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3. 1.TROOUCT.LO

Racent develnpmenis i colton reoccerer ()11 o reviewsd from the
perspective of thae Irmternational anati! iiv ‘o Cotton (1IC) uwhich i< an

inter-gaveromer el oroaizatior Carmad o 06 Lo increase the use of
cotto . in Yester: Eunrope are Japan, ihe menoer cocotries of the Institute
are the 194, Mexico, Sputc, indi:, Tanzonio, Ugarciy, Creece antg draril,
Other counitriss nove <«pruce o batercst o the Ti0 ang may join it before
long.

The succesnfiul markcting of cotton, ¢ of any ribrae, denends on many
factors, such 20 price, prefit opportunities a“ ~:l stnoes of processing,

good deaion, cales uruncti ne ane, of cetrse, oue.ivy. Fiore cosl and
marketinrg erc gutside the sseov ¢f 1IT's sctivilies uhich are concentrated
on mari:et research, nromotion s technicai trusazrch (1), This presentation

is restricted to : reviww of 1iC'y technical research activities vhich are
aimad at meeling the uality requirements of the consumer,

2 QEQERAL
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The I1C corructs extensive market ressarch to form a basis for the
noromotional and technicul research activities and the following main facts
need siressino,

Cotten is thn meat wirely used of all textile fibres, 57, of the
total fibie offlake in the world as a whole, and 420 in Western
furope. The cverail consumption of cotton, in millions of bales,

is increasisyg, but only slowly althouyh the totsl fibre consumption
expards at ths rota of about 77 a year.

The markets for cottun can be broken down into three sectors; 50, of
tne fiure s0ld yous into apparel end-uses, 30 into household uses
and 20 for miscellancous industrial purpoees. The latter market is
fairly static and cotton still holds & high percentege of the house-
hold marke* but it is in the appere]l field that cotton has sustained
its largest lo:=ses. Although cotton is still very much sppreciated
for its comfort nualities, such as coolness, absorbency, "breathing
properties", ntc. it is consivnared to be deficient in certain
ma‘ntenance properticc, In loyman's terms this is expressed as
"urinkles too easily", "neuds tno muct ironing”, "too slow to dry”,
etc. All these ideas can he ~xpressec in thu one phrase - lack ol
adequate easy-care properties, and the solution of this prablem
forms one of the major objectives of the IIC technical research
programme. This zume objective is shared by many other organizstions
including the LCCA, USLA, chemical suppliers, commission finishers,
stc. and the IIC arogramme has been plannec to reinforce and com=-
plement these existinp activities.




2.2 1IC Technical Resaarch
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Easy care can be improvecd by various means, such as fabric construc-
tion (for example, knitted fabrics crease less than comparable woven
fabrics), but the most effertive means is resin fFinishing. Great progress
has beesn mede in this firld in ths past 25 years but the basic problem
remaing; how to obtain essy-.care properties without undue loss of wear
life. It should tie emphasized that the basic problem in the finishing of
cotton fabrice ic not the creaeticn of easy-care properties but is the
maintenance of an adequate wear life and ctrength atter the required
hig' levels of easv-care performance have been ochiaved. Until recantly,
developments had centred or the synthesiz of mew = improved chemicals but
further substantial prcaress along thase lines nouw seems unlikely. Instead,
attention is being devoted to mocificaticns ¢f the structurs of the cotton
fibre itself. iccordingly the first lIC-sponsored projects were concentrated
on a study of fitre atruct.re. Othar areas of vasy-care finishing uwere
gredually added to the 1IC programme, and it also includes a few projecte
in arees not related to ecasy care.

The 1IC does not h ve a research labaratory of its own and its research
programme is carrvied out under sponsaorshi: or co-operative agraement in
existing research crganizations. At this time (May 197C), 22 projects are
conducted in 2?7 research institutes, Universities and private companies in
the United Kingdom, france, Be)gium, the Nethcrlands, Western Germany,
Switzerland, Sweden, Czechoslovakia and Japan. Additional contracts ere
under discussion in Spain, Westarn Germany, the United Kingdom, and the
Netherlaends.

Hecent findings in the IIC-sponsored prcjescts will be reported briefly,
end developments in cotton research not sponsored by the IIC will alsc be
mentioned. Since easy-care finishing is the most important problem for cot-
ton, it will be reviewsed first, starting with findings on fibre structure.

3 COTTON FIBRE STRUCTURE ARD EFFORTS AT MODIFICATION

A clear and productive model for the structure of ths cotton fibre
is emerging from recent work in Curope and the USA. The current view is
that the fibre is composed o? almost entirely crystalline fibrils, the
surfaces of which are the sites for chemical reactions, such as dyeing,
and crosslinking. In the outer or primary wall, the fibrils form an open
network but in the secondary wall, which forms 957 of the fibre, the
fibrils are mostly parallel and follow a spiral path, At intervals the
direction of the spiral reverses at places called "reversal points".

In the unopenad cotton boll, the fibres are mcre or less circular in
cross-section but, when the bcll bursts and the fibres are exposed to the
air, they dry anc collapse to the well-knoun bean-shaped section. At the
Paris laboratories of the Institut Textile de france, Kassenbeck has dise
covered (3) that this collapse destroys the original uniformity of the
structure and produces a "bilateral structurs” in which the load sharing
of the fibrils is very far from uniform. Such a fibre is obviously wesker
than .t woult he if the structure supported its load evenly.
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The variation in the density of packing of the fibrils in different
portions of the fibre res.lts in variatior in the accessibility of the
fibre to swelling agents, casy-care resins, anzymes, etc. All these
effects have been carenstrated experimentiily ar il s Lelieved that they
have important consecuencos In such precscses as retpionfing, flameproof-
ing and the eacy-care finisting of cotto: "cL-ice. All these implications
are being folluiad up hut in the meantime thece itras “ave been confirmed
by the work of tiorsten in the I(C spor.scred work at ths Vezelinstituut TNO
in Holland,

Workirs from a differsnt starting point, Borsien has shoun that cot-
ton fibres can be made more uniform bty suitable ~umlling processes, and
the elimination of thz "bilateral" effect increactss the strangth of the
fibre very conciderably. The process alsn results in the retention of a
fairly high elongaticr so that the total energy needed to break the
modified fibre fs alsc ircreased. This is important as energy to break
can be taken as an indication of probable abrasion resictance or durability.
A substantial nart of all these ircreases is retained a’teir the usuel
quantities of easy-care resins have been applied so that the pretreated
and resinated fihre is at least &s tough a: the original urmodified cotton
fibre. 1t should be emphasized that theee results have all been obtained
with the use of sodium hydroxide as a swelling agent combined with simple
meacharicel and ttermal treatments,

Jeble 1
Energy-to-b T
c f 4
. Borsten pre-treatment
Resin Na in 247 NaOM
applied nre-treatment without with S5
stretch streatch
o5 44 158 94
67 22 &0 7%
127 20 29 51

The Borsten studies wers initielly made on fibres. Uhen fabrics are
treated, additionel problems arice because yarn twist end the ueave struo-
ture create restraints to the swelling of individual fibres. To obtain
maximum toughnees, it is desirable to swell all the fibres unifermly and
it is preferable to modify all the fibres partially than to modify fully a
fraction of the fibres. A swelling esgent is therafore required which will
penetrate very rapidly betusen the fibres and then, end only then, cause
swelling to take placs. Caustic soda solutions can be used et suitable tem-
perature ancd concentration and are being tried, but new techniques baeed
on liquid ammonia (see later) cffer an alternative and in some ways more
attractive approazh.
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In adiditian to the bil.tersl struccure cf catton fitres, aicther
source of their weakneas lie: in fibre reve sals which form piaces of

stress concendtratios lend the Tubze, Jdrocescer e ot tre Do veule-
measter Laboratory o tH. niverzity of “rent (3@l jium) has chouwn that
the atrencth of + ~3tion  ibvr: at o+ e creand point de cnjy about Tiote
807 of its stremati v wien recorsal roirte, aunnioue ittampte Jasing
chemical, physical, enzyeitic =nc arrodiition Ls bpigaes heoo failed to
change thi= relative reverza iioanth alitanch Yoo ahoolans fivre
strength can o varioe acice conn r Nlgs T 0T iy T e NESE
at the Tovars=1< arr Aaat A1&°T © . oagree a0 e oorier re uonor diles
cussion. Worw nn ti. mechoasicg o0 ractore s oaone o ine cendusted by

Dr. Hearle st tie Univec-it r¢ Torngihectop wro ras onoer thot the form of
a break st & reverscl polrt s YiTtgiaet fooe wrah o antainad Delwean
raverasla, A verv fimrili tn’ f.r:g oo on profucan vhen the fibre breaks
near a reversal! but trere ic s s.vont comodete lack of fihrillation at

a between-reverss. ' real, :
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4, NEY FINISHING TREATMENTS FCR COTTOM

The area is a2 brozd one, and many new processes have recently been
described as elterrativas to the conventinnal pad-dry-bake technigue.
They include the Uet-fix and moiz“-cure processes, several variants of
which have been introduced i~ the past fou ysears. They will not be die-
cussed here tut tuwc neuar aspscts of emsy-cara proceasing will be men-
tioned, one of which {g being investinatac under TIC sponsorship.

4,1 Liquld Ammonia Treatment for Cotinn

The effects of treatment .ith liouid ammonia besr sone eimilarity
with conventional mercerization usiny caustic sode. Gy liquid ammonia is
meant pure ammonia, NH., 2t o temperatute below its boiling point of
-33°C, Several difficuities h~d ta he ovarcome hefore the process could
be uead industrially, such as working at low temperaturss, tha explosive
naturs of the ammonie/hir mivture, etc. Once mastered, ths new technique
shows the advantage of a high spsed of reaction, ea~y removal of the
ammonia for recovery, no denger of damage to the cotton during treatment,
and no effluent.

Two organizations have so far tackled the armorila process and brought
it to an industrial stage. Thoy are 3. & P. Coats Limited, the British
seving thread manufacturers, and the Noruwegian Institute for Textile Re-
search., The ammonia traatment is suitabie only for cellulosic fibree and
confars major benefits on cotton and liren only.

J. & P. Coats anrounced their smmonia process (4, 3), called "Prograde",
during 1969; it bhad been appliod commercially for over two yeats previously,
The present pilot plant hac a production cf eround 70CO g of sewing thresad
per week., The nrocess increases thse strength of the thrsead, the amount
depsnding on yarn twist and on the numher of plies. An increese in strength
of 40/ is typical end, uith two-ply yarn, 807 or mora can be achieved. This
is esguivalent to over S g/danier. The producer can thus use the process




either to make a stronger ihroasd ar by heap the same strength and uss a
lower grade of cotton. At rresent only sewing threacds are treated in nuan-
tity by ths Prograde iroce.s Lot fhere sre many nutlets possible for cote
ton yarns of ircreased Strergihe vwnecially in the indusiri i scctor, One
potentially lurge market liee in Lhe replacement of the moro oxpensive
mercerized cctton knitting sarns by ammsrisgedante yarng, and 1IC is
co-operating with Cgate o stunydng the knitting nerformonce of these
yarns, ihe first results ore very encouraging; (he Prograde yarn knits

at least as well as cerivent.ionally merserized yarn and the fabrics have
equivalent lustre and hwnrdic. It ic worth amphesizing that the coste of
the Progrede treatment are abeur one half of those for conventional yarn
mercerization,

The Norwegian Institule for Taoxt le Resesrch has been granted patents
(6) for the iiquid-ammon;a treatment of frirics and a pilat plant is being
instalied in Norway. The trested fabrice do not shrinmk dur'ng laundering
and en improvement is observed in the tmoothness of the fabric surface
after washing. Thi:z lotter advantage is not (o he confused with crease
resistance but it does mear that good easy-cere properties can be obtained
more easily, that ia, with 'uss resin a7ei therefore with a better wear life
than that of resin-treat*od fabrics without ammoniu treatment., Additional
smaller advanisges of tho ammonia treatment are very soft handle, possibility
of making stretch fab:ice casily, botter resistance to soiling, and leas
seam slippage.

S:4..30lvent Finishing of sotton Fabrics

Crease-resist resins are normelly applied from a water solution but the
Shirley Institute has investigeted, in co-operation with 1IC, the use of
solution: or emulsions in solvents, suct asz the chlorinated hydrocarbons
uced faor drycleaning., 4 “ore Savouratls distribution of the resin within
the fibre was hoped for snz hence @ bettar balunce of strength and esasy-care
properties, iic such gainc wnv+ realizer in aractice but, in the ceurse of
the work, 8 neu method for curing resins vas diseovarad.

In the new curing tachnigue, the fabric is padded through en aqueaus
solution in the normal way and then cured in a chamber filled with vapour
of a boiling solvent. The vapnur acts as an efficiant heat-transfer and
moisture-removal agent anc the rasin is cured within a few minutes. febric
properties have been obtoninuy o good as in the best conuentional resin
trn&tmonts; namely, in moist-cure crosslinking.

Ue anticipate two major apnlications for the solvent vapour process.
When a finisher has to use continuous methods of curing to obtain the
renuired production, the solueat vapour cure can replace the high temparature
baking process with a resultant improvement 1n fabric properties. Alternat-
ively, where a finisher is ueing a batch process (e.g9. a moist-curs system)
then the batching delay of 12-18 hours can be replaced by a continuous
vipour cure. In this case, equivalent fabric properties will bs obtained
and the advantage will lie in terms of productivity.




2, SPINNING ALD CABRIC '4AF ING

Seseral now devalnpments are taking placs an the soinairg tiela
which offer vppocturities for cotton, 170 Le 1ot gircctly involved an
these spinning devaelopmeris oul 1€ Giudyine ohe finishine of farrics
miade From the naw vor o, o ovalioy that far ton '1t71¢ attenticon has
heen paid to the prol ams ano COE TIURiLLeS in i 33 sreas and that the
zuceess of OO upiaaing for oxwrote Wil depeot oo tne progrest which 18
made in finishine metnods for Luese tabr c8.

5,% Opan-fnd Jpiiaing

The "ope-ar i ((Z sronning wroten nas houn develoned on cotion and
jg ueed mostly with thir finre. The spirniag prokagse 30 not rotated to
insoet twist but oniy turned siowly to wind the spun rarn. $ break ie
introdncad in the strand of fibres and 4this "oren end! oo rotated rapidly
to 1ntroduce twist, By thie meaas, epinuing upeed oan bhe incpewsed and
1rroer packagez of yarn producai ther i~ sop3ible i TN SULaL 08 Seversal
types of Ol spinmingy nAve bean axyniored bt it ia the rotor v turbine
tyra, peeiested in Czechonlovakia, whren auf grined commersic i accenptance,
iha BD=_0 frame is manutactured ia Dreeant svakia and alss under licence
in Ttalr and Japan. The largest ingtzllations ure i Joartaulds in Engliand
and at Daiwa in Jaran, and *here are ambilious slaans tu increase OB
canacity ot Daiwa and in other Japanese firme,

Aanuuss of power cost, smaller turbines are prefcrable, and this fact

ciis a practical limt o fibre length, Foir qedium=to-Coaret counis,

(i srinning is suitable i1 present for Tibres up to approxinmately A0 wm

go Lhat cotiorn has an advantase, Turbiocs are bains bhuild l'or longer fibres
i, but they are szu.table only for vovy coared covnts, The OE spinning
spord 18 appiroximatals 2.5 tiues tiet of riag eoinning anc spinning cnstis
are towery the advaniage of 26 18 greatu” ~or cuarger counte, The finest
., yarns produced compaerciilly a4t oragani are JU UK.

0% cotton yarrs are mnore buiky, MOre even, heve a hisher atrasion
regLsvance and fower weak pinccs and rnots than comparabie ring varnu; they
are also H Lo 25 weaker bui, becarse of the comrative frecdon from weak
flicas, itoes process =t 1east as we.l ar rirg yarns. the properties of
fabrics produced from L1 v urne nra onot well rnown. "n gorcral the fabries
are more uniform, have T .iter nover, are gomewhat waaker and may have a
Ear-nee handle than fabrics made {rom comparable rin;; varns,

A maior proieci comparing -he properties of ' with erirg spun fabric
F13 -ust been completed by the Cunch Ingtitate for Cction Jlecearch in con-
Soqtaon wilvh TIC, The variables studied mniudec fabric construction and
the orecte of mercerizing, Microstretrhing and resin finisning. The results
of this work are bains evaluates but othar finmishing work on Opn fabrics has
CiLitsd some interestings datw, Do loss in fabrie stren-th alwayo resulis
1re s thn avplication uf easy-care resins but the .csa of strength of fabric
madn fres OF cotnon yarns saems to be markedly lese ihan the equivalent
Lrpensth loss on ring souwr fabrics for an equal incr2ase in easy-care
properties, [he relaticisn s rrecented schematically in Fie. 3

le




The two solid lines represent present (liaings. Yha uniceated
OF fabric 12 somewhe!l less otronq than a comnurable conventional fabric
but there is no difference in strennth in the resin-trested fabries. It
has been found that the strengtt of untrezted 0f fabricy can be irncreased
by such treatments as Microsiretching ool mercarizotion, If, ao is hoped,
the slower lass of strenath applics for all Ob fabiing, then the dotted
line of Fia. 3 can be achiseved i1 the fouturs ano strong easy-care OF
fabrics can be producad,

The above finding: cpply to tensile streinth only. The abrasion
resistance and durability of tne two types of fabric will also be lnvese
tigated with the hope that the higher abrasion resistance of OE yarns will
be reflected in the perform:ince of the fabric,

In addition to the work an woven fahrics, the IIC is also undertaking
work on the knitting of Of yarns. The performance in knitting ant the
properties of the rasultant fabrics will he examined.

5,2 Tyistless Yarns and Fabrics

Twlstless spinning has heen develuped at tha Vezellnstituut TNO in
the Netherlands and car best be applisd to cotton and flax, The spinning
teschnique and fabric properties have been described by Selling (7, 8).
The roving is wetted while entering the spinning frams and is impregnated
with starch; the yarn is wound uwithout tuist. A high epinning speed of
125 m/min is used end speaca up to 300 m/min are considsred possible, com-
pared with some 12 m/min for ring spinning and 30 m/min for open-end
spinning. After drying, the yarn is strong encugh to be woven or knitted.
The fabric ic desized and its strength is then due solely to inter-yarn
friction at intersections. The fabric is smoother and mors lustrous than
2 conventional ons, and it also has bettar cover and absorbency. It hae
excellent resistance to laundering. Potential uses ars many, including
shirtings, sheetings, tentings, dress fabrics.

A pilot-plant frame is now being bullt and will Je in production in
Holland durimg 1970. A more detailed study will then be mace of twistless
febrics and especially of their finishing for easy care.

from previous comments on the advantages of uniform suelling of the
fibres in 8 fabric, the possitilities from twistless fabrics are cleer.
Each fibre in auch a fabric is far less restricted in its suelling than a
fitre in @ fa>ric made from conventionally tuisted yarns. For this resson
we expect that good eesy-care praopsrties and abrasion resistance should be
obtainable on twistless fabrics.

An interesting festure of tuistless spinning is the possibility of
combining other uet processing, such as mercerizing or dyeing, with the
spinning.

5,3 Kgitggng

A ohenomenal growth of knitting, both warp and weft, has been observed
in the past several years in Europe, sepecislly in Britain. Some fore~
casters anticipste that the European apparel market in the late 19708 will
be es much as 2/3 knitting and only 1/3 weaving.







There are nany reasons for this growth: hlghar produstion speeds,
greator fabric uidths, little or no yarn preparation ang the inhersntly
batter sasy-care propettisy of writtod Vabrics. Almost all of this growth
has been with synttetin fintes -d i certain end-uces, *hese will always
be dominant. Houweuar, theve u=re very sowiovreble arootio apportunities for
cotton in many zreas,

Cotter is well votablishou o we. ! wiitliog, fot ccanule, in nen's
undisrwear, and various possibil.tics sxist oi additiceel larga-scale
applications, suchi a. rnittes certy towsllineg, Tine-g2uge interlock, ladies
dresses, and several cihave. tiabilizaticn and resin finishing treatments
are now available to eliminate snaric! sge in laurndering; they are expscted
to greatly increaze cotton's store of the weft-knitting market.

In warp knitting, cotton is excluded from the existing fine-gauge
field except for possible use 2= laid-in yarn in the new weft-insrertion
mactines such as Liba's Schussomat and Karl Playsr's KE-?MS. Greater
possibilities exist in midium snd coarse-gauue Raschiel constructions,

The 1IC product develupment programme is heing rapidly expanded; the
potentialitises of OC, Prograde and tulctless yarns sre being examined on
a wide range of mediun and cuarse gauge knitting machines. Certein ov ths
resulting fabrics will require chemicsl finishing or some other process
to sliminate shrinkage during launderiny and "bagging" during west. Some
of these fabrics are atiracting commercial interest.

6 JESTING

The 1IC has sponsored two projects in the fisld of testing, both of
them of interast mainly to cotton spinnera.

6 Fincness and Maturity of Cotton Fibreg

Finensss and maturity are two important charascteristics of the cotton
fibre which are rasrely tested sepirately because the tests ere slow,

The air-flow Micronaire test, which has found wide commercial accept-
ance, gives a value which is a combination of fineness and maturity. Higher
Micronaire values are obtained with coarser and with more mature cottons.
If » mill uses caotton which is constantly of about the same fineness, then
the Micronsire value indicates maturity, and this ie the way in which the
test is interpreted in most mills in the lSA. In furope, where cottons
with different fineness are processed, it is necessary to know from
experience what Micronaire value represents a mature cotton for eny partic-
ular varisty; for example, a 3.6 Micronaire reading would indicate an
immature American but a mature Egyptian cctton.

Air-flow instruments ares rapid =nd corvenient to use, ang therefore
an air-flou tester is being developsd et the Shirley Institute in collabora-
tion with IIC which will give simultanaously twc readings, one for fineness,
the other for maturity. The work is based on that by Hertel and by the
Institut Textile de France (9). The baosic work is complete end the instrument

will nou give accuratas ualues of fineress ant maturity.




6.2 Electronic Countirg of leps .nd Tieoh

Neps arisg mostly at the card ani ora controlled eithar by simple
observation of the wen at the risaing zard ar by taking web samples and
counting the nap: or r.rior tha arplarence Gf tro ocanole. These mattods
are becoming obsoiets a, rigi ~prodeclicn car.s naln wider crcontance,

It is not poseible to amsov 1w web i to collect wueb samples above 8
speed corresponding tc a carc production of & kn/nr or so. On the ather
hand, the contrcl of raps is Leceming mors importast becsuse a large
amount of material car te spoilee couit s if s tilghenroduction card is
badly adiusted and produces eaxcessiva nopoiness.

Electroric counting of nens bas bieon studiord firet by darella {10,11)
and than at the Institute of Textile Technology in Reutlingen (Western
Germany) under sponsnrshin of the 4.5, Departmont of Agriculture. The
11C hae continued t:e work at Rectlingen to builu e prototype Sliver Nep
Taster which ucui < ccriminats Setween neps anc trash. Sliver is passed
through the instrument und an optical method is user te count neps and
trash particles sesaratel, _od to clescify each of them by aiza. The
numhers appear ir four clisse« far neps and three ciasses for trash,

7, _FINAL REMARKS

This papor is & proantess report on the research werk heing carriaed
out on cotton and is of necessity incomplete. Those developments were
stressad uhich ars conzidered to he of greatest importance for the future
of cotton. The main problem is c=inarly that of strength and durability of
cotton fabrics which tiad besn given an easy-care finish. Recent progreus
is promisinng and offers real hope of producing cotton fabrics which mateh
the easy-care properties of syntheti: fihre. and blends while rataining
the comfort and uwsar life of untreated cottor.
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