LYOCELL ‘LBR&;AND A PROCESS FOR | TS MANUFACTURE F| eld of the invention This
i nvention 922 to a process for manufacturing 5 |yocel | PCTHFRISON43D an

i Rcreased tendency to fibrillation and to Iyocell fibre having an.
increased tendency to fibrillation. It is known that cellulose fibre can
be nade by extrusion of a solution of celkulose in a suitable solvent 10
into a coagul ating bath. This process is referred to as
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described.in gg 246,.221, the contents of which are incorporafed herein
by way of refdP&tddatiofs| | yliose is dissolved in a sol vent such as an
aqueous tertlary am ne N-oxide, for exanple N nethylnorpholine N—oxide
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during treat cedflulose fibre made by other known processes, which rely on
15 the formation of a soluble chemical derivative of cellulose

and its SubSequént decomposition to regenerate the

cellulose, for example the viscose process. Lyocell fibres

are known for their impressive textile physical properties,
such as tenacity, in comparison with fibres such as viscose

20 rayon fibres. One example of a solvent-spinning process'is
described in US-A~4,246,221, the contents of which ére
incorporated herein by way of reference. Cellulose is
dissolveq in a solvent such as an aqueous tertiary amine
N-oxide, for example . N-methylmorpholine N-oxide. The

25 resulting solution is then extruded_fhrqugh a suitable die
into an aqueous bath to produce an assembly of filaments
which is washed with water to remove the solvent and is
subsequently dried. '

Fibres may exhibit a tendency to fibrillate,

30 particularly when subjected to mechanical stress in the wet
state. Fibrillation occurs when fibre structure breaks down

in the longitudinal direction so that fine fibrils become

' paftially detached from the fibre, giving a hairy appearance
to the fibre and to fabric containing it, for example woven '

35 or knitted fabric. Such fibrillation is believed to be

.caused.by'mechanical abrasion of the fibres during treatment



-2- in a wet and swollen state. Higher tenperatures and | onger tinmes of
treat meriogsnsa9nl |y tend to produce greater degrees of fi PCriGBaS/DMIGY
Lyocell fibre appears to be particularly sensitive to such abrasion and is
consequently often found 5 to be nore susceptible to fibrillation than

ot her .types of cellulose fibre Intensive efforts have been made to reduce
the fibrillation of Iyocell fibres. The gresence of fibrillated f ibres is
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tendency. Disclosure of the invention The present invention provides a
process for the manufacture of.- oce] | flbre with an incyeased tendency to
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the fibres, which is generally known to increase the
strength and transparency of the paper. Fibrillation may
also be utilised in the manufacture of non-woven fabrics,
15 for example hydroentangled fabrics, to provide improved
cohesion, cover and strehgth Although the fibrillation
- tendency of 1lyocell fibres is higher than that of other
cellulose fibres, it is not always as great as may be
desired for some end-uses. It is an object of the present
20'in?ention to provide 1lyocell fibre with an increased
fibrillation tendency. |

'Disclosure of the invention _
The present - invention provides a process for the
manufacture of lyocell fibre with an increased tendency to
25 fibrillation, including the. steps of: |
' ' (1) dissolving cellulose in a solvent to form a
solution, :
(2) extruding the solution through a die to form a
plurality of filaments, and '
_3b (3) washing the filaments to remove. the solvent,
'~ thereby forming 1lyocell  fibre; and the
' characterising step of | -~
(4) subjecting the 1lyocell fibre to .conditions
' effective to reduce the Degree of Polymerlsatlon of
35 the cellulose by at least about 200 units.

y



effective to reduce the Degree of Polymerisation of 35 _ t he

cel | ul oseWB5@539%east about 200 units. -3- The sol vent POFIGRISIOMIOY
conprises a tertiary amne N oxide, nore preferably N nethyl norpholine
N-oxi de (NMMO), and it generally contains a small proportion of water. Wen
a water-m scible solvent such as NMMO i s ed, the filanents 5 are
general ly washed in step (3) with an aqueous liquor to renove the sol vent

fromthe fil ament Ly, y| e D (3) dedi Vediidid ed
form and gener al I?/h? eq%%ésn%ob%%%fée%fyl n@%n#;er erﬁdj(agrrerﬁe%gf?%tzﬁg ritid ©
i nvention, thE-eEidadReen REetPTaDlY Nrathylnerrhe ine draxige & QDre
}N_nibch i's Zumﬁem |gerirady |dbrﬁﬂﬁtdsgh eﬁi)ﬁg!di ﬁgapoﬁ;cibﬁecf et PN WHete

ibre is dried between, st gn : e,of t r tion,  step
(4) accor di nga'tvba?%'l?*ﬁféfﬁf%rf(%ve&%\ﬂuﬁék R7- Mdlﬁ‘bﬁ%‘?m%gd@ﬂ?&ﬁsent
I f batchw s swrecgesenglby washed ineatepni(3f)i mishl Anaaegueensr ddquor to
Previ ousl y-drj L b, T | orm of fibre, yarn or fabric,
i ncl udi ng V\Dv]l'.e%?oiéni?Feeg&%‘gg’ﬁ%nf%@g%ﬁ?a%??ﬁ%%bel | fibre is produced in
the formof tow which is commonly converted into .short length staple fibre
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: according to the invention on previously-dried fibre may be

convenient if batchwise processing or longer treatment times

15 are desired. Previously-dried fibre may be treated in the

- form of fibre, yarn or fabric, including woven, ‘knitted and

‘non-woven fabric. '

Lyocell fibre is produced in the form of tow which is

commonly converted into short. length staple fibre for

20 further processing, either in the never-dried or dried

state. A lyocell tow may be converted into staple fibre

~ either before or after the degradation step (4) and either
before or after drying. -

The lyocell fibre manufactured 'by the process of the

25 invention may be unpigmented (bfight or ecru) or pigmented,

for example i'ncorporating a matt pigment such as titanium
dioxide. - '

The degree of polymerisation (D.P.) of cellulose is
conveniently assessed by viscosimetry of a dilute solution
30 of cellulose in a solvent which is an agueous solution of a
' metal/amine complex, for example cuprammonium hydroxide
solution. A suitable method, based on TAPPI Standard T206,

-~ is described hereinafter as Test Method 1. Cellulose D.P.
is a measure of the number of anhydroglucose units per



met al / am ne conpl ex, for exanple cupramoni um hydroxide solution. A
sui t abl ew0eas38399 based on TAPPI Standard T206, is descri bedrhkasoghopgdbt er as
Test Method 1. Cellulose D.P. is a nmeasure of the nunber of anhydrogl ucose

units per -4- molecule. It will be understood that D.P. neasured in
this manner is a viscosity-average D.P. The desired reduction in
cellulose D.P. in the degradation steg ¢4) nmay be achieved in a nunber

of ways.  5-1n _one enbodi nent of the invention, the D.P. is reduced by a
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l'i quor may hanaﬁaluedatngbes&mgLevarag%ssage t hrough a bath, by padding,

or by spraying, for exanple, particularly by spraying the Iiquor onto a tow
of fibre 10 energing froma nip between rollers. Bleaching of never-dried
fibre may be caEheeddaﬂ;nadrureﬂuetpmmuszsoluelmuloeeprns@ng an the
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| iquors may be 25 used in the batchw se treatnent of previously-dried

" lyocell fibre. _For example, the bleachin i quor may contain 0.1 to 1 per‘
cent by wei ght Biaarkbpg ef| eyeE-deiedpf TRy R Rareiediowl uging

el evated teapciqisedes solut2GRioiptising a hypochlorite such as sodium
hypochlorlte, for example d solution containing 0.1 to 10,
preferably 0.25 to 4, more preferably 0.5 to 2, per cent by
15 weight NaOCl (exp:essed as ' available chlorine). = The
bleaching liquor may optionally contain in  addition an
alkali such as sodium hydroxide, for example up to about 0.5
or up to about 1 per cent by weight sodium hydroxide.
Alternatively, the pH of the bleaching liquor may be
- 20 controlled in the range:from's.s t0f8} preferably around 6
to 7. Degradation has been found to be relatively rapid in
these pH ranges. A hypochlorite bleaching liquor may if
.desired be applied to the fibre at elevated temperature, for
example about 50°C. Less concentrated bleach liquors may be
25 used in the batchwise treatment of ptevibusly-dried lyocell
fibre. For example, the bleaching liquor may contain 0.1 to
1 per cent by weight available chlorine, and bleaching
conducted at slightly elevated temperature, for example 30

to 60°C, for 1 to 3 hours.

30  Bleaching may alternatively be carried out using an
 aqueous solution comprising & - peroxide, particularly
hydrogen peroxide} for example a sqlution”containing 0.5 to
20, preferably 1 to‘S}'more'prefetably 1 to 4, per cent by
weight hydrogen peroxide. A peroxide bleaching liguor
35'preferably additibnally-contains-an alkali such as sodium’

’



to [err], for 1 to 3 hours. 30 Bl eaching may alternatively be carried
out usi ngW9¥§dous solution conprising a peroxide, ECTGBsAAIY
hydrogen peroxide, for exanple a solution contalnlng 0.5 to 20, preferably
1to 6, nore preferably 1 to"4, per cent by wei ght- hydrogen per oxi de. A
per oxi de bl eaching |iquor 35 pref erably additionally contains an al kal i
such as sodi um -5- hydroxi de, for exanpl € about O. 05 to about 1.0 per
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accel-erate t(hhe %ﬂ%grgﬂ% a%#e%{é%\ré%engéu% % %F%%iéﬁet%g#'ﬂg#{gt ﬁ‘gy be
cel | ul ose increased by pretreating the lyocell fibre with a solution
' 15 of a transition metal ion which catalyses the decomposition
of peroxide ions, for example copper or iron cations. It
will be -appreciated that such pretreatment is preferably
‘used in conjunction with a peroxide liquor application
technique which does not involve a circulating bath.

20 The effectiveness of a bleaching treatment such as
hypochlorite or peroxide bleaching may alternatively be
enhanced by exposure to ultraviolet radiation.

After the fibre has been wetted with a bleaching liquor,

it is preferably heated to induce and accelerate the

25 degradation reaction during which the D.P. of the cellulose
is reduced. For example, a tow of lyocell fibre wetted with
bleaching liquor may be passed through a steam tunnel or
heated J-box. Wet or superheated steam may be used. The
temperature in a steam tunnel may be in the approximate
30 range from 80 to 130°C and the residence time may be in the
‘range from 10 to 200 or 20 to 60 seconds, although it 'will
be_ understood that temperature and time are to be chosen
having regard to the degree of reduction in cellulose D.P.
desired. Other types of equipment such as a J-box or a bed

35 steamer may be used if longer steaming times, for example in
the ;ange from 5 to 30 minutes, are desired. Altermatively,



is reduced. For exanple, a tow of Iyocell fibre wetted with bl eaching

| i quor O 9I%38s3Ipassed t hrough a steam tunnel or heated J- bper/GY¥o401a89
super heated steam may be used. The tenperature in a steamtunnel nmay be in
the approximate 30 range from80 to [err] and the residence tinme nmay be in
the range from 10 to 200 or 20 to 60 seconds, although it wll be
under st ood that tenperature and tine arebto be chosen havi ng regard to the
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15 using the type of equipment generally known for washing
nery-‘-spun viscose rayon. Longer treatment times are more
readily obtained using such alternative types of equipment
than when a wetted tow is passed through a steam tﬁnne_l.

Alternatively, other bleaching treatments known in the

20 art for cellulose may be used, for example chlorite

bleaching. Aggressive conditions 'éhould._generally be chosen
to ensure a significant reduction in D.P.

In another embodiment of the invention, cellulose D.P.

is reduced by treating the lyocell fibre with agueous acid.

25 The acid is preferably a mineral acid, more preferably

hydrochloric acid, sulphuric acid or in particu_lar' nitric

acid. For example, the fibre may be wetted with a solution

containing from about 0.2 to about 4.5 per cent by weight

concentrated nitric acid in water. After wetting with acid, |

30 the fibre is preferably heated to cause the desired

reduction in D.P., for example by passage through a steam

tunnel as described hereinabove with respect to aqueous
bleaching processes. | '

"After treatment with a bleaching or acid _liquo'r to



to ensure a significant reduction in D.P. In another enbodi nent of the

i nvent i or'WO8&8338? ose D.P. is reduced by treating the | yocePCT/GBISB143 t h
agueous acid. 25 The acid is preferably a m ner al acid, nore preferably
hydrochl oric acid, sulphuric acid or in particular=nitric acid. For
exanpl e, the flbre may be wetted with a_sglution containing fromabout 0.2
to about 4.5 per cent by weight concentra ed nitricacid in water. After
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‘The D.P.-reducing step (4) generally degrades the
tensile properties of the lyocell fibres. This would
15 normally - be thought to be most undesirable. It has
nevertheless been found that fibre produced according to the
process of the invention has generally satisfactbry tensile
properties for use in the end-uses in which highly
fibrillating fibre is desired, for example the manufacture

20 of paper and non-woven articles.

- The D.P. of cellulose used in the manufacture of known
lyocell fibre is commonly in the range 400 to 1000, often
400 to 700. The D.P. of cellulose in lyocell fibre produced
by the process of the invention may be below about 250, more

25 preferably below about 200, below about 150 or about 100.
The D.P. of cellulose in lyocell fibre produced by the
process of the invention is preferably at least minus 75,
because at 1lower values than this the fibre tends to
disintegrate. (It will be appreciated that, although a

30 negative D.P. is a physical impossibility, the quoted values

~ of D.P. are obtained by applying the standard conversion to
solution viscosity measurements in the man;ier hereinbefore
described and not by direct measurementL) The D.P. of
cellulose in lyocell fibre produced by the process of the

35 invention is preferably in the range 0 to 350, further



20 of paper and non-woven articles. The D.P. of cellulose used in the
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of the sane acture

usi ng |l ow D. P. ul ose artlng

mat eri al ulQﬁﬁt tidh SHRCENT .- dakeripkt epnst t mmm i of¥hef or
exanpl e i f e, irddecihd. steprlweit tABO. inkRentidr,e ebrt lexahigllee sEbjtie ed to

t he degradajj.on s ( cc ing to the i nvent i on may generally be in
the range OF¥PT® é)&oﬁtﬁ( AB‘?‘%h ‘g&gEen found that the process of

The titre of the fibre subjected' to the degradation step

15 (4) according to the invention may generally be in the

range 0.5 to 30 dtex. It has been found that the process of

the invention is most effective 'in increasing the

fibrillation tendency of fibres of relatively low titre, for

example 1 to 5 dtex or 1 to 3 dtex, perhaps on account of
20 their greater surface to volume ratio.

It has been observed that the fibrillation tendency of
lyocell fibre is directly related to the cellulose
 concentration of the solution from which it is made. It
‘will be understood that raising the cellulose c'oncentra_.tio.n
- 25 generally necessitates a reduction in cellulose D.P. to
maintain the visc‘osity of the solution below the practical
maximum  working viscosity. The increase in fibrillation
tendency achievable by use of the process of the invention
is generally greater than the increase achievable by raising

30 the cellulose concentration of the solution.

Lyocell fibre produced by the process of the invention

'is useful for example in the manufacture of paper and
nonwoven articles, either alone or in blends with other
types of fibre, including standard: -iyocell- -fibre. A
35 papermaking slurry containing lyocell fibre produced by the



the invention is nmost effective in I ncreasing the fibrillation tendency of
fibres ofwoesasiovely low titre, for exanple 1 to 5 dtex or pCTIGBYSOTBEX,

per haps on account of 20 their greater surface to volune ratio. It has been .

observed that the fibrillation tendency of Iyocell fibre is directly
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i sintegration appl ping, to reac chq, r n an
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working ti he c t u t £650
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per cent er.cen ess urther _pref bly 10 per
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accord:.ng to the invention may fibrillate in low-shear
15 devices such as hydrapulpers, which induce little or .no

fibrillation in conventional fibres under usual operating

c'ond'itions'.' ' Lyocell fibre produced according to the process

of the invention may have enhanced absorbency and wicking

properties compared with conventional lyocell fibre, making
20 it useful in the manufacture of absorbent articles.

'The susceptibility of a fibre to fibrillation on
mechanical working may conveniently be assessed by
subjecting a dilute slurry of the fibre to mechanical
working under standard conditions and measuring the drainage

25 properties (freeness) of the slurry after various extents of
.workzng. The freeness of the slurry falls as the degree of
fibrillation increases. Prior art lyocell fibre is typically
‘capable of being beaten to Canadian Standard Freeness 400,
using the Disintegration Test defined hereinafter as Test

30 Method 3,'by a number of disintegrator revolutions in the
range from about 200,000 to about 250,000 and to Canadian
Standard Freeness 200 by a number of disintegrator
revolutions in the range from about 250,000 to about
350 000, althbugh- on occasion a greater number of

-35 revolutlons may be required. The invention further provxdes,
lyocell fibre capable of being beaten to Canadian Standard
Freeness 400 in the Disintegration Test by not more than



according to the invention may fibrillate in | owshear 15 devices such as
hydr apuM@e95£3539hi ch i nduce little or no fibrillation in cuweBdsicagssl fibres
under . usual operating conditions. Lyocell fibre produced according to t he
process of the invention may have enhanced absorbency and w cki ng
properties conpared with conventional |yocell fibre, making 20 it useful in
t he manufacture of absorbent articles~ ¥He=susceptibility of a fibre to

subj ect | ng. SEARFUEE0sp0P g $PAERE Rty SRR TBTRS L AT AR LpRIDY 2
st andar d condmbénnefadd sizdegriatgrt hrevetrlaitrizges %Lﬂlnpetheesahbéeéms) of
the sturry ahbet ¥8100ySE*heBhe 250yBhb! ngftlnewtt'i:ﬁiﬂe%iﬁ()f ands FodhrY.

falls as the degree’o ion rncréases. Prior art
typically c%’B‘a%FeSer 088i i babeeh. 180cARAdI SheSt invention eyﬁbsimem5| ng

the Dising @H&é\s Tegbcdel i EfﬂréeéspaﬁiéebfaﬁeIﬁ tbagth.lﬁt red g%n X.ai
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Sbout 280, CHEABIEEE FreRRRRSA08 dRasha DR LERedEatbon Test by ngsmBeFe of

di si nt egr attiuan calsdut i 200, 000 tmwéﬁmmwoam pazitagti1320, 000
al t hough o V, na

* required. %E:% angﬁ\k) %n D?urcgh réwe#?/%ce“f‘? ?r{%r‘gig%iprzb?ge ¥a§§| ng

beat en t o Céwenli abowt A0 Fﬂ@@b@&%‘- AG® /000 lox 209i,008gr ofiten Féthipy not

more thafy che dbhge U ABELO0MS G0 NeRhay 12 Qod. ons, in particular

by a nunber of distntegrator revol ‘utions within the range from about 30, 000
to about 150, 000, often withiin the range from about 50,000 to about

100, 000. The i n, :t(ifadé?tfrfdﬂ ui»eeeilpfﬂhrd&ecdmmé tfd lthe gapeht coff (
Freen Lon Test

bei ng beat en t&f‘F gadl ndard E % ;U_ {:
by not nor &% 26% B%° o SYAFEGFE: 8 PQVBP PFSHES Pﬁ°§ FELROrar by
a nunber ofItli hiast egenénallyeyvdesn ofeundt hilat heheanppacity of paper

. containing lyoc'ell- fibre increases as the degree of beating
15 is increased. : This is opposite .to the general experlence
with paper made from woodpulp. The paper may have high air-
permeability compared with paper made from 100% woodpulp;
this is believed to be a consequence of the 'generally round
cross-section of the lyocell fibres a_.hd_ fibrils. The paper

20 may have good particle-retention when used as a filter.
Blends of 1lyocell fibre of the in\_(ent;ion and woodpulp
-provide papers with increased opacity, tear 'sftrength and air
permeability compared with 100% woodpulp papers. Relatively
long, for example 6 mm long, lyocell fibre may be used in

25 papermaking compared . with conventional woodpulp fibres,

yielding paper with good tear strength.

Examples of applications for paper containing lyoc'el_l

fibre provided according to the ixivéntion _incl_ude, but are

" not limited to, capacitor papers, batt.éry separators,

30 stencil papers, pa_pez:_s_ for filtration ix;c_l.uding gas, air and

smoke filtration and the filtration of liquids such as milk,

coffee and other: beve:r_:ageé , fuel, oil .and' blood plasma,

security papers, photographic papers, f_li_zé_hable papers and
food casing papers, special printing papers and teabégs.

35 It is an advantage of the invenﬁion that hjrdr_oentangled _



from about 50,000 to about 150,000 or 200,000, often within 10 the range
from abolWOPS3899 t o about 125, 000. Paper made from | yocel PCI{EHIEOM32or di ng
to the invention may be found to have a variety of advantageous properties.
I't has general |y been found that the opacity of papér containing |yocel
fibre increases as the degree of beating Is increased. This is opposite
to the general experience wi.th paper nade from woadpul p.- The paper may have
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Exanpl es of app |ons For aper cont d£rov;
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papers, bat if§hy-esSePapathgidhoetit aticiied | f8PEE SmaBdP Eron OchidéII afibpe
|nclud|ng gas, air,  and snoke filtration and the filtratio gg gUIdS such
ae ik, cof PEOVARPLAREOTSERG £GoEher dBVengiPRRAYLPE8E BFALRE, LEBtarfry

papers, phot ggodieiitdezatian JlﬂaﬁhablmaﬂépEtsmandtteaﬂedalyogebhpéLb;e,

speci al print Qﬂ§%&ﬁ§;f'€gﬁg%fiba%% :ﬁ%qe sﬂoods @dvgg&gggngg éﬂgn

i nvention t h&t ICcS can Fom 1'yocer
fibre provi de@rﬂ:@od:mgmld uieed reoe el opta,musedebyenrangl éﬂén?rﬁpésgmfes
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properties, east for (up to about™5
Thi s reducesﬁﬂh?kﬂxﬁonﬁaiﬁ%nmeﬁYﬂﬁﬁlbnéh re prov;ded accordlng to t

15 invention may exhibit hlgh opacity, high particle retention
in filtration appllcatlons, increased barrier and wetting
properties, high opacity, and good properties as a wipe.

Examples of applications for hydroentangled fabrics

containing lyocell fibre provided according to the invention

20 include,'but are not limited to, artificial leather and

suede, disposible wipés (including wet, lint-free, clean-
room and spectacle wipes) gauzes including_mediCal gauzes,

- apparel fabrics, filter . fabrics, diskette liners,

coverstock, fluid distribution layers or absorbent covers in

25 absorbent pads, for example diapers, incontinence pads and

" dressings, surgical and medical barrier fabrics, battery
separators, substrates for coated fabrics and interlinings.

Lyocell fibre provided according to the invention may

fibrillate to some extent during dry processes for nonwoven

‘30 fabric manufacture, for example needlepunching. Such

nonwoven fabrics may exhibit improved filtration effic;ency

in comparison with fabrics containing conventional lyocell
fibre.

The fibre provided by the invention is useful in the
35 manufacture of textile articles such as woven or knitted



Alternatively, a greater degree of hydroentangl enent can be obtained at a

gi ven prweosesias3vhan with prior art |yocell fibres. A hy Gicarisosingdsed
fabric made from |l yocell fibre provided according to the invention nmay have
better tensile 10 properties than a fabric made fromuntreated |yocell
fibre, although it wll be wunderstood that hydroentangling conditions
will need to be optimised by trial and~etfor for the best results in any

parti cul ar case. A _hydr.oent angl.ed fabric contain ocell fibre_ provided
~according t AHHRELES § RAFORS QQ‘E?%att"ﬁnngGbang’ér ﬁl’gﬁspaﬁtfg
retention i n.rfc:]hid:atg opr D | it |1m:8:e1h0|f¢hsed baTlie epresenvet tdfngthe
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bat tery sepParaisd SaeRRteasd oh edkEls MARMEREERR (Nt cr 1 ni ngs. Lyocel I
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The presencmagf behblended as a binder with microglass fibre to improve
15 the strength of glass fibre paper made therefrom. The fibre
may be felted in ‘blend with wool. The fibre may be used in
the manufacture of filter boards  for the filtration of
- liquids such as fruit é_nd vegetable juices, wine and beer.
The fibre ‘may be used in the manufacture of filter boards
20 for the filtra{:iqn*- of viscous liquids, for example viscose.
" The ‘fibre ‘may be made into tampons and other absorbent
articles with improved  absorbency. - Lyocell fibre may
fibrillate advantageously during dry processing as well as
during wet processing, for example during processes such as
' 25 milling, grinding, sueding, brushing and sanding. Fibrils
may be removed from fibrillated lyocell fibre by enzyme
finishing techniques, for example treatment with cellulases.

The following procedures identified as Test Methods 1 to
4 were used to assess fibre performance:-

30 'Test Method 1 = _Measurement of Cuprammonium Solution
' Viscosity and D.P. (the D.P. Test). - :

This test is based on TAPPI Standard T206 os-63.
Cellulose is dissolved in cuprammonium hydroxide solution
'conta.ming 15'# 0.1 g/1 copper and 200 ¢ 5 g/l ammonia, with

35 nitrous acid content < 0.5 g/1, (Shirley Institute standard)



| yocel I fibre provided by the invention may be used to provide desirable
aest het i cWOISBEIN such as a peach-skin 5 effect.  Fibril | XOTGBISOIM3Be
induced in such fabrics by known processes such as. brushing and sueding in
addition to any fibrillation generated in the wet: processing steps nornally
encountered in fabric nanufacture. 10 ézi bre provided according to the
invention is useful in the manufacture ofl eabags, coffee filters and
suchlike artig]es. :The fibre bl ed W I Rres kAt :
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| i-quids, for exanple viscose. The fibre nmay be made into tanpons and ot her
absorbent articles with inproved absorbency. = Lyocell fibre may
fibrillate advantth@ors|422MA38 Iy [ A0ddsR/tg sl |] as & i ng wet
processing, for exanple during processes such as 25 mlling, grinding,

suedi ng, brushing and sanding., Fibrils may be renoved fromfibrillated

| yocel I fi br @hg8reedzyide $19W shimg %%c%ﬂ?ﬂ%%%q kobhexgravatyr E9RREAREW Ch
cel gul ases. Hlﬁef ft?ﬂeom' f mmqedﬁaegot$QMéﬁéfﬂy ast 'Efﬁen\/ﬁhhwe @d’mllah:otﬁfewere
used to assess fibr erfo nce: - ' t ok - asurenent o

Cupr amoni umteglﬁelﬁqetdﬁe\ﬁ on@}ef et (Iggsgta(itver?é: %.%P.C])Test) .- This test is
based on TAPPI Standard T206 o0s-63. Cellulose is dissolved in cuprammoni um

hydr oxi de (3plgifdsON WA N $19. 19i Sl g lefledt 9/ b COPREE1 20t 200 [ ehliency !

Ten lyocell fibres (20 ¢ 1 mm long) are placed in
distilled water (10 ml) contained within a glass phial (50
mm long x 25 mm diameter). An ultrasonic probe is inserted

15 into the phial, taking care that the tip of the probe is
| well-centered and is positioned 5 t 0.5 mm from the bottom
of the phial. . This distance is critical for
-'reproducibility. ‘The phial is surrounded with an ice bath,
and the ultrasonic probe is switdhed on. After a set time,
20 the probe is switched off, and the fibres are transferred to
two drops of  water placed on a microscope slide. A
photomicrograph is taken under x20 magnification of a
representative area of the sample. Fibrillation Index (C;)
is assessed by comparison with a set of photographic
25 standards graded from 0 (no fibrillation) to .3'0 (high
fibrillation). o

Alternatively, C; way be measured from the
photomicrograph using the following formula:s

C = n.x/L

30 where n is the number of fibrils counted, x is the averagé
length of the fibrils in mm, and L is the length in mm of



to give - a solution of accur at el y- known cel l ul ose concentration
(about $wdesms3vei ght) . Solution flow tinme through a Shllsémngg,.ﬁ@grmter at
[err] is neasured, from which vi scosMy may be cal cul ated in standard.
manner. Vi scosity- 5 average D.P. is determ ned using the enpirical
equation: D.P. = 412.4285 1n [ 100(t-k/t) / n.C] - 348 where t is flow
time in seconds, k the gravity constantl4 Gthe tube constant, and n the
density of water /m at th terrperature of the test. (0. 9982 at [err] 10
Test Met hddPre al°ﬁ8a§'&"-€ﬁer¢t’- T3S gy CoURteGn  Tendency (Soni cation) Ten
"lyocell fibres (20 [err] 1 mmlong) are placed in distilled water (10 m)
contained within a gl.ass phial et er asoni c
probe is mser#@& 1‘%‘?’?%5 e Bé le]tevlarlnga%i 8°Pﬁ5?gf'ﬂg t"'l)lﬂl (g'htg pr obe
is well -cemu.anaésandStenga:dt idnenimtes)y] wdniwed r mayt healbgt.t omTHe t he
bhial g scatlBraciofl BANGhe bouifhbhtCAnouldr bECRAMALD Lkihy 1

phial is surroun an ice e ultrasoni c probe sw't ched

on. AfteP gaBpietiofe, fl?ﬂ“! hefpkapwn iRy ildntd s rtendrnae( i Hr-és by e
transferredeb® MRhSHOS) WEfowd Slis®! afadbetwaell @vas§ORRouY idke. five

phot om cro raBE i s taken under x20 magnification of a representative area.
of the sa BPbrillation Index (Cf) is assessed by conparison with a set
of photographi c 25 standards graded fromO-(no fibrillation) to 30 (high

fibrillatiggly ﬁethﬁraat'vel - 08 11248 nd Ne

phot om cr oQr ap = OW Q1 OT ITot o, 30 W number
of fibrilsDisin g1on ¥ tveragelength of the fibrils.in mm and L is
the length in mnof - 14 - fibre along which fibrils are counted. - (

10 ' Lyocell— fibre (6 g, staple_ length 5mm) and demineralised
water (2 1) are placed in the bowl of the standard
disintegrator described in TAPPI Standard T-205 om~88, and
disintegrated (s‘-i’:;tulat‘ing' valley beét'ing) until the fibre is
well-dispersed. Suitable disintegrators are available from

15 Messmer Ihstruments ‘Limited, Gfave‘send, Kent, UK and from
Biichel van de Korput BV, Veemendaal, Netherlands. The
Canadian Standard Freeness (CSF) of the. fibre in the
resulting slurry or stock is measured according to TAPPI
Standard T227 om-94 and recorded in ml. In general, the

20 stock is divided into' two 1 1 portions for measurement of

~ CSF and the two results are averaged. Curves of CSF against
disintégra’tor revolutions or disintegration'time may then be
prepared and the relative degree of disintegration required
to reach a given CSF assessed by interpolation. The zero

25_ point is defined as that recorded after 2500 disintegrator
revdlutions, which serve to ensure dispersion of the fibre
in the stock before CSF measurement.

Test Method 2 is -quick to perform, but it may give
- variable results because of the small fibre sample. Test
30 Method 3 gives very reproducible results. These factors
should be taken into account during assessment of

- fibrillation tendency. |



The ultrasonic power |evel and sonication time (5-15 mnutes, standard 8
m nutes) We@idssesd may vary. The calibration of the equippaBoséasy d be
checked using a 5 sanple of fibre of known fibrillation tendency (Cf 4-5 by
Test Method 2) before use and between every group of five sanples. Test

Met hod 3 - Measurenent of Fibrillation Tendency (The Disintegration Test)

10 Lyocel | fibre (6 g, staple Iength -'ﬁm') and dem neralised water (2 1) -
are placed in the bow f he < ndard di si nt £0 d. i n TAPPI
St andard T-205 ofF8%; S+ e - ation Jen BSY nti

the fibre is well-di spersed Sui ta@mmms are ava| I able from 15
Messnmer Instrunments Limted, Gravesend, Kent, UK and from B[err]chel van de

Kor put BV, Veenendaal , Net her | ands. The Canadl an Standard Freeness (CSF)
of the fibre in tny@qeeléulhh@ siairtgsvedsbyclogat ingasin eacerrdantegwith

TAPPI St andamhppd? a0t Eﬂeaedrrmr&ﬁobs edfept |t'h£:e'ae§€‘bckt @Sngf.’sﬁé ' S
divided into two port i ons, for . U}Eement of % resu
S
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di si nt egr at i dediicatednytd hthe beeatingr'mi abyotérlr €ibkege dRE=mrfltd are

di si ntegrati Lequil r F d nt eJ I O The
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revol utions, espesimentss to ensure di spersion of the fibre in the stock :
bef ore CSF neasurenent. Test Method 2 is quick to perform but it nmay give
vari able results because of the small f| bre sanple. Test 30 Method 3 gives
very reprodu@BHE pti efsthe  Drawings, | d be taken into account

during asaessrrentanurfésbulhaal éﬁed@&@phs of the- CEafddiMi hotladdard
Measur enment %f Fibrillati on Tendenc

reeness, expresse J.ny ml, (y-axis) against the beating
time, expressed in min, (x-axis) for the samples in Examples

1 and 2, respectively.

Figures 3, 4 and 5 are graphs of the Canadian Standard

15 Freeness, expressed in ml, (y-axis) against the number of

disintegrator revolution, expresed in thousands of

revolutions, (x-axis) for the samples in Examples 3, 4 and
5; respectively.

Figures 6 and 7 are graphs of the Canadian Standard

20 Freeness, expressed in ml, (y-axis) against the beating

| time, e‘xpz-':ess'ed in min, (x-axis) for the samples in Examples
7 and 8, respectively. ' ' :

Figure 8 is a graph of beating time required to achieve
Canadian Standard Freeness 200, expressed in min, (y-axis)
25 against Fibre D.P. (x-axis) for the samples in Example 9.

The invention is illustrated by the -foilowing Examples,
in which 1lyocell fibre was prepared in known manner by
spinning a solution of woodpulp cellulose in aqueous N-
methylmorpholine N-oxide:-



(Vall ey Beating) Lyocell fibre is tested by beating in accordance with
TAPPI d3YQ9%¥38? T 200 om 85 except that a stock consi st ePEL/GBIWI43N. 9% i s

used. The beater used is preferably one dedicated to the testing of

| yocel | fibres. Results are best treated as conparative within each
series of experinments. Brief Descripti;rrl5 of the Drawmngs 10 . Figures 1
and 2 are graphs of the Canadian St andard Freeness, expressed in n,

(y-axi s) against the beatlng tinme, pxRmhegacd in mn, (x axis) for the
sanples in Exanples 1 and 2, respecWe‘?V—Fl gures 3, 4 and 5 are graphs of

t he Canadi an Standard 15 Freeness expressed in m, (y-axis) against the
nunbfer of dismbestr-a&afédr Stell orhbreexoé?(ﬁsqlci .7 13 dtjkhwdd s3000fg |
revol utions axis). for .t S i n Exanpl es an [es ectively.
Fi gures 6 éﬁﬂ‘g‘ieére §a W@p‘éﬁhﬁﬁfﬁ%r?%me qakal essed
inm, (y- ex.lth)sragalythtogére bperomgdel nﬂl%epr;essvzdlume]n nox( X- saod.s)mfor

th 6’%&
begtlsﬁgp e?}l\gbrgggégggg %9 ﬁeléﬁ Bﬁf %%dghﬂ ee%ess@g{}? expressed
in nin, (ycasres) spslmgauhm::qu UFB% (hYa‘X'Péyh‘Fbr and si’r*&l‘:@@ iR Banpl e

? bThe 'nvs%hﬁar'_s «rhbustéa&&ﬁgbay&mg &aklmamml t eﬁ,mirn wnmhlct yocel |
I Dre was prepare nner Splnntn a soLutlon V\DO U

cel I ul ose ffﬁra&u’ébﬁs' I\Pn‘ﬁﬁ“?‘?fgf q%éraﬁ_w\gager 4 min, %ﬁ%’f CP
Never-dri e¢ibyecalds washedt ewd( driedli,exandrexhiBited mqolpasc)pemes

?ig/ourat thtﬁﬂtg?ma&gggg sol uti o_n containing eit hef | hydr ogen .perOX| de
Iable 1 {
Ref. D.P. G dtex ADT ADES W = WE %
' cN/tex cN/tex

15 untreated : _ . o ' _. .
1A 563 0-2 1.76 ' 40.6  13.5 36.7 16.0
Peroxide g - . | '
1B 299 5-15  1.76 ~ 34.8 1.1 23.7  11.6
Hypochlorite _ ' . ' _

20 1c 92 20-30  1.78 - 23.8 6.8 . 18.0 a'.a_'

(D.P. was measured by Test Method 1. Fibrillation tendency
(C;) was measured by Test Method 2..' ADT air-dry tenacity,
ADE = air-dry extensibility, WT = wet tenacity, WE = wet
extensibility.) -

25 The fz.bre was hand-cut to 5 _mm staple, :Eormed into a web

(nominally 60 g/m’) , and subjected to hydroentanglement us:.ng

~ various jet pressures (measured in bar) The hydroentangled

ndnwoven lyocell fabric so obtained exhibited the properties
shown in Table 2: |



5 hypochlorite (1% by wei ght avail able chlorine), and in both cases sodi um
hydr oxi de W@9B353%%y wei ght), and placed in a steaner. The ptP&BbsII48Y/Cl €
was heating over 7 mn., [err] for 1 min., and cooling under vacuum over 4
mn. The steaned fibre was washed and dried, and exhibited the properties

10 shown in Table 1: Table 1 Ref. D.P. gerr] dt ex ADT ADE%

WI' - VWE% cN/ t ex cNtex 15 bnireated 1A 563 0-2 1.76
40. 6 13.5 36.7 ~ 16.0 Peroxid 99  5-15 1.76 34.8
11.1 23.7 11.6 Hypochlorite 2%’55—12 20-30 1.78.  23.8
6.8 18.0 8.8 (D.P. was neasured by Test Method 1. Fibrillation
tendency  (Cf)gd@s measuredJQy Tesj NeiNWdoda (AR = al T i1yt § ADE =
air-dry extensibility, WI = wet té%ac?mi ° g wet exten5|%]1|ty%#k§5

The fibre was hand-cut to BaFmMsPapl - QOrnéﬂnlntd’B ‘web (nc#/R Iy 60

[err] and subjected to hydroentaapgl enpay Usid¥g VanieUs j at Presgdd es -
(measured in bar). The hydroentangl ed nonwoven |yocell fabric so obtained

exhibited the properties shown in Table 2: - 17 - Table 2 Ref
Jet Br eaki tnprkacsh @alaN) 100 30s&r al £.84enaciey bar.781 D. 4.13M D.2.65C. D.

C. D - (daN g) dry ry ry wet nt r ed 1A
100 3.56 2.54 -4.63 2. 8?3 3.2 16(3q3 §1°t Ssy o

3.79 3.65 200 3.48 3.1800 3.48 3.16 - - PerUX|de 18 15 2. 77
1.07  2.63 Jderetide 3160 572,77 1.07  2.63 1.51 3.60  1.75

100 5.00  3.32 3.51 3.55 5.76 4.56
10 Hypochlorite 1C 75 4.77  1.12  3.34 - 5.49 -
100 5.06 1.96 4.44 1.92 4.76 1.94
160 4.24 1.46 2.40 1.08 3.45 1.28
(M.D. = machine direction, C.D. = cross dlrectlon) '
The treated fibre could be converted into stronger
15 hydroentangled nonwoven fabric than the untreated control
under suitable conditions. Nbﬁably, several fabrics made
from treated fibre exhibited higher overall dry tenacity
than any of the controls. This is remarkable in that the
treated fibre had inferior tensile properties to the
20 untreated fibre.

The lyocell staple fibre was slurried at stock consistency

0.9% and subjected to valley beating using Test Method 4.
The relationship between the CSF of the stock and the
beating time is shown in Figure 1 and Table 3. It can be

25 seen that much shorter beating times were required to reach
the same degree of freeness with treated than with untreated

" fibre.
Table 3
Sample . Ref. ' Beating time min. to reach
30 ] 200 CSF 400 CSF
Untreated 1A 226 155
Peroxide 1B 110 85

Hypochlorite 1c , 46 29



- 100 5.00 3.32 3.51 3.55 5.76 4.56 10 Hypochlorite 1C 75 4.77

1.12 w0 9535399 - 5.49 - 100 5.06 1.96 4.44 1.9e1/GBd5/01a39 1. 94

160 4.24 1.46 2.40 1.08 3.45 1.28 (M D. = nmachine direction, C. D.

= cross direction) The treated fibre could be converted into

stronger 15 hydroentangl ed nonwoven fabric than the untreated control under

sui tabl e conditions. Not abl y, severall& abrics nmade fromtreated fibre

- exhi bited higher overall dry tenaci t han any of the controls. This is
remarkable in that the treated fibr%éﬁ%82$ﬁ2erior tensile properties to the

20 untreated fibre. The |lyocell staple fibre was slurried at stock

consi stency O n | h0 Mgl | PeagtiRo | S The

rel ationship gg}{%\geﬁrgﬁg %%Ib%gfllt he st@/ a%é?hgeg{é&t |wn§ héﬁ%@s own in

Figure 1 afidlYawee 3. It can be 25 seen that nmuch shorter beating tines

were requiredap0 regﬁgrggeeaaagnggglee of freeness with treated than with

t ted fib Tabl
ﬁ?nTe?OeﬁeaLhrge aOngllnqufgacthg, sodlunlﬁypochlor§66 Eg;;giégg({énﬁ 400

CSF Untreat ed by #aight available 2X¥orine) at 50°C/55 bethxide
1B - 5
46 | E?J“de“cfs time o Sg %&g%w(?g eﬂc’f 1§55 %’i“f‘g’gov:bn( 27 dtex

ecru) was treated atuhnelo(d@002@. Steamﬁréatea5c§ﬁﬁﬁol 5 2B. .On-line
bl eachi ng, - Sogum htgoﬁggoﬁh{:ebéehUi-éé’ﬂdéﬂc/éb&/mé"e‘l Whc . | Al dning

chlorlne) at [er residence tinme 4 sec, followed by stean1ng in a
ime 50 sec.

2D. As 2B, but off-line,_bath_reSLdence time Gossec. (
and steaming as described in Example 1.
2E. As 2D, but 2% by weight available chlorine.
2F. - As 2D, but using hydrogen peroxzde solution (1% by
15 B - weight).

The treated fibre was washed and dr;ed and cut into 5 mm

staple.

The 1yo¢ellrstaple.fibre was slurried at stpck:qonsiStency

0.9% and subjected to valley beating using Test Method 4.

20 The relationship between the CSF of the stock and the

beating time is shown in Figure 2 and Table 4. It can be
seen that much shorter beating times were required to reach

the same degree of freeness with treated than with untreated

fibre. o
25 : : o Table 4
. Beating time min to reach
Sample 200 CSF 400 CSF
2A 248 . 197
30 2C S - 61
2D ' " - . 50
2E _ L 27 _ 14

2F : - - 109 : - 83



t unnel [err] steam) for 25 sec. 2C As 2B, but bath residence tine 7 sec.

and st eawmgs/is399 time 50 sec. 2D. As 2B, but of f PCT/IGBIS/OIABN
residence tine 60 sec. and steam ng as described in Exanple 1. 2E. = As 2D,
but 2% by wei ght avail abl e chlorine. 2F. As .2D, 'but using hydrogen

per oxi de ‘sol ution (1% by 15 wei ght). The treated fibre was washed

and dried and cut into 5 nmstaple. The=I¥8cell staple fibre was slurried
at stock consistency 0.9% and subj.ected.to | | : [ Sk T t hod
3. 20 The rel af | BFEITD BLVABLRS: A GeRRdFs: |fh-a RS, ffRE 1 B8, Rabelis TS
shown in Fi gurles 2physlidabl prdpettieanofeaidethensamples dMmearestreagithy
times were r LLed, e ) f ' t i t han
g%&%%grle%&ezg, 3bnd {fe SHFAGH Snd U TIELNRS WddY (4 ARk

Wi th untreat 4 Beating time mn

to reach Sanple- - 200 CSF 400 CSF 2A
%‘51830 - Thd Tut?Btaple was formed into webs and hy&.%GentZaEr)xgled as

50 2E 5 described in Example 1 (Jef, pressure 100 ba;@¢ 2l;!_l‘he samples
109 . of fabBfc so-oBfainddchad sherprepextiesinghewn 2in Falke & made

into paper. The physical properties of all the sanples (tear strength,
burst index, tensile strength and bul k) were very simlar. The cut staple
was formed into webs and hydroent angl edtable Sjescribed in Exanple 1 (jet
pressure 100 bar). The sanples of fabric so obtained had the properties
shown in Table 5: ' '

Fibre Fibre Overall fabric tenacity N/g
D.P. tenacity CN/tex Dry Wet |
10 2a 524 43.2 18.6 27.9
2B 227 40.9 41.7 62.4
2C 206 36.1 - 35.2 . 69.9
2D 159 34.7 45.5 79.6
2E 40 23.3 18.5 49.3

15 - Example 3

Example 2 -was repeated, except that the following
‘treatment conditions were used:

3A As 2A. ' . ) _

3B On-line, nitric acid solution (0.72% by weight
20 concentrated nitric acid) at 50°C, bath residence
' - time 4 sec, followed by steaming (25 sec).

3C As 3B, but- 2.8% nitric acid.

3D As 3B, but 4.25% nitric acid.

The treated fibre was washed and dried and‘ cut into 5 mm
25 staple. The lyocell staple fibre was subjected to
disintegration using Test Method 3. The relationship between
‘the CSF of the stock and the beating time is shown in Figure |
3 and Table 6. It can be seen that shorter beating times
were required to reach the same degree of freeness with
30 treated than with untreated fibre.



Table 5 Fibre Fi bre Overall fabric tenacity NNg D.P.

t enaci t ywoOINd5136399 Dry . Wt 10 2A 524 PCT/GBY8/07439

18.6 27.9 2B 227 - 40.9 41.7 ~62.4 2C~
206 36.1 35.2 69.9 2D 159 34.7

45.5 79.6 2E 40 - 23.3 18.5 49.3 15
Exanpl e 3 Exanple 2 was repeated, excédt- that the followi ng treatnent -
conditions were used: 3A As 2A. 3B On-line, nitric acid solution
(0.72% by wei ght 20 concent r 2Rde€a8; ri ¢ acid) at [err], bath

residence tine 4 sec, followed by steamng (25 sec). 3C As 3B, but 2.8%

nitric acid. 3D As 3B, but 4.2 [ | tr d f| S
washed and dried and cut into 5 % &ﬁ%g%&%id% %%% ﬁ@@? ?ngﬁa
fibre was Sampleécted to d|S|ntegratB@W &SFng Test thhodOQ CSfe

rel ationshigabetween the CSF of the stoglggand the beating thgg i s shown in

Figure 3 and _Table 6. It can be seen that shorter beating fies were
required Po3Beach the sane degree of fré@dess with 30 treatdd%han with
untreated figgre. . .20 - Table 6 D sinpegration. rev. x10@@gto reach
Sanpl e ~ 200 CSF 400 CSF 3A

262 3D 205 5 3B 143 221 119

179 3C _ 170 - 138 3D

149 119 Exanple 4 Example 4

Example 2 was. repeated, - except that the following
10 treatment conditions were used:
4A Untreated control. :
4B Off-line, sodium hypochlorite solut:.on (0.5% by
- weight available chlorine) at. 50°C, bath residence
time 60 seconds, no steaming.
15 4C As 4B, except that the treatment bath additlonally
' contained 15 g/l sodium bicarbonate (pH 8.5). No
steaming was used.
4D - As 4B, except that the treatment bath additionally
contained 15 g/1 sodium dihydrogen phosphate (pH
20 6.8). “No steaming was used. .
4E As 4B, except that the treatment bath additionally
- contained 7.5 g/l citric acid and 7.5 g/l sodium
dihydrogen citrate (pH 5.5). No steaming was used.
4F As 2D.

25 The treated fibre was washed and dried and cut into 5 mm
staple. The lyocell staple fibre was assessed using Test
Method 3. The relationship between the CSF of the;stock'and
the beating time ‘is shown in Figure 4 and Table.?,_.It can

be seen that the addition of bicarbonate or phosphate buffer

30 reduced the beating time requlred to reach any particular
degree of freeness.



Exanple 2 was repeated, except that the followi ng 10 treatnent

condi ti onVOW¥383%¥Wsed: 4A Untreated control. 4B O f-1|i nePCHGEISAMI9 -
hypochl orite solution (0.5% by wei ght available chlorine) at [err], bath
residence tinme 60 seconds, no steam ng. 15 4C . As 4B, except that the
treatnment bath additionally contained 15 g/l sodium bi carbonate (pH 8.5).
No steam ng was used. 4D As 4B, excepC _Har the treatnment bath
additionally contained 15 g/l sodi um di NS Q9N phosphate (pH 20

6.8). No steami ng was used. 4E As 4égJS;CEpt that the treatnent bath
additionally contained 7.5 g/l citric acid and 7.5 g/l sodi um di hydrogen
citrate (pH 5.5). No steam ng ; : . D. - ated fibre
was washed and drjed and cut i%?%‘%éﬁgfifgg eéfe%ﬁex%@%%eT%Tfﬁéi e fibre
was assessed %@WﬂgeTest Met hod 3. #P@ ¢€Fati onship be¥%%é%§?he CSF of the
stock and the beating tinme is showm in Figure 4 and Table 7. It can be seen
that the addh&%on of bicarbonate og $hosphate buf f er %@ reduced the beating
time require 0 reach any particu 5 degree of freen L - 21 - Table 7

Di sintegrat3oéBrev. x1000 to reach2B&mple 221200 CSF
- 400 CSF 4A 315 ; 261 5,4B
- 254 ac 221 ac . 178 176 b33 133 4D
86 4D 65 4E 86 280 65 230 4F
43 4E 32 280 230
| " 4F - 43 32

10 ' - Example 5

Example 2 was repeated, except that the following
treatment conditions were used:

SA Untreated control.
SB Hydrogen peroxide solution (1.0% by weight) at
15 50°C, on-line at line speed 6 m/min (bath residence

7 sec), followed by_steaming for 50 seconds.
5C As 5B, except that the treatment bath additionally
contained 0.5% by weight sodium hydroxide.
5D As 5C, except that the treatment bath contained
20 sodium hypochlorite (1% by weight available
chlorine) instead of hydrogen peroxide.

The treated fibre was washed and dried and cut into 5 mm
staple. The lyocell staple fibre was assessed using Test
Method 3. The relationShip between the CSF of the stock and

25 disintegrator revolutions is shown in Figure 5 and Table 8.
It can be seen that addition of sodium hydroxide reduced the
beating time required to reach any partiéular degree of
freeness when hydrogen peroxide was employed as bleaching
agent.



10 . Exanpl e 5 Exanple 2 was repeated, except that
. the fol Wwowsngsger eat nent conditions were used: 5A Unt r eatracBosomM3vol . 5B
Hydr ogen peroxide solution (1.0% by weight) ~at 15 - [err], on-line
at line speed 6 nmimin (bath residence 7 sec), followed by steam ng for 50
seconds. 5C As 5B, except that the treatnent bat h additional |y contai ned
0. 5% by wei ght sodi um hydroxide.. 5D - A3 5C, except that the treatnent
bat h contai ned 20 -sodi um. hyé%_c_ﬂr% le te (1% by weight available
chlorine) instead of hydrogen peroxi treated fibre was washed and
dried and cut into 5 nmstaple. The lyocell staple fibre was assessed using
~Test Method 3. The rel ationship pgi +hei s Advi e Siorkednsbath
di sintegrator revolutions is shown In ure 5 and Table 8. It can be seen
that additi%ampke sodi um hydroxi de ref#Q@ e&sf he beating ti PG &R red to
~reach any pg(ticular degree of freenesz4ghen hydrogen peroxgxe was enpl oyed

as bl eachin agent - 22 - Table 8 I ntegration rev. 00 to reach
Sanpl e gB - 200 CsF H}é 400 CSF 5A an
246 5C 211 5 5B 189 246 135
214 5C 5D 189 494 ' 135 5[yq
121 : 80 Exanpl e 6 LyoceII fibre was bl eached using the

treatment 10 bath liquors described in Exanpl e 4 under reference codes 4B,
4C, 4D and 4E at 25 and- [err]. The rBsimk é Fa §0Wn in Table 9 were obtained:

Lyocell fibre was bleached using the treatment '
10 bath liquors described in Example 4 under reference codes
4B, 4C, 4D and 4E at 25 and 50°C. The results shown in
Table 9 were obtained:

Table 9
i - .P. i Extension
15 Liquor Temp °C pPH D.P. dtex Tegﬁségz $
None - - 548 2.0 37.7 ‘15
4B 25 11.46 524 1.9 37.7 15
4B 50 10.71 406 1.9 37.1 14
4C 25 8.65 489 1.8 35.9 14
20 4C _ 50 8.64 376 1.8 33.4 13
4D 25 6.73 298 2.0 - 28.7 10
4D 50 © 6.69 308 1.9 24.7 7
4E .25 5.67 526 1.9

37.8 | 14
The samples treated at 50°C were those of Example 4.
25 _ - Example 7

An unpigmented solut;on of' éellulosé' in aqueous
N-methylmorpholine N-oxide was extruded through a plurality
of spinnerettes (spinning speed 37 m/mxn) and washed with
water. The titre of the individual filaments was 1.7 dtex

30 and the titre of the combined tow was 64 ktex. The tow was
then passed firstly through a bath containing aqueous sodium
hypochlorite solution (temperature 76-80°C, steam sparges,



Tabl e 9 Liquor Tenp [err] pH D.P. dtex -Tenacity Ext ensi on 15

cN t ex NJH@95/35399 - - 548 2.0 37.7 PCTIGRIfOI439 o5
11. 46 524 1.9 37.7 . - 15 4B 50__ 10. 71 406 1.9
37.1 14 4C - 25 8. 65 489 1.8 35.9 . 14 20
4C_ . 50 8.64 376 1.8 33.4 13 4D 25

6.73 298 2:0 28. 7 10 4D ' 6. 69 308 1.9
24.7 reddfdence tZme 60 se5)63nd f‘s"éi:ond,lﬁ througB7a8c1rculat1ﬁgThe

| d
Exanpl 6 7 An DAk ghfen WhLCh ol RFRRuELF  BEFRy B88  FRntigieygly added

N- et hy| nor photéniseatrusteles 290, i 18)daeildenayh taim@ @pginaxy Sosespi.nndhet t es
(spinning speed 37 nf e h ter e I €40 he

i ndi vi dual fit%frefs \r,\%gg gg?i%\gég #n% tdr@'cf Frag-g(%f % Eé c% ?&ned toTv}\}ewas :
64 ktex. Ewefxml/ﬂea;txmntpadsaqyf iafst thet Hiidagh Wapamssesses Pyig Te§leous

sodi um hypochjgy 61%&& £0! 4 ﬂltc?ﬁm%r Yot rt¥dtiorn i9AhEP r@@tment bath -
resi dence tlne

sec an econ ythrou a circylatin i ch
sul phuric acdnf sxperimahtal, GRS ts,ag8)s f“?éﬂ’rp%ﬂ"‘al#J h?‘ér?gq ra]ncpa"_a'tng,e 1.
resi dence tinme approx 5 sec). The tow was then washed with cold water
and dri ed. The 5 fibrillation tende§c¥F ofgéhe fibre was assessed by Test
Met hod 4. Hypochlorite concentration i eat nent bath and experi nent al
results are shown in Figure 6 and Table 10. Table 10 Ref. ~Avail abl e

chiorine  Heali NQuLL{E Kl fuckend 30N sleing time pydh 6 Y6 : el 400

CSF 240 7B 0.2
153 10 204 % by weight =~ - - 400 CSF 200 CSF
7A Control - 187 - 240
78 0.2 . 153 204
7 0.3 S 120 - . 170
D 0.47 . 109 o -
15 Example 8

Example 7 was repeated, except that matt fibre (pigmented
with titanium dioxide) was used. Hypochlorite concentration
in the treatment bath and experimental results are shown in
Figure 7 and Table 11.

20 - Table 11
Ref. Available chlorine Beating time min. to reach
% by weight - 400 CSF 200 CSF
8A Control ' | 143 197
8B 0.2 122 174
25 8C 0.45 114 ' 167
8D . - 0.65" : - 87 - 126
Example 9

Lyocell fibre wa's degraded according to the invention'
under various conditions, and its D.P. and beating
'~ 30 performance assessed using Test Methods 1 and 4



7C 0.3

109 15 WO 95/35399

that matt fibre (pignmented with t
concentration in the treatment bath and experi nent al
Figure 7 and Table 11. 20

Avai |l abl e chl ori ne

CSF
197 8B
0. 45
87

t he inventi_gn un V ~con _ .
per f or manceWitfsfsiidledsisgparpsare \dahogatory twiglss )

lottgd w28nEY 0P Es

er varil Qus con

120

170 7D

0. 47

Exanpl e 8 Exanple 7 was pepaoediq4zexcept

i tani um di oxi de) was used.

results are shown in
_ Table 11 Ref.
Beating time mm4to reach % by wei ght

: 'resge%%gvgﬁgﬁp“l‘he' re’lag?.gt?riglip between the be%é.ﬁngSt:'gx@ to
. 200 CSF and the fibre D.P. is sho®n £® Figure 8. 65(The data

ey e LU g

Itions, a

d

Hypochl orite

400 -

The/ three

respectivsl amphesr #iahi onehi apBeEVEeD bhe hadkbAdeli 8BntPo280 CSF and the
fibre D.P. is shown in Figure 8 (The data plotted with a cross are factory

trials and the data plotted with a filled square are |aboratory trials.)
The three 5 sanples with D. P. above Extimpdrec 100t reated controls. Exanple 10

Lyocel| fibre was spun froma solution in aqueous N-nethyl norpholine
N-oxi de of "Viscokraft” (Trade Mark of International Paper Co., USA) pulp
of nominal D.P. cbgogelld 1&ibae naascelspumnfrom e aalutiom irsaquentisd,
sat ur at ed

_ whtmeeﬁymhbegﬁoﬁin&aw4w£idkﬁaﬂ@ntﬁiéésﬁfhf@ﬂpgfaaaéewu%wﬂof
residence tinme 60  seco ds[,)% steaned in_the mannﬁr of , Ex erI e 1 for 60
seconds, an§nBereatieRalpPppesndory HPSR) PTHR PhRoming) D& &0 Mighe were
assessed1dyndmshalet8dltldséndoncerdtfation 15%, washed, saturated with (
solutions of various reagents (bath temperature 50°C,
residence time 60 seconc_ls) , steamed in the manner of Example
1 for 60 seconds, and dried. The D.P. and Fibrillation Index
C, of the fibre were assessed by Test Methods 1 and 2. The

15 results shown in Table 12 were obtained:

-~ Zable 12
Reagents Steam temp°C  D.P. G
Untreated control ' - 565 1.3
Series 1 '

20 0.5% NaOH 110 - 567 0.7
0.05% Naocl 110 548 2.1
0.25% NaoCl 110 427 1.8
0.5% NaoCl 110 306 3.7
1.0% Naocl 110 178 11.0

25 2.0% Naocl 110 44 30.0
Series 2 _ '

1.0% NaOCl + 0.5% NaOH - 508 1.1
Series 3
1.0% NaoCl + 0.5% NaOH  100-120 169-176 8.7-11.0

30 1.0% NaOCl + 0.05% NaCH 110 109 20.3
1.0% NaoCl + 0.25% NaOH 110 139 18.4
1.0% NaoCl + 0.5% NaOH 110 155 20.0
1.0% NaoCl + 1.0% NaGH 110 168 15.1
1.0% NaoCl + 110 - 194 7.3

2.0% NaOH

L3



15 results shown in Table 12 were obtai ned Tabl e 12 Reagents

St eam [ eQ 95/35899p . [err] Untreated control ' PCT/GB95/01439 565
1.3 Series 1 20 0.5% NaCH _ 110 567 0.7 0.05%
NaOCl ' 110 548 2.1 0.25% NaOCl

110 427 1.8 0.5%Na00  _ 55 _ 110 306

3.7 1. 0% NaCdl 110 178 11.0 25 2. 0% NaOCl

110 44 NaoCl orkSRtF£5ich lid%dpEsdsed Gb%dNaHof per cent by

508 1.1 Series 1. 0% 5% NaCH 9-
8.7-11.0 30 ﬂeb%“fxlacig ’o%(ﬁaﬁhol“’ﬂ% bk 1(?é’n°en%q‘§°f 09%Na ol
+ 0.25% NaO'éxpreé.é.éﬂ in teifl8 of pEX 4cén@%ipOsleight.5%dblaGrill bellO
155 10%
NaOd + 2. ow&?\%‘%ﬁ/&mﬁo“ﬂe %%ﬁ samﬂ'ﬂ% ff low ?g% a&:ﬂrér}telil?r
concent r at3 drigkerxfiibpidd atdaner pdéceferthamt any w@ifgrﬁhe ofunbleaichest e
chlorine. ::ﬁ% s CON@eN{gHall Oflsd S wpr rRTTRMiised etREtOofsdMRit LY laye

3

wei ght . observed that th eac ed s es of |ow D.P. - h
mar ked| y 5 HF $¢rYhesei OnF md"r"c nallé‘?ﬂ/t h‘éaﬁﬁﬁ eﬁsﬁ‘g&lga%ﬁ

It will al sospenrbeegntiece thptschretitospiniingl procssesediose D. P. is bel ow
about 200 cannot readily be spun into fibre by sol vent-spinning processes
Exanple 11 10 Never-dried |lyocell tow was passed through a bl each bath

cont ai ning 0.5% by wei ght NaOH and aEkempdei 83 agent, steanmed. (steam
terrperature [err] washed and dri ed. The

10 Never-dried lyocell tow was passed through a bleach bath
containing 0.5% by weight NaOH and a bleaching agent,
‘steamed (steam temperature 100°C), washed and dried. The
D.P. and Fibrillation Index C, of the dried fibre were
assessed. Experimental conditions and results are shown in

15 Table 13, C; being quoted as the observed range between
different photographs.

Table 13
Bleach Bath | Steaming Time D.P. Cs
Agent Temp°C Time sec sec
Control =~ - - . - 532 1-2
1.0% H),0, . 60 50 : . 25 426 3-5
1.11% NaOCl 40 50 - 50 205 4-12
1.11% NaOCl 40 . . 25 | 25 _ 249 2-8
1.10% NaOCl 60 50 50 203  4-16
1.10% NaOCl 60 .25 .- 25 o227 7-14
0.98% NaOClL 70 .50 | 50 221 4-10
0.98% NaOCl 70 25 . .25 251 2-10
1.00% NaOCl 60 50 - 25 - 235 6-8
($ NaOCl is % by weight available chlorine, % H0, is % by

weight)

An appreciable increase in fibrillation tendency was
observed in all cases.



D.P. and Fibrillation Index Cf of the dried fibre were assessed.

Exper i nemads/3sagedi ti ons and results are shown in 15 Tabl e pcdychdsoifiong
guot ed as the observed range between different photographs. Table 13 Bl each

Bat h St eam ng Tinme D.P. Cf Agent [err] Ti me sec
sec Control - - ' 532 1-2 1. 0%
[err] 60 - 50 _ 25 26 - 26 3-5 1.11% NaOd 40
50 50 . .. 205 . ]% 1 Jll%i\?oa 40 : 25

25 249  2-8 1. 10%)Na00 ' 50

203 4-16 1.10% NaOd 60 -~ ° ' 227 7-14

0.98% NaOOl 7Q’rev1.ously-%:§.ed 1.7 dtex5§ mm brlghE %% ﬁ%&%@bgsggﬂ/ﬂé\hm

70
50 kg)zswas bleacheysin Ao SoALd o moqbl@mtevam a8l b

fhl gr i ne, O/Odv%lgﬂ]]ahl%do/ehloﬁhel)ﬂ )ath\n 40T ©€o@b! P5 | '?«F!rﬁ?c%% | Ngblalket! | & 03
endency was observe a mpl e vi ou ie
1.7 dtex 5 M“&H“&hts‘r%%m‘e? %bt?gflmﬂgigl éécf?éé"jﬁﬁﬂﬁje&g g@dl um
hypochl ori t minutes,l vmsméchbha:m rdidmtaa)acaéti[carad:.d cto 7teturwt £ibresopiied in

aqueous sost m sul l(ejd g/ | ).ﬂ?é rﬁél{lixfﬂ rﬁaf%g’ %H%ngégfulg\%hed

with dilute ace caC| 0 urnflbre one
nom nal D. Pfrom mibdchelthgl (fei@ﬂer ms/wmatﬁe was 1600} candstheceveradeod-Bnd t he

average D. Pofokﬂ&%féa%@d?%fﬁﬁa Qa2 PAL 7( A rige) e‘17177-72?630 s£kXs }tie-d

Disintegration Test results for the treated i mpl e and for an un

control sanpiéiztessatien TesiprespdtsTAinr treated sample and

an untreated control sample are shown‘in Table 14. ‘
‘Table 14

Disintegrator revolutions 0 100,000 150,000

Control sample CSF ) 650 620 - 510

Treated sample CSF 656 - 400 80

Exam 13

A 8 ktex tow of never-dried 1.7 dtex bright lyocell fibre
was passed through a first a-queoﬁs bath containing copper
(II) sulphate (0. 1% w/w) and a second aqueous bath
containing hydrogen peroxide (4% w/w) and sodium hydroxlde
(0.5% w/w). The temperature of each bath was 20- 25°C, and
the residence times in the baths were 10 and 131 seconds
respect.i.vely. The tow was then passed through a steam tunnel
~at 100°C with residence time 120 seconds, rinsed and dried.
A sample treated as above, but with the omission of the

| copper Sixlphate bath , and .an untreated control sample were
- also prepared. Disintegration Test results are given in
Table 15.



Di si ntegrator revol utions 0 100, 000 150, 000 Control sanple
CSF WO 9555399 620 . 510 Treated sanpl e CBET/GBY5/01439 656
400 80 Exanple 13 A 8 ktex tow of never-dried 1.7 dtex bright

| yocel | fibre was passed through a first agueous bath containing copper
(11) sulphate (0.1%ww and a second a uggus bat h cont ai ni ng hydrogen
peroxi de (4% w w) and sodi um hydroxi de ?0 % ww. The tenperature of each
bath was [err], and the residence tinmegahiet ig baths were 10 and 131
seconds respectlvely The tow was then~passed t hr ough a steam tunnel at
[err] with residence time 120 seconds, rinsed and dried. A sanple treated
as above, butni‘éﬁ&bg&hea;orfsssi@moﬁé xtm:ocopmer swophatse batdo, andsan 200

untreated control e a repare Di_si nt egr Nely Test r Its
~are given in 'rabraFe %”Q‘,,S:r WPE ‘Fg'gl e 15 %ggi nt €gr at’or ?gglvol utions %ﬂfooo

0 50 75 'rriaeﬂed sinile (2OCuSD4Y eat ed corftisol sanple C3\B1 697 - -

672 .- ek [err] 702 33§15124 - 491 66
- Treated sanpra a;'r{ tL_ﬁ,g!,[ ?Q%Qh cudbhy o s 153 = 77 A dash
i ndi cates that no measurenent. was nmade. Exanple 14 A 5.3 ktex tow of 1.7

dtex bright lyqeail fidicavés DReSatb mddwtdilent Was merous  bath
cont ai ni ng sodi um hypochl orite [err] residence tine 42 sec.), next

through a steamtunnel [err] residence tine 120 sec.), rinsed and dried.
Fibrillation tendency was neasured byEXamplébi#od 3 on fibre cut to 5 nm
stapl e, and the nunber of disintegrator revolutions (in thousands, krev)
required to reach 200 CSF estimated by graphical interpolation. Ohe
experi mental det&i Bs 3arktexstiows of elshowitas Jrbght 1dyocell fibre was

péssed through an aqueous bath - containing sodium

hypochlorite (17-20°C, residence time 42 sec.), next through

a steam tunnel (100°C, residence time 120 sec.), rinsed and

dried. Fibrillation tendency was measured by Test Method 3

on fibre cut to 5 mm staple, and the number of dlSlntegrator
 revolutions (in thousands, krev) required to reach 200 CSF

estimated by graphical interpolation. Other experimental
- details and results are shown in Table 16.

Table 16 -

Bath D.P. dtex Tenacity Extension krev to

‘oN/tex % 200 CSF
None (control) - 533 1.88 36.2 11 307
0.1% A.Cl 429 1.85  36.7 11 228
0.3% a.cL 341  1.69  37.3 .11 190
1.0% A.Cl | 154 1.68  34.1 1 100
2.0% A.Cl _ 49 1.91 22.0 6 61
1.0% A.Cl + 0.5% NaOH 242 1.80  37.0. 12 140

(A.Cl = available chlorine, % = per cent by weight)

Example 15

A 10.6 ktex tow of 1.7 dtex bright 1yocell fibre was
passed through an aqueous bath containing sodium



Table 16 Bath D.P. dtex Tenacity Extension krev to cN tex

% wosa3899None (control) 533 1.88 36. 2 PCT;dB9SIOI439 307
0.1% A C 429 1.85 36. 7 1 228 0.3% A. C

341 1.69 37.3 11 190 1.0% A. O 154 1.68 34.1
1. 100 2. 0% A. C 49 1.91 22.0 6 . 61 1.0%
A C + 0.5% Na0H 242 1.80 37:0 - 28 - 140 (A.d = avail able

hi i , % b t 15 0.6 k t 1. 7 dt

o ont " yoc bYPBERRPELERCY (ABLER E'thrgggﬁencs tind chFE 'er], ekt &
contai ni ng thsodgbma ste&8 tuhppdcHIld G [residemse dedme (li2fe 982.gec.),
next througgllgsaaeaaaa uge%dLerfibffﬂg@ askgﬁaeﬁég §?£sn E;(.-Ebﬁ%%ﬂl?é’ S her

dried. Fibrillation tendency was neasure escCr |

exper i ment afegerabed iy F§§~@Pﬂ-§ k- sREReT remnénq_rvtalraée:;a;issamd

D. P. rééﬁ!t§0a280s£§5nNQﬁewésmat 19') - 501 341 05%
H202 + 0.5% Na _ 123 1. 0% H202 + 0.5% NaCH 158

113 2. 0% [err] + 0.5@6thH 156 117 3.0% [err] + 0.5% NaOH

147 113 4.0% [err] + 0.5% NaORable 1720 87 (% = per cent by

wei ght) Exanple 16 Never-dried bright |lyocell tow (various fibre titres
" i.e. dtex) was soaked in an aqueous solution contain sodi umhypochlorite
(1% by wei gBathvail abl e chl ori ne) soBth1hydrOX|h§eY0t6@@%9 Ggfght)
steaned for 1 mnute

None (control) 501 341

0.5% H,0, + 0.5% NaOH ' 180 123
1.0% H,0, + 0.5% NaCH - 158 113
' 2.0% H,0, + 0.5% NaOH 156 117
3.0% H,0, + 0.5% NaOH 147 113
4.0% H0, + 0.5% NaOH 120 - 87

(% = per cent by weight)
Example 16

Never-dried bright lyocell tow (various fibre titres
i.e. dtex) was soaked in an aqueous solution contair
sodium hypochlorite (1% by weight available chlorine)
sodium hydroxide (0.5% by weight), steamed for 1 minu- i
described in Example 1, washed, dried and cut to 5 mm -~ :ie
length. The D.P. and fibrillation tendency (Test Met i 3)
of the treated fibre and of untreated control samples are
reported in Table 18. '

- Table 1
Fibre Control - . Treated
dtex D.P. CSF D.P. CSF
0 rev 100 krev . 0 rev 100 krev
1.7 530 685 656 136 658 179 |
2.4 540 698 673 140 695 413

3.4 557 705 696 136 705 560



descri bed in Exanple 1, washed, dried and cut to 5 mmlength. The D.P. and
fibrill at mnosasasbency (Test Method 3) of the treated fibre poricBdsazy eat ed

control sanples are reported in Table 18. Table 18 Fibre Contr ol
Treat ed dtex D. P. CSF D. P. CSF 0 rev 100
“krev 0 rev 100 krev 1.7 g'%30 685 656 136
658 179 2.4 540 698 6"7 T . 140 695 413 3.4
557 - 705 136 3.4 - 557 17696 . 135 705 :
560 - 29 - Exanple 17 Never dried b'rl_g'ﬁpt_l'ﬁ'cell tow (1.7 dtex/filament,

15.4 ktex total) was passed at 6.4 mimn through an application bath
cont ai ni ng-4% bymeeharhédr m@hnerl@ac@alammﬂ @%Toyd et it 1 ametittym 15 . 4

hydr oxi de (tepperature,lerr re5|d t
st eam t unnel FEF?‘] Pé’?ﬂ‘deﬁ' tﬁal‘ﬁ? sedcr?&@é'ﬁs%fﬁ}g% %aaesh#;é%% ng
step optional bathncontadningads iyt hrez.%ﬂiy hysingigerh\penestilds iandd) B e
fibrillation t q._régn hhejgeg cpy é.gegﬁhged
by the D sint 2&9_ ?o%gql%)ﬁ@e&?g%%r(t I bﬁg]e bTeblP %g&érrlev to 400
CSF . kr ev 185-2.@9 8Sf . Conthen through a steam tunne 380°C, residence
235 Treated ({3meamibes) sec.),’/SwHthed and dridh- 12ﬂ1e wasiing Clétdfs
optionally included a wash with 2% by weight hydrochloric
acid. The fibrillatio_h properties of the fibre and of an
untreated control (measured by the Disintegration Test) are

reported in Table 19.

Table 19
krev to 400 CSF krev to 200 CSF
Control 185 235

Treated (12 samples) 75-100 95-120



1. A process for the manufacture [ w th an increased
t endencywosiasiagi | |.ati on, incl udi ﬂmﬂq@ﬁ‘m‘#l’}"m 1) dipatBois/o8439
cellulose in a solvent to form a Ui 09, extruding the .
solution through a die to forma plurality :of filarrents and (3) washi ng
the filanments 'to renove the solvent, thereby formng Iyocell fibre,
characterised by the step of (4) subj"e@tq mg the lyocell fibre to
conditions effective to reduce the Degr@i#fépPol ynmerisation of "the

cellul ose by at |east about 200 units rocess according to claiml,
characterised in that the solvent conprises a tertiary amne N-oxide. 3. A

process accordi ig iOpFblbss ZfOf@{@ﬁ;aWﬁ%%uw& bkaigaésneﬂb néuaan Lo

N- oxi de is N-rreth Im)rghol i ne N-oxide " proce accor

ny
precedi ng clBFRPAERGs EP@FPEth?nf%ml%%’é“E%gr-b@H# g W’hﬁlsﬁﬁﬂsot?fof t he

cellulose is reguyed dnssbiping) Oglbhlésestimboat lrext t o 5-fork a
process according tgo .a preceding claim characterised in that the
Degree of Pol ymari'sathﬁ g¥°f‘he cellulose after step (4) is bel ow about 250
units. 6. A p(2pessextrudidgnghe osoluyiopr chedugh «!|die twhafermem sed

In that the Degree Ofgf&lﬂﬂf{:gsai"fﬂl eﬁ@guce gn step (4) by a bl eaching

treatment. 7. A process accor alm aracterised in that the.

bl eachi ng treat idht céaphings ﬁb%l yEhlaments e 1%‘? brreenpvg e 4@ n§olvensy,

whi ch is an aqueous S-@héli-é E6PRING| IgoSET UFity@pchl orite. 31 8. A
process accord| char acterksed in that the concentration of

sodi um hy pocFi g‘?’é"’?hs?ﬂn}’}ﬁ therstep ©

(4) subjecting the 1lyocell fibre to . cond:.tJ.ons
effective to reduce the Degree of Polymerisation of
the cellulose by at least about 200 units.

2. A process according to claim 1, characterised in that
the solvent comprises a tertiary amine N-oxide.

3. A process according to claim 2, characterised J.n that
the tertiary amine N-oxide is N-methylmorpholine N-oxide.

4. A process according to any preceding claim,
characterised in that the Degree of Polymerisation of the
cellulose is reduced in step (4) by at least about 300
units. |

5. A process according to any preceding claim,
characterised in that the Degree of Polymerisation of the
cellulose after step (4) is below about 250 units.

6. A process according to any preceding cla'il_n,
characterised in that the Degree of Polymerisation is
reduced in step (4) by a bleaching treatment. '

7. A process according to claim 6,' characterised in that
the Bleaching treatment comprises appl‘ying to the fibre a
bleaching liquor which is an aqueous solution comprising
sodium hypochlorite. | | '



Ilquor expressed as avail able chlorln 0.5 to 2.0 percent
by wei ght W@9S/383p8 ocess according to m’l"ﬁel“[ﬁwﬂﬂm” sedPCIVGBasID148% e
bl eaching treatment conprises applying*toc n Dise a bl eaching |iquor
which is an aqueous sol ution conprising hydrogen peroxide. 10. A process
according to any precedi ng cfaim charactiilsed I n.izhat step (4) is
performed on never-dried lyocell fibre A’process according to any one

of claims 1 to 9g Ch@bﬁa&@%bsﬁécokalnéhﬁé claifiP7, éfdraés fP%é%Q{HEQhaQn

previousl y-dried Iyocel per conpr|3|ng yoce
char act eri sedthf Fﬁﬁ?%ﬂ?q4§iﬂpzﬂﬁﬁ§?ﬁl¥%e Y?BEéiPrFFBrénhé§QK§#ﬁaChlng

manuf act ured bygube lakpeeSSeaf a8navaiQ a®leClcdl®rihd qsllin Ithe range 0.5
Fydroentangleg Eaﬁ EDL S|ng gyocell fibre, characterised 1n that
Bt ePF§888 Yi Braoh

at | east sone 8 been manufactured by the process of
any one of clains 1 to 11. 14. Lyocell fibre, characterised in that it is
capable of bei nggbegt

Di sintegration Tgstﬂﬁ?o&%g%@?@bﬁﬁéﬁ?%?%%r fevoﬁ1 ?l%énigléggth% tl?ﬁt
from about 30tBS0bleaghing taRaOENt| FOMPLESSS ¢Pnlxla§c§pdtm§tﬂ;hneman
14, charact er pg@dchinghatig z* SwieEdablig Qin begiigosaledluitdonANEsEFising
Standard Freeﬂ és 400 in_t D sintegration Test by a nunber of _
di si nt egr at or %' 58969|8ﬁ§°3ﬁ ®he range from about 50, 000 to about 100, 000.

- 32 - 16. Lyocell fibre, characterised in that it is capable of being

number of i oint S0¢ at &1 SAPSARE o R EHY  shBe R MRS RRD00 1 hout
200, 000. characterised in that step (4) is performed on never-dried
lyocell fibre.

11. A process according to any one of claims 1 to 9,
characterised in that step (4) is performed on
previously-dried lyocell fibre.

12. Paper comprising lyocell fibre, characterised in that
at least some of the lyocell fibre has been manufactured by
the process of any one of claims 1 to 11.

13. Hydroentangled fabric compfising lyocell f£fibre,
characterised in that at least some of the lyocell fibre has
been manufactured by the process of any one of claims 1 to
11.

14. Lyocell fibre, characterised in that it is capable of
being beaten to Canadian Standard Freeness 400 in the
Disintegration Test by a number of disintegrator revolutions
in the range from about 30,000 to about 150,000.

15. Lyocell fibre according to claim 14, characterised in
that it is capable of being beaten to Canadian Standard
Freeness 400 in the Disintegration Test by a number of
disintegrator revolutions in the range from about 50,000 to
about 100,000. '



17. Lyocell fibre according to cl Ised inthat it is
capabl ewih ofisiz6yy) beaten to Canadl tﬂ Eﬂlﬂﬁ*ess 200pflchoSo1439
Di sintegration Test by a nunber evolutions 1 n the range
from about 75,000 to about 125, 000

- 32 -

16. Lyocell" fibre, characterised in that it is capable of
belng beaten to Canadian ‘Standard Freeness 200 in the
Disintegration Test by'a number of disintegrator revolutions
in the range from about 50,000 to about 200,000.

17. Lyocell fibre accordlng to claim 16, characterised in
that it is capable of being beaten to Canadian Standard
F;l:eeness 200 in the Disintegration Test by_a number of
disintegrator revolutions in the range from about 75,000 to

about 125,000.



