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25 being in-a state ere it behaves as a rubber, at tenperatures ‘above
Tg. At fabric is calculated as moisture regain. Mo:sture regain is the loss in weight of
15 water upon bone-drying at 105°C as a percentage of the dry fibre weight. The
normal method for detemiining these values involves weighing, bone-drying,
weighing, and calculating. Moisture-regain varies with the relative humidity (r.h.)
of the atmosphere to which the fibres are exposed. (Figure 1). The mechanical
properties of the fibers are critically dependent upon moisture regain. A glass

20 transition temperature (T,) that is also sensitive to water content has been
identified to occur in the matrix region of the wool fibre.

The glass transition'temperature is the tempei'énxre at which the material changes
from being in a state where it behaves as a glass, at températures below Tg, to

25 being in a state where it behaves as a rubber, at temperatures above Tg. At
relative humidities higher than about 90%, Pproteinaceous materials begin to absorb

| 'lar.g.e amoimts of water. It is believed to be the water absorption, especially the
1arge amount at relatively high h_umidi_ty which may cause proteinaceous materials

to change from the "glassy" to the "rubbery” state. It is believed that this transition

30 is accompanied by a deterioration in the performance of proteinaceous materials.
 For example, fabrics made from these matenals will suffer from high hygral
| expansmn and a deterioration in the mechanical properues for example modulus
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Methods for the dimensional stabilisation or sett'ing'df wool fibres, in a desired
' geometrical configuration, have been and still are the subject of considerable study.
Methods which have been used to improve the resistance of wool and cotton
25 articles to wrinkling and creasing are described in UK Patent Specification 1299377
and 1326628. 1299377 describes a method for increasing the resistance to, and
recovery from, deformation of a textile material, the process comprising subjecting
the material to an annealing treatment by maintaining the material at a
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1326628 describes a method for increasing the resistance to, and recovery from,
deformation of a textile material, the process comprising subjecting the material to
‘an annealing treatment by maintaining the material at a temperature within the
15 range of from 30°C to 150°C for a period greater than 5 minutes, while
' maintaining the regain of the fibres at a value corresponding to a relative humidity
of from 50% to 95%. The process further comprises treating the material either
. before, during or after annealing with a multi-functional compound which possesses
at least two reactive sites capable of cross-linking the textile fibre. A typical
20 chemical system according to 1326628 which imparts a high degree of stabilisation
of the annealed state is a system of resorcinol-formaldehyde. |

"Traditidnal annealing" describes the process of annealing wool to impart a degfee
of wrinkle recovery significantly higher than wool which has not been treated. This

25 traditional annealing prooess is also known to cause a small reduction in the
saturation r§gain of the wool.

Despite continued attempts over many decades to improve wrinkle recovery by
chemical treatments traditional annealing has remained the most practical and
30 provides the largest improvement in wrinkle recovery. Unfortunately when wool
is annealed in the traditional manner the improvement in wrinkle recovery is not

permanent as immersion in cold water or steam pressing will substantially eliminate
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anneal ed in the traditional manner the inprovenent in winkle recovery is
not 15 The enhancement of the disulfide interchange reaction and subsequent crosslinking

during annealing lowers the total amount of water which may be absorbed by the
proteinaceous material (saturation regain). It is believed that the reduction in the
saturation regain prevents, or at least reduces the likelihood of, the glass transition
temperature of the material being exceeded at relatively high humidity or in cold

20 water. Accordingly, the undesirable changes to the properties of the material on
transformation to the "rubbery" state are avoided. This provides an improvement
in the wet, or high relative humidity, properties of the proteinaceous materials.
Properties such as wet modulus, wrinkle recovery etc. are thereby improved. In
certain embodiments of the present invention permanent setting properties of

25 fabrics made from t.hese. proteinaceous materials (permanent press) are also
improved. '

According to the present invention there is provided a process for treating fabric

- made from proteinaceous materials containing disuifide or polysulfide bonds
30 comprising annealing the fabric at a temperature in the range of from 70°C to

~ 160°C at a regain‘of between 10% and 25% for a period greater than about 10

minutes wherein the fabric is annéaléd in the presence of a gas which enhances the
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The expression "proteinaceous materials containing disulfide or poly_s_ul_fide bonds"
includes keratin containing materials, wool, wool with reduced crystallinity, mohair,
regenerated protein of mixtures thereof etc. Also included are blends, especially
blends of wool with other natural fibres such as cotton, silk and the like _and also
synthetic materials such as polyester, nylon and the like. 'I'hroughqut the
specification the method of the invention will be e:q)lained with reference to wool
and wool with reduced :c':rystarllinity but it is to be understood that the method is
applicable to other forms of keratin and other proteinaceous material or mixtures

thereof.

"Annealing" is used to describe the process of raising the texﬁperamre of the wool
under conditions at which the moisture content of the wool is controlled. Although
in anneahng processes described in the literature slow cooling is usually required,
in the present specification it is to be understood that controlled or slow cooling is
not always necessary to impart the benefits claimed herein. |

As a result of the present invention the properties of the fabrics which are
improved at higher relative humidity and when wet include improvement of their
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__dim_ensionall stability preferably with the addition of shrink resist treatments to ‘

improve ma_chine washing and dryi_n_g. The permanent set process may be used to

improve the dimensidnal-stabilify of a garment made from the fabric, to impart
permanent pleats or three dimensional structure to the fabric such as, for example,

- 15 embossing. The combination of the process of the present invention with a shrink
resist _p_rocéss results in a fabric or garment with easy care characteristics.

The process of the present invention enables a permanent set to be imparted to a
fabric, such as a garment, without significant loss of the original dimensions or

20 éohesively set shape. The process of fhe present invention eliminates the need to
restrain or hold the fabrié in order to impart the permanent set.

The process of 'annea'ling at reduced regain and under conditions in which the

disuifide interchange reaction will be .enha'ncec_i allows the occurrence of disulfide
25 crosslink rearrangement and therefore crosslinking of the matrix will occur in a

state of swelhng governed by the regain of the fibre at the time of treatment. This

process results in reduced swelling at high relative humidity. It is believed that the

occurrence of the disuifide crosshnkmg rearrangement results in a reduction in

saturation regain. The formation of a permanent sei which imparts the above-
30 mentioned benefits is given by way of example only.

 This invention achiev&s_impfovedperformance of fabrics, such as those comprising
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and felting f44 1 N 4-dithiothreitol, mercaptoethanol, benzyl mercaptan, ethanethiol,
benzenethiol, 2-aminoethanethiol etc; reducing agents such as phosphines for
15 exainple phosphine, tris(hydroxymethyl)phosphine, tri-n-butylphosphine, tri-
'ethylphosphine and tertiary phosphines derived from phosphine by reaction with
émine_s and formaldehyde; other reducing agents for example triethyl phosphite,
sulfur. dioxide and the like. We have found that hydrogen sulfide (H,S) is a

preferred gas for enhancing the disulfide interchange reaction during annealing.

20

* Other agents for enhancing the disulfide interchange reaction may be used in liquid
form, typically neat or in the form of a solution or a dispersion. Such liquids which
enhah_ce the disulfide interc_haxige reaction include thiol reducing agents for example
hydrogen sulfide, polysulfides of the form H,S,, H,S,, H,S, etc, thiogycollic acid, 1,4-
25 dithiothreitol, mefcaptoet.hanol, benzyl niercaptan, ethanethiol, benzenethiol, 2-
-aminoethanethiol, cysteine etc; reducing agents such as phosphines for example
phosphine, tetrakis(hydroxymethyl)phosphonium chloride, tris(hydroxymethyl)-
phosphine, tri-n-butylphosphine, tri-ethylphosphine and tertiary phosphines derived
from phosphine By reaction with amines and formaldehyde; other reducing agents
30 for example triethyl phosphite, borohydride, bisulfite, sulfite, dithionite,
" monoethanolamine sesquisulfite, sulfide, hydrosulfide, sulfur dioxide etc; thiolating
agents for example acetylmercaptosuccinic anhydride, N-acetyl-homocysteine
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Wool Fibre", Science Press, Australia, 1981 and the numerous references therein.

It has been found that H,S is a particularly suitable gas for enhancing the disulfide

interchange reaction. The reaction of H,S with wool will therefore be discussed
with reference to H,S as the agent Wthh enhances the disulfide interchémge
reaction. The disulfide interchange reaction and enhancement due to the
introduction of additional thiols is however applicable to other agents either in the

anneal i n Lce n an Qndi ti ons | n _which t sul fi -
[ ntercha raé’(égll‘ &'ﬁa‘i @bdﬁl %ﬁhaﬂg@ W%ﬁ%ﬂbﬁﬁﬂ*f i de &
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mentioned benefits is given bgl ty exanpl e onl
or soak the desxred region of the fabric, which reagent may vaponse to form a gas
which enhan_ces the disulfide interchange reaction during the annealing process.
Numerous compounds are available and many, but not all are described in
20 Maclaren, J.A.; Milligan, B.; in "Wool Science, The Chemical Reactivity of the

form of a gas or liquid that enhance the disulfide inierchange reaction and

introduce these additional disulfide interchange enhancing thiols.

The scheme which is discussed below outlines the important reactions which are
postulated to occur during annealing of wool and in the method of the present
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anneal i ng afERASIRE hydFodiSifitie ! %@W e treSidfk SHoh e ichiteChANAR as

reacti on. Gases whi ch enhance the I nt er change” reactl on duri ng
anneal i ng i sbowdein schemenfl ) beldw.ol Disproportionagion ©f f cystine mayaajsb eform

hyd |_f d f the.f
" er 1 5] or rJPeciHiocsBiing e i jepompanige b fornipFign; of dctybepqlpfine! 8 shown in
mer capt oet h%apémel(gpzyl mer capt an, et hanet hi ol , benzenet hi ol ,

2- am noet hanet hi ol etc; reducing agents such as phosphines for 15 exanpl e
phosphi ne, tris(hydroxynet hyl )phosphi ne, tri-n-butyl phosphine, tri-

o PR o A RRSED 52 5o o LRSS B genie”

triethyl phqgphiA Similar reagtionbeficer dehﬁﬁéaﬁahmé ane cystéinB BeeursOinwoblaid

hydrodgen sulfide (Herr]S) is a preferred gas for enhanci ng t he

di sul fi de i mesultsnia e foeaauom of ianthiogineraesiawnyin sheme (3)OIh isr expgetedsthabr
enhancing t I.SU| hange reaction .may, be din Li

form typic @@‘%&H’S#é}‘md{‘i e’BFL@? P?g% € Such

| i qui ds whi ch enhance t he disul fide interchange reactl on incl ude thi ol

reduci nglsige+Nis f or exanpl RN- hydr ogen sulNgi de, pol ysul fidesmnf the form
Herr]Slerr],|Herr]S[err],|Herr]Slerr] etc,| thiogycollic acid,]1,4-

cn-cn,-s-s-cn,-fn + H,S ~~===m > cl:n-cnz-sn + HSS-CH,-CH (1)

-CO oC- -CO 0C-
20 , _

cystine _ ~ cysteine perthiocysteine
25

-NH HT- . -NH HN-

I |

CH-CH,-8~-S-CH,~CH <-=====- > -f:=CH, + CI'I-I-CHz-SSH (2)
30 -co .- oC- -Co oc- |

cystine - dehydroalanine perthiocysteine

35



25 dithiothreitol, nercaptoethanol, benzyl mercaptan, ethanethiol,
benzenetyo©b/12087 am noet hanet hi ol , cysteine etc; redpcr/agogensss s such -
as phosphi nes for exanpl e phosphi f1e.

t et r aki s( hydr oxyrmet hyl ) phosphoni um chlori de, tris(hydroxynethyl)-

phosphi ne, tri-n-butyl phosphine, tri-ethyl phosphine and tertiary phosphi nes
derived from phosphi ne by reaction with am nes and fornmal dehyde; ot her
reducing aggnts 30 for exggple triethyl phosphite, th;yohydri de, bisulfite,

sulfite, djthionite, noet hanol am r,e sesqui sulfjite, sulfide,

hydr osgil f i @sggsulf ungilég(i_g et.C- 1 gl atdylgey _s_cﬁg,eleﬁs for exa

acet yl mer cppt osucci ni ¢ arfhydri de, N-acet >f| - hoffocyst ilne Ug:g)a/ 12057
S SNy _8-

PCT/ AU95/ 82 . oc- -Co
t hi ol act one, honocysteine thiolactone, thioglycolides etc. Preferably the
liquid dehydirodlansheescyBeedineul fide i nLanthdegdnecacti on i s sel ected
fromthe group consi sting -of hydrogen sulfide, thiogycollic acid,
1,4-dithiothreitol, nercaptoethanol, benzyl nercaptan, ethanethiol,
benzenet hiol, cysteine, bisulfite, sulfite, dithionite, -5

nonoet hanol am ne sesquisulfite, sulfide, hydrosulfide, sulfur dioxide and

t hi og] ycot¥4es. Such- agentBNrn |iquid formare conveniently applied
to the?fabtic by dabbing or s&aking the fabric in the region where the
i nproved s tites BB wrirnkte-PesCH-¥HeeSHO and per manent settiddtare
desired pr cgr to anneal i'ng. Conbi nations of the use of gases and

| i qui ds t'0”tnhance the disulfide Pﬁt‘erchange reaction may al so be used. ‘

[t wi be .undersfood that some |iquids, which nmay be applied to the fabri
prioriqc)&ghy-ﬁﬁﬁéﬁfgﬂﬁ may al so vapG¥PE8iB8ring annealing and al so act as
a gas phase agent for . enhancing the disulfide interchange reaction at
the annealing tenperature. In 15 another enbodi nent of the present

| nvent| OnIhat:sLiagg itge ;nez% '3 Péacg%& B'?atuasrg %eilgvgf Po be responsible for the

chemical changes that occur during traditional annealing or annealing in the

25 presence of H,S. Without the presence of H,S during énnealing.or when ohly a
small number of thiols are present the disulfide interchahge reaction will
-eventually be inhibited due to the removal of the catalysing thiols through
reaction with dehydroalanine. The presence of additional thiols during
annealing enhances the disulfide interchangé reaction and allows it to proceed to

30 a state where the reformed disulfide crosslinking network is capable of inhibiting
the absorption of water at high relative humidity. A total sulfur analysis of wool
annealed in the presence of HZS shows an increase in sulfur content of
approximately 40 pmol/g of dry wool indicating that this is the overall extent of
reaction and number of additional thiols formed.

335 |
The oxidation or blocking of excess thiols after annealing may be desirable in
some applications. Accordingly in a preferred embodiment the wool is further
treated, after annealing in the presence of an agent which enhances the disulfide
interchange reaction or after annealing in which an excess of thiols were

40 introduced before annealing, with an additional reagent to oxidise or block

excess thiol groﬁps. This can be achieved in any suitable manner by reaction to



or soak the desired region of the fabric, which reagent may vaporise to
form a gaswo96/12087i ch enhances the disul fide interchange re®RQI/AUESON682ng
the annealing process. Nunmer ous ¢qpRrounds are avail able and nany,
‘out not all are described in 20 Maclaren, J. A, MIligan, B.; in "Wol

Sci ence, Th%@@% : RV . ' o Pl S E :
Australi a, ang%{)ﬂﬁgﬁﬁg}lso{l%s@fg‘% :lg%tc%os ntoxgrg'lé%lﬁk %8 dxsuﬁ{i? q&&gg&roagg%
found that r&detion. NwherdBUtaMpourkisi 4raivailgbie tbaichiavieahis, figr éxsmplesul fi de
i nt erchange_reaction. The reaction of Swth wol will therefore be

H
di scussed - 2Bydsggen newe'd@riaee*a@iésﬂ%ylppsr[ifé rf]gmﬂdgbyﬁe,mﬁn@nﬁam@bﬂm

disulfide i c r.eacti T ks i i Ot el i on and
enhancemnent B%@é’ |?€61‘%ﬁgxygen, ‘P%‘t’?’éﬁﬁ%’%‘?@ﬁ“%#‘égég‘uiﬁ%% %E'l%}g%%efl{s owever _
appl i cablbe trimethyieneageide swith triaty bun Hooell represented if MaclrenoJ.AL;i Millligah hat
enhance the dl,SL]Mé&e I.nt erchange reaction and I ntroduce these_ -

addi ti onal Brdf %@%H&lﬁg&@nmaerﬁnm of the ¥Wpol Fibref,EcignerReessni ch

i s discusse | i nes. "gar@rp ?’Eﬁm ' Opﬁli%’\ﬂ’i [E£a .

post ul at ed %ﬁ%ﬁr%r%éﬁﬁgﬁw 96% \Ao%l?a%{r% in ea%ﬁgﬁﬁgay 8? c%réed
present’ out in/theOgds1piksé, in solvents including water or if desired by using an aerosol

PCT/ AU95/ 006 I nventjon. The

i nvent ors oleifs ﬁzﬁ reguired-gheavigal. By B@ywme,aamlemé ydrogencpgrpxide,

2 "l ol el gkt vl berSdidiEME dRaiiiiid furelalfl, O 7"

occurs in weeatments are of course possible and may include reactive nucleophiles which

react to form additional crosslinks or to replace existing crosslinks with more
stable ones, for example, the disulfide crosslink may be replaced by the more
stable lanthionine crosslink by reaction with cyanide. | |

15 o
The actual treatment conditions which may be used to perform the method of
the present invention may vary considerably. The vai'iables of time of annealing,
temperature, rega_in and the amount of agent for enhancing disulfide interchange
are interrelated and to an extent complementary. The preferred treatment

20 conditions are to anneal with approximately 15% regain; at a temperature of
approxi'ma.tely 100°C; for a time of approximately 4 hours; for additional thiols
between about S and about 400 ymol/g of dry fabric with approximately 40
pmol/g of dry fabric being more preferable. In general the upper limit of

- temperature will be set lower than that at which the fabric becomes permanently

25 damaged for example by discolouration while the lower limit will be determined

by the economics of time, |

The regain may be controlled by accurate control of the relative humidity
surrounding the fabric. Control of the relative humidity may be achieved in any

30 suitable manner and may include, for example, by preconditioning the fabric to
the desired regain at a convenient temperature followed by annealing in a

chamber in which the mass of fabric to volume ratio can be used to obtain the



5 fornms the hydrodisulfide or perthiocysteine residue, fromthe cystine
resi due we9ér120sshown in schenme (1) below. D sproportionat PCWARRS/060682 1 ne nay
al so form perthi ocysteine, but is_agconpani ed by formation of
dehydr oal ani ne as shown in . schene ). 10 Thiols can add

spont aneoysl. o the rr]-position of carbonyl -activated doubl e bonds
(2). A si HFTERC 1683 £ &%MﬁgEMF%H%%é%@D{GV)&SéFﬁ@%&fUFS i n wool
and I 8 # [ % Wa]all : i - 3). It
I s expect ggfé{%xgtt mal&&gd%ﬁytt% ag][ih %%gbt eﬁ&&? gg@ﬁ?ﬁgwgsdegﬁgﬁaqﬁyéc%em
(4) is al bumjdissamd hen¢eregain, by électronic control with fegdbackeusing sensors, for

dehydr oal ani nel éoert.hi ocyst ei ne d"}S . - _ ]
example capacitance devices or dew point sensors etc to measure relative

5 humidity or by heating water that contains dissolved substances in the correct
propoftions so as to lower the vapour pressure of water above the solution to the
desired relative humidity. The relative humidity of the atmosphere surrounding
the fabric may be in the range of from 30 to 95%, preferably in the range of
from 75 to 85%. : : ' ' ' |

10 .
The present invention-r__esuits ina sigriifiéant reduction in the water absorption at ‘
high relative humidity (Figure 1) and therefore improves those properties that
deteriorate as the water content increases due to the inherent approach or .
exceeding the glass transition. The reduction in véatcr absorbed at high relative

15 humidity beyond that achieved by traditional annealing is believed to occur
because of the enhanced extent of disulfide bond rearrangement brought about

- by chemical treatments that introduce additional thiols into the wool and the

change in the structure of the crosslinking that occurs during the chemically
assisted annealing process. In the traditional annealing process, only a modeSt

20 amount of permanent sét occurs so that the extent of crosslinking rearrangement'
is thought not to be compiete- at the equilibrium configuration appropriate to the
regain of annealing, It has been found thaf the annealing treatment may be
chemically enhancéd. It has been found that the presence of a small amount of

~ achemical agent may enhance the disulfide interchange reaction or a chemical

25 agent may be used to introduce additional thiols and enhances the disulfide

' interchange reaction, either before or during annealing. It is believed that the
chemical agent causes massive disﬁlﬁde rearrangement to occur and therefore

form a new crosslinked network able to restrict the amount of water absorbed.

30 The invention will be more fully described with reference to the examples and
drawings which are provided by way of example only and in which:
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-10- [ er o 96/12057 dehydroal ani ne cysteine PCHWAUBS/0EsEe 10
lerr] 20 dehydroal ani ne -13 - cystei ne These are
“he major reactions that are believed to %e responsi ble for the

chenmical c that oceur. durj Eaditi.0o N, ' aling in
the 25 prre)g%ﬁgilbg %ggapﬁ\ﬁﬁﬂ%éu%&?ﬁén%?bggﬁ% 8&&\%@“&@% %@P‘ ng or
when only atreatedSd¥efor extiiphs 19 shoéWing! meeyi%ﬁﬂememuuém i pagalin d€ high

i nt erchange reactjion wll eventual | y be inhibited due to the renoval of
t he cat al ysTelativenhgmidityar ough . reaction w th dehydroal ani ne. The
presence of additional thiols during anneal i ng enhances the disulfide

i nterchange reaction and allows it to proceed to 30 a state where the

ref or nedSdi Bigute @eisca gpaih showifig tleé \depressionGEnhb | glassfrramitidy tenmgerature of
wool \iv_ith_increasing water content. The state of the wool is also indicated

~ relative to the glass transition temperature for untreated wool and wool treated
asin example 1b showing that the treatment prevents the wool from exceeding
the glass transition temperature. |
10 o .
Figure 3, is a graph of the wrinkle recovery as\measured by the thermobench
test (Leeder, J.D.; Textile Res. J., 45, 581, 1975) after the treated wool is _
immersed in water for 30 minutes or immersed in water for 30 minutes and then
steam pressed while_ still wet. The treatment conditions were similar to
15 treatment 1b but with wool at 19.5% regain and various pressures of H,S. This
- graph shows the significant improvement in wrinkle recovery that is stable to
cold water but not to steam pressing. Untreated wool has a wrinkle recovery of
54% as determined by this method.

20 Figure 4: shows the importance of controlling the regain during the treatment as
in example 1b. The wrinkle test method is as given for figure 3 above.

Figure 5: shows the effect of a subsequent heat treatment on the fabric as

treated in example 1b. After heating in water or air for 30 minutes the wrinkle
25 recovery deteriorates (but more rapidly for water) to the value obtained for the

untn_aated fabric. Wrinkle recoveries were determined as given for figure 3.

Figure 6: shows that the improvement in wrinkle fecover_y from the treatment as
given in example 1b is relatively stable to the time of exposure.

Fignre 7. shows the increased level of set that is imparted to the fabric as a
result of treatment as fbr'example 1b compared to treatment as for example 1a.



t he absorption of water at high relative humdity. A total sulfur analysis
of wool woeg/20¥3€al €d in the presence of Herr]S shows an pcfg{edampgsgen sul fur

cont ent of ©approximately 40 [err] /g of dry wool indicating that this
i's the overall ext ent of reaction @hd nunber of additional thiols
f or med. oxi datjon or bl ocking of excess thiols after annealing

may be deﬁiq' lPZYF Fﬁt was Qmeé’p‘?ﬂ stitghingig plage-a 1807 pleat in thevegler r ed

enbodi e g, : :u*s I Qs presence
of an agenPﬁMq nces t eé I 'Su ?ﬁ%ﬁﬂd I’g"fn:iﬂ:'tgélrc a(:?géeddr&gegb. E&Sr after .
anneal i ngfiyarniwers aihloweﬂcxea'elaxf intwatet fomts mxﬂﬁtesmmﬂrmdircmgwﬂias&ed

~anneal i n wth an addition reagent to i di se or bl ock excess thiol
gr oups. %hF§“@¥ﬁ”S’é°&E§ke‘\b§§aﬁ éﬁ? % manner by reaction to

WO 96/£2057 . :
PCT/ AU95/ 00682 - 11 - renpve
or converRigute & shows thpwmanemsetdhamtmmmummfabma&h&e i nt er change
reaction. NuneroqQus co u re available to_achieve this, for exanple,
hydr ogen 'BEFYREG OF Wi HE Was| teeated asdor example 1. Thedevedne

et hyl ene ] e xi de,
but adi ené)fr%%%b edg&[ ri ﬁe ﬁxe%ge%é@ﬁ atlgﬁ'%?ag ?ingp%}?epresent ed

i n Macl arseirchisig #n pldceld (809, pleat inRhe wool fdbrit pﬁur&oaeean'ﬂmtdmmvél of
Reac Vi ty of the W EI Fi bre", Science, Press, . Austral ia, 1981 .and given
ofSk R‘&Hﬁl‘%d% ierHy @WWW@W‘PW@H° taingg byigoh Fﬂgegas

?Eé‘sfeqqlre‘éﬂ Phealr el 1098t 10 { vilSTPS B O e RASL

é?h per acaliowedzoi mb,ngdxg@yrdfumng toeatrment. mgltm- mneahngsnipplbtsgmf jfarnemrder
er tregt s are of ¢ sible a ude react
nucl eophﬂué’?’eaffp axin W%&@tgk}ség?mm?%rﬂ% &%ﬁs ANEE, R AFAr %pl ace

Y ot] 9 U Y Bk Bl € percenbigtt ety 00418 gk rasbl ol o L1 e

r eactiSon oxidised-ymresdrained values are for fabric that has been given an after treatment

as outlined in example 8a.

Example 1 shows the reduction in saturation regain that can He obtained by
enhancing the disulfide interchange reaction during annealing by the presence of
20 H §- . . .

Example 2 shows the reduction in saturation regain that can be obtained by the
introduction of additional thiols prior to annealing. =

25 Example 3 shows the improved wrinkle recovery of treated wool fabric.

Exaxﬁple 4 shows the improved shrink resistance of treated wool fabric.
 Example 5 shows the increased wet modulus of fibres of treated wool.
30

.Example 6 shows the reduction in saturation regain of wool in which part of its
crystallinity has been destroyed. '



15 The actual treatnment conditions which may be used to performthe
met hod of woedrid@spPresent invention may vary consi derably. TheTMmawsedskes of
time of annealing, t enper at ur e, rega_iﬂ and the amount of agent for
enhanci ng di sul fide interchange are i ?errel ated and to an extent

conpl enent ar referred..treatnent 20, conditions.are t.q anneal. wth
appr oxi mat el Msoer‘gag?‘ﬁs, inereased Sret mpdulys 'a “ﬁ@%gﬁa e&nyprfmuslty
[err]C for geitedRoGedadd it crysedlihy fackiod! s; for additional thiols

bet ween about 5 and about 400 [err]nol/g of dry fabric with approxi mately
40 . [err]mol/g of dry fabric being nore preferable. In general the

upper limt erature w LI _be.set. Lower thapn that at which the
fabric becon@s‘a%glren%ﬁ% 5‘“’2‘5‘“%"5%5&33’4‘ r°feé’§n%?aée‘g>§p%"38&%ﬁ%ﬁmon whi |l e
the | owerSlipiessing Whebeth@edditiond thiols forted Berifg @ eGtmeiit dre'Rmoved by
The regain may be controlled by accurate control of the relative humdity
surroundi ng # Subseguenttreaamentol of the relative hunidity may be achieved in
any 30 suitable manner and may. include, for exanple, by preconditioning the

fabric to t he desired regain at a convenient tenperature followed by
anneal i ng i nEgample 9 Shaw® e pernihneiit sbhﬁnﬁ&‘téd@é FABYIC tiat!i® meated amti o can
be used to obtain the WD 96/ 12057

PCT/ AU95/ 00ewarestrained manner. -12 -

desired ?6gai n at the annealing tenperature, by conbining gas streans of.
di fferent{ noisture contents at the appropriate mx to obtain the desired

relative  Exdmpledi0 demiomstiaies ehé @gs\-carePropeftics iftipactedsy tHe wréhtntent.
f eedback using sensors, for exanpl e capaci-tance devi ces or dew point
sensors etc to neasure relative 5 hum dity or by heating water that

he vapour o SuSl PR GF ool sl iy prrrpBhgfd bt BPuRBelTabllc! O
(recovery from wrinkles inserted when the fabric is wet).

15 .
Example 12 shows the improvement in hygral expansion of the treated fabric.

EXAMPLES

20 Example 1 The effect of treatment on Saturation Regain
A pure wool fabric of plain weave construction (176 g/m?, wool fibres of 21 ym
diameter) was used. Saturation regains were determined by immiersing the
-samples in water for 30 minutes with a small amount of detergent, centrifuging
to remove excess water, weighing and reweighing after the samples were dried in
25 an oven at 105°C for 1 hour under vacuum.
Example 1a | |
10 g of fabric was annealed in the traditional manner by conditioning the fabric

to 75% relative humidity and annealing at 100 °C for 4 hours in a 275 ml vessel
30 in the absence of air followed by slow cooling.



desired relative humdity. The relative humdity of the atnosphere
sur r oundwops/12057t he fabric nmay be in the range of from 30 ROX/AH%100682

preferably in the range of from 7% {£.85% 10 The present invention
results-in a significant reduction in the water absorption at hi gh
relative Wl Figure 1) and therefore inproves those properties that.
deteriorate as tnhe water content increases due to the inherent approach or

exceedi ng 10he of) Fateric waseenditioned Th F50% delative huntidicpand vedssanrealédadat hi gh
relative nunj di‘;tgobeyondggat achi eved bé#t raditiopal ,annealing is

bel i eved /800 un§dBA:28 BH vepse! A ki aBsenes of Air BRt it the pregencssfd
rearrange HoRled B é :ot.hat i ntroduce

addi ti pnaIrBt- l%F@@E{“g@gﬁMﬂ?gﬁﬁ@ dc%%ge I'n tHe structure of the
crosslidking that occurs during the chemcally assi sted anneal i ng

process. IE thg tradi tional annealing process, only a nobdest 20 anount of
per manent S so that the extent of crosslinking rearrangenent

i s thought t iyl oL d : ' ' priate
to the . Tregmedt Aol EAGNE 18 v YouBl iy WAERHA! ERah M BLEPT
treat ment exessslthiols by césordonawitht aenyloniadie. vapouh for 3@ eminfatt00 *Chat t he :
presence of a small anmount of a chem cal agent may enhance the

di sul fide interchange reaction or a chemcal 25 agent may be used to

i ntroduce additi ong SOl OO S =il ungh e gme =5l Nt er change -

react iy, either bdf Treatmlentluri ng anneSaitufdtion Repain9 i eved f hat t he
chem cal agent caudes. pussive disulfilde jenent. to occir and _
therefore forn ossl'1 nked [ Lt the anmount
of water absorbed. _ i nvention wi pf*e fully deseribed with

reference to the exe
exanpl e only and irj
PCT/ AU95/ 00682

15

A small reduction in saturation regain is apparent for wool annealed in the
traditional manner in which no H,S is present or in which no additional thiols
have been introduced into the wool. However this reduction is small in

20 comparison to what is achieved by the presence of H.S.

Alternative chemicals to H,S that introduce additional thiols before annealing
are possible. After annealing wool in which additional thiols have been
25 generated a significant reduction in saturation regain is possible.

10 g of fabric was soaked in 500 ml of water containing 5 g/1 of sodium
metabisulphite (Na,S,0;) at 20°C for 3 hours. The fabric was then well rinsed,
30 conditioned to 75% r.h. and then annealed in the absence of air for 4 hours at



L13- Figure 1: is a graph of the absorption isothermof untreated wool
and wool wootizestt ed as for exanple | b show ng the signifi cCRCWAUSNN682 OoNn i n

Jegain at high relative humdity. 5 Figure 2: is a graph showi ng the
depr.ession of the glass transition tenpdfature of wool with increasing
water content. The state of. the wool is also indicated relative to the
gl ass trandPPferfollewpd byt slow coolingnt r eat ed wool and wool treated as in
exanple I b showing that the treatnment prevents the wool from exceeding

the glass transition tenperature. 10 Figure 3. is a graph of the

wri nkl e r eGangaroAR, & @fopy the thernmobench test (Leeder, J.D.;
Textile Res. J., 45, 581, 1975) after the treated wool is imersed in
water for 30 mnutes or inmersed in water for 30 m nutes and then st eam
pressed ile still wet. The treatnment conditions were similar to 15

treatnment | b but with wool at 19.5%regain and various pressures of
Herr]S. TiExample 2horaph shows the significant inprovenent in winkle
recovery that is stable to cold water but not to steam pressing.
Unt r eat ed visoior FExamplaribnbuteusing sadinmn dithionite (NS M,)det er mi ned by this
met hod. 20 Figure 4: shows the inportance of controlling the regain
during the treatnent as in exanple Ib. The winkle test nethod is as
gi ven for Satiirtation W.: 28% Figure 5: shows the effect of a subsequent
heat treatment on the fabric as treated in exanple | b. After heating
inwatdQ or air for 30 minutes the winkle 25 recovery deteriorates (but

nor e rapi_d%_ggter) to the value obtained for the untr eat ed
fabric. Wi overies were determ ned as given for figure 3.

20 g of fabric was soaked in water saturated with H,S for 1 hour at 20°C. The

fabric was removed and well rinsed to remove any residual smell. The fabric

was then conditioned to 75% r.h. and annealed in the absence of air for 4 hours
15 at 100°C followed by slow cooling. |

Saturation Regain = 27%

Examples 3-5 show the significant change that is possible in the properties of
20 wool that have a lower saturation regain achieved through the chemical
annealing process.

Eminpl:_i Wrinkle Recovery Improvement
A substantial improvement in wrinkle recovery as measured by the Multiple

25  Pleat Test (3) was obtained for the fabrics that were anneaied as in Example 1.
The wrinkle recovery was measured after the samples were immersed in water
and allowed to condition for 1 day.



Figure 6: shows that the inprovement in winkle recovery fromthe treatnent

as wowen20sm exanple |b is relatively stable to the tPCE/ATDSMO6EDSUr €.
30 Figure 7: shows the increased Jevel of set that is inparted to the
fabric as a result of treatnent for exanple | b conpared to
treatnment as for exanple |a. WO 96/ 12057

PCT/ AU95/ 00682 . o - -14 - - The

| evel of set was Ofjsisdinenisy—ti==t=girirer : . =gt | Nt he wWoO
fabric prior to a j matﬁg,mAfter ann WmﬂﬂeGREboirexW% e stitches

sni ppets of yiarn were allowed tp relax in water m nut es and

t heir angl e neasurfed; e.sna e ang -arger?the degree of

set. 5 Fi gur[@u'eﬁ'ﬁﬂ/vs the per Anent  set i s inpd ted with the
fabric either O , <te mhs treated as
for exanple | b. TH |rrparted54othefabr| in a
restrained configuyea by stitching inblace a 180[err]

"pleat §n the wool
to fabric in an u

set inparted
ohesi ve

| Elgﬂn lepu,or to treat ment. Thyg | evel of
estrai ned configufati on was obtained b

setting by steam g p%ilo s steagm 10 s vagd(im) a pleatjin the fabric
t hat was all o y g freely during tr ment. Aftef annealing
sni ppets of yarn v retax T water at oo gerr] C for 30

m nutes and their
percentage is give
val ues are for fab Eﬁaﬂnb%Z@as been
outlined in exanplf_8a.

| Example 2¢ | | 61

ext @ of set_e bressed as a

as ‘

bi ven an afmer treat men

10
These results clearlyishow a substantial improvement in wrinkle recovery. This
improvement is readily noticeable during wear as a 5% improvement has been

shown to be just discernible during wear.

15 Example 4 Shrink Resist Improvement
Fabric and treatment as in Example 1b and 1c. The area shrinkage after
washing in a wascator on the 5A cycle using the standard test method (IWS
TM31) was determined. |

20 Treatment _ Area shrmkage (%)

A significant reduction in the shrinkage of the fabric lS obtained by the
treatment.



Exanpl e 1 shows the reduction in saturation regain that can be obtained by
enhanci ng waoedbes! fi de i nterchange reaction during anneal i rECTAUIS0682

presence of 20 Herr]S. : Exanpl e 2 shows the reduction in saturation
‘regain that can be obtained by the “i'MtToduction of additional thiols
prior to anneali 25 _Exanpl e 3 shows the inproved winkle recovery of
treated wool . Wet Modulys; [areasg shows t he | mpr oved shri nk resi st ance

of treated wapl wéf" us at men@ﬁﬁﬁﬂlrﬁtégﬁt@%?rﬁla%f'?ﬁgﬁt ithif n Weghemodul us of

fibres of treat saturatlon

r egai /n of \Adébokeanvﬂugrdn was meakure‘dSpnor to oregehent ami afferde tresmein piveny ed.
WD 96/ 12057

PCT/ AU95/ 0048 Example 1b. - 15 -
Exanpl e 75 shows the increased wet rmdul us of a wool that had been
previ ously treated to reduce its crystalline fraction. Exanpl e 8

shows the i RelateeModdis |5 treatdd/inidal =ep26d state to wet steam
This represents a substantial improvement in the wet stiffness of the fibre.

10 To demonstrate the applicability of the treatment to fibres other than wool and
to regenerated protein which is a poorer fibre as it generally contains little
crystallinity, wool was modified to lower its crystallinity and given the treatment
as outlined in Example 1a, 1b and 1c.

- 15 Example 6 Saturation Regain of Wool Modified for Reduced Crystallinity
' The saturation regain of wool which had partial crystallinity destruction was
determined.

| Treatment Saturauon Regam (%) ‘

: Untreated

20

Example 1c | 22

25 Example7 Wet Modulus Increase of Wool Modified for Reduced Crystallinity
The wet modulus of wool which had partial crystallinity destruction was
determined at an extension rate of 100%/min. The average of 50 fibres is given.
The fibres were treated according to the treatment given in Example 1a and also
according to the treatment given in Example 1b and 1c.

30



5 pressing when the additional thiols formed during the treatnment are

renoved W 96/12057a subsequent treatnent. Exanpl e 9 PRFALI6MS2

per manent set inparted to fabric that_ ? treated in an unrestrai ned

manner. 10 Exanpl e 10 dermnstrat es he easy care pr opertles i nparted by
" the treatnent. g : ad per f or mance

of the treated q-lgé&@nem éx?d whenl t he fabric

is wet). 15 raI expaj sion of the

treated fabric.§ ) '-’ anmpr e e[ ert e on pat ur ati on
Regai n A pul Umt°¢abr| c of plain peave constQiQt ion (176 p/nferr],
wool fibres of P ch=1 e e EritHf~ert—-6 egfhi NS were
deternined by ijBxamplglahe . sanples|in vvater foo7s 30 mnutes with a
srmal | anpunt ofLdeiergen an oIlale Q_lrenpve exce AR er

wei ghi ng and -1
[err]C for 1 hof
anneal ed in the
rel ati ve hum di§
in the absence odmmg Sl

10

15

20

30

pxahiplg15f ter the sanplps were drijeghin 25 an |
r uner vacuum - . Exanpl e la 10 g of

inaT - manner. by cpndrtroni ng € 1aprrc
‘-’aﬁeallng at 100L‘for4ho in a 275

abrlc was -
to 75%
vessel 30

Example_& Saturation Regions of Treated Wool after Removal of Additional
Thiols and Wet Steam Pressing. '

Fabric was treated according to Example 1b. This fabric was then further
treated by |

Example 82 Oxidation by reaction with a 2% solution of hydrogen peroxide in
water at 20°C for 30 minutes. |

Example 8b Reaction with acrylonitrile vapour by heating fabric in the absence
of air with acrylonitrile to 100°C for 1 hour followed by slow cooling.

Example 8¢ Reaction with peracetic acid vapour by heating fabric in the
absence of air with peracetic acid vapour at 100°C for 1 hour.

Example 8d Reaction with benzoquinone vapour by heat_in'g' fabric in the
absence of air with benzoquinone to 100°C for 1 hour.

Example 8¢ Reaction with an aerosol of 10% hydrogen peroxide/water by
generating an aerosol with an ultrasonic humidifier and allowing the droplets to
contact the fabric. '

Exa.mpl:_Bf Reaction with oxygen by heating to 100°C in the presence of oxygen

for 1 hour.



WO 96/ 12057 .

PCT/ AU9S/ 0Qkg96/12057 , o - 18cT/AU95/00683.0 O
of fabric was conditioned to 75%rel ative_hum dity and was anneal ed at
100[err]C for 4 hours in a 275 nml vessel 217 the absence of air but in the
presence of 25 kPa (300 [err]nmol/g dry wool) .of H[)Yerr]s foll owed b

sl'ow cool i ngthe above treated fabrigs weresthes wetQipinawatsr 136 2076 for 3R mipptesran

cryl onitri P et Sefe given o steafRSF it i SRS of el dna 10
Treatment  of vacuum. The Saproved iscabilRgyasti the%educed regain state of the wobl hftet ed

34 .. le la S _ . 30
Exanpl e | b the additional l:hEl>c()ii rermowng treatment is demonstrated in the tabie bejave 1c

26 15 |
Treatment . | Saturation Regain after Wet Pressing/%
T S
10
15 o
Example 9 Permanent set of wool imparted when unrestrained.
- The level of permanent set remaining after treatment in an unrestrained manner
as outlined for figure 8 is given below for the following treatments.
20 - | |
Treatment | Unrestrained Permanent Set/%
As for Example 1a 21
As for Example 1b
As for Example 8a
25 As for Example 2a

Example 10 Easy care permanent press properties.



A smal | reduction in saturation regain is apparent for wool annealed in the *
tradi ti omelbé/m208her in which no Herr]S is present or in WCTAUPSH0E8Ri t i onal

“thiols have been introduced into .t43e. wool . However this reduction is
smal | "in 20 conparison to what is achieved by the presence of H2S.

Al ternati (NaTTEN ] aSseiid rd r ef ore
anneal i ng)(%a arg?é)bggésl B%_%%kﬁsser annea |¢1%“\?‘\go @%&’mﬁﬂ%nég%ﬁfegﬁxal
thiols hanezhbehapeﬁf aetmis&reeg and stpanf prexséd se dhattit Qﬁnﬂameiﬁtvw gddn@y T egai n
i s possible. fabri c was soaked in 500 of water

cont ai ni AR Fetlﬁ'als%ﬂﬁsﬁﬁﬂ Qn"‘s treuserHies Was fonditj Q@Pe‘ﬁr?i%éﬂ%err] ) at

75bor . bty A then HlSodo6 oy eRF bl fn Mlated adiiipe B il 11070 10

- 96/ 1257 treated under similar conditions as outlined in example 1b followed by the
PCT/ AU95/ 00682
100] er r | @ARHINANShiok Femobal wepmeng as outlined igyexample i Régaadﬁhuo@é% 5

trouser was also constructed from ‘the shrink resist fabnc but it had no further
treatment and acted as the control.

10 These trousers were given 7, 5a wash cycles in a Wascator according to the
washing procedure outlined in International Wool Secretariat test method TM ‘
31 (1986) with a 30 minute warm tumble dry between washes.

The trousers were then examined for shrinkage and appearance of seams, pleats
15 and fabric smoothness. Although the area shrinkage for both legs was less than
1% the general appearance of the treated was superior as it still retained sharp
central creases and flat seams compared to the untreated trouser tha_t lost its flat
seams and creases entirely after the first wash. The smoothness of the tumble
- dried treated fabric was also superior to the untreated fabric. |
20

Example 11 Smooth dry performance.

The smooth dry performance or recovery from wrinkles inserted when the fabric
is wet is shown below. The fabric was treated according to example 1b and

25 given an additional after treatment acoordmg to example 8a. The smooth dry
performance of wool that has been soaked in water for 30 minutes, padded to
remove excess water, wrinkled for 15 minutes, and allowed to recover for 15
miﬁutes using the muitiple pleat test (3) is given below |



As for Exanple Ib but using sodiumdithionite (Na[err]S[err]derr]).
Saturation Ispe= 28% 10 Exanpl e 2c 20 g of fabric I n
wat er sat uwa%t?e 2\[/ivlsﬂt_h Herr]S for 1 hour at 20[err]C. The P‘?ﬁ%‘rjﬁz&%
rermved and well rinsed to renove any re@ddual snell. The fabric: was

t hen ‘conditioned to 75% rh. and anneal ed in the absence of air for 4 hours
15 at 100 [err] C fol | oned by sl ow cool I ng. Saturat ion Regain = 27%
Exanpl es 3-5 show t qa i Qe properties

of 20 wool that havgelaes ration Wﬁh]‘?l Ektﬁpv gghyr oughfl t he
chem cal annea | naéproctess _ Fxamp qu ﬁg IjRecovry .
| nprovenent . A [ “TTTF — s neasured

by the Multiple 25
anneal ed as in Exa

sanpl es were | Mmer spqdrefmEHtld and 8aand- | al | owed t072:ond| t ion fhpr 1 day.
WO 96/ 12057

)

Example 12 Hygral expansion improvement.

Fabric that had been pieced dyed was treated according to the treatment
outlined in example 1b and given an after treatment as outlined in example 8b.
10 The hygral expansion was then measured by marking the fabric in both the warp |
~ and weft directions and measuring the difference in length between the wet
fabric and after drying in an oven for 1 hour at 100°C. The hygral expansion is
giveh by the difference between the wet and dry lengths expressed as a '
percentage of the dry length. The average of the warp and weft are given below.

Treatment Hygral expansion (%)

e e et et — pr————

15

Untreated

Treatment 1b and 8b

20 The above examples deinonstrate that a significant reduction in regain at high
relative humidity or when wet will provide a substantial improvement in the
propgrties of wool that deteriorate under these conditions. This reduction in
regain is achieved by annealing at reduced regain under conditions in which
appreciable disulfide interchange is possible, for example by the addition of

25 thiols to wool in order to facilitate the rearrangement. This treatment is also
applicable to other material other than wool in which disulfide bonds can be -
rearranged and the crosslinks reformed so as to restrict the absorption of water.

The described arrangement has been advanced merely by way of explanation and



-18 - Tr eat nent : Wi nkl e Recover'y(o/()

Unt r eat @ 96/12057 33 Exanplpeti£u9sioo6s2
54 5 Example | b - 70

Exanpl e 1C : 65 - -24- Exanpl e 2a

60 Exampl e 2b Exampl e 2c

61 10 mamemdnfamnlons mayxbe mdcmqomummm@ammgrﬁmvdmaspm andr i nkl e
Thi di bl 5%
1ot venSROPH Bt ths peBion Sy h inefedsd oy nirel e ol domtigAighef ° 2

Exanpl e $ovel fedéures Hebdin! diriesegnent Fabric and treatnment as in Exanple
| b and 1c. The area shrinkage after washing in a wascator on the 5A
cycle using the standard test nethod (IWs . . TM31) was det erm ned. 20
Tr eat nent - Area shrinkage (% .



‘Unt r eat ed : 7 3

Exanpl e 1c 3 25 A signifi I on
in the shr ﬂQg’éé"f’Bf the fabric is obtained by the treat ‘fir’gﬁ%‘“f’%%

‘96_/ 12057 -25- PCT/ AU95/ 00682
-19 - Exanpl e 5 Wet Mbdul us I ncrease The wet nodulus at an
extensi on r LIEAIMS10% m n of 3 fibres within the . Hookean regi on was
nmeasured prior to treatnment and after the treatnent given i n Exanpl e

lb. 5 Relatlve Modulus = treated/initial = 1.25 ‘This represents a

Gemonetrate e b oroRss Py SR Fypind madE o btintedbs materilsnc oo
2ggt N nst f). [c?lﬂgiﬁhgtdﬁnﬂﬁéfﬁlﬁblm bonds ¢BIRpASing laRhealdty tHe FBFR I V
S temmperature in the range of from 70°C to 160°C at a regain of between 10%
and 25% for a period greater than about 10 minutes wherein the fabric is
annealed in the presence of a gaé which enhances the disulfide interchange

reaction.

10 2 A process according to Claim 1 wherein the gas which enables the
disulfide interchange reaction is selected from the group consisting of thiol
reducing agents inciuding hy'dro;en sulfide, polysulfides of the form H,S,, H,S,,
H,S, etc, thiogycollic acid, 1,4-dithiothreitol, mercaptoethanol, benzyl mercaptan, '
ethanethiol, benzenethiol, 2-aminoethanethiol; reducing agents including

15 phosphines including phosphine, tris(hydroxmethyl)phosphine, tri-n-
butylphosphine, tri-ethylphosphine and tertiary phosphines derived from
phosphine by reaction with amines and formaldehyde; other reducing agents
including triethyl phosphite and sulfur dioxide. ~

20 3. A process according to either Claim 1 or Claim 2 wherein the gas which -
" enables the disulfide interchange reaction is hydrogen sulfide (H,S).

4. A process according to any one of Claims 1 to 3 wherein the annealing of
_ the fabric is carried out at a temperature of approximately 100°C at a regain. of
25 appro:nmately 15% for a period of about 4 hours.

3. A process for treating a fabric made from proteinaceous materials _
containing disulfide or polysulfide bonds comprising annealing the fabric at a
temperature in the range of from 70°C to 160°C to a regain of between 10%

30 and 25% for a period greater than 10 minutes wherein the fabric has at least in
part been treated with a liquid which enhances the disulfide interchange
reaction. | | | |

-
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crystallinity, wool was nodified to lower its crystallinity and given the
treat nent as outlined in Exanple la, |Ib and lc. 15 Exanple 6

Sat ur at i ¥RX@YRTn of Wool Modified for Reduced Crystalli nPEY/AUSO0682
~saturation regain of wool which had parggal crystallinity destruction was
det er m ned. Tr eat nent . Sat uration

Regai n (%6. 20 A process accofding @ €thim 5 wherein the liquid which enables the . S°
Exanple 1Ta 30 , Exarrpl e 1c
22 25 disulfide intefchange réactionus selecteshbfrompthe\frolipdoasikiing of diioReduced

25211 s el ol S oA B o, A,

. ! U o t e
average OfHSQ ﬂliégy@éllik:saéo;ﬁé\’le,dl»‘-gnmothreybﬁ theRiapfoetiirivl %é%ff&b&?#é[‘@' ng to

the treatnent given in a and al so . accordi r eat ment

gi ven i EMﬁﬁol,lbmdnd;hlrgsb-aminoethanﬂh&ﬂ/ @Reeifie; reducing agents -
PCT/ AURS/ Qgcqgazing phosphines including phosphine, tetrakis(hydroxymethyl)-phosphonium
chloride, tris(hydroxymethyl)phosphine, tri-n-butylphosphine, tri-ethylphosphine
and tertiary phosphines derived from phosphine by reaction with amines and
formaldehyde; other reducing agents including triethyl phosphite, borohydride,
10 bisulfite, sulfité,- dithionite, monoétlxanolamine sesquisulfite, sulfide, hydrosulfide,
sulfur dioxide; thiolating agents including acetylmercaptosuccinic anhydride, N- | .
acetyl-homocysteine thiolactone, homocysteine thiolactone and thioglycolides.

7. A process according to either Claim 5 or Claim 6 wherein the liquid
15 - which enhances the disulfide interchange reaction is selected from the group
consisting of hydrogen sulfide, thiogycollic acid, 1,4-dithiothreitol,
mercaptoethanol, benzyl mercaptan, ethanethiol, benzenethiol, cysteine,'bisulfite,
sulfite, dithionite, monoethanolamine sesquisulfite, sulfide, hydrosulfide, sulfur
dioxide and thioglycolides. |
20 o _
8. A process according to any one of Claims 5 to 7 wherein the fabric is
annealed at a temperature of approi:imately 100°C at a regain of approximately
15% for a period of about 4 hours. |

25 9. A process according to any one of Claims 1 to 8 wherein the fabric is
selected from the group consisting of woven and no_rrWoven cloths, knitted

fabrics and felted fabrics.

0. A process according to any one of Claims 1 to 9 wherein the fabric is a
30 high quality worsted fabric. .

11. A process 'according to any one of Claims 1 to 10 wherein the fabric is in

Ll




220 - Tr eat ment Vet Modul us (N Tex)

Unt r eat ed . 0.50 la
0.75 “_’o 96/12057 Exanple | b ' ' Pc%g%%og%z
Exanpl e 1c : -27-1.10 Exanple 8 Saturation
Regi ons of Treated Wol after Renoval of Additional Thi ol s and Wet
St eam Pr essthegform dakakticle. was treated according to Exanple I'b. This

- fabric was then further treated by Exanpl e 8a Oxi dati on by
reaction with a 2% sol uti on: of- hydr ogen peroxide in water at 20[err]C
for 30 m nuyes. ssEé‘&BPéx I -
heati ng fab}?c I n r?geabsence HB? alr w %c?ﬁ{%in%re% lh e ‘F(Easr}r?’]yc
for 1 hour thel formeof &gamhent.cool i ng. Exanpl e 8¢ React [ on with

perac’etig aci d vapour by heating fabric in the 20 absence-of air wth
peraceti® acid vapour at 100[err]C for 1 hour.

13. A process according to any one of Claims 1 to 12 wherein the
proteinaceous materials containixfg disulfide or polysulfide bonds are selected
from keratin containing materials, wool, wool with reduced crystallinity, mohair,
regenerated protein or mixtures thereof.

10
14. A process according to any one of Claims 1 to 13 wherein the fabric is
made from wool or from a blend of wool and other materials.

15. A process according to any one of Claims 1 to 14 wherein the fabric is
15 annealed in an atmosphere havmg a relative hum1d1ty in the range of from 30 to
95%.

16. A process according to any one of Claims 1 to 15 wherein the fabric is

annealed in an atmosphere having a relative humidity of 75 to 85%.

20 '
17. A process for permanently setting a fabric mcorporatmg the process of
any one of Claims 1 to 16.

18. A process for permanently setting a fabric according to Claim 17 wherein
25 said process for permanently setting the fabric incorporates an additional shrink
resist treatment.

19. A fabric produced by the process of any one of Claims 1 to 16.

30 20. An article made from a fabric which article has been treated by a process
according to any one of Claims 1 to 16.

* c L M S *



Exanpl e 8d Reaction with benzoqui none vapour by heating fabr| c in the
absence th benzoqui none to 100[err]C for 1 hour. Exanpl e 8e
ofdnf

Reaction W

an aerosol of 10% hydrogen peroxi de/ wat er byPCT’AU%f@H@zatl ng

an aerosol with an uItrasonlc huni di fi-e¥ and al l owing the droplets to

contact t

fabric. anpl e 8f Reaction with oxygen by heating to

100[ err]C4ln tHA agr@getqgea@n R g popcess ategrding touany one of Claid® Dés 16057

PCT/ AU95/ 00682 -21- The above
treated fabrics were then wet out in water at 20[err]C for 30 m nutes. and

whil e sti |22, wetA febrdc protited bt ®ia'Broc@s R eitRéresk Imﬂ:g' team
and 10 s. of vacuum The |l§r’tproved stabili tfof t he reguce l?e%}falgﬁ state
of the wool after t he additional thiol rem)V| ng treatnment is

denmonsty abad i N4 Qﬁf‘?er ﬁﬁ)ﬁb& 3 fabic which article RS tmantfegtqdbbyaproccass

Sat ur ation Rega| n

37
29

10

15

20

accordingatmpéithétoof Clai@s 17 or 18. Exanpl e 8b
24. A garment treated by a process according to either of Claims 17 or 18.

25. A process for treating fabric substannally as hereinbefore descnbed with
reference to any one of the foregoing Examples. ' ‘

26. A process for permanently setting a fabric substantially as hereinbefore
described with reference to any one of the foregoing Examples.

27. A fabric substanually as herembefore described with reference to any one
of the foregoing Examples.

28.  An article substantially as hereinbefore described with reference to any
one of the foregoing Examples.

29. A garment substantially as hereinbefore described with reference to any
one of the foregoing Examples.

* € L M s *



10 Exanpl e 8c 34 Exanpl e 8d

34 anpl e 8e 34 PCT/AU95/0068
33 15 woé?falrzrp e 9 Pernmanent set of vvool i nparted when unrestraine

The level of permanent set remmining after treatment in an unrestrai ned

manner - as outlined for figure 8 ig,given below for the follow ng
treatments. 20 Tr eat ment Unr estrai ned

Per manent Set/ % ' As for Exanple la 21

As for Exanple |Ib , 46 As for Exanple 8a
54 25 As for Exanple 2a S 42 Exanpl e 10

Easy care pernmanent press properties.

FIGURE 1

40

©® Untreated

B Treatment 1b
s 4
30 4

Regain (%)
8

1§ 4

10 4

2 a0 s 60 70 80 % 100
Relative Humidity (%)

SUBSTITUTE SHEET (RULE 26)



VIO 96/ 12057 :
PCT/ AU95/ 0 : -22 -

gaberdi ne gg(ggq’}?‘]%s given a shrink resist treatnent (BAP/s??%@H%sfoogﬁd
sewn . - in the shape of a trouser |eg angl steam pressed so that it

cont ai ned two seans and two central creases. This trouser |eg was
conditioned to 75%rel ative hum dity and then suspended unrestrained
in a large annealing vessel and 5 treated under simlar conditions as
outlined in exanple Ib foll owed by the addi tional thiol renoval
treatnment as outlined in exanple 8a. An additional trouser was al so
constructed fromthe shrink resist fabric but it had no further

treatment and acted as the control. 10 These trousers were given 7, 5a
wash cycles in a Wascator according to the washi ng procedure outlined
in International Wol Secretariat test nmethod TM 31 (1986) with a 30

m nute warmtunbl e dry between washes. -The trousers were then

exam ned for shrinkage and appearance of seans, pleats 15 and fabric

snoot hness. Al t hough the area shrinkage for both | egs was | ess than 1%
t he .general appearance of the treatedry@grguperior as it still retained
sharp ~central creases and flat seans conpared to the untreated trouser
that lost its flat 180 y—SeaRE—aRa—c+eases—ertitely—aft-er—t-he—fisit—wash.

The snoot hness of the gunble dried treated fabric was al so superifor to
the untreated fabri gsoq Exanpl e 11 Snooth dry perfornmance. The
snooth dry performancel ox recovery from winkl es THsest Farstin STerie fafric

is wet is shown bel 0% Thd fabric was treated acco*d‘l"\'y'emm e Xl e | b jand
. n ar

1204
100 <
30 <

Transition Temperature (°C)

-20 r r v ’ ' v
0 5 10 15 20 25 30 35
Regain (%)

SUBSTITUTE SHEET (Rule 26)



25 given an additional after treatnment according to exanple 8a. The snooth

dry e of wool that has been soaked in water f 30 m nut es,
padded to %%Hg#gve excess water, winkled for 15 m nutes, %gﬁ BUFPUREd to
recover for 15 "mnutes using the ndf8iple pleat test (3) i s given bel ow
WD 96/ 12057 -
PCT/ AU95/ 00682 ' -23 -

Tr eat ment : . Winkle Recovery (% Unt r eat ed

53 Treatnment | b and 8a 72 5 Exanpl e 12
Hygral expansion inprovenent. Fabric that had been pieced dyed was
treated according to the treatnent outlined in exanple I b and given an
after treatnment as outlined in exanple 8b. 10 The hygral expansion was then
measured by marking the fabric in both the warp and weft directions and
measuring the difference in | ength between the wet fabric and after

drying in an oven for 1 hour at 100[err]C. The hygral expansion is
given by the difference between the wet and dry | engths expressed as a
percentage of the dry length. The é‘\I&Uéi;e of the vvarp and weft are given
bel ow. 15

-4

75 4

70 4

Wrinkle Recovery (%)
.

@ After Wetting
45 - A After Wet Pressing

40 ~—  em— v — - e

0 25 S0 75 100 125 10 175 200 225
H.S Annealing Pressure (kPa)

SUBSTITUTE SHEET (RULE 26)



Tr eat ment Hygral expansion (% Unt r eat ed
7 %%eatnent | b and 8b ﬁg aﬁ
above exan&%%ﬁlgg nstrate that a significant reduction in rlgiigTéﬁ* g’t-g i gh
relative humdity or when wet will provige a substantial inprovenent in the
properties of wool that deteriorate under these conditions. This reduction

in regain is achieved by annealing at reduced regain under conditions
in which - appreciable disulfide interchange is possible, for exanple by
the addition of 25 thiols to wool in order to facilitate the rearrangenent.
This treatnent is al so . applicable to other material other than wool in
whi ch di sul fi de bonds can be rearranged and the crosslinks refornmed so
as to restrict the absorption of water. ~ The descri bed arrangenent
has been advanced nerely by way of explanation and WO 96/ 12057

PCT/ AU95/ 00682 - -24 - many

nodi fi cati ons may be nade thereto wi thout departing fromthe spirit and
scope of the invention which includespeuggry govel feature and combination
of novel features herein disclosed.

80

75 -

70 <

65 4

Wrinkle Recovery (%)
3

55 4
50 4
@ ARter Wetting -
45 - A After Wet Pressing
40 v v v v v
12 14 16 18 20 2 24

H.S Annealing Regain (%)
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YWO 96/ 12057
PCT/ AU95/ 00682 _ -25 - - CLAI V5
1. A pro\Y9§§’1¥Q§7 treating fabric nmade from protei naceous RETAUo3/pss2
ctontaining disulfide or polysul fide bomgg conprising annealing the fabric
at a 5 tenperature in the range of from70[err]Cto 160[err]C at a regain
of between 10% and 25% for a period greater than about 10 m nutes
wherein the fabric is anneal ed in the presence of a gas which enhances
the disul fide interchange reaction. 10 2. A process according to
Claim1 wherein the gas which enables the di sul fide interchange
reaction is selected fromthe group consisting of thiol reduci ng agents
i ncl udi ng hydrogen sul fide, polysulfides of the formHerr]Serr], ,
Herr]Serr], Herr]Serr] etc, thiogycollic acid, 1,4-dithiothreitol,
mer capt oet hanol , benzyl nercaptan, et hanet hi ol , benzenet hi ol ,
2- am noet hanet hi ol ; reduci ng agents including 15 phosphi nes incl udi ng
phosphi ne, tris(hydroxnethyl)phosphirggggt 5 - n- but yl phosphi ne,
tri-ethyl phosphine and tertiary phosphines derived from phosphi ne by
reaction with am nes and fornmal dehyde; other reducing agents ~ including
triethyl phosphite and sulfur dioxide. 20 3. . A process according to
either Caim1 or Caim?2 Wherein the gas which enabl es f he disulfide
i nt erchange reaction is hydtogen sul fide (H2S).

75 4 @ Heating at 18% Regan
' A Meating in Water

70 +

Wrinkle Recovery (%)
3

40 —pemaey T r v r ———— 1 v
0 10 20 30 40 SO €0 70 80 90 100 110 120

Temperature (°C)

SUBSTITUTE SHEET (Rule 26)



4. A process according to any one of Clainms 1 to 3 wherein the annealing

of th&Jﬁ%ﬂ"z&é& is carried out at a tenperature of appr O‘W’%@%’é{mﬁ

100[err]C at” a fegain of 25 approximtely 15% f.or a period

hour s. 5. A process for treatingsg fabric nade from proteinaceous
material s contai ning disulfide or polysulfide bonds conprising
annealing the fabric at a tenperature in the range of from70 [err]C
to 160 [err]Cto a regain of between 10% 30 and 25% for a period greater
than 10 mi nutes wherein the fabric has at least in part been treated
with a liquid which enhances the disulfide interchange reaction.

WD 96/ 12057 - _

PCT/ AU95/ 00682 - 26 - 6.

A process according to Claim5 wherein the |iquid which enables the

di sul fide interchange reaction is selRRGURE fd om t he group consi sting of

t hi ol reduci ng agents includi ng hydrogen sul fide; polysulfides of the
formHerrSerr], H2S3, Herr]S[err] thiogycollic acid, '
1,4-dithiothreitol, nercaptoethanol, benzyl nercaptan, 5 ethanethiol,
benzenet hi ol , 2-ani noet han@ [ oT, Cysterne, TedUCI Ny agenTS i ncl udi ng
phosphi nes i ncl udi ng phosphi he, tetrakis(hydroxynethyl)-phosplhoni um

chl ori de, tris(hydroxynethﬁ? phosphi ne, tri-n-butyl phosphine,
tri-ethyl phosphine and lertiary phosphi nes derived from phosphi ne by
reaction with am nes and f or mal dehyde; other reducing agénts including
triethyl phosphite, borohydr{{de, 10 bisulfite, sulfite, dithi¢nite,

nonoet hanol am ne sesquiéﬁhﬁ' gUIfige, hydr osul fi de, syl fur di oxi de;
t hi ol ati ng agents incl udang pdEEmereaptosuecinicanhydrifle, | N-

acet yl - honocyst ei ne t hi o8attpnel honocyst ei ne thioﬂ?ctone nd
‘thioglycolides.

65 4

60 9

Wrinkle Recov%ry—

S5 -

S0 4

Gq

w T A L v T L R S | T —
0 20 4 60 80 100 120 140 160 180 200 220

Time in Water at 30 °C (minutes)

SUBSTITUTE SHEET (RULE 26)



7. A process according to either Claim5 or Claim6 wherein the |liquid
15 which engﬁgﬁgi the disulfide interchange reaction is sekef&igﬁ$&£@1the
[

group ng of hydrogen sul fide, thiogycollic aci
*1,4-dithiothreitol, mer capt oet haMgB, benzyl nercaptan, ethanethlol,
benzenethlol cystelne, bisulfite, sulfite, dithionite,
nnnoethanolanine'sesquisulfite, sul fide, hydrosulfide, sulfur di oxi de
and thioglycolides. 20 8. A process according to any one of C ains
5to 7 wherein the fabric is anneal ed at a tenperature of
approximately 100C at a regain of approm mately 15% for a period of
about 4 hours. 25 9. A process according to any one of Clains 1 to 8
wherein the fabric is ~ selected fromthe group consisting of woven and
non-woven cloths, knitted fabrics and felted fabrics. - 10. A
process according to any one of Clains 1 to 9 wherein the fabric is a 30
hi gh quality worsted fabric. 11. A process according to any one of
Clains 1 to 10 wherein the fabric FEGURE 7 WO 96/ 12057
PCT/ AU95/ 00682 -27 - t he
formof an article.
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412. A process according to any one of Clainms 1 to 11 wherein the fabric is
in t f agarnent. 5 13. A process accorgi y one
of C ai mg‘?o%@{%?mherei n the prot ei naceous materials &ﬂ?‘é’\é%(’gﬂ& '

’disu!fide.or pol ysul fi de bonds are sel ected fromkeratin containing
materials, wool, wool with reduced crystallinity, nohair, regener at ed
_protein or mxtures thereof. 10 - 14. Agpgocess according to any one of
Claims 1 to 13 wherein the fabric is made from wool or froma blend of
wool and other materials. 15. A process according to any one of’
Clainms 1 to 14 wherein the fabric is 15 annealed in an atnosphere having a
relative humdity in the range of from30 to 95% 16. A process
according to any one of Clains 1 to 15 wherein the fabric is anneal ed
in an atnosphere having a relative humdity of 75 to 85% 20 17. A
process for permanently setting a fabric incorporating the process of
any one of Clains 1 to 16. 18. A process for permanently setting a
fabric according to Claim17 wherein 25 said process for permanently
setting the fabric incorporates an additional shrink resi st treatnent.
19. A fabric produced by the process of any one of Clains 1 to 16.
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20. An article made froma fabri icn\ AJ eqhag been LN
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| 57 Abstract

A method for treating proteinaceous materials that contain disulfide or polysulfide bonds to improve their performance at high relative
humidity and when wet. The method comprises annealing the fabric at a temperature in the range of from 70 °C to 160 °C at a regain of
between 10 % and 25 % for a period greater than about 10 minutes wherein the fabric is annealed in the presence of a gas wich enhances
the disulfide interchange reaction. A further embodiment of the invention comprises annealing the fabric at a temperature in the range of
from 70 °C to 160 °C to a regain of between 10 % and 25 % for a period greater than 10 minutes wherein the fabric has at least in part
been treated with a liquid which enhances the disulfide interchange reaction. The present method is particularly applicable to keratinous
materials such as for example wool, wool with reduced crystallinity, mohair, regenerated protein, or mixtures thereof.




28. An article substantially as hereinbefore described with reference to
any 20 one of the foregoing Exanpl es. ' 29. A garnent substantially
as hereinbefore described with reference to any one of the foregoing
Exanmpl es. 25
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