) which could be raiered
e Lowered hy bhevel mesvs (0).  The displocement of tho
movable nrm wes nessored by the disl pouge (H) o on
aacuraoy of G001 em.
Batasials

{n) Fbreo uned for the atudy of sitrese~relgsation
In water and in hydrochlorile acid wore daken Leom fabrie
¥1009, {(Lfopr felric details refer Teble 10} s steple viscoso
royon fobric, lengthe of ohiieh had beon tecotod with
Gdfferont vesinsg to onsble compaprison $0 e made betwoon
vasin fraated sad untrestod asmples and also botween dhe
vorious rosin tyected oaunples themselvos, Rteils of the
various conconteadiions of yosing in the podding both, tho
omount d type of ontolyst weod, and the peveantoge of
voain content have boan ahown in Teble 14, while the o
tensilo propertlos have been shown in Pable 149, The
sirona-atooin oupves of tho resin trooted viscose nayon
senplos (£ibres) et 656 R, ond 20 *1°C end in wetor nb
20°C hove beon piven in ¥igurs 91 end 52 vespsotively.

{h) Pivros used to atudy the ralotive rotes of
voloration of different moterinls in veter wors obhtalned

from he following FarNSie
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1o visgose yeyon filsusnt yoren

2o Guprasmmonivs reyon filament yoen

S sellulose aogtate Pilanent yorh

e 5ilk {(depuwaned) yorn

Be  Byion 66 Tilapent yarn

fie  polypropylons filemend yam

Te  polyvinyl alephol filament yarn

Theso yarng wore ordinaey norasl deayn yarns, details
of whieh have boon ropovited in Teble 16, Thelr sivess-girain
guvves in weter nt 20°C ave given in Pigure 53

Piores woed %0 otudy the relative rates of relazatlon
of difforont viscose yrayons in water were obuained Lrom ihe

following yorngte

1. bright Fibvo 3,  Vinoed 1
2, steong Flove 48 e Durafil @

e Vineel polynosic fibvre belongs Lo the r@g&&@&%&&%
celivloos growp of fibvres derdwved from o medified manufecturing
procotn, Fibro strueture in ebiofly choracterised by high
grvatallinity wnd nigh ovientation.

2o Tarafil 1o s tough high tennelsy viscooe Libre
produaad by a process having neny festuros in common with that
hy whieh the highest strongth eontinuous Lilcment type yerms
ave made. The Libwre has high Gy and wet tonoile atrengih,

nlegh work of rpupivee, and good sbrasion fesisitsnce prapertlosg.
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Figure 53 Load Extension Curves in Water of Filaments

in Set L Experiments
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Boteils of those fibyres heve baen reported in Teble 17
and thair sirvesee-styrnin curves in woter at 20°C ava piven
in Fipuare 5h,
ALL the atrosp-stirein oupves vere measuped using
o Inatron tester, and they ave means ol thraes detoruinationg.
The eross hosd speed and tha chard apesed were selocttd an
1o 2%/min and 1B%/min respectively, to obtain satisfactovy
oueven At aboul ons per cent per sacond conatant rate of

axtonalon, the speeimen longth belng 2 iInches.
Detatls of Libran

xﬁ 2l casen tha tox of the Libves wad cheexad ualng
o dpiviey Usntilever miocrobolonce, ne descoribed by Lord (181).
&pout 20 test roadings were taken ond e the mean velugs wore
not found to be diffevont From the reputed tex {(within )

the latter walues have bosn aogoplad.

dined the axperiments wore corvied out on single
fivran, wont of then of Line denlor ond postricted longib,
spaeiol arvengoments to grip the Cibres were nocosssyyy i3
wao doodrable 4o alondopdiss the procadure ondg the Followving
toohndong woo uaed:

#inglo Tibpes wore aktaohad to the ptasl nsedla

hagho Dy loy temperaturs cuvring Araldite. Hooks wore made
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fron comnereinl pewedles by outiing jsiwm to 1.5 om longthse,
roboining the eyvivt, end bending the out end to form hooks
of aboud 1 an longth.

A winglo fibee was fhroaded {throvph thaAaye of tha
hook snd fixed temporarily on the stem of the hook by
Burofiz,. Whe other end of tha specimen was then thrsaded on
tho second hook, the fivat hook b@inﬁ allowsd to hang at &
presot distancs to give about the reguired specimen 1angﬁh(w)
and the speoimen wos then atiached to the second hook by
Jurofix. The hooks were clamped Iin & omall serew clamp in
fine upright position and the [ibree gedled in the eyea of
the hooks with Avreldite. The unit woe then sured at 80°C
for 12 hours and the specimen oconditionsd at 650 vehe and
20°0 fop 4h hours bafors teat,

Jegy gonditlons

Mthough in he present lovestigation expoeriments
worn obreled out in wator adb one dempuoraturs only (25°C),
the oppaeatun was designed a0 that work could bo govrisd
out ot diffsrent hunmidities ond temperatupen. To allow
coatrol due o sablent jomporatures 1t wag fold neecsanry
o partition tho condition chanber iate an uppey (ar gauge)
ehaniber and & lower (or specimen) ochamber. 'The wire body

of the otrain gaugs would thoen be in the uppoy chapber and
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the spocimen bolder of the gaupe wnit in the lower obanber.
The chapbors wore well iunsulated from cach othoer so thak
grpoeinents at different towperatures gould be poerformed by
muvely ehonging the tompeeatupe ol the loyor chanber,
mpintaining the upper ohemnber at 25°0 throughout the dourse
of the investigotion.

For work in the dry state andfor et dirferent
hupidity the apeocimen holder of each govge woe ﬁﬂﬂl@ﬂﬁﬁ in an
air-tipht metnllic rootangular cobdned (4" % 4" 2 12%) with
pepraspen wvisdows, Hunidity enuld be ¢ontrolled by blowing
ady over tho approprisnts aalt solution into the alr-iipht
ahanibers through 8 dloged elrduit. The hwnidity 1n the
chambor was measurad by & theriopeouple hygrometer. .

fop wot condition tesiting, one-litpe FYREX gless
boakera, tall form, were used ss repgent vossels in which
proconditioned diatilled water or proconditioned standard
acid oolutions were placed. Sho vosssls wore lnserted in
the cabinet, ralsed and supporded, oo that the teat zamplos
wers lmrarsed in the liguid compleiely, Tor thy girodte
roloaxntion abtudy in acld solutions, the spocimon wae
gonditioned for 24 hows in distilled water, the rengend
vespel containing distiiled watéy ronoved ond veplaced by

gno eondtolning preconditioned aecld colution and the speolmen



gtretohed immedietaly to obisin the yeguired tonsion sod
the change in tension rvocurded for 24 hours.

The aeld woed in the present lnvestigation was
chemiaelly pure hydrochloric aeid snd the siresos-relexation
study wad eorried oul at slx differsnt concenirations
panging fvom 10 O 4o 1@”ﬁﬁ by ateps of ﬂg”*m.

The verlove sote of experimonts carried out durdng
the prosont investlgetions have been sunmmaprised in Table 18,
For the effective comparison ol various mateprisls in any
gneo wat of the experinents, ildentleal conditiona weras

sndntained theoughout the set.

ath, Tonsion and i

A apeeimen pountad and conditioned as described
above was brought to exparimenisl sondition in a froely
pung state in distilled water for an appropriaste langth
of time, osre heing tsken to avold sirain in handling of
the apacimen., The movabie apm of the geuge was lowered by
hand turning of tha knab attached o bevel gears until the
gpeoinen was Just Gaut, ony tonsion appllied being masily
obgesrved on the recorder. The exant initiml length of the
apecinen was messured by a cathstomeder o an accuragy of
0, U1 rm while the reading on the dial gauvge was taken as tho
inltinl reasding for caleulating axtension.
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The apacimon was then gulckly stepsiched untdl the
tonsion observed on the recerder resched the prodstermined
velue {(Tebie 168). The reason for x partieuiar choles of
tonaion hae been reporiud in the rosulis of set 1 experimenis.

The reading on the disl gaupe was taken and extension
paloulsted by subtracting the initiel rending (if any s .

Continuous roadings were made durlng the exporiment
using the {wo recorders so that knowing the chart calibration
the teneion on the semple at any time could be obtainad.

Yero time for measuring relaxetion was tuken as the time
whon maxdmum tonsion had been veached (76).

The temporoturs of the govgs chamber was neintained

b 25 X, 2°C and there wos ne variation in the recding op
voltsns output due to tempsrature verietion of the gauge

Ghimrh o,

The temperniure of the gpeacimen chembey wan

modntadned at 25 %6 0 and 1t wes considered that any error
in tho exporinentel roesults dwe to temperature varistion

oould bo naeglocteds
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Bines tho gspeciman wand strodched by a hand wechsnlam,
$he tdine tolen to resch a predetermined tension coulid vany
alightly Trom experiment to experiment which cowld lead o
a significant error betwysen testd raﬁuitﬁ in the very aarly
stopes (up to 10 seo. ) of stress-relaxation. Tho syror
was nogloctad because the tension was normalised after
voloxation for 1 minuio and measurenents were caprried out
over & larges periad of time - 20 hes,
he fonsitivity

A8 the voltope input was naintained a% 7.5 voltis,

whieh ngﬁ‘a pen delleotion of 9 ine for a 22 losd, the
deflsotion 2ould be neasured acourately up %0 0.05 in,
aad loads up to D.ONg, 8o thet the gecuraney of mepsuring
toneion was of the order of 1% per gram load,

%&ﬂﬂ 4 was eongidered that the ovaraell opoouracy
gf tha appervatug was satisfactory for tho purposes of the
prasont experivents and thal reasgsenohle aogsuracy of
regults woas obtained by taking an sverane of at leasnt two

indepondond axporimsnti.



CHAPTER 9

REGULES AND DISCUSSION

<]

Tesul ta 198
Reprasentiation of resultis 196

et 1t Sdress-relaxation ol untrented visooss

payon Libros 190
Sek 21 Strosswrelovation of resin troated

visgosy vayon fibras n water 205
oy 55 Sirvessepralexation ol unibreated and

renin treaited viscose reyon Libres in

acid solutlons 206
S0t 4 Stvesserelsxation of viscose rayon,

cuprammonium rayon, ¢ellulose acetala,

831k, aylon, polypropylens and polyvinyl

aleohol in waler 248
Bat 93 Shross~pelaxation of bripght Fibra, strong

Filorpe 48, Vinecel and Durafil in water ot
Bisguanion

gtresa-relaxation of different fibres 291

Stresa-pelaxation of viscoas rayon trested with
difforent rening | 287

Hoasueenent of accegsibility 254



194

Various physicad propertles of fibres haove bean
veportod in %ablo 15, 16, 17. Tsble 15 gives some physical
properties of wviscose reyon Flbres trocted with different
rosing uged in set b, 2, 3 expesrimentis. Yeobleo 16 pives
physical properidies of £ibres in sect b exporimontoy vheress
physienl proporiies of fibres in 804 5 @iﬁaﬁimﬁntﬁ have hoen
roporied in Teble 17.

ihe lond axtension gurves oy all Libvres have booen
shown in Flgures 51, 52, 53, 54, The curves (with one
sxecption Fipuve 5l) heve boen ploitted as losd in granmmes
sgainstd porcentage oxtension, in prelersnce 4o the
prosentation of sirees oy spwelllco stress agalinst atrain,
ta endble diredt comperison of the tenslle bhehaviour 6 bhe
made whon the effoet of oxtension on the wote of atress dogoy
i conaldoered. Figurs 51 shows the iload extension curves of
viseoso royon Libros at 65% r.be and 20°C of untreated ond
regin treated saemples. It will e seen that the poneral
offuct of the resin treatment is to incrense ithe initisl
modulus, strength and stifiness and {o reduce hoe
axtenslbllity aad that the ghayp yield point 9o chorncteristio
of normal viscoae rayon toends to dissppesay with vosin
troatment. Figure 52 shows the load extenscion ouwwven of

these fibres i water at 20°C, afser conditioning in watep



for 1 bhoure It will Lo secen that the goneral affect of

the rosin trestment on viscose Libres in wot state is
gimilar 4o that in the conditioned sitate. The load
prtonsion behaviouwr of these Tibreo in the wet state, but
af tor conditdoning in weter fox 2h hours, hae 1ot been shown
G B QUPRVe 08 ne approeiable change in the curve charactoye
igtiea was cbaarved fyom thei in tho wot aitate alter
gonditioning for 1 hour but sone velues have been rveportoed
in Pable 14. The typical load extension owrves of fibres
in set b experimenis, namely, viaposd peyon, cuprammonium
royon, gelilolose sceiate, sllk, nylon, solypropylens snd
poiyvinyl elceohel in wet siate al'tey conditiouning in water
for 14 how, have boeen ghown in Figure §3% and the resuits
agren favoursbly with thoso published by Feryow (41). 4
plot oF spegific stress apgainst pereenismge extension of
diffevent viacose rayons, brigcht Fivre, strong Pibro,
Vincel, snd Dupafil bhave been reported in Figure 54, tosis
agadn beldng made on the Libre in the wet state after
eonditioning for 1 hour, ‘The resulis of tonacity,
gxtonsibility, and nodulus agree favoursbly with those

vaported in trede publications of Courtsulds Liid.
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The otreas-relazation curves plotied as nowvmslisaed

foweo agoinst logarithm of time in seconds were oblained

from the rondings teken from the recorders and have Leon

shown in Plgures 8 %o 69, Thone experimenis baing carriod

out to gover $ deoades on log time seals ond it will be noted

that the genersl shepe of the curvos is nearly linsor,
Hopmalised force £4/f, at any time '4' is the

teneion ot time 't divided by the tension at eny srvliparily

ehonon ime "$p'e Tho start or the zero time of reloxation

16 teken at tho point of maximum tension (76). In the prosent

azxporimonts tension at 1 minute hes been chogen Loxr normwmlised

foreo poloulation,. When guch o foree is plotted sgainst log

time , the suwve gives he relative rate of relaxation, which

ig of ssojfotanes in compardng different fivres at given sei

o sonditloni.

The resulte of the stresas-polaxation exporimenta
would bo completaly veprosaented Lrom the pslsative rete plot,
17 the tounsion at the time of nopmelising (whieh was 1 minuie),
denler op tax of the fibre, density, and pereentagse cxtension

VOPe BROwie



{(3) ot of toncion in prammess ageinst log time

Tonsion in grammes at any time '1' would be
normniised force at time 't' multiplicd by tension at the
time of normalising

1 & L4/ 2 8

(1i) ¥Plot of spocific stvese ogsinst log time

fpecifie eiress in g/denier or g/tex at any timo *¢'
would be tension in grammen st time 't' divided by denier

ap tOeX,
(1314) ®lot of strese in dynes/eg.om againet log time

Gtreun in dynoa/eg.om at sny time *tf would ba

w £z 9 x 981 x 109 x density
deniex
(iv) ®lot of modulus, ¥, agatnet log time
Modulus in dynesfog. om at eny time '¢Y would be

e P29 x 981 x 107 x density
denior x popesntags axtonsion
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Thin woes o preliminapry iuvestlgation and Tovmed the
basisn for svbseguent work in the prgasent study. 08 the
possible varisbles {n the ptudy of stresu-relaxation -
tomperature, huwddity, teansion or extension ad time - anly
the Loter Ywo necded inveantipetion ae the work wae carried
out in water ad 25°C.  Ep ordew to determins the amount of
tongion o be applied (o the Tibre end the murber of decndes
of tdme over which gbeservations be nude, & study was osrriad
out on ths unlreated viscons payon £ibres ot Lfour differcent
axtonsiong and ovor wix decades of time (150 hra) and resulis
have boeen ghown in Pigures §5, 56 and 47,

Figure 9% ashows the relative raitce ol relaxation,
she foree being normalised alder 1 minute, It was found that
the velntive vale of relsxation at 55 extension was higher
than that at 87 whick in tuon wag higher than thet at 105
sntonsion and 1274 extension had the lowess reletive rale.

The plot of stross againat log time has been shown in

Figure 48, It wao noted that wvery littie chenge in tension
ogeurred after 20 hours of relaxation (8% 5% sxtension from
20 hes to 150 hro tension dedsy wus 0.005g, ad 8% extonslion

tension decay wae 0.015g), Thus 1% would appesr that the
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pelaxation #aﬁ noarly compleote after 20 hpg and that the
foreo afiey 20 s could Bo taken s the Linel reiractive
Poreo. Nodulus ploited againnt log time hes been shown in
Pipgupa 57, %ﬁﬁ Lor reoasons alroady mentioned no aitenpt could
bo nade to eompuls o composite curve by shifting the madulus
phat along log tlie axia,

Fuethor detalls reparding tonsion affor 1 ninute
roisxation and average percentage changes in tonslon pes
dgcads of time bave boen reported in Table 19.

c I the pubsegquent work the siudy of stie0ge
relaxation was esrried out over 5 decades of {dime ond the
ganplog were extonded o rocord the inditlal tension in the
penges of 0.7 » 1e8ge A tonsion of hg hed boen veporiod in
previous work (178) but in prosont work this wowld approagh
op ex¢osd the breaking atrangth of the fibres. A pange of
De T = 1o 28 wos sugsested for the precont invostigation, the
highap valus of 41.2g wan takon Lopr Lilonents in sci &
srperimonte, whord filamenis had denior wvaluss botyeen I snd
G, and lower valus of O.7p for fibrss in set . 2 . whore
Fivres were 1.9 denier, tHowever, for stress~-relaxation in
aodd selutions, set 5 experiments, & sllghtly higher volue

giwlg wan teken,
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Regults of the subsoguant sols of exporimenis hevn
boen reported in the form of rate plots supplemented by
othey velovant informetion in tables, thue eliminsting tho

magoenlity of a large number of fipures,

ated snd reuain iy

The relative retes of stresosrelexation of those
Filbresn have haen ahowyn in Flgure 50 and Toble 20, It will
he acsn that the roato plots wera naserly Linoar for 01
smaples sxeept sanples 3 and 4 which showed a conaiderable
divargonce feon lincaidity, the rate of tonsion dsony boing
a mexdmin between 103 and 104 seconds. Also the relative
rates of rasin #ﬁmatﬁﬁ pomples wore higher than the wnirooted
vigoose raven aomple, with the oxcaptlon of gsemple % whigh
showed & lower relative rate in the esrly stoges of the
oxperiment (1-10 minle I% could be said therefore, thet the
goneral tendency of resin trestment hes bteen 40 incrsnss the
rote of relaxation and the Linel retraetive forge sfter
20 hours wap bigh in case of wtresated semple follownd by
gemple B, Y, 65 1, 7o 8, 3 and 4 4n thet order,

One reason £or the anomglous bahaviour of semples
% and b (both ethylonourea-formsldebyde tveated visoome)
eould be that the time of conditioning in water (1 houpr)



viscose rayon fibres treated with
different resins
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wight not be sufficiont 40 wet these samples eompluisly
snd/or that the distilled water might be acidic enough
({pH 5) to cavse hydrolysis of othylenewsawformaldehyde

poging in tho sample. These points led to the folloving

sot of oxperiments beling cavrled out.

The gtwdy in this set differed from the proccoding
gsets as Tar as the tlme of eonditioning in water wag
congernud, it belng considered nenessary o investipateo the
haehaviour sfter a prolonged time of wetting. A siresg-
palaxation atudy was therefore csrried sut for sll ssnples
after 2h hours ¢onditioning in water.

The relstive retes of strespeprelexntion of thess
fibres have boon shown in Figures 59 to &Y end Yeble 21.
it wop observed that Loy experimentis in water the ruate plots
ﬁmr@ noaely lincar for all sanples, the least rolative rale
af decsy boing observed in the esse of sample B (untreated)
follownd by 3, by 8, % 6, 7, 1 80d 2 in increasing ordev,
The Linel retrnctive Lorce after 20 houwers was Alghest in the
coie of oemple ¥ and lowst Loy sumple 2, wiith the othar

gamples lring in the seye order reported sbove which is very
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neaely the seme ag that in set 2 experimente, oxcvept that the
relative retes of relegetion of samples 3 and L wero now
asorly the seme ag that of the untroesied somplo P

Furthar isats were gavried oul by repiscing vuantey
aitar 2 howrs conditioning with aold selutions, snd the
alatlive rates of relazstion of wirosnted viscose rayon
aampla B An 4ifforent concentrations of hydroohloric acid
havd Boen chown in figure 59, It will e seen that the
rodative rates of polozation weye groatsr the highsy the
goncontretion of the acid solution, and that the vate plols
woaye linesy st all econcantrations,

when similar (aeid) lsvestigations were copried out
on somple 1, At wes obsurvaed that the curves in 13 sag 1o~y
bydrachloric weid solution were not lineay, Figure G0, They
showed proapid roletive rates up to simost 108 poconds ond
theroalier the rate swildonly dropped, wherans in weoker agid
colutions, and in water, the euwwves showed lineasr relstive
patos ond the rete decreassd with lower concentrations of
anid.  Jn 1l cases the relative pates ware highor then those
of the untrenled sanple b,

Bindlor offects vwere obsorved On sanples 2, By G 7
snd 8, Sample ¥, Fipuve 51, gave repid linesy plot up teo
104 aenonds and thersafter the pete dropped in 1,08 and 10-1%
fiite  Aleo thoe potee with oample 2 wers hiphor thon the

gopradtpopding rates with gample 1.

217
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Somplen Sy 0, 7 nud 8§ as chown in Plgurecs Oh, 695, 66
and 07 gave repid lineer cueves in 1.0 and 1071 up to
103 gegonds, whereas with 10~28 acid linoer cuvves up to 1oh
seconds ware found snd thereafter {the rate dropped. Orester
ragin eoncentration produced a8 hipgher rate of rolaxotion.

Linesp oupves for all consentrations of acid
investigated were found Toy Samples 3 and L, Figures 62, 63
aod furthesrmore, the yelative petes of relexation wers nearly
tho sane oo those of the untroated sample B Loy all
gorresponding eoncantrations of acid,

The wolative retes of stresserelaxation of those

Pibran have been shown in Piguwre 68 with further detnils in
Toble 22. It was found that the rolalive ratoes of viscose
poyon, cupranmonias rayon, 8ilk, nylon and polyvinyl aleoshol
eowld Lo ashown by & single curve, shown as "B in the

Figure 68 eand that 3t ie nesrly linesr. The osme ourve hoag
boan pederoaun by normalising after 1 hour instead of 1 minute
end has heen repopritod as 'A', Pigurs 68, The derk oiveles
on the aurve 'A' ars the points {eken from the work pwblished

by Lemisska and shitwoll (178) an sirvogs~pelaxation of



*09s ‘HNIL

o el @ 2! o
| 1 T I [
—e-o
O _a_ 2189908 9SO[NII90 ——wmmwr
.. /.P..
T suoTLdoaditod --———-———
-~ ‘
Aﬁf/ o
. ToyooTe TAutalkiod
O AN pue UOTAU *HTTIS
O~ /DAW. ‘uofea umiucumeIdno
O~__ /o/ ‘uofed 9SOOSTA dso
oo N g eAInO
q
~18'0
v
—orl
ag b - %%z ¢+ Toyoore TAutafrod ¢
puB UOlAU ‘¥TIs ‘unitucuweadno ‘ss00STA
TIom1 YN, PUB eyzsIweT wodJ squtod ° V 9AJIRD

Y31 A3 ‘mouod a

HSTTVINION

Relative Rates of Relaxation of Fibres

in Water st 1-2g Tension

Figure 68

PR

[P TSR Y



220

oy
L5:43
1y
Y

®
s
o
5
o
)

3
x]
{3
e
4
q
4
e
&

&
143
*
1
L
o
[ ]
W
L4 ]
s
o
&
a!
£
)
g
¢ o

: Com » £
BS €' & Mg i 9o USTag

5.5
Lt
oy
L 4
L
3
23
T
L4
]
M
o
oY

$18350¢ SSCTRTIAN

w0
&
\0

.
ot
™
s
'y
o

oo gz - §°5 sa0 uolay wnrumemzzadng
-
2] g g ot &0 zoEBy SUDOYIs

‘ SpB03y a8 o “GTh | 4D
eanBts VOTSWe; UL §I3E9L TRTLDIEG

famas 2o oepy | SOTEWSRER TOTEUDL
A urm. o’ .wcm...va.n 3




221

diffarent matepisls in waler at 30°C, Polypropylens,
howover, hag a higher salative rede but o lineor ploi,
whepens callulote moetade gave on oxtramely high relotive
rate and o pondinsay plot.

™he rﬁxaﬂivm rate of strogsepelaxoation of thego

Fivras hoave bown shown 4n Figure 69 with furthay information
in Yable 25 £t will be seen that tho relative rates of

thase £ibroeg heve been represenisd by a singls cuprve which

in noarly linoars

Strese-relaxation studics of the following stondard
o nopmelly oriented texitile fibres hawve shown that viceose
PRYONR, oupramponium reayon, s8ilk, nylon 66, sud pelyvingl
sloohol oxhibit the same yelative ralc of relaxation, in
apdde of the Lact that those materislo contain dirforent
types o enpunta of primary snd secondapy bonds. It heas been
gugronted by Lemisszke and Whitwell (178) that since the
ggoeondagy linkages oye known 0 have bond strongihs of
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approzimatoly L. 5 Keod/mod or lsos comparsd Lo voluos of

150 Bealduol or moro Ior primery Linksges, 14 seons yechoble
et the plirosseralazetion in Alstillod water hac hoen
Brought ghowd by the hreakdovn or scdssion of the woulupy
geeendany bonds gomnon to 21l materisls Lore the pato ol
relogation o be i agproement. However, 1t could bo srpusd
that thoon materisle wight have varied vatos of rolexation,
hud alnea the atresp-relaxation ourves in water would oocupy
the Loy o ho nesr completion end of o composite
rolazotion oupve, coioulsted from sirssa-peslaxation data et
diffovent huniditien using superipposition principles, the
aiffopenca in the rolotive pates of different fibres could
then tend to be insignificont.

Golivione acatote and polypropylene scomed to hehave
diffarontly. IHesults concwrning poeulisritios in oipross-
radaxation hehoviovr fopy cellulone ncotate hove bean given
By Herodith (210) end confipmad by Wegener {3668}, Heredith
(210} sloo chowed that the anomslous bohoviour, in vhich the
sbrons after 109 soconds wan groster at oF oxtension thah 1%
e 8 5% and 108 extonsions for the Lipet relaxoaiion,
dionppenrod on nochonleel conditioning. Mighor extonsions
prgdugy bhighor stroosos at all dines and dhs cmversence

of tho »olexntion enpves Lfor a3l eoxdenniong from 1% to 107

y
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in 4o a single ourve bayond 102 second has bsen demonsirateds
Tho resgon for the dissppesrsnce of the snomsly was stated
that with mechanioal conditioning, vlastic flow was sliminated
g0 that the temperaturs of the {ibre was noet rajsed on
strotohing, 4.4 velaxation tekes ploegs af constant teppuraturs,
gince tho vnresent lnvastipgation was carried oudh in water,
any rise in femperature dus to plestic Llow should be quickly
diseipntod and 4he anonaly should disappeari nevertheless
£ vary high rate of relaxation was obaervods It has haen
roported by FPaprow (85) that the time of wetting plays sn
importand part on styose-gtrain behaviour of cellulose nceinie,
Afder o ohovrd porioed of somking the inltisl high medulus
port of the strespeozxtonsion curve 18 practioally sliminated
but with continued sosking the feature of {the ourve is
progrosaively re~estnbiished, In water at 20°C & period of
gome dayn ie reguired to resch eguilibrium, Sipee in the
peosont investigation the time of wetliing was 1 hour an
intorim odtuntion ¢ould ocour,

Folypropylene was the other fibre which gave o higher
rate of pelaxation and while as it m&@h% be suppested that
the foem of polypropylane could be an lmportant factor, tho
wapubl ished work on Qiflerent polypropylene semples cspplaed



226

audk in thio Jepartment by Fyfe (10ha) is of espeeiol intorest
a6 1% hus boon shown dhat thg pate of velsxation of the
polyperopyions oample wsed iu the prooont invesdigailon vas
hishor than 4he other polypyopyleny sauples uvasd in his

abudy ond the differonce 10 the raite of pelaxailon ora hHo
prpdadnod on tho bHeslo of difforant molecular woipghis
ghservad.  Beplaining thope onemolies, 44 might boe sugpostcd
et Aidferont £ibren pelon Gl the came relative poto in
wokar whon stretehed to o prodeternined tonsion. The above
roswd e apo fuether spuppovrisd Crom the roported work by
Tominsks and Whitwell (178) whe eloo obieined the oome
rolotdive rates of reloxoilon fop 0ll the Fibyros ond thape
Included eellulose acetate and polyproepyvlenc. Unfortunstely,
thely work gove no indicotion of the strouss-train baboviour
noy the tox of fthe filamonis vsad, the roglon of tho stroose
reloxation stuldy is not known from thelr toncion veluap,
Hawosthelean, 34 is intereoting to note that thalr voluves of
novmnlisad Force for 11 Livres £1ttod tho rolative rate plots
of viscnge royon, cupprammoniun rayon, sk, nylon and
polyvinyl elechol prosently inventipgatod,
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Hoelng oovaapvod that differont textilo Cibyron,
ingluddng vigoote rayon, relaxed at the some yelatlve rate,
the differant rolative vates of prelaxation of yonin $roatsd
Viogoeg povone woerd surprising. |

Two oapocis of resin findshed Libroe whieh nighid hove
oy dmpoRtiant boardng miy bHo reeallodie

{ix)

Sowe alderation in phyolesl steueture of o pesin

trantad fibve might Lo sxpaeted with the bulky polpmor of
peoin deoposited ondSor chomioally veacted 1n the omorphous
g dovs opdored pegiong of the fibro vhiloh would prevent the
chadng o the vieialty of the ragin polymoe eoming loper and
haneoe laavoe a mors open structure. Alee & smell Trectlion of
ho pesin 40 peported (235) to be lavolved in the fommation
of cavaldent crode-linkages, with the balance being tekoen up
in the Zopaation of Intranolaoular or inteschalin teidges of
some sord, wvhioh would veduse the poseibility of hydrvogon
bonrd oresg-Linking between coliuloso molooulos. Tho rosuld
would o the feymation oFf covalent orose-links ot the
gxponss of bydrogen bonde. Thuws bulkiey the reeln polymor,

the more open the steweturs, the more the physilesi blocking
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and. the
ol aooondany forcon, thoe sanlor the papmental matiantjgramter

would e the yate of relaxetion.

{h) Chomiosd affocts

4 hen boon showm in Poapt 1 thet rosing aéuﬁﬂ‘ba
vomoved by asid bydeolyeis undeor mild neidie conditions, 14
voudd o Jogicnl o cvrmicg that some of the acld senolilve
homds botween the renin snd the esllvlope aould be runturad
in diotilled woter, whish tonds 40 ho neldio dua to the
shoorpiion of ospbon dloxlde Cfrom the atmenphers and in thia
aoane had o pf velae of 5.2 80 thot the difforential
conobivity of aeld sanasitive bondn of difforent rasins would
pive Alfforont ralative raten.  Thio opgument is stroengthoned
by the paper of Rooves et pl. (268) who showed the
oupeenpiibiiity 4o a0ld bhydrolyeis of sming mothylol oonpoundo
with gollulose ond thot tho pawdinl yemoval of peny findches
undan loon oglid conditionn of HH b » 8 could oceur,

Congldoering the ohove aspesis md the resulis repooted
in Pept 1 {chemdesnd) and 4n Port 11 (phyolosl). 4t mipht be
engpenkod that melowing-Lommaldehyds balng the bulkier of {ths
posing loventignted chould hﬂ&ﬁﬁﬁ higher relotive ppte of
wolagation, followed by uren-formoldoehyde, ethylenoupoti-
Loxpaidehyde and mathyleateduwpoa-Lormmaldahyde in tho

agaseasing ovdor, ond alao the relative rate should Inerepss
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$hae highoy the concontration of {the ragdin polymey in hheg
flbwo.  Wherens, rapking accosding o thely suseoptibility

to hydrolysis, would be gllylouneurco-fopneldehyde,
mothyilatodupes= snd urapstrommaldehyds followad by molomdng
Formaldobyde in the decreading owdove The present regulius

pf gtrsseweolasation in wolor conpora fovourably with the
prder postulated on Wie gize of the vesin csxeent in o soeo
ol ethyluncwesa-iornaldohyde. Thio onvmely has beon Glecusrad
iater from the chomdeal aopeet awd $ho raanL& of QHroRGe
seloxavion in aeld Bolulion.

Feom o study of dho kincticn of neld bydeoliysin
oF wiseose woyon rosded with wea-fomoldehyde, séported in
Popt 1, 4% hao been showa Whad ovor J07 of the remin was
romoved within 3 hows (about 10M sceonds) using Q.01
hydeeohlovrie aeld at 25°C, vhereus slndlow anownd ol recin
wos romoved in 1.8 w 107 goconda in G IW hydevoohloric aold.
Thesge wvaluen corpuspond voery well to the dime in the
sironaeyalaxation exporiments on wea-lopnpdldohyde droated
vigooao poyon, whare dhe relative ralocs of pelaxation in
De GIH ond Oe 4l hydrochiorio acid choags tholr slopo. Thuw
44 mey be spgued that a change in slops of the zolative zeiqg
plot i an indicotion of near completion ol peid hydrolysis
of tho resin polymer in the Libre. O compordop the palpltive

ratos and the Lime ot which change of slope scocurs, 1t opuld



230

be congluded that pelonino-formaidohyde 3& moro roenistand

Cho oeld bydeslysis then oethylotedurens and wron-formaldehyden.
Athylonevreos-lovmalGehyQa, howovay, guve no chenge in slopo
and whogoe velative vate wos noaprly the gome s that of dhe
wirended viscose Iayon, whleh would sugpsst thot tho zooin
wadg hydpolysed prior 49 acld addition and during i4s
conditioning pavriod ol 2h howers in digbiliced woators Thin
argwomant 1o ferther subetontlated from $he resvls of alrosse
roeloxation stady o Jistilled watew after 1 houvr of
conditdoning, where s suddon wapdd chappe in slope vwen noted
afder ealaxation had procecded for gsome dimc. Thue it is
gongluded thal the sncasly in cese of viscood rayon trsated
with ethylensurse~foyinaldehyde has been lovpely due 0 its
sudoopéibility 40 hydralysis in vory mild agcldie eonditions
of sthylencurea-Lornaldehydse resin in the Liveo, This 1o
well suweported by the study of pete of rocotion of roping

on eelluloce reporied by O'Oeien ond voaloo (235), whovoe it
has been ghown that the pate of vegeotlion in the ouoe of
gehylomsuraasLormaldebyde do sboul thwee times faster thon
that in goge of nelomine-Lormaldebyde undey 1dondicod

conditicans.



Dineuvasnion on Measurement of Accassibility fpom Stresg
relozxatlon bato
Agcosaibility 1o normally caleulsted as o ratlo of

availlable reactive sites to the totel rsactive sites of &
matoriole In gellulose, Loy exompls, the availebiliity of tho
01 groups can be mensured from moisture regain (with soms
roscevations), heat of wetiting eto. or the rate nt which

they underpgo cavrtain chemicel resoitlions. Nickorson

(219, 220, 221), Conrad, ot al. (62), Avsaf, ot al. (20),
heve obseprved that hydrolysis, oxidation, and other chemicel
processes in which the roactive groups of cellulose wore
involvod, started at o higher rate but slowod down afior a
certain gonversion to & slow “Zero Urder Reasehion's The
initlol steep slope was atitributed to a-rapié reagtion in tho
eaclly aceoonlible or loously paocked fraction of the sanmple
but as aoon as these highly reactive domains were saturataed,
the yeaction glowad down BDecause it took place In the densely
packod and lese aeeesslible ragions of the fibre. I¢ soomod
theraforo, that al loast a gualitetive evtimoto of the raiio
of crystalline snd amorphous state was possible. Howevar,
all dlifferentlial rate reactions need not be a opilterie of
physical structure as they might involve chemioel ronetivity
of differont reactive groups of collulosa, as pointed out by

Housar (1351).



Lomiszke sand Whitwell (178) have sugpested that
glative ascceepniblility couldd e obtalned from atress-
glazation atudy in aeld ocolution. On the assumpiion that
he rate of scission of honds shouvld vary continuocuasly from
rory rapid in the smorphous reglons to very slow in the
wystalline regions and if tho logoyithm of siress supported
wobhe #ibvae woes plettod against time, 8 cupve ghouvld rosult
thich would eppronch lingavity whon all the giress supporting
onds A% the amorphous raegion have baeen ruptured and if that
wrtion of the ocurve was extrapolated to the ordinate, o
'alue would be obtained which would be a function of bonds
£ the novegecasnible rogion et soro time and on thins
weumption the acceapibility ol viscose prayon in hydrocblorio
wild was calowlated, atitributing the initisl rapid reloxation
oacld 40 the breskdowm of primery bonds in the accessible
epions, and the lattor, slow relaxeilon as the result of
he broakdown of primary bonds in the nos~-accosslible regiong
n eelluwlose. The praosent author refuboe such a poessibility
R the grounds that by the time the byeskdown of the main
hainsg of cellulose vessed in the accesslible vegions ond
rocaeds predominantly in the non-~necessible reglons, thore
ould be no such thing an fibre left. The pressnt study of
218 hydrolyais of viscoso payon in 1N hydrochloric acld
the highost concentration of scld used by Lemiszka and

hitwell) at 25 C showed that the fluidity of a 2% soluition



o wisecono rayon, in cwramaoniwn hydroxids, chesnged from
y pociprocal polse to 10 veciprocal poiss alter 25 howrs
ndienting 1ittle chemical degradation and in no way
womparoble to the suppestions made by the above authopg,
oo the work veported by Nickerson (219, 220, 221) on theo
dnetics of aeid hydrolysis uwndor gevere conditionsg of 2.4
wiler solubtion of hydrvoehlorie seld in 0.6 molar solution of
lsepioe shloride st vigourous boll favowrod the prosent
withor's argomsnt, the vete of hydrolysis ohenging aftep
1 hours %0 8 glow linony prata.

£9 wowld be vessonable 40 belleve that the repid
indtial rate of relazxation in hydrochlopilo a@iﬁ‘w&a
wedominantly due 40 fuprither scission ef hydrogen bouds 88
eo suggosted by Lasater et o). (176). Lemisozhn and
hitwall (175), however, ruled out such & poesibility on the
wovnds that when woator was voplaced by the hydrogen bond
sraaking reagonts like Lithiuwn ohlopidey o papld changs in
rata of pelaxation was nod observod. It could bo avrgued that
bhe 100 solution of iithiwn chlovide used by the shove auvthors
phorae the litinlum jone in the golubtlion weve complateoly
apdvated, would coese 1o be sn elfective hydrogen hond
pracking rongent. To quoto, "A 1009 golution of lithium
ehlopide would disintograto nylon but a 100 solubion hod

Little offoat™,



It is felt that there i1s no theorotical Justification
i tho grounds of the sbove arguments for such a definition
hore "Relative accessibility! has been Qefined as one minus
he roatis of the final tension (after 20 houra) or
ax%w&p@l&ﬁ@@ valuae of tension at zere time to the Iinitial
moximan) tension. Nevertheless, using this techniqus
he caloulated 'relative accessibility' of cellulosic fibres -
amie, Fibre G, Fortisen, tyre cord, textile rayon and
axw@riméntal rayon - agres favourably wiith the valusa of
wisture regain (178).

Aspuning that & correlation existe between fo - £20/e,
n aeid solution and denaity or moisture regain, then from
he above arguments fo ~ £20/,  oaleoulated from stress-
elaxation experiments in water sghowld also correlate with
lencity and moisture regein,

The fo -~ £80/q, values from stross-relaxation
xporimonts in water and in hydroehloric acld of voariouws
rasin trented viscore rayonn, togathor with fensity end
wisture regain values, havo boen reported in Table 2,
mherens & correlation between £« £20/.. and donelty hos
yeon shown in Pigure 70. It must bo pointod out that the
ralues of density neead not be a possure of accaspibilidty of
oain droated viscope veyons a8 the density of diffevent
rafsing thenoelves would he different and might not bo

omparable to the densliy of the fibre. Phe moin slgonificance
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f the figure was merely o illustraio that Lo « L20/s,
aduos in wader and in acid have besn nearly similar since
he slope remoins the some with a consbans ohilt 4o highoy
alug in acld solution.

To Justify the density valuesn, a correlation
gtweon depsity and moisture regein hog been shown in
iguvee #1e It has bean obgserved thai rvouin treaitment
adueed the donsity ol the fibre, and that when the resin
ontent i lnereased this densiity is decrsased. The facet
hoat tho density of the rosin treated samplos was lower than
ha dengity of tho uwntreated somple would supggeat Libes
walling. The molacuwlar c¢hains of coliuvloss were pushod
upther apart and held there by crosslinks and/or by the
gry preosoncs of the rosin polymer in the accessible yegiono
£ gollulose, and yet the molstwre regain of pasin troataed
omplos had been reduced. This couid boe due 4o the blocking
i the reactive siltes in celiuioss by resin polymew. Thua,
dthough the main ghains of eceliuvlose have been pushed
wether apart, the accessibility of the reactive sites in
eliuloce had boen reduced, However, & plot of fo - 220/,
1 water and in acld solution ageinst moioture yegain
Pigure 72) gave a completely reverse covrelation indicating
igher moisture regnin and lower socessibiliiy. This cleerly

hows that fo - £20/,, doss not measure accessibility.
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? not, the gueation is whethey the cheerved corvelation (178)
iwsen £o « £20/., 8nd molsture regain of asllulosle fibres
1 & ohanea correlation or whot is the atdridubing factord

Recolleating «ll the sxperimonital ovidence in bylel,
b ic absorved ﬁhm%

(a) A1) soonderd or normelly orionted texiile fibwes
shibdt the seme velative pote of relaxation in watew (178)
1 (Pigupre 68)

(b) Nylon, decron ete. of different deew patios
hibit difforent ralotive ratea of peloxesion in water (178),
a0 hlpghor the draw retio the lower the rate of relaxation
3 OONI08.

(e¢) Viscose royon treeted with Gifferent pesing
phibit different relative rates of velazation in waler
Pigure 50

() niffevont viscose reyons with lepgely difforoent
?ﬁﬁ%@lliﬁiﬁy pxhibit & sinllor relative ralte of relaxetion
n water (Figuvs 69),

The spgement that tho stross-velaxation in wator hae
san brought abovd by the breakdown o sgisaslan of the woskey
poondary bonds cowmmon to all mateprisls snd therefore tho
ate of volazation would be the seme (178) ow the Lact that
he glress-pelaxation cupves in weter would geeuwpy the naesy
omplotion end of o composite ralaxation cuvve and ﬁhﬁ?@f@?ﬁ

ot be senslitive to nmgseure differonces 1n‘ﬁif£eranﬁ £ibres.
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Npdther of those argumants cowld jJustify the sbsepved
agffeatn (b) and (o).

Algo AT 1t was possible to gompute scocsridility
from strecs-relazotion oxperimonts then viscose royone of
different erystalline/emorphous ratios should give differont
yolative rates of relaxation. But thiz was not conelusively
ohaorvad ﬁw@mAFigura 69, although fo -~ xgagfw esloulated fop
thesse Cibwes 414 show a difference of sboutld wnits snd 414
correlate with density. Since the Jdifference was net large
ennugh to suppoert the sbove argument the veluves have not been
roported in ths present thesis.

The observed experimental evidencs ecould ba explained
in terms of orientation or oprder in the smorphous regions of
the fibro,.

AL normelly orlented fiéres and atandord viscoso
rayons of dlfferent crystellinity would be expected 4o give
the neey same relative rate of prelaxntion in watey, whorees
fivres of nearly the ssme erystallinity bul of different
orientation would he expooted to give differont relaiive
rates of relaxption in water. JIn resin tveoated vioocose
poyon Libres where the rosin, known to be eroos-iinkod
and/or deposited in the smorphous rvoglons, would effoptively
hold the mein chaing of esllulome aporit ceuveing inoreased
{inoplentation and therefore should give higher reladtive rates

of reloazabtion,



fince opientation to somy gxtent couvld be covrelated
s depsity ond modsturs regain, it was nod euwprprising that
3 - L80/p, corroleted to a certaln exisnt with density and
Leh mploture pregain and nesd not necessarily mean thait

2w $80/,, monsurad socessibilivy.
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