2112035 -1- ‘TW STED YARN This invention relates to a tw sted yarzlaln'z &3@
partficularly to a twsted yarn having water swellability and a speci al
function. A variety of fibre materials hadi-ng water 5 swel-lability have
i been known,” for exanple, fibres nmade from pol yal ginic acid or
ated cellulose and acrylic fibres prepared by converting the

I nto - COOX groups. However, anong these fibre materials, _
t hose h&viag hi gh absorptivity 10 water swellability) are | acking in wet é.
strengt \and} wet rigidity, and theWhEPED o¥&RNave a [inmited applicability
and the defect that the efficiency of absorption is poor if they are
I ncorporated into an absorbent material such as cotton pulp. 15
Al t hough tw sted yarns have previously been known, the aimof twisting is

generally to inpart strength, inproved appearance and hand to the yarn and
to elininate yarn uneveﬁhg§s?‘n’éﬁﬂtHSnyﬁFﬁaﬁ&? Bt Kot sthiddTr sa'gﬁ" VEPL € by

“twisting, the abiljt o _display 20.  excellent shrinkage when jt is wetted
wth varer . EndRntisebEeEythe ¥ nbuistan e Mo dede o Haves
Exanpl e and with éef erence io t he_acconpanyi ng draw ngs, in which:

and a special function.

A variety of fibre materials having water
5 swellability have previously been known, for example,
fibres made from polyalginic acid or carboxymgthylated
cellulose and.acrylié fibres prepared by converting'

the nitrile'grouﬁs into -C00X groups. However, among
these fibre materials, those having high absorptivity

10 (water swellability) are lacking in wet strength and .

wet rigidity, and they therefore have a limited

applicability and the defect that the efficiency of .
absorption is poor if they are incorporated into an
absorbent material such as cotton pulp. |
15 ) Although twisted yarns.have previously been
known, the aim of twisting is generally to impart
strength, improved appearance and hand to thelyarn

and to eliminate yarn unevenness, and no yarn has been

known which is given, by twisting, the ability to display

20 excellent shrinkage when it is wetted with water.
Embodiments of the invention will now be
described by way of Example and with reference to the

accompanying drawings, in which:



-2- Figure 1 is a side view of a twisted yarn of this inventio@gure 2
is.a side view of a top portion fornmed when the twisted yarn s i

FLgu-r"e‘.'l'absorbs water. 5 : Figure 3 is a cross-sectional view of
an exanpl e of an absorbent *prepared by using - a twisted yarn of this o
invention. "Figure 4 is a graph used to dé-ernine a degree of crosslinkii.

10 An object of this invention is to provide a twisted yarn
having water swel | abi| Figuaed ledgeld eddestviamydf vhdivigted xetnefwith
watber . More particularly, an object of this invention is to provide a'

twi Sted yarn wWhihé g dRYREtdLBel | ent shri nkage when it is wetted 15 with
wat er, and has a water absarption shrinkage force of at least 10 g and

wat er absorption shrinFagareate ief aatsildeastield%f Ee abuertisi | Hoemle dbj ect
can be achieved by twisting a yarn conprising a water-insoluble fibre 20
havi ng a degr es#heh waketwiwseleldayarnn shafwratin dhigurl) codlgsobs hadtéme tw st
constant is at least 2.5 (in this case, a single yarn is twisted or a
plurality dof single yaFiguaee 3t visstaed rtomseiswartiarabywiew saff nan técampbee
wat er - swel | abl e yarn together with a non- 25 waterswel |l able yarn such as
cotton yarn, rafoanyabsosbestnpirenared b wuinda tvisted sxavonefant is at

least 2.5. In this case, however, it is necessary to use
this invention.

Figure 4 is a graph uéed to determine a degree
of crosslihking.

10 ~ An object of'this invention is to pfovide a
twisted.yarn having water swellability and excellent
strength when itlis wetted with water. More particularly,
an object of this invention is to provide a twisted
yarn yhich.showé excellent shrinkage when it is wetted -

15 with watér, and has a water absofption shriﬁkage.force
of at least 10 g and water absorption shrinkage rate
of at least 10%.

The above-mentioned object can be achieved
by twisting a yarn comprising a water-insoluble fibre

26 having a degree of water éwellabilitynof at least
10 cc/g so that the twist constant is at least 2.5
(in this case, a single yarn is ‘twisted or a plurality
of single yarns are twisted together) or by twisting

the above water-swellable yarn together with a non-

2§ waterswellable yarn such és cotton yarn, rayon yarn or
‘synthetic fibre so that the twist constant is at least

2.5. In this case, however, it is necessary to use



R
[the wat er -swel | abl e yarn in an anount of at | east 50% by wei ght . When t he
*amount | 1S | ess than 50% by wei ght, the water absorption capaC|ty decr eases.
~ As exahﬁ]es of the water-swellable fibre which 5 can be used in the .
ahed yarn of this invention, therp cdn be nenti'oned yarns conprising
fifo -prepared from nodified ceI | ul ose products such as cotton or rayon,
EORNPLRe Gatkexymeillabdleed azel tion ameidvdret eslff cot t beastet Hgéat ed cotton,
m/ | et hylated cotton, 10 .- sulfated cotton, sulfonated cotton,
phQs 7 at edycaktight .cat M&@m&xﬁec@tntoomt Zd tless |t1mxze510%dby omelgbtl ul ose\./
fibres grafted with sodium acrylate, acrylic acid, acrylonitrile or
acrylanidehandacemssbﬁ@ngtﬂmnxhxnaciﬁuwdnﬁneqseducts.obtained by nodi fying
wool, silk 15 or the like in a simlar manner and nodified products of
synt hetic fibres, Asuehkaap Lgar tofalthe et ctved bt e, £1bre hehpebduct i on of
the twisted yarn of this invention, it is preferred to twist the yarn after
i npar 5i ngowat be sweld dmi they g stedann 9k Qﬂ%ﬁ)iﬁ%@$%¥@"20 to twist
the yarn before inparting the water swellabi]ity t The degree of water
swel | abi | FhgrRefePoRed nw%%@%ﬁaf%t?wmtﬁh 'aﬁoawéﬁt’aﬁﬁfler
smellablllty deterni.ned a Ioms 0,2 npl e 25
(prepar ed£59™dMS &6 r?rQﬂQf¥ﬁrﬁH§§f?%r%%7t?g ﬂﬁlghed (this
weight is x g) and pl aced |n a neasurlng cylinder, inside dianmeter 10 nm 6.
A 10 g cykriagdni,cflor example, carboxymethylated cotton, methylated

cotton, ethylated cotton, hydrox&leﬁﬁylated cotton,

10 sulfated cotton, sulfonated cotton, phosphated cotton,
cationized cotton, zwitter-ionized cotton, éellulose
fibres grafted with sodium acrylate, acrylic acid,
acrylopitrile or aérylamide and crosslinked products
thereof, pro@ucts oQtained_by modifying wool, silk

15 or the like in a similar manner and modified products
of synthetic fibres, such as partially maleated vinylon.

In the production of the twisted yarn of this
invention, it is preferred to twist the yarn after
imparting water swellability to it but it is also possible

20 to twist the yarn hefore imparting the water swellability
to it. -

- The degree of water swellability mentioned
in this application means the apparent water swellability

determined as follows: 0.2 to 0.5 g of a dry sample

25 (prepared by disintegrating a yarn into single fibres)
is weighed (this weight is x g).and placed in a measuring

cylinder, inside diameter 10 mm é. - A 10 g cylindrical



-4 el ght (outside dianeter, about 9 mm is placed in the cylinder so
t he bo;L0p1of*the_meight rests on the sanple. Then 25 to 50 cc of p
wat'eri s poured in and.maintained at 250C and the position of 5 thefb
of the weight, which is.raise.d as a resylt of swelling of the fibr
read after 48 hours (this is y cc). Thds, the degree of water swel

(cclg) =ylx. T ] ant. lL.on ' hi s yapp! i gat i .10

val ue deterninggfﬁégg é?ﬁ%E?% ?%ggﬁg%kdwﬁgghgxgrgggig%:pﬁggFﬁgﬂ%lmhere <
tw {1, constant .. f <hwi [ ; I,C %3#% _ n (N =

n/ 1, when 1 ya?ﬁeo?yggggﬁgt sE";t)\r,\llé:ﬁttav%vi ggteeg?ﬁ?gm oFFthle e?;eq{'fte plurality of
single yarns apg £WeSkeaple, JCThth 25Neo! Woskd Rl padk Waddie s ngl e yarns
- the so-called first tmfsts are not ?ouﬁtgg in the%nunber oftéﬁs;s; but
in the case of pghpgteinabAd mBenkiaisled! WitSkS 8 @nAO¥ReCHddidilth toit St
nunber. 20 ' The inventors of this invention have paid specia
attention 50 aphat betPbmt 6fusheawlightl,y whdchchyl iraisaid ay epareshlty
subjecting an acrylonitrile-based acrylic yarn to a chemcal treatnent to
convert its nibfikeellbngsoifnthec&iberesl, dsowrpadaafieyardd dwurs sing

(this is ¥ cc). Thus, the degree of water éwelling
(cc/g) = y/x.
. The twist constant mentioned in this application
10 is a.value detérmined according to thé following expression:?
_ < -1/ vﬁf _
where K: twist constant
T: number of twists per inch

N: metric count of yarn (N = n/i, when
1 yarn of n count are twiested)

15 . - Where a plurality of single yarns are tw;steq to-
gether, the twists. already in the single yarmns - the so-called

first twists are not counted -in the number of twists;

but in the case of single yarn, the first twists afe_
counted in the twist numbe:.

20 'The'inventors of this iﬁvéntion have paid special
attention to an attgmpt to use a hydrolyzed acrylic
yarn prepared by subjecting an acfylonitrile—based

acrylic"yarn to a chemical treatment to convert its
nitrile groups into carboxyl groups as a yarn comprising

25 a water-swellable fibre, and have found that a yarn
prepared by twisting the above yarn shrinks markedly

when it is wetted and has elasticity.



25 a water-swel | abl e fibre, and have found that a yarn prepared by

tw sting the above yarn shrinks nmarkedly when it is wetted and has .

~el asti ckty.
~of t:

processts f

acryl oni t #hrinkageqdofi bhe agrylic: Hazm 48 Jee

W have now di scovered that the water absorption shrinkage

-acrylic yarn is devel oped by using an acryloniitrile-based acrylic
starting material, subjecting the yarn to a chemical treatment to
e 5 a specified amount of salt-formcarboxyl groups or a

dked strucWer Bavhepeyr ddggoyeviedy thid Fhen watayrRsArRE190 hunber ~of

or introduci ng carboxyl groups b h%drggysis of an (v

(see, for exa

Zasshi 6831
all these c

Ses

out 15 FBYITH

smellgbilgt
never = provi

ded

kRY YSAARE been proposhed
10/.1963, Kogyo fagaku
> In

| e, Japanese Patent Pyhlication No.
13657 L9885 1 4R DIZHNEEE TRALNAIIAE dhatt ATE 108 AR Y

N he.i i f carboxyl i ed
ARSI A I S, i s, a1
s F0gal LKBun8nd el hose mRLhods, il ke dli s i gwention, have

er s In an e

a yarn having excellent wat ge | asticity by

twi Sting §he¥ach(nfeROLdiugloir of B cick atha/ ik g e Jqwention is 20

novel . I n order to achi eve the above-nenti one

I S necessar
salt fornd

object o IS invention, it

K to introduce at least 0.7 mmwl /g of carboxyl groups in the
iigh twist. : :

A number of processes for introducing carboxyl

groups by hydrolysis of an acrylonitrile—based fibre

10 with an acid or an alkali have been proposgd (see,

for example, Japanese Patent Publication No. 110/1963,

Kogyo Kagaku Zasshi 68, 1309 (1965) and Japanese Patent

Laid-open No. 7526/1974). In all these cases, however,

the introduction of carboxyl groups was carried out

15 for the purpose of obtaining ion exchangeability, water

swellability or the like, and these methods, unlike

this invention, have never provided a yarn having excellent

water shrinkage and elasticity by twisting the yarn.

Accordingly, the twisted yarn of this invention is

20 novel.

In order to achieve the above-mentioned object

of this invention, it is necessary to introduce at

least 0.7 mmol/g of carboxyl groups in the salt form

represented by a -CO0X group (X: Li, K, Na or NH4)

25 into acrylic yarns and, if the amount is less than

0.7 mmol/g, the water absOrption shrinkage decreases.



represented by a -COOX group (X Li, K Na or NH 4) 25 Into acrylic yarns
and, +i f the ambunt is |ess than o.7 mmol /g, the water absorption shrinrkage
QecrEases ~~- 6- Fbmever i f the amount of carboxyl groups introdufged -
exceeds 4.0 mmol /g, a phenonenon that the hydrol yzed acrylate yarn
contai ning the introduced carboxyl groups dissolves when it absor b
occurs. This_is un-

so~.cal | ed fi rsweaXf%st 1§nﬁﬂ%*#ég§$ﬁs?fﬁﬁaa?%XY} gééﬁg% ?c:gn I;ng a.
acqprdlngly it is éfcqﬁﬁ9ny %fyéf"”E%ﬁéhéﬁﬁgéx”§§%€°9ﬁéaH§dP§12 e 2.5 by

gi vi ng an additioit: é anoun oxyI

groups in the s é? 4&%{P%%ﬂhé%hé§#§i§én€ﬁeaf?QPQHGQe c$p€o§9h|gwbﬂﬁs

expressi on: car x 1'n the follow ng

manner.  Firgfy sy dD hehn glpfa@séﬁbsfwawrdseedrgarml ehis ¥8i ghed out
accurately (thls IS x g) and immersed in 20 mM of .a 1N-aqueous hydrogen

chloride sgl utganfUpBd. | easduB1HousSsingbeNyaph LBegsvpargakant |iquid
or the filtrate is taken and titrated with a O 1M aqueous caustic soda
solution 20 d4imeanpirét ofwide, aseotrisausise Bpdatseldit ienneensuned is
y cc). The hydrolyzed acrylic yarn containing introduced

sufficient and accordingly it is necessary to increase

the twist constant to above 2.5 by giving an additional
twist.
10 Hére, the amount of carboxyl groups.in the
salt form éan be détermined according to.the follﬁwing'
expression: |
carboxyl content (mmol/g) = 0.4 (50 - y)/x
ih the follow;ng manner. First, 0.2 to 0.5 g of a
15 - fully-dried.samplé is Qeighed ouf-acpﬁratély_(this
is x g) and.immeréed in 20 ml 6f a 1N-aqueous hydrogen
chloride'solutiéﬁ for at least 24 hours. 5§ ml of
the supérnaﬁant liquid or the filtrate is taken aﬁd
titrated'with a 0.1M aqueous caustic soda solution .
20 (the amount of the aqueous caustic sqda soluti&n consumed
is y cc). |
The hydrolyzed acrylic yarn containing introduced

carboxyl.gbbups can easily-be prepared by hydrolyzing
an acrylonitrile-based acrylic yarn with a mineral acid
25  or an alkali and, where a mineral acid is used, contacting

the saponificate with an alkali after hydrolysis to
convert the carboxyi groups into a salt. In this

case, the preferred salts are those having a Li, K. Na or



carboxyl groups can easily be prepared by hydrol yzing an ,
pR{trile-based acrylic yarn with a mneral acid 25 or an al kal
pMpche a mineral acid is used, contacting the saponificate with an . e
er hydrolysis to convert tlp carboxyl groups into a salt, In
the preferred salts are those having a Li, K Na or -7- NH

K £ In the production of the twisted yarn, it is preferable to
i ntroduce, Pirst .carboxyl groups into a single yarn and then twi st the ..~
yarn,  but F 4i§agﬁ§8‘5 possible to twist, first, an acrylic yarn and t hertw”
I ntroduce car boxyl -ar S _i.nt : =10t t | nventors of this
I nventi on have fou%g ? %t pg\l}g%cglﬁa%?o(rﬁytz% 1:'g'glr_y ?% %r"lrl]’ V\ﬁ]cﬁéhas a
car boxyl cql haher. th t S A ;ﬂﬁ?/ O n ed by
crossl i nki SE?%}EB %d‘r%gl tylrzplg%ogc?‘{ﬁ i (F:}q;rlag;dn’ %n ch )g{)%sg%%fﬁ%i g@%{’ve in water
and is capgbkengh ef Yalrnl lank0 tHig AUEH He | WEO{ONs aT8ES -
crosslinked hydrolyzed acrylic yarn which can fulfil the object.of this
i nventi gn Pagsablar ReXthiGY\t &Milrskd, tn A0 d. FhFfAAAE, tReflegr ee of
crosslinking of class 2 to class 6 and a degree of water swellability of 15--
to 300 cc/ gntabdueen cRir®oxda FraLlidmy dheé Stechyarn by twisting it so
that its twist constant is at _ ) '

Moreover, the inventors of this invention have

found that even a hydrolyzed acrylic.yarn which has
a carboxyl content higher than that specified above
10is converted by cnosslinking to a hydrolyzed acrylic
yarn which does not dissolve.in water and is capable
of fulfilling the object of this invention. This
crosslinked hydrolyzed écrylic yarn which can fulfil
. the object of this invention has a carboxyl content
150f 4.0 to 9.0 mmol/g, a degree nf crosslinking of
class 2 to class 6 and a degree of water swe}lability
of 15 to 300 cc/g, and can providé an excellent twisted
varn by twisting it so that its twist constant is at
least ‘2.5.
20 The degree of'croSslinking of such a crosslinked
hydrolyzéd acrylic yarn is defined as follows.

In the reaction system comprising hydrolyzing
the nitrile groups contained in the polymer sunsequent
to or concurrent with formation of a crosslinked structure

25in an acryloniﬁrile—based-acrylic yarn, the relationship
between the content of carboxyl groups in the form
of the sodium salt and the degree of swelling is

plotted as shown in Figure {. -Thén, referring to



Ieast 2.5. 20 The degree of . crossllnklng of such a crosslinked
hydrolyzed acryli.c yarn is defined as follows. In the reaction system
cenprising hydrolyzing the nitrile groups contained in the polyner
subsequent to or concurrent with formation of a crosslinked structure 257
an acrylonltrlle based acrylic yarn, the rd&-ationshi p between the contg¢
of carboxyl groups in the formof the sodiumsalt and the degree of
swetling is pl otttk ategiosvof nsweblimg4(V cdfigh, withear bagteot of-8- t
degtee of swelling (V cc/g) with a content of carboxyl groups in the salt
formof 5 mmol/g,catimoxielremowds cimsshe nkaby HbérmhefcSossbligedther uct ure

in this reaction systemis defined as follows: 5 t he degree of
crosslinking cl astegree of crésglinkingOot| the Qr0§S®lnkbngVPuctuzeclass 3
1.2 <logV<1.4class 4 1.4 <log V< 1.6 10 class 5 1.6

<log V < 1.8 cl as his meactpn \sxsbem isadef¥ned as<fpddovski gure 4
shows the rel ati onship between the carboxyl _content (in these cases, in the
form of sodiulm 15  sal tthemifgrse .af sReSalinrkingr swelling V (cc/g)

class 1 log Vv<1.0
class 2 1.0 < log V < 1.2
class 3 1.2 < log V < 1.4
class 4 1.4 < log V < 1.6.

10 class 5 1.6 < log V < 1.8
class 6 1.8 < log V < 2.0
class 7 2.0 < log V

Figure 4 shows the relationéhip betweén the

carboxyl content (in these cases, in the forﬁlof sodium
15 salt (mmol/g) ahd the'degree'oflswelling V (cc/g)

at various degrees of crosslinking. Curves a, b,

é'and d represent the relationships at degrees of

crosslinking of 7, 5 - 6, 4 and 2 respectively.

| A hydrolyzed acrylic yarn with a crosslinkiﬁg

20:: degree of class 1 defined above shows low water

absqrption shrinkage'because even_if the content of

.salt—form carboxyl groups increasés, the degree of

swelling does not increase.' Moreover, if the degree

of crosslinking is below class 7, the yarn undesirably
, _

25 dissoives in water because of its excessively low
degree”of cbosslinkihg.' At a degree of crosslinking

from class 2 to clasé 6; good results are obtained.



at various degrees of crosslinking. Curves a, .b, c and d represent the -
relationshi ps. at degrees of crosslinking of 7, 5 -

‘A _hydrol-yzed acrylic yarn with a crosslinking 20 degree of class 1

e oA

degree of crosslinkin

wed above shows | ow water absorption shrinkage’
KEQWt of salt-form carboxyl groups-9mcreases, the degree of swelling does
ncrease. Moreover, if the degree of crosslinking is below class 7,
arn urdeBEP¥eTy o%en insthpyEdsenofatehyidedyze biaqnydiscessi vel y |.ow
At a degree qof crosslinking fromclass 2 to cl aes

! g .
6, good resYR¥R wWikhop: dpgEge of cyosgliokiag ofy&1ass thétRe of a

hydrol yzed acrylic yarn with a _degree of crosslinking of class 3 to 6, when
a yarn has Yeh anY#herBase§uehne nﬁn8fgﬁﬂqg-QQﬁ%ﬁd%afﬁé

degree of

%Iing 5r Qf %b t. e o

shows a nar k@6t 6AGRREY 1 8T4FEEI8Y § AsEEe

wat 1] f ] d . R i Si 'Qk ny | d [ i
o ha (I)Pg?grlg 33 BBS cgzrﬁnl(go ac |erag’ %g‘%lsr?alt hi gsq} nvscej%%)i gﬁei Sa(i(r)y '

preferably Mrﬁgg Oégfgggne&sw 49 <399 veC/i% “&ac(rftri-.cu' Hddp M EErably, in the

range of 20 to _ _
conprising ghehaggreasski Rhed rhudieahingd AACTyY ldwa ¥ yarn comprising

yarn havi ng wa

10

15

20

25

ter swe east, 300 cc@g

absor ption ri nkage esilre

processes for producing the tw sted yarn

aosslinked hydrolyzed acrylic yarn having water
absorption shrinkage desired in this invention is
preferably in the range of 10 to 300 cc/g, particularly
preferabiy, in the range of 20 to 200 cc/g. |

As processes fof producing the twisted yarn
comprising such a crésslinked hydrolyzed acrylic yarn,
there are a process comprising previously fo:ming
a croésiinked structure in an acrylic yarn and then
hydrolyzing the yarn .and a process cpmprising carrying
out crosslinking and introduction of carboxyi groups
by hydrolysis simultaneouély.

Examples.of the first-mentioned type of process
are a proceés including chemical formatioﬁ of a cross-
linked structure by treatment Witﬂ hydroxylamine or

a diamine such as hydrazine or ethylenediamaine, a

process including formation of a crosslinked acrylic

~fibre having latent crosslinkability or by a physical

process including baking at 200 to 300°C, or irradiation
with an electron beam at a dose of above 100 Mrad,

and then hydrolyzing the crosslinked yérn with a

6, 4 and 2 respectively:

because even if_ the

SAL% oups that a
reached . the yarn

Aé"lc,ac%redi St Me degree of -

¥



‘there are a process conprising previously formng 15 a crosslinked
structure in an acrylic yarn and then hydrolyzing the yarn and a p
conpri-stng carrying out crosslinking and introduction of carboxyl &
hydrol ysi s sinultaneously.” Exanples of the first-mentioned type of
20 -are abprocess I ncl udi ng chem cal forh®tion of a cross- iinked
structure by treatnent. with hydroxyl am ne or a diamne su as hydr,azi ne or
spgyleﬂediana:néPﬂ?ﬂﬁ&xﬁﬁ&ﬂi?ﬁﬂi&ﬁ?&k?%ﬁnaii%ﬁa%Pf%Sc? sganﬁﬁﬁganglic
fibre having latent crosslinkability or by a physical 2 .progcess

| nETudi ng baki nPaReBITRS QorRIoCEHS | $7aR T O1CHF { AR 4188, FERBESATar a

dose of above 100, ad, .and then hydrolyzing th ' | i nk W th

-10- m neral euﬂ%feﬂ arfor *9‘m1%§5$£¥%§13fS¥§8gég§§né?p§g gﬁ?§§g ofa

process are a pracess 4 ncluding trea | | Ln- Qi id

systemor a pohﬁ%ﬁﬁ.?;Eﬂ?%%éﬁégﬁwwﬁégﬁgin%%%?a?y%g%ggsbgtghpgégggggLocess
41\ agp Gepryaiql

5 including.an a t . LC to 18%
by wei ght of? a 6%%%ﬂ£ner%z%§a%?%§$l %I?§%$E£¥g§ ?ﬁls nmet hod, |?g6§cones

possible to carr . h | Y& S Of Bt bhi | o] 0 pon of
a crosslinked st%%éﬁ%ﬁégﬁg %g%&s¥§%I?gngﬁ§&§%eg?g%OHQ§°49QeEH%§Htﬁgayu

al kal i ne subst angg 4sed | np§ henhydhetnshs, ithBeeomaB POsEBBLEORS cagwgous
sol utions of a hydroxi de,

out the hydrolysis of nitrile groups and the formation

of a crosslinked structure in one simultanous step.

10 As the alkaline substance used in the hydrolysis,

there can be mentioned équeous solﬁtions of a hydroxide,
hydrogencarbonate or cérbonate of lithium, sodium
or potassium. As the mineral acids, there are preferred
relatively high—concentration aqueous solutions of
15.' sulfuric acid, hydrochléric‘acid, phoéphoric-acid,
nitric écid'br the like. In dases'where_é mineral
~acid is used, it is necessary to convert the yarn
~ after hydrolysis to a sa}t of lithium,.sodium, potassium
or'ammoﬁidm. |
20 The twisted yarn of this.invention can be prepafed
not only by twisting the acrylic single yarn éontaining_
introduced carboxyl groups.but also by twisting a
'plurality.of such yarns so that the twist constant

F) . .
is at least 2.5, or by twisting such a yarn together

25 with other water-nonabsorbing shrinkable yarns, such
as cotton’yarn, rayon yarn or synthetic fibre yarns

so that the twist constant'is at least 2.5. In this



R

hydr ogencar bonate or carbonate of lithium sodiumor potassium, As the- -

m neral, acids, there are-preferred relatively high-concentration agueous

solutions™of 15 sulfuric acid, hydrochloric acid, phosphoric¢ acid, nitrid

“afldxor the like. In cases where aldrneral acid is used, it is necessary
Nyvert taseyahawetees bypdlepysi SOfoby weighds af ttheuresidiing

Asgi um or ammoni um 20 The twisted yarn of this invention can

beNpr'epar edtwbst oneynbgonaistiengfi kbea@oyyild csiviggire hasing drtareduged -

i ntroduced carboxyl groups but also by twisting a plurality of such yarns

so that thecanbaxytogzseuns-is At Asapreferrest nof thg HshdARh a yarn

t oget her 25 w th ot her watér-nonabsorbing shrinkable yarns, such as

cotton yarnthany§R%y By weiekinLhetine Maher \ponibsarh et akarte const ant

s at |least 2.5. In this .  case, hquever, at |east 50% by wei ght of the

resul tifg tHRER 95?ﬁ“§8n§ﬁ§ﬁ§kéﬁetﬁ§ 3@%%i%?%ﬁf *havi ng i ntroduced

car boxyl groups. It is preferred not t.q.,use re than 50% by wei ght of

t he wat er - nonabsorBf’nﬁa§ﬁr ?’E‘ﬁéﬁl & ?ﬁurfgrlr?ybeoggoslemps]‘rﬁ iynarfa'bse %/réet hen

lovered. | ng Gageewhel e?ﬁ.g%‘”% ! Y3 e 10N R Scd-f".r&é V!:fﬁé’g%t oget her ,

the direction rn whic dingle yarns aretw sted is pre ly the sane

as that of {uisl gfelBS:StRd §oYibedMibry il 16ld A5 Ak boe 10

opposite to” eac r. urthernore, 1n-a i on
twist of the single yarn, but the directions can be

10 opposite to each other. Furthermore, in addition
to a single yarn, a folded yarn can be used and a
plurality of these folded yarns can be twisted together.

Furthermore, in some applications, it is possible
to obtain a greater shrinkage effect by twisting to-
15 gether a plurality of yarns of this inventien.. .

Since the above-described twisted yarn of

this invention has been given a twist which produces

sufficient entanglement of fibres and an.increased

wet strength, it is both strong and water-swellable
20 (Fig. 1). Moreover, the twisted'yarns have a feature

that when they are given a twist and subjected to

twist setting, no twist recovery occurs before,absorption

of water, but it does occure after absorption of water

bécQuse the fibres thémselves swell and take a reef ‘
25 knot-like form (Fig. 2) with consequent formation .

of gaps around the yarns. Thus, more water is absorbed

into these gaps.

The twisted yarn of this invention having the



to a single yarn, a folded yarn can be used and a plurality of these fol ded
yarns_can be’'tw sted together. Furthernore, in sonme applications, it is

possibt® to obtain a greater shrinkage effect by twisting to- 15 get
plurality of yarns of this. invention.. Since the above-described tw g
yarn of this invention has been given a Th#3t which produces sufficie )
ent angl enent of fibres and, an. i Is both stron ]

ngreased wet streggéh, It g at
wat er - swel | abl e 2Rpve(agnrioned feghurg fanihe w§Fdi 28 8aVAS ALYl feature
t hat “when they are gjven tw st. and supjectgd,.fo twi st _settin no tw st
recovery occursa%eeflo‘*%' ab?&%lﬁ?%’n %‘Fa%uf u%é?taEBz:éch&BPegSFtEr
absorption of wat.er ecqyg¥ tgf fibres thensel ves swell and take a reef 25
ustrated below. .
ﬁ; . h”cohsequent formation of gaps around the yarns.

knot - 1i ke form (Fi'g ( _ :
Thus, nore water is abs&&é’%’f'@&& ééﬁffc%?én?mﬁ L4 St ‘EHVXRE@ogf ihBhides
above-nent | oned in a

i nvention having the -12- _ eature can be use
variety of f4eldSoth o Shds EXaMPbESeRinpis, aPB! LA LQBRT sbglglk-gtshkat ed

bel ow. One of the applications of this i nvent i on i ncludes 5
nappies.  For exammMlifipid LhEested eyarRsosPephishihvkablignt wirst adwyarns of

this invention are sewn into a cloth nappy, the twisted yarns shrink and
wrinkl e . into a cloth nappy, the twisted yarns shrink and wrinkle
the nappy when the latter ié wetted with urine, thereby
enabling retention of more urine in the spaces formed
10 by the wrinkles.
In this case, it is possible to weave the twiéted
yarn of this invention as the warps or wefts of a-
cloth nappy.
Another application inéludes disposable absorbent
15 .articles. 'Fbr_example; the twisted yarns of this
invention are sewn into the top layer of'a'physiolog—
ical napkin or paper nappy, that is nonwoven fébrié.
The water-absorping articles thuslprepared do not have
an unpleasant feel, because when liquids penetrate

20 the top layer and are absorbed by the absorbent, the

water-absorption éhrinkable-twisted-yarns are wetted

and shrink to form wrinkles on the top layer, thus

providing gaps between the user and the absorbent.

In still another application, it is possible

25 in a disposable nappy fitted with an elastomeric material
on the edges around the lower thigh portions, to use

the twisted yarn of this invention instead of the



[ ]
t he nappy when the latter is wetted with urine, thereby enabling retention.f
of .gore urine.in the spaces fornmed 10 by the winkles. In this'case, it
i’'S_possi-bt'e to weave the twisted yarn of this invention as the warps or

‘ of. a cloth nappy. Another application includes di sposabl € absorbent
ticles. For.exanple, the twisted yarns of this invention are sewn
e top dlaomdric physépiall~- | cThusgpkinnusle ,paRe's RaApPbe that is
nomwoven fabric. The water-absorbing articles thus prepared do not have an
.unpl easant f einmditcatendhehel thigHs perausat €h20 yarinie drafidayely and argy
absorbed by the absorbent, the water-absorption shrinkable tw sted yarns
are wetted amb stot ndhdw ébastiwinbkl easdoraulse heop stafdrinddrisvhgoyisgli ng
gaps between the user and the absorbent. In still another application, it

i s possible Zhey ishuink sposthét hhpppdEest edf whieh nappyl dSittonere ¢ mat eri al
on the edges around the | ower thigh portions, to use the tw sted yarn of
this indenti dhighst eand oprenent lezBageaondyemhenmtthery aire welhusd in use,
gaps can be formed around the thighs because the yarns ordinarily so not
show el asti ciwithritrimgise no stuffiness whereas they shrink so that the

edges of the nappy fit the 5 t hi ghs and prevent | eakage only when they
are wetted The twisted yarn of this invention can be "applied

to a variety of uses in addition to the above-described

examples of application.

10 'This invention will be déscribed below with
reference to the following non—}imiting exampleé.
Example 1 -

‘ carboxymethylated cotton yarﬁ
5 degree.of carboxymethylation: 0.29-
degree of sﬁelling '3 56 cc/g
form of twist | : three yarns
- (count 33.8) are Z-twisﬁed.
_ (hereinafter referred to as -
20 | 33.8 s/sZ)
twist constant : 3.0
Exa@ple 2
methylated cotton yarn .
degree of etherification : 0.25 ‘



«With urine. The twisted yarn of this invention can be applied to a varlety
of uses i.n addltlon to the above-descri bed exanpl es of application. '
i pvent] on wildy be described below with reference to the follow ng
nan- I|n1t|ng exanpl es. Exanple 1 - carboxymethyl ated cotton yarn 1
degree of carboxynethyl ation: 0.29. degregq of swelling

formof tw st . three yarns (count 33:8) are Z- tMASt‘O. -
(hereinafter referred to as 20 33.8 s/sZ) tw st
const ant degree3od Ewalling? net hyt at2dcebgton yarn degree of -
etherification : 0.25 degree of swelling : 12 cc/g formof tw st

33.8 count Z tw st feamsbdnttwist 1 2.5 Ex3%pBecqust 2 sul f at ed
cotton degree of esterification: 0.20 degree of swelling . 48 cclg
formof tw st twist 16o®sbapE-twist) : 2.5

Example 3
5 - sulfated cotton

degree of esterification: 0.20

degree of sﬁelling 48 cc/g

form of twist 16.9 s (2z-twist)

twist constant 4.0

10 Ekample 4
cationized cotton

degree of cationization : 0.25

degree of swelling : 11 cc/g
- form of twist;- : 337815/2 Z.
15 . twist constant : 3.0
Example 5
sulfated cotton .
degree of esterification: 0.20
degree of swelling : 48 cc/g

20 form of twist 16.9 s/3 2 (one of

the three yarns is
a cotton yarn)

4.5

(1]

twist constant
Example 6

25 . carboxymethylated cotton



tw st. constant 4.0 10 Exanple 4 cationized cotton degree of
o zation o 0.25 degree of swelling : 11 cc/g formof. t'wi st.

; {' /22, 15 tw st constant : 3.0 Exanple 5 sul fated '
cof t g Yegree of esterification: 0.20 degree of swelling " 48 cc/g 20
fokn# o/t wi st : 16.9 s/3 Z<bsre of the three yarns is a cotton
yarw W st const ant . 4.5 Exanple 6 25 car boxynet hyl at ed
cotton  -15- degree of carboxynethylation: 0.17 degree of swelling

(15 19 1o of ddifle of camoxmecnyiitiby §(one of 10 (hiee yarnei
3.0 Conparative E@gg%éé]og.gwéfigggyarn of Exqm@gaé%/gmerein'the.degree
form of twist : 33.8 s/3 (one of
| the three yarns is
5 a cofton yarn)
twist constant ' : 3.0
_Comparative E%ample.l
a twisted yérn'of Example 2, wherein the degree
of etherification is 0.21, and the degree of water
10 swelling is 7 cc/g.
Comparative Exampie é
a twisted yarn of Example 3, wherein the twist
conséapt “is 2.0.
Comparative Egamplé 3
15 a twisted yarn of Example 6, wherein the form
of twist is such that two of the three yarns are
cotton yarns. <L~ |
The twisted yarns of Exampies 1l to 6 and Com-
parative Examples.l to 3 were tested for a degree of
o0 Water swellability. str.ength and water absorption. The
results are shown in Table 1.
Test Procedures for Water Absorption
4 g of a twisted yarn of the above Examples and - ‘

Comparative Examples are blended with 26 g of cotton

25 pulp (Weahouser Co., Ltd., SAM) as shown in Fig. 3.



of etherification is 0.21, and the degree of water 10 swelling is 7 cc/g.
Conparat.ive Exanple 2 a twisted yarn of Exanple 3, wherein the tw st -
c@nst ant i s~2.0. Conparative Exanple 3 15 a tw sted yarn of .
Exanple 6, wherein the formof twist is such that two of the three ¥3
are cotton yarns. The twi sted yarns of Exanples 1 to 6 and Com pé
Exanples 1 to 3 were tested for a degree of 20 water swellability
and-wat er absorption. The results are shown in Table 1. Test Proc
Watwly Absorption 4 g of a -twi sted yarn of the above Exanpl es and

Conpar ati ve ExantmesFige Bl etHed toipt shafetg Dfcamgitiwef5apnbpwbdheahouser
Co., Ltd., SAM as shown in Fig, 3. In Fig. 3, the top sheet:- 2 conpri ses
a nonwoven 2 fabrfab¥26 gza1y/m?ep@mapdnedunyrhdt+mgﬂtdngobﬁepbéye&ﬁ&a
(45% and ES fiber (55%, and the back sheet 4 conprises polyethylene . (25
g/m). These shekilses (45&)candnpSsddbexr stibM) i rard gkhg. back sheéfto this
absorbent is poured artificial urine (prepared by adjusting a physiologica
saline sol ution th comprises reayedhydend) (B YerrThesdyakéehsat .

[err]) through a . '
g are composed as_shown in Fig. 3. = Onto this

cdares for

absorbent is poured artificial urine (prepared by
adjusting a physiological saline solution to a surface
tension of 56 dyne/dﬁ i 3 dyne/cm at 30°C) through a
.hole, 1l cm across, of a container"placed'on the surface
10 of the absorbent. The time required to absorb 105 cc
| of the urine is méasﬁred.and this time is defined as
an absorption time. Further, 2 minutes after the
absorption, a load (40 g/gmz) is applied to the area
'(100 cmz).aroqnd the site of ébsorption'and the urine
15 oozing.but-of the absorbent is absorbed by a filter
paper. The amount of the-uring-thus absorbed is
defined as return. fThe water absorption is repre-
sented by this absorption time and the return.
The feason why the abosrbents incorporated with
20 the twisted yarn.of'this invention show excellent
water absorption as shown in Table 1 is perhaps that
the liquid retention is increased in such a manner
that when an absorbent is wetted, the twiéted.'
yarns take a reef knot-like form as shown in Fig. 2

25 at various points and provide gaps around the twisted



hole, 1 cmacross, of a container placed on the surface 10 of the ..

ahsor.bent... The time required to absorb 105 cc of .the urine is neasured an
this.tigy is defined as an absorption tinme. Further, 2 mnutes after the 2
abs-rd(ﬂw . a load (40 g/cm) is applied to the area (100 cm) ‘around the
~alsorption and the urine 15 -ppzing out of the absorbent i's

Ay ' a filter paper. The anopunt of the urine thus absorbed is

ds return. The water absorption is repre- sented by this absorption
time and the_r rE [ on why the abosrbents incorporated with 20

the tw sted §%$%gognt%ﬂ§ '%@'ﬁtion show excel | ent water ~absorption as shown
in Table 1 is perhaps that the |iqui a%féeniion Is increased in such a
manner that when an absorbent is wetted, the twi'sted yarns take a 'reef
knot-1i ke formas shown in Fig. 2 25 at various points and provi de gaps

around the twrsted —t7F—yarns——theputpTabte~t—degree—of
wat er absorqtion degrégdggﬁg@wb t swellin stW@h@rhabsg§§§ﬁppion
e (OB B e T |
5.1 swelling (g/yagn) tiﬁe return
(cc/q) (sec) (g)
Ex. 1 56 ' 423 130 ' 5.1
2 12 - 127 156 6.8
3 48 | 140 131 5.4
4 11 309 160 6.7
5 48 | s25 139 5.4
) 18 - 594 152 6.5
Compar. | -
Ex. 1 |. 7 - 176 | 180 7.6 -
2 48 - 38 169 7.0
3 18 . 881 177 7.3
absorbent comprifing | 195 7.8
cotton pulp only (30 g)

Examples of_thg twisted yarn of a hydrolyzed acrylic
yarn of this'invéntion are set forth below.
acrylic yarn used: Vonnel, a product of Mitsubishi
Rayon Co., Ltd,' |
Example A
5 carboxyl content (Na salt): 0.7 mmol/g

form of twist : three yarns (count 17)-

<



&

2 12 127 156 6.8 3 48 140
131 ., 5.4 4 11 309 160 6.7 5 48
535. . 139 5.4 6 _ 18 594. 152

6.5 Compar. 'Ex. 1 -7 176 180 7.6 2

48- © 38 169 7.0 3 _48- 18 . 881

177 7.3 absorbent conpri sing cotton pulp only (30 g) Exany

thé twisted yarn of a hydrolyzed acrylic yarn of this invention are
fori@ bel ow. acrylic yarn used: Vonnel, a product of-Mtsubishi Rayon Co
Ltd. Exanple A5 car boxyl content (Na salt)ara;24awﬂgﬁ;a;w(né&e_

tw st three yarns (count 17) -18- are Z-twisted. (here-
inafter referred to as 17 s/3 Z) tw st constant inafter refhirdXatwl e
B5 carboxyl. content (Na salt) 1.9 mmol /g formof tw st
217 s/ 3 Z ' ' - as 17 s/3 Z)
twist constant : 2.5
Example B
5 carboxyl content (Na salt) : 1.9 mmol/g
form of twist : 17 s/3 2
twist constant : 3.5
Example c | |
carboxyl content (Na salt) : 3.4 mmol/g
. 10 form of twist : 17 s 2
- twist Eonstant : 5.0 -
Example D |
'carboxyl content (K salt) : 2.1 mmol/g
' form of twist : 26 s/3 2
15 = twist cqﬁstant. : 4.0
Example E <G
carboxyl content (NH4 salt): 2.1 mmol/g
form of twist : 26 s/3 2
twist Constént._ : 4.0
Example F = -
20 carboxyl content (Li salt) : 2.1 mmol/qg
form of twist : 26 s/3°2
twist constant : 4.0

Example G



tw st const ant : 3.5 Exanple C carboxyl content (Na salt) ¢
3.4 nnnu/g lo formof tw st :17 s Z twi st constant
,... D carboxyl content (Ksalt) : 2.1 mol/g formof twist -

1

\15 twi st const ant -19- . 4.0- Exanple E carboxyl
r] salt): 2.1 mml/g formof tw st : 26 s/3 Z
ANt . 4.0 Exanple F - 20 car boxyl content
21angfmthwst : 26 s/3 Z tw st 3
mpl e .G -19- crosslinked hydrol yzed :;;
acrylic yarn (fonﬁ%??ﬁ%%%%%ﬁlhﬁﬁﬁﬁﬂy@ﬁﬁb&ﬁﬁykkﬁl¥#En(Na salt) : 6.9 ‘
nnDI/g degree of water SMB||I ng .bl.cc/lg 5 degree of crosslinking
:class 5 form of tQﬁ%ﬁma in °r°5511nk1nE? s/3 Z tw st constant
2
° carboxyl content (Na salt) : 6.9 mmol/g
degree of water swelling : 51 cc/g
5 degree of crosslinking : class 5
form of twist : 17 s/3 2
: 2.5

twist constan?
Example H
a yarn of Example G, wherein the carboxyl content
40 is 8.5 mmoi/g,Vthe degree of crosslinking is class_4;
the salt is an_NH4.sél£ and the twist multiplier is 4.0.

carboxyl content (NH4'salt): 8.5 mmol/g

degree of water swelling : 250 cc/g
.deéree of crosslinking .t class 4 .
15 form of twist_ : 17 s/3 2
| twist constant : 4.0
ExamplehI e
(hydroxylamine crosslinking)
carboxyl éoptent (Na salt) : 4.2 mmol/g
20 degree of water swelling : 12 cc/g
degree of crosslinking ﬁ-class 2
form of twist : 17 s/3 2
twist constant : 3.0 ‘

Example J

25 a twisted yarn of Example I, wherein the carboxyl



Exanple H a yarn of Exanple G wherein the carboxyl content 10 Is 8.5
mmol /g, the degree of crosslinking is class 4, the salt is an NH4 salt and
the tw'st nultjplier is 4.0. carboxyl content ( NH4 salt): 8.5 nmol

of wat er swel I'i ng . 250 cc/g degree of crosslinking . class
form of twi st : 17.s/3 Z tmn% constant p
Exanpl e | (hydroxyl am ne crosslinking) car boxyl content (hb salt)

mo| fg 20 degree of water swelling . 12 cc/ g degree of

crosgl i nki ng . class 2 formof tw st . 17 s/ 3 Z tmnst
const ant tent §SOSE@mHHdlﬁ§25the degrae! WS sarimofndxeem! e
|, wherein the car%oxy - cont Is 5.8 "mol /g, the degree o
crosslinking is £12ss 6 and WM ttbSde Mhit lﬁérI§56500 .(hydr oxyl am ne
crosslinking) carboxyl content (Na salt): 5.8 mol/g 5 degree of

water swelling : 85 Qﬁ&g;@@gm@%ﬂﬁecaﬁgggifﬁkﬂgg) . class 6 form of tmnét
:17 s/3 Z

carboxyl content (Na salt): 5.8 mmol/g

5. degree of water swelling : 85 cc/g
degree of crosslinking : class 6
form of twist : 17 s/3 2
twist copstant'. : 6.0 |
Exaﬁple K |
| : 0.7 mmél/g

10 . carboxyl content (Na salt)

form of twist 17 s/3 Z (one of the
three yarns is an

unreacted acrylic yarn)

twist. constant . : 3.0
Example L
15 carboxyl content (Na salt): 1.5 mmol/g

form of twist . ~©- 26 s/3 2 (one of the

three yarns is an

unreacted acrylic yarn)

twist constant

: 5.0
Example M
20 carboxyl content (Na salt): 1.5 mmol/g
form of twist : 26 s/3 §°
twist constant : 3.5

twist direction of single

yarn (first twist) right hand twist

*e



o .

tw st const ant : 6.0 Exanple K 10 car boxyl content (Na -
salt): 0.7 mml/g formof tw st :17 s/3 Z (one of the -t hree
. yarns is-an unreacted acrylic yarn) twist. constant .3.0 !

ﬁnue L 15 carboxyl content (Na salt): 1.5 mmol/g form af twist
S\, Z (one of the three yarns is -a@uunreacted acrylic yarn) tw st

: 5.0 Exanple M 20 carboxyl content (Na salt)

D /g forntof tw st : 26 s/3 S twi st constant
wi st direction of single yarn (first tw st) . right handw

tw st -21- twi sy ig 681 +08 9bnt WiESed syid (ply twist) left
hand tw st Conparative Exanple A a yarn of Exanple A, wherein the carboxyl

content 5  is O.j/afW0lpDy Cowpatstive Exanple IRft hand twist

Comparative Example A
a yarn of Example A, wherein the carboxyl content
5 is 0.5 mmol/g
Comparative Example B
a yarn of Example A, wherein the twist constatnt
is 2.0 .
Comparative Example C
10 a yafn-of Example C, wherein the carboxyl content
is 4.2 mmol/g L
‘Comparative Example D
a yarn of Example K, wherein the form of twist is
such that two;of the tﬁree yarns'are.unreacted acfylic
15 yarns
Comparative Example E ' .
a yarﬁ of Exampi;;l, wherein the degree of cross-

linking is class 1

carboxyl content 4.3 mmol/g
20 degree of water swelling: 5 cc/g |
degree of crosslinking : class 1
Comparative Example P : .
a yarn of Example I, wherein the carboxyl content

is 2.5 mmol/g

25 carboxyl content : 2.5 mmol/g



5 yarn of Exanple A wherein the twist constatnt is 2.0 Conparative Exanple
C lo '~ . “a yarn of .Exanple C, wherein the carboxyl content is 4.2
ngvot /g . .=~Conpar ative Exanple D a yarn of Exanple-K, wherei
of twist is'such that two of the three yarns are unreacted acr¥
yarns Conparati ve Exanple E a yarn of Exand®e |, wherein the f
cross- linking is class 1 carboxyl content : 4.3 mol
- degree of water swelling:. 5 cc/g degree of crosslinking cl .
Compar ati ve Exanple F_a yarn g ample |..wherejn _the carboxyl content is
2.5 mml /g 25 d?&%ﬁ@xﬁg é’b%%tswellmg‘: bz?Epﬁmnl /g -22- degree
of water swelling: 9 / eqr.ee 0 i nking_;.glass 2 The tw sted
yarns of Exanples A tég 5%32%%ﬁ?g%%ggfﬁggﬁ%xaﬁpféggi ?O F were neasured
for water 5 absorptbgg §%B!HKQ?%@%B&Qeo@”#x%ﬁéiggaﬂetEa%Fé%ﬁtégh- '

a )

foll ow ng nethod. The results are own 1n
parative Examples A to F were measured for water

5 absorption shrinkage force ahd shrinkage rate by the
following mefhod. The results are shown in Table 2.
shrinkage force: a force of shrinkage produced by
a yarn when it is weﬁted with water (expressed in g)
shrinkage rate = (initial length of yarn - length

10 at sﬁrinkage)/initial ;ength of yarn x 100
- | Table 2
Shrinkage forcelg]l shrinkage ratel$]

Ex. A 14 | 13

- B 18 - 73
¢ 93 85
D 65 79
E sT280 86
F 62 77
G 21 | 19
H 95 88

I 18 20
J 147 91
K 12 . 11
L 39 63
M

28 ' 42



shrinkage force: a force of shrinkage produced by a yarn when it is metted;t

‘m@Fh-mateL\(expressed in g) shrinkage rate = (initial length of yarn -

~at shrinkage)/initial length of yarn x 100 Table 2 Shrinkage

force hri nkage rate[% Ex. A 14 13 B

48 73 C . 93-23- 85 D ’ 65
79 E 0 86 F ' 62 : 77 G

21 19 H - 95 ' 88 | 18 .
20 J 147 91 K + 12 11 "
39 63 M~ 28 42 -23- Conpar.
Ex. A 6 5B . 7

4 c di ssolved D 3 - 3 E

4 3 F _ 7 5

Compar. Ex._A 6 ' _ 5

- dissolved_

M M O O W
W
w



& L M S * 24 CLAI MS: 1. A tTw sted yérn prepared by

fmﬁstiﬁg so ‘that the tw st const anty g I ﬁli (1) a single yarn .
gonpri-sing a water-insoluble fiber ha““ﬂlﬁ]’lulmaml 11 I/vat er swellability Of
at least 10 cc/g or (2) a plurality of sirgle yarns conprising a water

I nsol'uble 5 fiber having a degree of water smgélabilify of at |east 1(Q
or (3.) a pIuregh&MsQf yarns conprising at I"e ‘%‘50@6by wei ght of such
singl e yarns and non-wat erswel | abl e yarns. 10 2. A tw sted yarn def

in,aim1 whegein the singl N, 4 | rylic single yar m—afd
ité’carboxyl g?bups whi ch grg“ﬁ%t@ﬁéi?gFgﬁg%ggxégfggfep?@%%ﬂ?%dSBy - COO
wherein X is ki .. X or, NH4 8 t, 4 t ofy0,7 0
Erm)l /g. 15 3. tlﬂa,&-' tv&hs eH"L?/%r n gg?llsﬁeagftfﬁte%aéfl %e?g{mihrge)';% nelf%ea s?%ré#fele%/ar n
is a hydrolyze I ¥bi IgAGH WY Ar 2 yli ] e
yarn has a - iﬁgrghgﬁé‘gﬁ?gﬁ %?Ja?e(ﬁqgl%ﬁglﬂ%lﬁg}%l&a.%ﬁ%% %f‘feéfgg
g(r)gsslinki ng obrchaserlsw@11adil ikt atlaas afo Wal g swefgjng of 10 to
cc/g.

plurality of single yarrs comprising a water insoluble
5 fiber having a degree of water swellability of at least 10
cc/g or (3) a plurality of yarns comprising at least 50%

by weight of such single yarns and non-waterswellable

yarns.

io0 2, A twisted yarn defined iﬁ Claim 1 wherein the single
yarn is a hydrolyzed acrylic single yarn, and its carboxyl
groups which are in the form of a salt represented by
:—COOX (wherein X is Li, K, Na.or NH4) are present in. an

amount of 0.7 to 4.0 mmol/g. ’

15 3; A twisted yarn defined in Claim 1, wherein the single
yarn is e hydrolyzed acrylic single yarn, and the hydrolyz-
ed acrylic single yarn has a -COOX group content of 4.0
to 9,0 mmol/g, a degree of érosslinking of class 2 to

class 6 and a degree of water swelling of 10 to 300 cc/g.




