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RECENT DEVELCPMENTS IN CHEMICAL FLi 0 HILC

I would like to stact by attempting te pul the importance of chemical
finishing for notton into some xind uf »rzp-otive by looking at the end-
use markets. Wnen I say cimizal finiching, I am referring to the
finishing of cotuon tabrics fer cesy-care prorerties. of course there are
other typas of ciwmical firlsiing but tiey arc - minor iy,

About "1plf ¢l the world's convumpiion of toxtile Mibres 1= in the form
of eolton, and eottra's turac major ena-uses ore Apparel Fabrics (about
50), Houceiroli " wvtiles (about 30%) and Induztrial Textiles labrut 208).
The absolute quantities of gotton golng nio ail therce markets are rising
slowly year by year but if we consider the percentaze share of the nvrket,
then cotton's poition is scen to Le agelining., This decline is greatest
in the appare) fabrics market and it is this part of the market which
shows the graatest growth potential and in which easy-care attributes are
tie most important.

Dr. Hans Koodam of the JIC idarket Rese:rob Division pave a ccrprehensive
survey of cotton markets and corsumer opinicns a%lth@ Intsmational
Symposium on Cottc: Regegrcn .r. Faris last year /. Three of the main
conclusions from Dr. Xcedam's paper were i

FIRSTLY there is a sirong demand from the modern consumer for easy-care
testile products.

SECONDLY the potential market for ess:-cars products »mbraces at least
60% of the Apparcl and Household markets ccmbinec - we took some figures
supplied by the Market Recearch dvisior for consumption of cotton by end-
use in the UK and made estimates, item by item, of the percentage which is
chemically inisheu for easy care. Excluding Indu~trial textiles, we came

up with estimates of about 43% of total ccnsumrtion or TO% of apparel
fabriocs.
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{ Projected on a worid-wide basis, the potential maraet for easy-cars
% cotton products is estimated at 25 million bales, almost ha.f the totai
i world consumpticn,




THIRDLY, consumers have a strong natural preference for cotton products
provided that they have thr easy-care properties which are demanded.

On the basis of thir kind of evidence, and more besides, the message
from market research siudies is clear. It is ibat thie singie meat important
technical problem for colton, and at ihe same fime cotton's greate'st
opportunity, 1ls to match those propertics of the synthetic fiktre products
which have stimulated thir .normous consumer demand for easy-care garmente.

Now, 80 far as we know, toere is only one way ot eonferring adequate
eary-care propsriies on cotton and that i. by a chomical crosslinking
process. Wor those who are not familiar with the technigues involved ...
The chemical crosclinking agont together with a cetalyst is applied from
agueous colution. The fabric ls squeezed Lo rnsure even pick-up ana
penetration and dried, then it is heated al about 150°7 for a tow minutes
to compiete the reaction. The treatment is cuite simple and nat too
expensive - the whole operation can be carried out in a single continuous
flow at speeds of up to 200 yards per minute.

By this means, there is no difficulty in obtaining easy-care properties
which are equivalent to those of the competing synthetic fibre or blended
products and in certain circumstances the easy-care properties can be
better. FPFor example, if 2 blended produet is wachad at a temperature much
above 60°C, very drastic .reasing is introduced which is extremely diffi-
cult to remove, whereas there is no such problem for all-cotton goods.

This property of cotton tc withstand high wasning temperatures would
appear to be a distinct advantage over the competing blended products since
it mears that better cleaning can be achicved for the same eagy-care
performance. However, it does not ' cem to nave had much effect in the USA
where blends are now in a dcmin-at position., The main reasm for this
gtate of affairs appears to be the cne major lisadvantage ol easy-care
fini=ned cctton fabrics - that is the loss in durahility which is caused
by the crosslinking process.

Now I said that there is no difficulty in obtaining excellont easy-care
properties on 100% cotton fabrics by crosslirking and this is true. The
difficulty is that as the concentration of crosslinking agent in the fibre
increasss, so the strength of the fabric goes down. Because of this effect
the finisher has tc compromise : he has to use & lower amount of cross-
linking agent 50 as to keep an adacuate durability of the tabrie, but in
doing so, he has to contenc Fimself with less-Lhan-optimum easy-care
properties. This so-called "balance of properties’ is very probably the
key to the suceas or faillure of cottorn as a competitor in the easy-care




market. If we -amiut find the KV which allows us oo meintain a Ligh level
of durability trzotiner with a Plign Savel oF sasy o W then fae :may-care

market will necom. dominatod by SO Nl L0 sarr i, Ars ag T zain Lefore,
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the easy-carv merat could conount 7 o Al aF soston's groduetion,

There has veor a sreat deal of research iv o tas past 1o tine a way out
of *his problem anu mest o1 LAts bus gcneerteated on attempts to clange
the chemistry o! th: cocElinkinge reaction,  The resuit of the last 20
years' wark i3 that we acw have arn exceilent range of crosslinking agents
avallable which axecel in such Lroepeviies av resistarce te laundering and
bleaghing d mirdimun ef vel on niveness ar on 3cade of dysstuffas. but
the centrai proli:m wema -« MEChCCA - however muit we changed the cize,
shaue or shemistry of t.. erosalink i agentl, we still Sbeained essentially
tlie same inverse relitlonship vetvzen Rasf-car. proporties and durability.

Mor: rocently a tlightly new approaech fMas beon trie’ In which the pro-
cessing eonditions v wapried ca g, U ensuve thet the erueslinking reac-
tlon takivs miace rat gt iy high temperetures waen the fihaee 1g borie ary,
but 2t low toamperatorcs ir. the pretence of deflned amounts of water op
other swelling sg:nts, s cne coLton 4w, 80 to rpoak, fixed in a more
natursl confisuration., The result 1s 4 significant improvement in the
balance ol propsrtie. o that cne ebtains a t-tter eogy-core perfcrmancs:
{for a given durabilisy.

Sevaral processes which work on this principle have peen asveloped, the
most recent one at the shirlay Institut under 1IC sponsorship,

This new process ~onsists essentially of replacing tne couventional high
temperature baking: suep with @ pasaage through the vapours of a beiling
orgarile sclvent. The u-o of telling vapouis wisres extremely precise cone-
trol of temperature, a very ¢fiicicil transfer oo heat by condensation., and
alse the nrescnve o1 som. rosture durfnm Li cure. xoa result we val
obtain genuine Improvemercs in tine baiance cf proverties Sogether vich a
much zloser degree of nrocess ront: :l, but evenr 50 we still nave our ine
Verse re.atiorship belseon CREaY=Cate pronerties and durehility go that the
performancs of these fakri:s vill 5till be a compromisce.

50 1t scemed Lo ug when weOWery sobiitg ue A baglc research programme
for 1IC that a :.ew Aprroacni wes no:dcd,  Sowetow we naa te fia? how to
improve the resperse of “he fibre ¢ crasolingir s treatments, We felt that
the answor must lie §n the fine structure of the crocvon Libre and liow the
fine structure was influan. - by erosclivging. Tnerefcore we set cut to
obtain a better werstangding of three tizi: and interrelated questions :
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If we are ¢ unereas~ the strengtu of cciton fibres T believe that we
must oy to climinate uhese large differce .3 in tire dagree of packing
of the fivrils and to do Lhis probubiy implies tho production of cottons
which {do not coliupse so zatzstrophicaliv Wwring first arying.

2. The second area in which we salg there was & Lack of knowlcage was the
mechanism by whicn crosnlinking efiv=eis ilre nechanical strength.

Well, we really have no more uonercte evidence a this subtect than we
had at the start of our researches but as a vesult of the discoveries in
fine structure ws ~an a* leusl form a mere intelligent nypcthesis.

What happens when w: apply an casy-care {inish i3 that we make chemisal
reactions at the surfaces of the fibriils. MNow these chemicals are capabie
of reacting in at least two places ard se in theory they can make a cross-
link between two aljacent ibrils. The effect of tnis is a stronger bond
between fibrils which we have said before should give an increase in
strength. Well, so0 it may at tnat particular point. But the crossiinking
molecule has cnly 2 limited size and therefore *here will be many places
where the space between fibrils is just too great for crosslinking to
occur and hence these places will be left weaker than those which have
been crosslinked. Now this would nct be so bad if such places were uni-
formly distributed throughout the fibre but unfortunately they are not ;
they are concentrated in very specifis areas of the fibre. This means
that we have actually sccentuatesd the differences in mechanical properties
between different areas in the fibre - whereas before a certain amount of
slippage could occur in the strong areas to help spread the load around
the {lbre a little, in the crosslirked fibre what we have probably done is
to effectively isola' e a relatively small fraction of the secondary wall
and force it to bear all the lecad.

Therefore it is little wonder that we get drastic losses in strength
and durability as we increase the level of aerosslinking.

5. The third area for research was "Can tne exizting strucsture be changed
80 a5 to produce a fibre with better mechanical propertics and a more
favourable response tc crosslinking 2"

If the reasoning already presented is correct then the pcor mechanical
properties of the fibre and the reduction of strength after crosslinking
are both results cf the same phenomenon, that is the difference In the
packing density of fibrils in different parts of the fibre. Therefore if
we can re-arrange the fibrils so that the degree of packing is more or leas
the same in all areas, we should hcpe to be able to cure beth illnesses
with the same pill.
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The most Limmediately cbvious way t¢ achiieve a repacking of the struc-
ture is to attempt to swell the fibre back to a ocylindrical form and then
recrystallise it in n more 'miforrm way than oonurred in the original dry-
ing after boil-opening.

The mos: common swellisg agent which mighit b~ able to do this Job is
caustic soda as vsed in the commercial merecelsing proceds,

Now it ha: been known for some tige that sty nath 1ncrease can be
obtained by mercerising treatments. For exumple , Rebenield published in
1956 2 some results cbiained by helding fibres at constant tension
whilst subjecting ti.em 1o & mer-erlising treatment in caustic soda.

He tested twelve differ:nt varleties and feund that the results were
h!ohly dependent upon the variety ciosen - strength improvements ranged
from none at all for KARNAK tc about 70% for CONGO.

Mercerising at Constant Tension )
Variety Strength Elongation
% gain % loss
Karnak 0.7 34,2
Lengu: 1.5 40.3
Pima - S 1 5.8 4.5
Watson Mebane 17.1 40.6
Experimental Strain 27.2 by, 1
Acala 442 29.9 29.1
Supima 30,2 1.5
Triple Hybrid 35.0 5.3
Sea Island 3.2 34.1
Coastland 52.0 26.4
Deltapine 15 50.8 0.3
Congo 73.6 8.2

Rebenfeld caid that the re=sults were not correlated with any known
property of these cottons,

In this work no aitempt had been made to vptimise the treatment fgs
each variety but the following year a publication by Radhakrishnan

and co-workers demonsirated that even when the fibres were allowed to
shrink in mercerising caustic solution and then were restretched, to the
maximum pussible degree, to develop the maximum possibple gtrength, then
the results obtained were still very dependent upon the fibre variety.




Althougn they wove rermaits 7oy only a Tew varicviez, the maximum obtain-
able improvemert 1o s meth varted Sroosoabsat JOE b0 over C0OF of the orie
ginal. ‘hopefire W were alte sure toat coame Improvement in strength
eould he bosipes nyo oo  Ving troeameniaa, 1t T Yan tan besn demonstrated
ernvineingly - o car D we were oo - o seher e sould saipmificantly

ffect, the relsticresi-ir hetweer, 1o 1 Lesssie 2icenpls and degree ~f
erngslink ng by - mwer. oo tags vrcbr o atnent .

In an 170 o o resar st oo crecy Dy obosasnd e TNC Filbre Research
Ingtivuts I8 Shavwing *rae atfect o cnek fualy oy osanments before a.ppl)'-
1“5 ere 13]1“; . FYNEIR oY 31

They e srowr o0 1 val Loke a Yussle L Uihres nd avesl them tho-
roughly In merecrising, ¢ Afum nvde cice w.lutlon, then restreteh them to
their original dimensi.ns, rinue out the codo whilst maintaining these
dimensione and then dry - tne fibrss ootained have a tensile strength of
anything up to 10607 greater than the oririnal witih little or no losg in
elongation at bresk.

It we compare utiie tenzile atranpt., of the modified c-tton befure cross-
1inking with that - f cther crmmon tex'.ile fibres, the nearest rival is the
high tenacity porlyester,

Stereoscan electron miurographs of our "High Tenacity Cotton" show that
the familiar flattened, rough, twisted ribbon has been changed into &
smooth, =clid, cylindrical rod. The shange in the internal appearance is
no less dramatic ; tier: is & much greater degree of coherence and, perhaps
more imporant, a much better urifermi vy cf aoherence thyrouvgh out the body
of the fibre.

I think that our Dutch co-operators have demonatrated that there are
quite significant improvements to be made in ‘e mechanical preperties of
cotton and that, in principle, the proolem of producing an easye-care gotton
with high strength has probabl. becn solved.

I say "in principle” berause of course e are rowhere near a practical
process yet  These rezults cave bLren cobtained on fibres arnd there are
formidable difficutties to be everrome 1f we wish tc renroduce thess ree
sults in yarn cr fabric. Howewver, we arce proc:eding witn a development
programme and no doubt we shall cvenctually set thers,

We have been very en-curaged recently by a new process which has been
announ~ed by J. a1 P, Cnaes Ltd,.,  Coats are the world's largest manufac-
turers of sewing tirread rnd they asve perfectal a new methed of mercerising
yarn with uses liquetied ammenia instead of tihe convertlicnal caucstic soda
sclutiorn,
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The, have Lu it o very in o ive nitel poant ot about 400 spindles
which can 2OLLinUZUSLY merceriin yary ot arout ST0 welroy oer minute,
The process i comierceially ctractive boeznse 10 climinstes the need Lor
a gpec.al rewlpniire procos. after morosr lsing wodun o o major cost
gaving. Technicolly .t ‘¢ vonoamdte s'tractive bacauss b strength of
sewing thirea . car be nooo.od U MU Sate ensily ad IoU twe-fold yarns

imorovement s of up Lo AU ere nornsl.
t

Now thefic devesdpme 45 it s g armor.s 8o e ba vy important to
us for cottem for ‘oo rearens 3 Firoclv. Gois potentially cheaper and
simpler 7 uze U o™ ocawsue sola,. Altoough cne a2 tenel?” i3 cheap, it
1g patner slev to o pernaLrais ane oo hesd v v bert ciously by cotton. There-
fore it reaguices 2r cXiom e warnire AR ooUIPalioaclin proess and tiis
ig experiiv . in time, wator. me gy, apd meokinery spact. 1n addition we
have a caustic ~17 iuwird to aiocse of wrich must be treated befcre it can
be discharged. Ammoniia on tio oiber lani has a rapid reaction, 18 very
quick 2nd easy to remove Tror the fabric, and can be recnvered for re-use.

Secondly, ammonia nuar o ooy Gwelling power than caustic soda. At
first this may ceen to oe 1 do.advantage bubl in rast the result is to
achieve a more wuniform penctratin theoughrut the yarn or fubric than is
poasible with caus‘ic soda. The reason for thic ls that xs soon as fabric
contacts tiie Boda, ti. oculermost vTibres sweli Yo such an extent tnat they
become jammed togetner ani thus prevent the liauor from penetrating to the
interior. Therefore the fibreg are u-ual:y only fully m-recerised in thoese
parts which happenes t = iie on the cuter surface of tne tabric.

We suspect bt} it sithoan 1ivod amaonia may now be quite as good as
caustic soda when ‘qpeating sire. ¢Cltres, oo varne ano fabrics it may
produce a sre undiorm producn - ang oniformity means strength.

Therefore it seems toous thal we have a ° vy clear indicatlon of the
path forwas 4. de mast tayv a oy clese ragascd to the structure of the
Fidre Wwhi b we cre w e ood it i mportant that e can get fibres of the
maximim ctructuras o oo coeit . Thewe ~o o llitg treatments are very daiffi-
cult o carpy cut oas ors Tolenty o we would dike tooander comrercial con-
ditione hecause f Ltateatior, on awelling whios ave lmpesed by yarn
and febric ctprucstac . 19 e adoed g proeweors could mest us half-wugy by
providing a fivve wilcrn iz canier o0 muroorosc - maybe one whick has
eallapoedd verv uritooml, v vhao. ade eullarcoed very Bhtue, or even maybe
not collepscd a* wr. - then we =301 oou b0 ek onhor hASce 07 SUCCesy

>

In mak.ng unifoem treoLne' . e o 0oa Siar s rignlly consirueted fabrie,




-F-

I would like tc conclune with a last werd to the breeders of cotton from
the finishers. We think that ths structural non-uniformity cf cotton could
be our biggest eromy in the easy-car e battle against synthetiz fibres
because 1t roduces strength and srevents us from applying the best easy-
care finishes that we heve.

We think thet structursl ncn-u uiermity cou’d be tind in with the jeve-
rity of coliaps»s which vhe fibre unge CBues on first drying from the newly
opened boli, and toat *his in turn could te related to the relative dimen-
sions of cell wall ond lumen.

We cannot yot tell you what the dimensicns of the perfect cotton fibre
ghould be or how to set abcut breeding 1t and therefore we appreciate that
by offering you a c.ncept rather than a fibre specification we are probably
offering you a big heacache.

However, we are sure that we can do quite a lot to improve the proper-
ties of our fibre to make 1t more competitive in the easy-care market, and
you ocan make our lob so much easier i: you can find some way to give us a
fibre which is structurally more uniform when it reaches us,
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