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processes 1nevi taghg SLitg eCtsnIl':sberqeuSent decomposition to regenerate the

cellulose, for example the viscose process. One example of

15 the solvent spinning pi:ocess is described in US-A-4,246,221,

the contents of which are incorporated herein by ivay of

reference. Cellulose is dissolved in a solvent such as an

aqueous tertiary amine  N-oxide, for example N-

methylmorpholine N-oxide. The resulting solution is then

20 extruded through a suitable die into an aqueous bath to

produce an assembly of filaments, which is washed in water

to remove the solvent and is subsequently dried.

Fibres may exhibit a tendency to fibrillate,
particularly when subjected to mechanical stress in the wet

25 state. Fibrillation occurs when fibre structure breaks down
in the longitudinal direction so that fine fibrils become
partially detached from the fibre, giving a hairy appearance

to the fibre and to fabric containing it, for example woven
or knitted fabric. Dyed fabric containing fibrillated fibre

30 tends to have a "frosted" appearance, which may be
aesthetlically undesirable. Such fibrillation is believed to

be caused by mechanical abrasion of the fibres during
treatment in a wet and swollen state. Wet treatment
processes such aé dyeing processes inevitably subject fibres
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'EP-'A-4'538,9'71' describes a process for providing a
solvent-spun cellulose fibre with a reduced fibrillation
20 tendency, in which the fibre is treated with a chemical
reagent having two to six :Eunctional groups reactive with
cellulose. The chemical reagent may be a polyhalogenated
polyazine or a compound containing a polyazine ring bearing
two or more vinyl sulphone groups or precursors thereof.
25 The fibre may be treated in never-dried or previously-dried
 form with an aqueous solution of the chemical reagent, which
‘may be made waakly alkaline by the addition of sodium
carbonate, sodium bicarbonate or sodium hydroxide. It has
however been found that when solvent-spun cellulose fibre is

30 treated with a reagent of the halogenated polyazine type the
. reduction in fibrillation tendency so obtained tends to be
lost when fabric coﬂta;in:l.ng the treated fibre is scoured and
laundered. -~ Such reagents react with cellulose to form a
multiplicity of aromatic/aliphatic ether groups, which are
35 believed to be pto‘n_e to chemical hydrolysis during fabric
- processing and laundering. WO-A-94/24343, published 27th
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WO A- 94/ 24343, published 27t h*# WD 95/ 28516

PCT/ GB95/ 00838 -3- Cctober 1994 di scl oses a fl_osel y simlar process.
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| yocell fibre Such times would be unacceptably 1ong in a fibre production
15 plant, where line speeds are commonly in the range 10-100
m/min, particularly if the fibre is processed in uncut form
as tow.

Disclosure of the invention

It is an object of the present invention to provide a
20 method of 'reducing the fibrillation tendency of lyocell
fibre which can be carried out rapidly under fibre
production conditions. It is a further object of the
invention to provide a method of reducing the fibrillation
tendency of lyocell fibre whereby the treated fibre retains
25 resistance to fibrillation during subsequent wet processing
treatments such as 'scouring,' dyeing and laundering. It is
2 further object of the irivention to provide lyocell fibre
having improved dyeability.

_ According' to the present invention there is provided
30 a method for reducing the fibrillation tendency of lyocell
fibre, characterised in that (1) there is applied to the
fibre in never-dried state an agueous solution comprising
dissolved therein an inorganic alkali and a chemical reagent
bearing a plurality of acrylamido groups, the average number
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that the hydroxyl groups in the cellulose molecules react by
Michael addition with the acrylamido groups in the chemical
reagent, thereby crosslinking the cellulose molecules. The
solution may in general contain 5 to 50, preferably 10 to
20, grams per litre of the chemical reagent. It has been
found that chemical reagents of this type tend to hydrolyse
in alkaline aqueous solution, particularly at high pH and
during prolonged storage or when long application times are
used. It has been found that if the degree of hydrolysis is
excessive,_such that the average number of ecrylamido groups
per molecule in the solution when it is epplied to the fibre
is less than about 2, then the protection against
fibrillation afforded by'treatment with the chemical reagent
is small or lacking. The average number of acrylamido groups
per molecule in the solution may also be referred to as the
functicnality of the reagent. It_is_preferably at least
2.2, further preferably at least 2.5. For a reagent bearing
three acrylamido groups{ it is desirable for the

- functionality of the reagent to be close to 3, but in

practice hydrolysis in the solution may result in the

- functionality being no more than 2.9 or 2.7. It has further

35

been found that chemical reagents which initielly contain
only two ecrylamido groups g:l._ve_ a l_ess satisfactory
reduction in fibrillation tendency than chemical reagents

may be

(
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reagent bonded (figusiys tpercliitidens preifarabilpnabdet 20 iu abouti 50dgyams per
litre for a mild alkali such as trisodium phosphate or about

15 2 to about 10 grams per litre for a caustic alkali such as

sodium hydroxide.

Fibre treated by the method of the invention often
contains 0.25 to 3 percent by weight of the chemical reagent
bonded (fixed) to cellulose, based on the weight of air-dry

20 fibre. The amount of fixed reagent may be assessed for
example by measurement of the nitrogen content of the fibre.

It has surprisingly been found that useful protection
.against fibrillation can be obtained with amounts of fixed

- reagent as low as 0.25 to 1 percent. This is advantageous in
25 that chemical reagents suitable for use in the invention are
often expensive, so that it is desirable to minimise the
amount used. An amount of fixed reagent in the range 0.4 to
0.8 percent may be found to provide a useful balance between
protection against fibrillation and expense. It has also
30 been found that fibre treated according to the method of the
. invention in general has a dye affinity at least as high as
that of untreated fibre. This is remarkable, in that
crosslinking treatments generally reduce the dyeability of
cellulosic fibres. It has further and surprisingly been
35 found that fibre containing 1 to 3 percent fixed reagent
exhibits an advantageously higher dyeability than untreated
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and/ or speedy §f £{£6¢d 1t thk thszshzerﬁocal pefeaRt tbyhie ghie! b8! e chbhical
The net hod of the mvegmlon may gﬁ pe % ](E)é ?éirfgy_pasmﬁg the lyocell fibre
t hrough an aque%?& @G sﬁq r‘i’é1 5RPH"ELS Gy £ Fhorganl c al kali
and the chemical reagent. . The chenical reagent may be Iiable to hydrolysi s
in fsuchb? circul atl NGpHAt Bqu gladst hgo M 467 Qéeahenbatthe' SméEhéd€'d¥ Otfle
preterably as Sim vent ot * A eadélitggxqgﬂy gbntain ' ‘sodium sulphate,
preferably at a concentration in the range of 10 to 50 grams
15 per litre calculated as the anh_ydrcus salt. It has been
found that addition of sodium sulphate may improve the
efficiency and/or speed of reaction of the chemical reagent
with cellulose.

_ The method of the invention may be performed by
20 passing the lyocell fibre through an aqueous circulating
bath containing both the inorganic alkali and the chemical
reagent. The chemical reagent may be liable to hydrolysis
in such a circulating bath, and the volume of the bath is
therefore preferably as small as possible. Alternatively,
25 separate solutions of the inorganic alkali and the chemical
reagent may be mixed shortly before applicaticn to the fibre
and may be applied to the fibre by padding or spraying, for
example. In a further alternative, such separate solutions
| - may be applied individually to the ‘£ibre. In ¢this
30 procedure, which.may be preferred, the first solution may be
applied to the fibre, for example from a circulating bath or
by padding or spraying, optionally followed by mangling to
'express excess ligquor, and the second solution may then be
- applied to the'fihre, for example by'padding or spraying.
35 The separate solutions may be applied to the fibre in either
' order. If sodium sulphate is employed, the sodium sulphate
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15 preferred for a single solution before application to the
fibre. If this procedure is employed, the pH of the agueous
solution containing an inorganic alkali and a chemical
reagent bearing a plurality of acrylamido groups referred to
hereinabove is defined as being the pH of the mixture of the

20 separate solutions in the proportions in which they are
applied.

After application of the inorganic alkali and the
‘chemical reagent in agueous solution to the fibre, the
wetted fibre ia subjected to the fixation step to preoduce

25 reaction between the fibre and the chemical reagent. The
temperature of heat treatment is considered -to be the
maximum temperature attained during the fixation step. It
is usually at least about 50°C, may be at least about 80°C,
and may be up to about 100°C or more up to about 140°C. The

30 fibre to which the solution has been applied is preferably
heated to above the temperature of the application step, for
example by steaming or by microwaves, to induce reaction
between the cellulose and the chemical reagent. Dry heat is
generally less preferred. The total time of treatment

35 (application plus fixation) is generally 1less than 3
minutes, preferably less than 2 minutes, more preferably
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preferably |l ess than 2 minutes, nore preferably WD 95/ 28516

PCT/ GB95/ 00836 - 8- | g55o- AL cubrltl BUER tne alkel1RAOESL4EESH BRNENbALEa] S 2

partlcul ar advant age nventi on. vant age of tg vention
i s the effici emeagentogceording fia fher mggbad. of *‘-he invgntdoen,, & Fnéﬁ?rw th
t he al kal i ne sqlsut,agne@fa,fd\am@al rﬁ@gﬁlﬁasﬂ!lﬁgr stage (préferabliyhdncbédese -
I nventi on, thefl Le IS n n t

i ncl udes washi ﬁ' Pﬁ ‘&Hy'\et € a %eg g@lg £%6 'tsar?\l\@i?lt ghéi @?%ﬁﬁ:ﬁ%“ edé‘¥| bre
isinther angéibrerrﬁ-abbntthe srms%tfmm @bout14.5 to al?‘l’?ét- Brenti on
further provides a nethod for the nanufacture of lyocell fibre with a

(5501 ving BT Ul oseThR AREHn | QUFEPATS e, & Bl o PRty
m sci bl e wi th wangfacture of lyocell fibre with a reduced tendency to
fibrillation, which includes the steps of:- | '
(a) diséolving cellu_l'és_e in a solvent to form a solution,
the solvent being miscible with water; .

15 (b) extruding the soluticn through a die to form a fibre
precursor, o :

{c) passing the fibre precursor through at least one
agueous bath to remove the solvent and form the fibre;

(d) applying to the fibre an aqueous solution which
20 comprises an inorganic alkali and a chemical reagent
bearing a plurality of acrylamido groups in aqueous
- solution, the average number of Iacrylamido groups per
molecule of chemical reagent in the solution being at

least 2.1; | ' '

25 (e) _heating' the fibre at a temperature of at least 50°C so
as to induce react:l.on between the chem:l.cal reagent and
the fibre; ' '

(£) washing the fih_re; and

(g) drying the fibre.



15 (b) ext r udi ng the solution through a die to forma fibre precursor;

(c) passi WP 258516 bre precursor through at |east one aque®CT/dE9sSH03S
renmove the solvent and formthe fibre; (d) applying to the fibre an aqueous
sol ution which 20 conpri-ses an inorganic al kali-and a chem cal

reagent bearing a plurality of acrylamdo gr %ps I n aqueous solution, the
aver age nunber of acrylam do groups per nolecule of chem cal reagent in the

sol ution being at |eastpRelfiBPe 4€)thedealli 8¢ step f(d) andt ia steper tdlrandf
at | east 50[err] so.as,to induce.r ti et n Cahad €38 ERfatid
the fibre; (f) wadfdng*fhePFVEFear §§<§ P{L‘% %g hQﬁFEEm' WO 95/ 28516
PCT/ GB95/ 00838 9¢mﬁhbitﬂ-9neiatthhefm d-f2°s B¥¢c) and in steps (d) and

(e) is never-dried fibre and generally has a water inbibition in the range

120-150% The invention her ovi des ral g i

fibrillation tendency off PyBEEFPg?'?Brg r%‘%%&gﬁggd EQH gta tf r! §duc 2
treated in the methe fibriliatien tendencypef mcéléff&r¢e§§’tar&5&§f’ gege’r’?]
wi th an inorgani ¢ qlakalingnfiBr& eyl ¢2batagen! theameveradriedsistatecat a

acryl am do rousmaueousslutlon H he I e '
app?ll cati ongt 0 Ito hé"eﬂpﬁﬂétﬂgﬁnﬁ i He staﬁgﬁgflré%# wiﬁg %‘i rgg 3k ?Lig%‘ufo
12.5. It is an adwd agechémicml | nesgentnbearing tat:ahegétcﬁhr#%daﬁm’lw

production plant f fou mru&@awesdihtlnsaceb;hefpbrsisatnbl BB1EPE6H Sbet brd
is to say on a fi ow 15 1n exten

i,s
pr ot ect ed agal%tamlﬂ-ﬁaitlj'&f‘l P athen gﬁ’r'? yb§{r’]é%e1n ﬁﬁﬁaﬁaingﬁl ah'l l?eforel‘\"/\kt
preferably 11.75 to 12.5.

It is an advantage of the invention that it can be
carried out in a production plant for the manufacture of
lyocell fibre at line speeds, that is to say on a fibre tow

15 in extended <form. The fibre 1is protected against
fibrillation at an early si:age, in particular before wet
processing of the dried lyocell fibre or of fabric made
therefrom, for example woven or knitted fabric. Such wet
processing operations include scouring, dyeing and

20 laundering.

The invention is illustrated by the following
Examples. Materials may be assessed for degree of
fibrillation using the method described below as Test Method

1 and assessed for fibrillation tendency using the technique
25 described below as Test Method 2 or 2A.

Test Method 1 (Assessment of Fibrillation)

There is no universally accepted standard for
assessment of fibrillation, and the following method was
used to assess Fibrillation Index (F.I.). A series of

30 samples of fibre having nil and increasing degrees of"
fibrillation was identified. A standard length of fibre

- from each sample was then measured and the number of fibrils
(fine hairy spurs extending from the main body of the fibre)



processing of the dried Iyocell fibre or of fabric nade therefrom for
exanpl e %Vﬁésﬂrs knitted fabric. Such wet processing operations include
scouri ng, yeing and 20 |aundering. The invention is iBOT{ERISAE838 by t he
foll owi ng Exanpl es. Materials may be assessed for degree of
fibrillation using the nmethod described bel ow as Test Method 1 and assessed
for fibrillation tendency using the techni gge-25 descri bed bel ow as Test

Met hod 2 or 2A. Test Method 1 (Assessnment of Fibrillation) There is no

uni versal | y accajdmy therstandard: lepgthswest ceitntedy | The jkapgth,gf gach

f ]9I I38vv' ng lrret hog;&% Uéﬁg h%a§a§§8§ &nlr idd a&i’ﬁhﬂé&ﬂﬁxnﬁ:ﬁb$r) : be_i:ik.lx.se_hiees |
(0] Sa es O I bre avi n ni n ncr.easli : e n
was idenmof i ed. numbex eﬂﬁaﬂ@ﬂe‘ﬁgﬂ'ﬁ&gphﬁ?eg rg% e%gél:eiie : eeruﬁé Otfh%hhﬁ .
measured and t heilmettbewast determised ffow ehghr fibyry s TBR( gg!am@m%ttins-
mai n body of {,hhené i_ﬁcgg)est 5349_:%563%% BEBA GREber wal idettafiddas

h wa .

standard | eng S unte he | ength of fibrjl.was I , sand
an arbitrary nup®ERg diehgPPRE n&'ﬂ)’é&%@p’% b??ﬁ?’ mﬁ'ﬁ plw:la%d gsﬁégeeeﬁvea?lage
| ength of each &tbitiarywasFdbrélbatiehfolndesh faforel0The fi Bhe emiiadilyi ng
5 the highest v ' | i Yo NHERS Sal Nriilladion liades oghe
nost  fibrill atglhfl??:?{)#e%%afwgbs*é ggg?gggaggﬁggr Bi ???rﬁé&gl rillation 10
Index of 10. zero, angntheyramaining fidres; é‘ffrﬁtﬂ’féé/ %ﬂgﬁeh"a
Fibrillationibngageafonctive miitvtdseepieablyi meaduted arkdtragyadegbérsm 0 to
10 10 based on the microscopically neasured arbitrary nunbers. The neasured
fibres were then used to forma standard graded scale. .To _determ ne {he

Fibrillation Index foFhereasurad £ibsre werethen used: to, foER & ghandagd
visual l'y graded scale. To determine the Fibrillation Index for any

other sample of £fibre, f'iv_e' o_"r ten fibres were visually
~ compared . under the '_niic_r_ds'c':.ope' with the standard graded
15 fibres. The vislually" determit_z_ed xiun'l_beis for each fibre were

then averaged to give a Fibrillation Index for the sample’

under test. It will be appreciated that visual

determination and avex;'aging is - many times quicker than

measurement, and it has been _found that skilled fibre
20 technologists are consistent in their rating of fibres.

In general, fabrics containing fibre with F.I. 2 or
more may. hair_e a "frosted" appearance. | A desirable target
for fibre P:.I_._ is 1 or less, preferably 0.5 or less, in
fabric, including laundered fabric.

25 Test Method 2 (Inducemex_xi:- of Fihi'illatién)

A) ~ Scouring Treatment. 1 g fibre was placed in a

~ stainless steel cylinder a_pproximately 25 cm long

by 4 cm diameter and having a capacity of

~ approximately 250 ml. 50 ml conventional

30 scouring solution containing 2 g./]'.' Detergyl FS355
(an anionic deterge_nt' available from ICI plc)

(Detergyl is a Trade Mark) and 2 g/l sodium

carbonate was added, a screw cap was fitted and

the capped cylinder was tumbled end-over-end at

(

o



conpared under_the m croscope with the standard graded 15 fibres The
visual |y d&YQP¥EWI nunbers for each fibre were then aver agRar/GBISY0SI8 a
Fisbrillation Index for the sanple under test. It wll Dbe

appreci ated that visual det®ermination and averaging is many times quicker
t han nmeasurenent, and it has been found th_atuslgi | l'ed fibre 20

.technol ogi sts are consistent in their rating ™f fibres. In general, fabrics
containing fibre with F. 1. gpotuibiés "p¥r hataute" toosHad minusesr @tcd5°C
desirable target for fibre Fl. LS..L f | ¥ Yot idhd
fabric, including | aundered ?’éﬁr?%‘.’u"z%{ ifﬁ% %s‘?{%gt%jb%e} ?'fir#éﬁcerrent of
Fibrillation) A Scoeeldgvat®Xat nent. 1 g fibre was placed in a
stainless steel cylinder approximately 25 cmlong by 4 cmdianmeter and

Caour 'ng-sol ut1 onEdont i ni noBrepge SHOARRRE. 0. o Shoustll IRELCREE fHko

scouring solution n ani oni O,Hier ent
avai l able from I15CI plc) (Det8r§ymmitengthscanddispezrsgdaig p0Q ter at

carbonate was added, a Scfe%ﬁﬁﬂeﬁ\astéﬁtﬁéﬂt@fﬂ wae paaped dy iadrouselsold
tunbl ed end-over-end at \r{rgpgSI 285

PCT/ GB95/ 00838 - 11 - 60 tu E“ﬁ%r%ﬁ‘r%‘tﬁ%ﬁe&’ &P The endeR TR Tox 2
scoured fibre was then rinsedinitéeshat abeptdi2P00axpm. Bfthe fibre wpi,bhen
Treatnment. 0.5 g scoured fiRpe)acted Nafd Odried and asSefsédn L&PJdégred ot

di spersed in 500 m water at L ept. {enperature aced in a household
bl ender (I qui &%er) and thefgggﬁgg?ti% “f%‘r“gz'rﬁﬁﬁﬁﬁggkﬁﬁ gbou-t 12000 rpm
The fibre was then collected and dried and assessed for degree of 10

fibrillation using Test Mpp8@Umdthod 2a (Inducement of Fibrillation)

This is the same as Test Method 2 but with the
omission of the scouring treatment (A).

Test Method _3 (Fibre Treatment)

15 The following _general procedure was einployed for
assessment of fibre treatment conditions. A solution of
cellulose in aquecus N-methylmorpholine N-oxide (NMMO) was
extruded into an aqueous coagulation bath to form 1.7
decitex lyocell filaments, which were washed with water

20 until they were substantially free of NMMO. These never-
‘dried lyocell filaments or fibres were swirled in a hot
agqueous bath conta:.ning 1,3,5-triacryloylhexahydro-1,3,5~
triazine (TAHT) and alkali as stated below, rinsed with 0.5
ml/l aqueous acetic acid and dried.

25 Test Method 4 (Fibre Treatment)

The following general procedure was employed for
assessment of fibre treatment conditions. A solution of
cellulose in aqueous N-methylmorpholine N-oxide (NMMO) was
extruded into an aqueous coagulation bath to form 1.7

30 decitex 1lyocell filaments, which were washed with water
until they were substantially free of NMMO. These never-



Test Method 2A (I nducenent of Fibrillation) This is the same as Test Mt hod ’
2 but "Vv&@s@i}?s om ssion of the scouring treatment (A). ;eflhn?géogﬁd 3 (Fibre

Tr eat ment) The follow ng general procedure was enplo

assessnent of fibre treatnent conditions. A solution of cell uI ose | n
agueous N-net hyl nor phol i ne N-oxi de (NMMD was extruded into an agueous
coagul ation bath to form 1.7 decitex |yocelds fdlanments, which were washed
with water 20 until they were substantially free of NVMMO. These never-
dried |yocel | fidrigdnfd arentsy were shen passesy through®n Appddgetiannunit

containing 1, 3, c&ﬂ;ﬁﬂ.ﬁ&hﬁ' Pﬁi Wﬁle&lﬁeﬁhﬂtﬂiﬁi—%iﬂ&d(@mw

as stated beI oW, Iin m /| ueous,.acetic acid a

Tost Wethod 4 ( angh BIERLL 4k n” s, oA AR RR by fpREtE, (AReCE) fhners
enpl oyed for asverendihenofsqudegzed rbatﬁenﬁpcmptﬁomssAgsolimtporﬂ o$team
cellulose in &0e¢aQ4sobimBRt oo rahaition FOxinle mow@aeemwded i f@ an

aqueous coagul at | on, hath 30 de tex I el f| I ts i ch
were washed wi t AURAFAPR uﬁ% T“t-?ﬂ@%)‘w‘e‘ g‘&b ?mﬁ'ég?;l ftipe QIIFJ'/EIE '\ﬁ‘]l
never- WD 95,b;a§rgise stated. The filaments were then washo@:ﬂ.mtemg%

- 12 - dried fi lo%mﬁ;ﬁuerecmemopw b WeeBrakoliidncial | &y Uihvranted
containing 1,3, trlacr é?%f dro 1,3,5-triazine (TAHT) and al kali and

i n sone cases S Efﬁﬁf"?ﬂ *filaments were then squeezed in a nip
bef ore passage into a steam5 environnent for fixation of the TAHT to the

fibre. = The 1@&@&0%@&5& Chaiiazeheni® 52"IMtr | CohcBintbhiol! 2

ot herwi se stat e . W € acl 0
foll owed by wat e& 5% ny unwant ed treat ma_nt cheni caI s. 10 Test |
Met hod 5 (Measur errent of TAHT Concentration and

The following method can be used to assess the average

number of acrylamido groups per molecule (functionality) in

agueous solutions which comprise TAHT and its hydrolysis

15 products, ‘as well as the concentration of TAHT in such

solutions. It has been found that the UV spectrum of TAHT

exhibits absorption peaks at 195 and 230 nm, and the UV

spectrum of its hydrolysis products peaks at 195 nm.

Absorbance measurements may conveniently ‘be made using

20 solutions containing 5 to 20 mg/1 TAHT ‘at 10 mm path length.

More concentrated solutions may be diluted with water before

' measurement. The concentration of ‘TAHT in an aqueous

solution -can be determined by comparison of the absorbance

measured at 230 nm against a calibration curve obtained

25 using solutions in pure water of known concentration. It has

been found experimentally that the average functionality in

a solution which comprises TAHT and its hydrolysis products
can be estimated by means of the eguation:

3

F = (A, /A, - 0._057)_ / 0.1423
30 wherein F represents functionality and ‘A, and A,
'respectively represent the absorbances measured at 230 and

195 nm,

The concentration and functionality of other chemical



Functi onal i ty) The follow ng nmethod can be used to assess the average
nunber of YE@PY288H6 do groups per nolecul e (functionality) i|PCHEBYMNIES

sol utions whi ch conprise TAHT and its hydrolysis 15 products, as well as
the concentration of TAHT in®such solutions. It has been found that the W
spect rum of TAHT exhi bits absorption peaks at 195 and 230 nm and the W
spectrumof its hydrolysis products peaks~™ 3% ~195 nm Absorbance

t t | t 0
gg?fuaig$naf Ty CE@Q§§§§%;}¥%Pﬁwg&Qegﬂﬁkaﬂiﬁp 8P HEfQﬂ&uf&m a&aﬁﬁm éaﬁOba

oncentrated sol utions i | pt
with water before ’e’?ﬁéﬁt by 'Hi@eré&?eﬁﬁhﬁt iPEIvegs ™ el‘%ﬁf"{m ﬂes’aw ed" §
aqueous sol ution catmbkaxatsmmemed by conpari son of the absorbance neasured

at 230 nm against a calibration curve obt agpgd 125 jusi ng solutions in pure
wat er of known concentration. It has been%ﬂ'ﬂ'&'@rperl mental ly that the

average functionality in a solution which conprises TAHT and its hydrolysis
products can be pstimat e!dewkar-imﬂ.tw Qfotbll efiikdnents F1-7(Afex) |wéreitreated

0.057) | 01423 30,465rdidy Eo TRBECHERNS [4iNC! kolahdhds 194 LORLM) wed

[er r] respectively represe ances neasur
The concentrati on Ba®Sed FTUSH aRAgreanshbath rantedning WQ@*Z‘B*B‘EEY oy1-
PCT/ GB95/ 00838 - l1Rexalydnfe+l,3 Seariaginep| TART) | wodiumcsylphats (Qromimaldign

Baanpl o 1 5 0 KEva/NNT Gt SRAGHARL” pitepadpy SRE) D Loe RaTed s
according to Tedf maimeained afy ISMHVSSFEQQ Fthian PARET S°BS§§EE"E#R’bLﬂfn 18n8
aqueous bath cont akniveg 01,/ 5, t &i aBPY| Concentrarivdr @fl, 3558t i @0 J5% gANVHTh,
sodium sul phate (npghdlidhre of 46-51°C and pH 11.6 to 12.0) by addition of
solid TAHT (3.4 gl/min) and TSP (5.8 g/min) and sodium
hydroxide solution (5% solution) to the circulating ligquor
15 using an in-line'high shear mixer/pump. (The functionality
of the TAHT was assessed by Test Method 5.) The fibre was
then squeezed in a nip before being exposed to saturated
steam for 2 minutes. The fibre was then washed and dried
and assessed for fibrillation tendency according to Test
20 Methods 1 and 2. The amount of TAHT fixed was assessed by
Kjeldahl nitrogen analysis. The results are given in Table

1.
Table 1 _ :
25 :iugu'gx:e, Functionality gkg&'{ Fihrzﬁlé?‘tion
0 ~ 2.53 0.6 0.3
40 2.42 0.8 . 0.1
80 | 2.43 0.9 0.3
120 2,36 0.7 0.5
30 160  2.60 0.7 . 0.5

(owf = on weight of fibre, i.e. by weight on treated air-dry
£ibre) '

It can be seen that a very good level of fibrillation
protection was achieved under these treatment conditions
35 with fixed TAHT levels as low as 0.6%.



20 g/1) and trisodi um phosphate (TSP). This bath was 10 mai ntai ned at
st eady t a TAHT concentration of 10.8 - 16.0 g/I '
concent%tlon&gf 15.8 - 20.5 g/l, a tenperature of 46- SfFT ]1-5%088 H 11.6
to 12.0) by addition of solid TAHT (3.4 gl/mn) and TSP (5.8 g/mn)_ and
sodi um hydr oxi de solution (5% solution) -to the circulating |iquor 15 using
an in-line high shear m xer/punp. ‘(The fungtionality of the TAHT was
assessed by Test Method 5.) The fibre was then squeezed in a nip before

- being exposed to saturated steamfor 2 Bkamwbls 2 The fibre was then washed

and dried and agpesseseive Aiuyiild atlon tendency according to Test 20
Met hods 1 and r—rére—%'%ﬁmrr ed vvas assessed %/_ ﬁ%gl dahl nitrogen
anal ysi's. The retestM |4v§ﬁs|?f“ﬂ']aﬂ¥eéi psingpen aguyeay containing

Functionality TAHTTAES g/1) andFabwvarietyoof28ikaliges Full details are

% owf X5 2.53 ' 0.6 : 0.3
40 5 glPE*R Table 2. 0.1 80 2.43
0.9 . 0.3 120 2.36 . 0.7 0.5
30 160 2. 60 Orable 2 0.5 (owf = on wei ght
of fibre, i.e. bwl-g-hi-—e-n—t-u.e.a.t-ed-a-u—dgh - : 18508 A—t=h- Sl

_l-b.r-e.)_l-t_ea-n—b ;
very good | evel| Alkafi,[gfll | ati dn prot®Bti on whg ac Aﬂ’%d der W i
treat nent condijtions 35 wi.th fli xed TAHT |eve 3 6% %cy

95/ 28516 ' u"-‘CT/ ’“95/ o8 888

Exanple 2 Ater i [ Test MetBod 4 pas en‘b‘l yed u5| ng anJeaqueous
20'g/P

bat h cont ai nig -r\llTJ.J o) e @) VG.I;ULT am _cu ettt t-arrt-—tr-e-

So 11.48 o 7
Hydroxide 5 g/1 1 T ki (

Sodium : 11.77 . 0. : N
Meta_silicate 10 1.7 0 66. _ 57
g/l | S S _
15 | Sodium : ' 12.6 .. 1.0 S 100
1M 11:asz£11cate 20 : . o

§od1u1m Sulphate

20 This illustrates that a range of alkalis can be used in the
method of the invention. Fixation efficiency is the -
proportion of the chemicél ‘reagernt "bonded to the air-dry
fibre relative to the amount present on the fihre after the
application step.

25 Example 3

Test Method 3 was employed, using a bath containing 40
g/l TAHT and 30 g/l TSP (trisodium orthophosphate) at 80°C
for 30 seconds. In one series of experiments the bath
additionally contained 50 'g/1 sodium sulphate decahydrate
30 (Glauber's salt). The fibre was then treated for another 30
seconds in various ways as shown in Table 3. Fibrillation
was induced by Test Method 2 and assessed by Test Method 1.
Results are shown in Table 3: '



5 given in Table 2. Table 2 Al kali, g/l pH TAHT

Fi xation 8I5#846ec weight Eifficiency Trisodi um PCT/GBISES38

0.71 63 Phosphate 20 g/l 10 Sodi um 11. 46

1.03 - 77 Hydroxide:5 g/l Sodium. o 11. 77 0. 66
57 Metasilicate 1015 Sodi um _1%'.(?6 - 1.01 '

100 Metasilicate 20 sodi um Sul phate 20 g/l This illustrates that a

range of alkalis can be used in the nmethod of the invention. Fi xati on
efficiency is the proportion of the chem cg !igagent bonded to the air-dry
fibre relative to the anobunt present on th after the application

step. 25 Exanpl € Be9t ad PP Pyed,
usi ng a bath cont &i ni ng éo Eél TAHT andg 3%

or t hophosphat e) af 80[ eri¥e¥Hieny secorfthe———trone—ferres—oft—expedi Aehts
30

the bath additiondlly contained 50 g/| |s8cd8dd Ne;S0qa}
(A auber's salt). {The fibre was then tdeated far anofher 30 secondd in

various ways as slh@entirelTabl e 3. Fibrifl | atiowoonas i hduced D0 Test | Mg hbd |2

and assessed by T¢st Method 1. Results|are shown in Jfable 3: WD|95/ 28516
PCT/ GB95/ 00838 - 13mbibal € 3 TAHT Yoy Tread g FI Dr Treaf ngnt 0.0
5 | 110°C Cven 3.52 4.77 0.0
98°C/100% R.H. Steam 4.26 5.64 0.0

(R.H. = relative humidity)

Zero fibrillation was observed in this experiment when |
using TAHT whether sodium sulphate was used or not.
10 Addition of sodium sulphate increased the degree of fixation
of TAHT.

Example 4

An aqueous solution containing 40 g/l TAHT and an

inorganic alkali was padded onto never-dried lyocell fibre

15 at 80°C, and the fibre was steamed at 98°C/100% R.H. for 1

minute, rinsed with 0.5 ml/1 agqueous acetic acid and dried.

Fibrillation was induced by Test Method 2 and assessed by
Test Method 1. The results are shown in Table 4:

Table 4
20 Alkali ncentration pE  Haso TAET  F.I.
Contzrol - - - 0.00 6.2
5P _ 3 119 0 2,65 1.0
TSP : 30 - 50 3.13 0.2
25 NacH 10 13.4 0 : 2.70 0.0

NaoH 20 13.7 o 2.54 0.6



0 g/l [err] 50 g/l [err] Control 0. 00 0. 00

6.4 Anbi ent - 2.68 . 3.49 0.0 110[ err]
Oven WO 9528516 3.52 4.77 0.0 98{’%?’11;}*?5!{%% R H. .
St eam 4.26 5. 64 0.0 (RH =relative humdity) Zero

fibrillation was observed in this experinment when using TAHT whether

sodi um sul phate -was used or not. 10 Addition of sodi um sul phate
increased the degree of fixation of TART” Eﬁanple 4 An aqueous sol ution
containing 40 g/ TAHR adikGi) dritor AR ck 13k Al ffmm@@%noweadaﬁ&gr walki ed
| yocel | fibre 15 at égEHr] and the fibre was steaned at 98[err]/ 00%)R.H
for 1 mnute, r% ¢l ﬁFFFsaqueous acetic acid and drled
Fibrillation was induced by Test Method. 2 and assessed by Test Method 1.
The results are shown in Table 4. Tabl g flskal i Concentration
pH e[rr] TAHT F. 1. 1%##&5?‘ :

- 0.00 6.2 TSP 30 11.9 0

2. 65 1.0 TSP Use of SodiGm Hydroxide. Test Method 4 was empldyed(). 2
25 NaCH ; . 4t sg°cO i (1 1

20 5]using %ilchqueous ba%ﬁ 58 cé' con% qsr} 8516 ( 5099 I\)lagﬂd

PCT/ GB95/ 00838 sodjpum hydroxide, %ﬁt"ﬁ%’&@@t FBRCEREFRLIQN (26 BhovR nkfe T@PLRas
observed in allspases Exanpl e 5 Use of Sodi um Hydroxi de. Test Method 4 was

enpl oyed, 5 using an aqueous bath at SO0[gy %pntalnlng TAHT (15 g/l) and
sodlun1hydrOX|de at var¥|ng concentratl homn in Table %
2 0.25 28
3 0.42 ' 63
3.5 0.51 61
4 | © 0.55 74
15 4.5 - 0.74 74
| 5 |  0.73 | e
6 0.53 s 64
Example 6

Never dried lyocell filaments (1.7 dtex) were passed
(134 g/min) through an aqueous'bath (tehpe:dthre 52-56°C, pH
12.0-12.4) containing 1,3 S-triacryloylhexahydro—l 3,5-
5 triazine (TAHT) (initially 17 g/1), sodium sulphate

(initially 17 g/1) and sodium hydroxide (1nitia11y 3.5 g/1).
Solid reagents and sodium hydroxide solution were added to
the circulating liquor during the course of the trial with
~ the intention of maintaining constant conditions except as
10 occasionéd by the hydrolysis of TAHT. The functionality of
TAHT in the solution was measured by Test Method 5. The
fibre was then squeezed in a'nip before being exposed to
saturated steam for 2 minutes. The fibre was then washed
and dried and assessed for fibrillation accbrding to Test
15 Methods 1 and 2. The TAHT fixation level was assessed by
Kjeldahl nitrogen analysis. The results are given in Table

6. :



‘Tabl e 5 Sodi um Hydroxide  TART, % an f
10 g/ WQ95/28516 0.25
0, 42 63 3.5

0.55 74 15 - 4.5

74 5 0.73

64 Exanple 6 Never dried |yocell

I bre wei ght
0.

Fi xation Efficiency, %
28 PCT/GBIS/00838

51
' 0.74

64 6

61 4
0.53

filaments «{ R77-dtex) were passed (134

g/ .min) through an aqueous bath (tenperatur;; gﬁ-Sg[err] pH 12.0-12. 4)
cont ai ni ng 1, 3,5-triacryl oyl hexahydro- 13 triazine (TAHT)
(initially 17 [O/gda arju g (1N allyg %
hydr oxi de (init aIWg/IWeagen S and urwgétcm uti pn
were added to t € CTTgurartg 11 quor ayr g, g CO{T S€ 0 T he [T 1 aly gt
the intention Of—RABidiiai-ai : t—gondi RS 1066354886y
the hydrolysis pf TAM. The func?+42onal ijty o¥2.#AHT j n tlﬁe%ol utli on Wa8
measured by Tesg I\/bt Idi 5. [The fIJJI’e Mts'thmzsqueezed 1.88 a nijp beigge
bei ng e_xposed t atetsteanror—2n *5 T . ‘
and dried and a qps B for ¥ibritdBation acc ing to Tdsb415 hodsl1 an
2. The TAHT fikationol evel| was assessdd byiXpel dahl nii.8pgen |anal ¥s¥s.
The results arefol vegol‘rrl e o;1 VWT 1.10 ~
PCT/ GB95/ 00838 Tablol o pde?rice | bl ona) i VA - TALT 0
on Fibrillatiop m n@Pes - 12.2 filbi@® weilght 4.8ndex]0
_ 12. 3 70 2. 11 0.8 0.]0 12.1 - -

80 - o 12.1 0.97 5.4

90 0.6 12.1 - -

100 - 12.0 1.01 4.9

Under these conditions TAHT suffered excessive

hydrolysis in the treatment bath after the -first few
minutes, so that the samples at longer run times represent
comparative examples. The protection against fibrillation
afforded by the treatment declined with increasing run time.
The Fibrillation Index of the later samples was unacceptably
high, even though an appreciable amount ‘of TAHT had been
fixed onto the fibre. It will be appreciated that even less
protection would be affcrded'by the low TAHT fixation levels
(less than 1%') desirable for commercial reasons.

Example 7

This experiment was designed to assess the effect of
steaming time. Test Method 4 was followed using an
treatment solution comprising TAHT (15 g/l) and trisodium
phosphate (20 g/l1). The results are given in Table 7.



10 2.2 . 12. 4 2.54 0.0 20 -

12.2 1.88 0.4 30 : 1.6 12.2 - 1.84
2.1 40 WO 95/28516 _ 12. 2 1.87 1 PETHFBIS/00838 1.2
12.1 1.10 _ 60 - _ 12.2 1.10 .
4.9 70 0.8 - 12,1 - - 80 -
12.1 _ 0.97 5.4 90 - Qg6- 12.1 -

100 - 12.0 _ 1.01 4.9 Under these

conditions TAHT suffered excessive hydrolysis in the treatnment bath
after the first few mnutes, so that pi1&apl es at |onger run tines
represent conparative exanples. The protEETTBﬁ'agalnst fibrillation
afforded by the treStesmingerinecdedondsi ncr easi Rgxatdioni effidiancy, %
Fibrillation Index of the |ater sanples was unacceptably high, even though
an appreci abl e anount of TAHB®had been fixed onto the fibrg8 It wll be
appreciated that even |less protection would be afforded by the | ow TAHT
fixation levels (less than 197 desirable for commercial re®3%ons. Exanple 7
Thi s experinment was designed to assess the effect of steamng tine. '
Test Method 45was followed 9%&ing an treatnment solution &nprising TAHT
(15 g/1) and trisodi.um phosphate (20 g/I) The results are given in Table

WO 95/ 28516 108 - 65T/ GB95/ 00838 -
18 - Table 7 Steam ng Tine, seconds _ leatlon efficiency, %60
48 77 126 55 5 92 65
62 108

' The results';11ustreé§sthat'under the conditions used for
this treatment fixation efficiency reached a plateau at
10 steaming times of about 90 seconds and above. Shorter
fixation time may be achievable by quickly preheating the
tow prior to steaming or with the use of microwaves. '

E;gggie 3”

Fixatien'using micidwavee. Teet Method 4 was employed using

15 TAHT (15 g/l) and trisodium phosphate (20 g/l) at 50°cC.
Samples were treated batchwise and fixed for varying times
using a 700 W micraweve oven, instead of steaming. Results
are given in Table 8.

Table 8 |
20 | Microwave Time | = TAHT Fixation Fibrillation
Seconds % on fibre weight Efficiency " Index
1B T 0.2 21 ~ 1.8
'30 | 0.5 - | 54 1.9
50 - 6.4 | 36 | 1.2
25 60 0.8 68 0.1
60 (repeat) - 1.0 a7 0.0
180 1.1 100 0.0




126 65 The results illustrate that under the
condi ti onsvausszgsfeor this treatnment fixation efficiency reamrcBsops3st eau at
10 steaming times of about 90 seconds and above. -Shorter fixation tine
may be achi evabl e by quickly preheating the tow prior to steamng or with
the use of mcrowaves. Exanple 8 Fixation using m crowaves. Test Method 4
was enpl oyed using 15 TAHT (15 g/l) and trisad wm phosphate (20 g/l) at
50[err]. Sanples were treated batchw se and fixed for varying tines using a
700 W nicrowave of&fellgatcfibsillatdan Ryotertinniag achfiavad withppeunts
Table 8 20 M crowivg&ikedeTAHT as 1dw\dB 0.6% on fibreXxwéigtt.

Fibrillation Seconds % on fibre weight Efficiency Index 15
0.2 21 1.8 30 0.5 54

1.9 50 0.4 36 Example 9 1.2 25 - 60

0.6 66 0.1 60 (repeat) 1.0 _ 97
0.0 180 1.1 0 - : 8

PCT/ GB95/ 00838 - 19 - EXEEF ne‘ﬁPh??b%i‘??%ﬁ%]hlo&eo setel an Mugdod Sdburion

amount s of fixed® PAHTTABT| Abdastoisodinm f Pheerhatent usinghpfeeds Teft TARFod
4 was followed usitidseaianueshespiate | &id 5 sdditdHhyRi¥baiides Ot UBaihtaphat £,

ing feeds of TAHL,_ _t.risqdi di X i pt A
ateady otate wit naxeasy SUASEIR BURbRCE o  RRpHEREYRL SRS Cald) BR" 1F. 8- 2
20.3-26.0 g/| TSP13pA 19/7/9TAHT95R04ACRE-CoadlLt ITHFy DHHSIA.THH AT sender
hydrol ysis of TAHtonditions chBSehi #6 nirimidieC AytiPe1gatstép e been

appl i ed was
10 The fibre to which the solution had been applied was
passed through a nip to express excess liquor, crimped by
passage through a stuffer box, and plaited into a steaming
box (J-box). A first steam hose was connected to the
steaming box 7.5 minutes after the start of the trial, and
15 a second hose was connected 14 minutes after the start of
the trial. After 20 minutes' running time, the temperature
inside the steaming box was consistently about 100°C, as
measured by a thermocouple at various positions. Fibre
residence time in the steaming box was about 10 to 15
20 minutes. Results on fibre samples taken at various running
times after the system had stabilised are shown in Table 9.

Table 9
Running Time TAHT Fixation . Fibrillation
minutes % on fibre weight Efficiency Index
$
25 1.07 : 74 0.3
27.5 0.90 71 : 0.9
30 0.88 81 1.3




passed through a nip to express excess |iquor,

- stuf f ery§9agsa’d pl aited into-a steam ng box (J-boxX). ApéivbRbseh ?fsam hose

was connected to the steamng box 7.5 mnutes after the start o
and 15 a second hose was connected 14 mnutes after the start of the trial.
es' running tinme, the tenperature inside the steam ng box was

After 20 m nut

consi stently about 100 C, as neasured by_ 3¢ her nocoupl e at various

positions. Fibre residence tine in the steam ng box was about 10 to 15 20

m nutes. Results on fibre sanples takeBxampdeailitous running tinmes after the
system had stabilised are shown in Table 9. Table 9 Runing Ti me

“ Fi xation
| ndex 20
74

0. 88

of TAHT | evel s

tempedatnrei kife.80PCeande n.ti.qu/as-ta+g¢mls Sratio U0 D foroBO

Jeffries Hank st h 28y, PPy £lpesat Wi

| i quor-to- good?ir gt:yg 20: ?h?éic%g ﬁ?&g@:ﬁ éﬁ Sl c.al proper?ﬁas e§ fRe
treated fibres H¥&NyiAReTaPheTaBre 10. Table 10 10 TAHT TART
Vat er Tenacity Extension at %in % ON  Inbibition cN tex

Break sol ution Wt Dry Vet - Dy  paple 10

10

1S

20

25

30

V|V | wlla | TR | et

_-solution ] $
Wet | Dry | Wet | Dry
- - . 81 35.3 40.3 | 15.6 | 13.7
1.25 | 0.42:] 64 31.2 | 40.3 | 15.0 | 12.9
2.4 | 0.97 72 27.7 | 38.8 | 11.9 | 13.5
4.5 1.93 81 - 26.1 38.8 | 11.0 | 11.2

The results indicate a small reduction in tenacity and
extensibility with 1ncr'easing TAHT level. This reduction is
considered acceptable for textile applications. Remarkably,
water imbibition increased with increasing TAHT fixation
level. This may indicate that crosslinking of the fibre in
swollen form increases the ahility of the dried fibre to
absorb water when rewetted. This ab:l.l.tty to contreol water
imbibit:l.cn is an advantage of the invention.

Example 11

Never-dried lyocell fibre was treated with TAHT by
Test Method 4 (2.1 - 1.5 g/1 TAHT, nominal 20 g/1 TSP, pH
11.84 - 11.49) to provide fibre samples containing 1.6-2.0%
fixed TAHT. These samples were spun into yarn and the yarn
woven into fabric. These fabric samples and an untreated
control were dyed with direct dyes' using the following
conditions: |

the trial,

TAHT

Fibritlation m nut % on fibre weig Efficiency
Neyer-dried fibre yas treated withg' W?Y Test Method (7

3 eAr@y & range of TANGolution conceiitrations to give9a30

PCT/ GB95/ 00838 *2790 OEradT le‘iﬁlilevé‘re-dd\rggegﬁ’gg16”’“*%“}3&5 Y35, SEETISET by
Test Met hod 2 l?éﬁtnd’sd"%n’ge"?ﬁn Teftdas Hank Qyecentith 2h94bh TR ak fange

crinped by passage through a °

¢



-* 61 35.3 40.3 15.6 13.7 1.25 0. 42 64

31.2 40 WO 928816 12. 9 15 ' 2.4 0.97 72 PCI/GBIS/008386 11. 9
13.5 4.5 1.93 81 26.1 38.8 11.0 11.2 The results indicate
a small reduction in tenacity. and extensibility with increasing TAHT |evel.
This reduction is considered accept able for textile applications. :
Remar kabl y, 20 water inbibition increased W 2%} i"ncreasi ng TART fixation

| evel . This may i ndi cat @f-f&gﬁd{@ﬂooﬁguie &Wg{lgrl \%ﬁﬁﬁei%@&tét (ch'Bc,

I ncreases the abllltyo e dri
This ability to c3RPRBE @&t 8rei 3fi BWEr oAMMETSH BRE FARELE oFD tHhe R Ratdh.

25 : run 10 minubedplRidl INdEY eto dgiee hyqodl,! rfunbrio vaminutes.
treated with TAHT & g @Hl{: 0 a

pH 11.84 - 11.49) to prowggi.% é@g%‘}gséggﬁtéé rf-lrn esn ghg}ﬂol xe%ﬁgy
These sanpl es wér 8 §FRl RhH %rﬁ/hndr\‘%e:"?aMnBBeﬁ/ovGH"F-nttG MG everridse

f ﬁbr :c C| lsarml es andi_ﬁatuat r eanedls onimotes\er Ringe df abt ic dwieht hdyeandsiould
the follow ng condiLiLQNS,... 95 %]_',S

PCT/ GB95/ 00838 - %E-E‘Q'Li aﬁ"é’r‘#&’go%@ ratio 10:1, liquor tenperature
50[err], anount of dye 3% owf. Imerse the fabric in the dye bath, run 10
m FUt e]s. Add NaCI to gi pgedbath, ligodd Webde! Bamphied Sthicugltat Utle dyeing
95[err] over gly.e t u

m nut es. Cool nbgtﬂe:gg gggr N%g]%g%ﬁt e v?s%‘bgg %#’ep' rggc%*s%‘sf&%égmmﬁ h
hot and cold mé@e#hesﬁaﬁedﬂ/f dye| EP?QKO/eRQw#Sn qesPresaact: agnpereentage
t hroughout the dydepleBlofic6s apé ma&n@e&ﬁw 1t TompariRoAat wOER Ofie t &mount

depretion of dyo FREASMER/FePROAET 2% Mo oF PREZE BN pe.“e”tage

'ra’ble 11
Dy Solopheayl Solophenyl Salac Solar
Orange ANL Violet 4L Black ¢ Gresn EL
minutes treated tranted treated

0 o o | o 0 o | o 0
10 0 25 5 8 s | o 0 10
20 o 11 10 10 -13 0 20
50 24 26 69 3 58 54 33 63
90 30 52 58 90 65 | 64 36 61
115 34 74 62 90 64 | 66 61 84

In these and other experiments the rates of dye uptake
for untreated and treated lyocell were similar. The main
difference was in the depth of shade. In many cases the
treated lyocell dyed to a deeper shade (absorbed more dye)
than untreated lybcall. This is advantageous both for the
possibility of cost savings and for that of dyeing to deeper
shades.

The deeper shades can be described quantitatively
using relative colour depth values (Q-values). Q-value is
the relative depth of colour of a sample against a
particular standard sample whose depth of colour is given



initially present, are shown in Table 11. Table 11 Dye Sol ophenyl

Sol ophenyl Sol ar ‘ Sol ar Orange ARL Vi ol et 4BL

Bl ack QVO9528516 G een BL 0 0 0 0 - BCT/GBISHY838

0 -0 10 0 25 5 8 4 0 0 10 20

0 11 10 10 13 0 0 20 50 24 -~ 26 69
61 58 54 33 63 90 30 52 58 90 65

64 36 61 115 - 34 62 - 9% - 64 66 61 84
In these and otf)d GXPEe! ri%tsg] G O EYfoup! %‘feéoﬁnh}:'ﬁéeeaﬁfﬂ gad
treated | yocell were sim/{ar e maln erence was I n

shade. In many®*RER%Se%\ 85 the éd‘tPQEEéI Pfd§€§l YeE the éf?@ ('Sbgepbed
more dye) than nmjreheed [Kyoiel theThibsorptaduanbagedeehbt lanfors tbe t.he :
possibility of g hat ,@f [ I Shf’ﬂf‘n?

deeper shades cgaé)é% é%\ﬁé] égégﬁ&i’éné x/8 ébhe Ted éepth

uantitatively USIhg re atlve co
val ues (Q val %cE9ElegtARGR: “i’asl“t%@f PeP&Fifﬁﬁe akplhpPast ‘-"‘b’cﬂ’bl}fa"
sanpl e agai nstTher fitdgral af Wsnﬂarplrapnnﬂimndmyerdutédoio mﬂa)mount

‘given WO 95/ 8

- 22 - the value %g ey f Fise OB SS8F comgraféggncgrf] be expres

the integral ofWi§s %vﬂi‘-ngﬁﬁ Fxﬁgea466 fference nip QnERbuk Pf FHe"ﬁb%Fﬁt i on
coefficient andef31 sint f‘@aﬁéﬁ]t e visidbdif deEeetent S tn diﬂ:aﬂaleqel an'hé

fromthe 5 r e r a he
~integral of %SGIS roo él Qf'?& ?glg‘?ﬁetlz earm#ﬁ%a%? maf ric.
I n col our conpa?#%%ﬁ?ﬂaﬁ%ﬁmH?eﬁP%ﬁiﬁ'eatgl"H}ﬁ G°&T§5Pa"ﬁ4~¥9 ansreated
Q val ue of 5% ofamples WiDye uptgkeareprdyentissthe \prbgdriont ofodftéshﬂ%ﬂ(ed

eye. The 10 Q Vgyiep e Uinfated"wleh! fnd andtitt 3nTtIHPIF%pI&ent 15 the

dye bath.
: 'I'able 12 -
DyeUptake% ' Belaﬁve%Q-value
. _ _Untregtéd-_TAHT-traated:. .

5 | Solar Red B - 72 : 58 _ o1
Solopheny! Violet 4BL. 58 | 90 . 138
Solar Black G s e | e - 102
Solar Green BL _ 36 61 - 1563
Solophenyl Or : 30 - 53 132

10 | A}gPheny! Omenge - | o
Solophenyl Blue AGFL | --64 - 78 113

It can be seen that in several cases lyocell fibre treated

by the method of the :Lnirention dyed to a deeper shade than

untreated fibre, this generally corresponding to the
15 absorptibn of a larger quantity of dye.

Example 12

Never-dried lyocell fibre in tow form was treated with
TAHT by Test Method 3 to provide samples with various '
amounts of TAHT fixed on fibre. Dried lyocell fibre was
20 treated with TAHT in analogous manner. Treatment was



TAHT-treated sanples relative to the correspondl ng untreated sanpl es. Dye
upt ake r eHEBE/$S t he proportion of dyestuff on the fibre %! BB3%ith the
appunt initially present in the dye bath. Table 12 Dye Uptake %

Rel ative -val ue Untreated TAHT-treated 5 Solar Red B 72
58 111 Sol ophenyl | \fl ol et 4BL 58 - 90 138
Sol ar Bl ack G 65 - 64 <~ 23~ 102 Solar Green BL
gg 6%32 carried &§3u39ng59lﬂﬁ?@5ffgiﬁggﬁank Dy7er wit® 20 g/1 TSP

I
It can be seen thﬁO O%@Véﬁ'&"“ﬁﬁsﬁgﬂl&é'\d flriﬁ}’grt?%aﬁ%‘%?sofattﬁg ﬁ%tﬁoé‘”c')f
the invention dyed@ einutesper Theadamphes wete etherd dyfechrusingt Dizect Green
generally correspgndiy 1% oweg, y§§§| ﬁﬁﬁacgﬁéea'l : eegfwéré aé&eéséuaaehkt Mhue

dye. Exanple 12 Never - ow ormwas_ treate TAHT
by Test Method P tagaim&k &é‘?&ﬁf&FésPW‘f#P‘iPJrY‘Sﬁéeénﬁm‘E%“oftWAR? PF?@G’B%
fibre. Dried | yocaﬂde fedmud bsaarg0givemt £ Pdllle L3LT i n anal ogous manner.
Treat ment was WD 95/ 28516

PCT/ GB95/ 00838 - 23 - carried out using a JORF=38tfries Hank Dyer with 20

g/l TSP at a terrperauu'-e—ai—&o-[-e 30
m nutes. The sanpl es } sfhgeibl'r ect ®Bedamiye inlabwﬂ and the
dyed sanples were as >esseﬂ rV8.| ue’ s agql Neves Degabcy Presifes! y-dried
| yocel | tow as stand@e—Fre—test-ts—are HT
conc  TAHT Fi xekP RBrative Ovﬁl-&@s “Nelver Dried Dried8
0.5 0.13 100
1.0 - 0.27 99
1.0 0.38 102
2.0 0.64 100
15 2.0 0.84 100 _
4.0 1.77 97
4.0 1.83 108
5.0 - 2.02 : 96
5.0 2.18 106
20 7.0 2.65 101
7.0 3.59 105
10.0 3.99 - ' 93
10.0 - 5.48 107

The TAHT-treated dried fibres all dyed to paler shades
25 than the TAHT-treated neire:-dried fibres. Also all of the
fibres treated with TAHT in never-dried state dyed deeper
than the untreated control.
Example 13
Never-dried lyocell fibre was treated with TAHT according to
30 Test Method 4 (2.1-1.5 g/l TAHT, nominal 20 g/1 TSP, PpH
.11.84-11.49) to provide fibre samples containing 1.6-2.0%
fixed TAHT. These samples were spun into yarn and the yarn
woven into fabric. These fabric samples and fabric made
from untreated lyocell fibre were dyed with a range of
35 reactive dyes. The dyeing regime is set out below:-



10 0.5 0. 10 9805 013

100 1. 0. 27 : 99 1.0
Toa 2, qrossassis 0 20, 100 15 PTiGySpitiss 0.84 ,
100 4.0 1.77 97 4.0 1.83

108 5.0 2.02 96 5.0 2.19

106 20 7.0 2. 65 _ 101 7.0 3.59
105 10.0 3. 99 24 53 10.0 = 5.48

107 The TAHT-trggapd &¢izskd Ivmﬁﬁa%el (dyed a DY Sleidiaden 23bklgn the
TAHT-t r eat ed nver 8I d fibres so all the fibres treat dw;lth TAHT
in never-dried SP&td 0'9‘@ "Eﬁseper t han t he untreat ed control.

Never-dri ed IyoceII fibre was treated with TAHT according to 30 Test Met hod

4 (2.1-1.5 g/| RékHe £ONBEE RARexd/I0 ASRutdl, 1dddNelsodAnto provide fibre
sanpl es cont ai nj ngt%ﬂ?% 0% fixed TAHT. TheSe sanpl®es*were spu% N o arn
f

and the yarn wo¥ abric. These fabric sanples and fabr e“from
untreat ed | yoSeRanf20reinutes dyasid Wa,¢0.aovergd0onidstesact i ve Mle 3he

dyeing regine i ﬁuﬁeiso“{mpgg W, - WO 95/ 28516 : le 4

Fglrgggjgoigagn?ﬁﬁtéé m:[r%.{é at 25[err] with dye (1.1% dye by \rAT% i oRgl e

to 80[err] over 30 mnutes, add [err] in portlons

Sanple 2 5 Run 20 mi npigssc aigdi1vs’ be2¥Ctakén A a9 ous times, SAimdéd 3tn

' - cold water and soaped c_f_f. The - amount of dyestuff in the

10 various liquors was assessed by visible spectroscopy. The ‘
percentage depletion of dyestuff into the fibre from the dye:
bath was assessed from the amount of dye remaining in the
dye liguor and is referred to as exhaustion. The percentage
of the dyestuff on the ﬁ:bre after ri_x;sing which remained in

15 the fibre after soaping-off was assessed by relative colour
intensity measurement using visible spectroscopy. The
results are given in Table 14

Table 14
20 | SRle | Iime. Exhaustion §  Fastimd
' | | Control | TAHT-treated | Control TAHT-
Procion Yellow HEAR = L
1 10 - 8 13 » I 2
2 40 68 - 80 13 9
3 80 | 15 94 21 17
25 g 8 . 80 .96 m 87
5 i30 | 715 a7 M 85
Procion Red HETB L '
1 10 8 19 1 2
2. 40 68 | 19 19 13
30 3 80 | 69 .83 21 23
4 85 | 7 | = 88 89 85
5 130 76 94 73 80




Run -15 mi nut es ' Sanple 4 Run 45 minutes
Sanpl e 5 P®PYBSKanpl es were taken at various times, rinsREVEBEOOP8at er
and soaped of f. The anmount of dyestuff in the 10 various |iquors was
assessed by visible spectroscopy. The percentage depletion of dyestuff into
the fibre fromthe dye bath was assessed fromthe anpbunt of dye remaining
in the dye liquor and is referred to as exhaud¥ion. The percentage of the
dyestuff on the fibre after rinsing which remained in 15 the fibre after
soapi ng-of f was assessed by relative colour intensity measurenent usin
visible spectroscopy. ResSpd&s: ugiing Pracdom yehlow and Promiqn RedsiiyPe
Ti me Exhipesttepidal. (Procion isFaxTrkde Mazfk of NTI plc)M nghes

Control TAgT't reaita%ﬁ?f exhaﬁ%%&ﬁlwere Tég}‘eEPngi Wﬁ{#ﬁ{ééf@gghc and

10

90 13 exhaugtjon cogginued to a7diigher Ilevey, The rate of
17 25 4 5 fix¥tion of th80dye was si¥ilar on th€ two fabricd/ but the
130 - 75 r B

10 6 finallgtjixation 13%%1 of the @éﬂ'F @éa%ﬁ?h@il wlg 8higher
79 19 than 1!3:%:0 of the control .‘a(pcell fabrig.. 83

21 23 4 85 5

Pt GBS/ 00898 - 25 - iﬁﬁs"’ﬁ?& nég'ﬂ' o%f%%tﬂ?g fSRHY-&%é’é’ﬁgé’]ﬁ? ti 8, Righer

HE7B are typical . efﬁ(iwi@mm insdyestufit usage than Ghepcoptrghe Raxthesy, the
exhaustion wer e1¢ amiify-drdatbd Fabeeatdifed 0" ACdddifer shade than the control.

In view of the more rapid exhaustion for the TAHT-treated
fabric, shorter dyeing cycles can be envisaged.




exhaustion continued to a higher |evel. The rate of 5 fixation of the dye °

was Si he. two fabricss=-but.-t-he-final fixation |
TAHT- tp]e*a edﬁfm’a ric was hi gherl than:t:hat -of ey ¢ont r ol yoceﬁl0 ?;kbrl C.

Thus the TART-treated fabric dkhi bi tted>;aju;gher -g@fficiency in dyestuff
usage tFaWth ~—te—H0—TFA—t 1.':._eat ed fabric dyed to a
deeper the control. In view of -t bg ®Dre rapi d exhaustion for the
TAHT- tremgﬂ }ﬂm" ter dyeing cycles can be envisaged. 26 CLAI M5
1. A methsd ¢ the fibrillatiofkAZ¥Bency of lyocell fibre,
characterised in that (1) there is applied to the fibre in never-dri ed

state an aqueous; solyut d C i S e
al kali and a chem ca bggh‘g cft;g%rf‘é&gcmpiu%a df &feiacr j1 am ggﬁ&?‘g‘t}g the
average nunber o¥YQRSIA a‘-#gé'efg?b%ﬁ%c‘ifﬁiﬁﬂﬁ é@u?’-ba%f(lthéh@#éniéaﬂplﬂe‘ajbﬁp in
the solt ULI onbbelﬂﬂa atfilepst £nl, névér<ddied hgsﬁaﬁweatro Mmfébb ushe saleim]@alb
reagent has e i_bre.
and the chem g%l ‘s’iﬂgg'tjll'esejtqx digsgf%dtgxggg? LL% ESS%ARP& %&h&‘;act%g s&
in that after rchemisiak [resagante mﬁéﬂgséspﬂ-ﬂxwit‘-ﬁ ?ﬁeﬂ#ﬂ@@%fﬂ@?ﬁ:
]pe[) cent 3byAWEI tghtﬁwfaaéﬁgéteﬂmab bE3gERY LdmiSRY gedupBepdd M@léﬁﬁld@fofalthe?ry
i bre. me r rys

after reaction t%ede"?f‘%aq @gg%?%&sggaﬂf}{gxé&quifﬁe&gﬁ er{O %3%% g pe ce(gs by
wei ght of the ctihe Eibne:igewhishsthe thanicaicirgagept has-besgn fapRldedrdss.

A met hod accomilwﬁéa aRy Ppeeadtey rdatitionCBefwédr | 2e | Bibbal 4 the

aver age nunber aclrélaam doe%é_'oups per nol ecul e of the chem cal reagent in
the solution i s A met hod according to any preceding clai m{
characterised : ' '

2. A method according to claim 1, characterised in that

after reaction the fibre comprises fixed to the fibre 0.25

to 1 percent by weight of the chemical reagent based on the
15 weight of air-dry fibre.

3. A method according to claim 1 or claim 2, characterised
in that after reaction the fibre comprises fixed to the
fibre 0.4 to 0.8 percent by weight of the chemical reagent
based on the weight of air-dry fibre.

20 4. A methed according to any preceding claim, characterised
in that the average number of acrylem_ide groups per molecule
of the chemical reagent in the solution is at least 2.5.

5. A method for increasing the dyeability of lyocell fibre,
characterised in that (1) there is applied to the fibre in

25 never-dried state a solution comprising dissolved therein an
inorganic alkali and a chemical reagent bearing a plurality
of acrylamido groups, and (2) the fibre to which the
chemical reagent has been appliee is heated to produce

. reaction between the fibre and the chemical reagent, thereby

30 fixing to the fibre 1 to 3 percent by weight of the chemical
reagent based on the weight of air-dry fibre.
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i*n that the solution conprises 5 to 50 granms per litre of 25 the chem cal
reagent. o okne8Ehod ' ing to any pr:ieceding claim_ _g_h__gmm;r_(_meﬂ___}‘n

that the chemcal rea 5-triacryl oyl;. hexahydro
5-triazine. 7. A net hamama“m“ﬂ(“my pr ecedi ng {cl*ai'm. Qh%r%
in that the inorgantc ¢ al kdli$ cbnprises tri jum.or.t Flophgsphate

27 8. A nmethod according to any preceding cl &Im- characterised in that the

pH of the solutio range, 11 to 14. 9. tho ccor in
preceding claim ghasai??'é*t’?é %“q’ﬁ'gt R"f’h@"goﬁ’fﬁ‘f & S'ﬁaf:g§r€%#‘$‘?f£é/eqs
10 to 50 grams 5 per thatr ¢heodicdutsohpbamprises § at@oﬁ&sgm pes ulitive of

decahydrate. 10. ehgeangméggq.géé’&go any preceding claim characterised
in that the tenperature of the heating step is in the range from about 80 .

to about 100C. 10 11. A nethod according to any preceding claim
characterised i n fhafh mathodtadcarding toupngdpbgcedigiaysilaisat charagterised

heating steps ig h@asgHadtatne EHBMHRR1 reagent comprises 1,3,5-triacryloyl-
hexahydro-1,3,5-triazine.

8. A method according to any preceding claim, characterised
in that the {inorganic alkali <comprises trisodium
-orthophosphate.

10 9. A method according to any preceding claim, characterised
in that the pH of the solution is in the range 11 to 14.

10. A method according to any preceding claim, characterised

in that the solution additionally comprises 10 to 50 grams

per 1litre sodium sulphate calculated as sodium sulphate
15 decahydrate. '

1l. A method according to any preceding claim, characterised
in that the temperature of the heating step is in the range
from about 80 to about 100°C.

12. A method according to any préceding claim, characterised
20 in that the total time occupied by the application and
heating steps is less than 2 minutes.
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