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| NVENTI ON The present invention relates to the dyeing of 5 fibrous articles
conta|n1ng wool with anionic dyes. Anionic dyes such as acid .dyes and

pr é- net al | i wol93ypaeddare wi dely used for the dyeing of wool. | n ROIHUSH3/04353

dyei ng processes using such dyes, articles containing wool are imersed in
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p0| nt as the dyei ng progreds¥enioustygs isuichyas acid dyes and pre-metallized
: .dyes are widely used for the dyeing of wool. 1In
conventional dyeing processes using such dyes, articles
containing wool are immersed in an agqueous bath containing
10 a solution of the dye after any pre-treatment processes
such as scouring. While a wide variety of dyeing
equipment is used, it is typical for all of the dye to be
used in the process to be present in the bath initially.
The bath containing the dye and the article to be dyed is'
15 also usually at a very low initial temperature, e.g., 80~
120°F (26.7-48.9°C) and the tenmperature is increased
gradually to an elevated temperature often as high as the
boiling point as the dyeing progresses. "Metallizing"
treatments with, e.g., with potassium dichromate, are
20 often perfqrﬁed subsequently to dyeing to increase dye
light and/or wash fastness.
While high quality dyeing can be achieved using
‘the conventional dyeing process for some acid dyes such as
small molecule "levelling" dyes, dye cycles to achieve
25 1levelling with such anionic dyes are sometimes extremely
‘long and are therefore costly. In addition, long dye
cycles are undesirable since the maintenance of the bath
at a high dyeing temperature for a long period of time can
‘decrease the strength of wool. It is very common to dye
30 .wool using large molecule acid and pre-metallized dyes
' which are desirable for applications.requiring good light
and/or wash fastness. However, undesirable dyeings can
result with conventional dyeing processes using large
molecule acid and pre-metallized dyes since individual
35 wool fibers may not dye uniformly. Often, one end of a
' fiber will dye readily while the other end will absorb
little dye resulting in an %skittery" dyeing in the
article, i.e., noticeable localized dark/light areas.
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treatnents with, e.g., with potassiumdichromate, are 20 often perforned
subsequently to dyeing to increase dye |light and/or wash fastness. Wile
hi gh quality dyeing can be achi eved using the conventional dyeing process
for sone aci WQi93/23é0d4ch as snmall nol ecule "levelling"” dyes, dye PCIZUS93/04357
achi éve 25 levelling with such anionic dyes are sonetines extrenely |ong
and are therefore costly. | Laxde modeculengcdde any pre-metaliddesdr dylee are

since the mai ntenané@t% &a@eg%a b Qsh“‘g?rqlé%u% ts‘ammw'ea% elheggnon-
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uniformity and usually have disadvantages including
increased initial expense and higher cost to treat the
10 spent dyeing bath. 1In addition, because of their
retarding effect, such chemical agents can sometimes
increase dyeing cycles or make it difficult to obtain deep
colors or dark shades. Also, dye yields from anionic
dyes, i.e., the. strength of color produced from a given
15 gquantity of dye on the fiber, are sometimes not as high as
- desired.

_ 8 F_THE ON
The invention provides an improved process for the
dyeing of a fibrous article containing wool with at least
20 one anionic dye and dyed products made by the process. A
process in accordance with the invention includes
immersing the article in a dyeing bath of a liquid solvent
for the anionic dye. The liquid solvent and the article
are heated to a temperature at least equal to the dyeing
25 transition temperature. The anionic dye is added to the
dyeing bath as a miscible liquid concentrate at a
~controlled dye addition rate during a dye addition period.
'~ At least a portion of the dye is added while the bath and
article are at temperature at least equal to the dyeing
30 transition temperature. Stirring of the bath during the
dye addition period and while the solvent and article are
" up to the dyeing transition temperature is done to mix the
dye concentrate with the solvent in the bath to form a
~dilute dye solution and to provide a flow of the dilute
35 dye solution relative to the article to cause the dye to
.'be transported to the article. The stirring also
provides, on the average, essentially uniform dye
_ transport of the anionic dye to the article. 1In
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article, i.e., noticeable 2 Large nolecule acid and pre-netallized dyes.
are often referred to as "structure sensitive" dyes since non- uniform
dyeing can result frommnor variations in the fiber physical structure.
Wil e dye- | eWDBB/2I68d/ or .5 retarding agents can be added to PEI/USRI/MEIST
to inprove dyeing uniformty with structure sensitive dyes, such agents
somet i mes provi de omicedndanced] Wwitdy dhec priocesse trnef ye mtenQSUqu%@é

di sadvant ages i ncl udigagy Wﬂ%s%ﬁé @otllv@ntemn%%ta&dehhﬁaeatcastte&n@etr@%@&e

the 10 spent dyein
such chem cal agent

%‘bath In adgltlon g@ause of eir retard

-ect,

trenpdtionotengegatize so

difficult to obtainﬁhaﬁothd(ﬂye(!ﬂdihﬂanh&d&B;sAkae,pdﬁuaxyebdstkpdnpver the

ani oni ¢ dyes, i.g.

10

15

20

25

30

35

- ddi% YU R iy HOWRILIELOM @ gl ven

In accordance with a preferred form of the
invention, the conditions in the liquid solvent are
maintained so that the anionic dye transfers less than
about 10%. '

In accordance with another preferred form of the
invention, the process is performed in a dyeing machine in

‘which the stirring provides a number of repetitive machine

cycles and the dye addition rate is adjusted so that an
amount of dye between about 0.5% and about 7% of the total
dye is added to the dyeing bath during a machine cycle,
most preferably between about 0.5% and ébout 3%.

In accordance with another preferred form of the
invention, at least about 33% of the dye is added to the
bath while said solvent and said article are at a
temperature at least equal to the dyeing transition
temperature, most preferably at least about 50% of the dye

~ is added at this time.

In accordance with anothér preferred form of the
invention, the dye addition rate is adjusted so that the
concentration of dye at location of lowest concentration
in the bath is not greater than about 100 times, most
preferably not'greater than- 50 times, the final
equilibrium concentration for any substantial period of
time while the solvent and the article are at a
temperature at least equal to the dyeing transition
temperature. '

In accordance with another preferred form of the
invention, the rate of dye addition is adjusted so that
the concentration of dye in the solvent as measured at the
point of lowest concentration in the bath is at least

“about 2.5 tlmes,'preferably at least about 3.5 times, the
‘final equilibrium concentration for a sustained period of

time while the solvent and the article are at a
e
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13 quantity of dye on the fiber, are sonetines not as high as ‘desired.
SUMVARY COF THE | NVENTI ON The invention provides an inprovee precess for the
dyeing of a fibrous article containing wool with at |east 20 one anionic
dye. A processWOM®3A36064 dance with the invention includes the stefBCHUSI3/04357
delinéated in claim1l, with preferred features as delineated in the

dependent cl ai ms. | ntamperd&nre watt Aeastr etuedegof the dyeing transditdon t he

conditions in the |i gdidesaeeat. a@Qqugghgyne@hgoshggglhga gg&QQHQQQyilme

transfers l.ess than aboOt 10% I n_accordancé wi th anoth er, referred_form_of
the invention, the pcoBPIises ptr AsAREyabRuL JP3i RS fhentdde; Whem the solvent

stirring provides a @ﬁﬂbtheohrkﬁﬂablhm%eamﬁﬁhtﬂﬁp@rﬁkﬁ&eaﬁi leastyequal to the

addition rate is %§ sgxlhat a% aqﬁynt o e bet ween about 0.5% and
about 7% of the t xﬁ;&g 2RFIFER SPAYEINg Bath during a machi ne
cycl e, nost preferabl y bet wedhealdnvent:izm dsl ussfinl 3) a wide variety of wool

dyeing processes. using anionic dyes. Surprisingly, it has
been found that when used under conditions such that the
dyes transfer less than 10%, anionic dyes are utilized
10 more effectively which can provide_either better dye
yields or the achievement of deep colors or dark shades
which were otherwise difficult to obtain or were
' unobtainable. also, dye cycles for all types of dyes can
be substantially shortened which_can decrease cost and
15 decrease the strength loss which is known to occur in wool
| dyeings. Moreover, the improvements in dyeing are often
achievable without the use of or by using lower
concentrations of chemical levelling or other chemical
agents which, in significant concentrations, can
20" complicate treatment of spent dyeing bath liguids.
- DETAILED DESCRIPTION
~ There are a wide variety of fibrous articles
containing wool which can be dyed using the process of the
invention including, for example, varns, fabric, carpets
25. and garments. Wool as stoék can-also be an article dyed
by this process. Fabrics include the usual textile forms-:
including woven, knitted, and non~woven varieties. The
wool can be present in the article together with any of a
variety of other synthetic or natural fibers. Typical of
30 such articles are yarns made from a "blend" of wool with
other fibers and fabrics and garments made from such
yarns. . The other fibers in such articles may or may not
undergo dyeing as the wool is dyed in the process. In
addition, the wool to be diéd may already contain the same
35 or a different dye. For example, the process of the
inventicn may be used for a dye nadd" to get to "“shade"
- with the fiber already containing most of the dye before
the process is used.
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| n*accordance with another preferred formof the invention, -l east about
33@60f the dye is added to the bath while said sol vent and sald article are
at _a tenperature at |east equal to the dyeing transition tenperature, nost

préferabl y @igbsastosebout 50% of the dye 3 In accordance W tFCHUEIBRI43ST
preferred formof the invention, the dye aidition rate is adjusted so that

the concentration of dye atrﬂ@ctntés)rusédlmmie Qe catd O Eh e lbfesénth i s
not greater than about QQ. ti ref not_ gr. at

tifmes, the final e i um%;'e%cﬁoiﬁltc gﬂ’ %séil%‘&q °r#t§'f r?i;g"p

time while the sol wqommam Y iuptake @httl'ze tdsqurtatmlattneﬁsm@nmn
to the dyeing trangs itgn te;a;%ﬁé&aesl%th nitrogdrl-RUMNNS g¥ddbs on

anot her preferred formof th
P 5 the wc. fiber. Most anionic dyes are members of the

well-known class of %acid" dyes. Another type of anionic
dyes is the type referred to as “pre—metallized“ dyes
which are the reaction products of, for example, chromium
or cobalt and selected dyes. As will become apparent
10 hereinaftér, mixtures of two or more dyes are often used
to achieve a desired shade. 1In this application, the word
"dye" may be used to :efér to a single dye or multiple
dyes as in a mixture of dyes used in a dyeing process or
on a dyed article. In processes using more than one dye
15 such as in dye mixtures to achieve compound shadeé, a
process is intended to be within the scope of the
invention provided that at least one dye of compound shade
is applied to &#- article in accordance with the invention.
In acc ‘iance with a preferred process in _
20 accordance wit:. the invention, conditions are used in the
' dye bath so that anionic dyes transfer less than about
10%. Transfer is a measure of the propensity of anionic
dyes to migrate from one dye site to another after being
absorbed by the fiber. Transfer under a given set of
25 conditions can be measured in a mock dye bath as in the
transfer test method described hereinafter.
Providing.transfer of less than 10% can easily be
accomplished by use of dyes from a preferred class of
dyes, the "structure sensitive" anionic dyes. These dyes
30 are usually large molecule acid ("milling") dyes or pre-
metallized dyes which are non-levelling, i.e., the dye
molecules do not "transfer™ significantly and thus migrate
very little from one dye site to another after being
absorbed by the fiber. Typically, structure sensitive
35 dyes "transfer" less than 10% under normal conditions of
use. "Structure sensitive” is the term applied to such
dyes since non-uniform dyeing can result from even minor,
and otherwise undetected, variations in the fiber physical
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I pvention, the rate of dye addition is adjusted so that the concentration
of dye in the solvent as neasured at.the point of |owest concentration in
the bath is at |east about 2.5 tines, preferably at |east about 3.5 tines,
the 15  finaWG9R2B604ri um concentration for a sustained period BCT{WS83/04357
whil e”the solvent and the article are at a 4 tenperature at | east equa
to the dyeing transistouctunper afueh. vardationsyocene naturahiyl Rrveel of

Lime comprises at | epakpabaUind 96 Rhoii®al FEEcibetes hen Setupnicitbane

article are at a te
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erature at | east equal n rans1t|o
tenperature. The invERRFdhive GEeF Rreq ﬁsﬁfﬁglﬁaf?ﬁt?a% vékﬁ due to
processes using an|oﬁhelﬂyeashfﬂspnesspglyghtfahﬂnebsen'fouoﬂhthat mhen

used under cond ;g ons such t atyLie d¥eanhiABSES’ 14588 £028 APYEePPES 6 of
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the invention to these specific dyes, commonly used
structure-sensitive dyes are represented, for example, by
the list provided below (C.I. refers to the Color Index,
3rd edition, 1971):

C.I. Acid Yellow 220

C.I. Acid Orange 162

C.I. Acid Brown 282

C.I. Acid Brown 283

C.I. Acid Brown 226

C.I. Acid Red 407

C.I. Acid Red 251

C.I. Acid Black 60

C.I. Acid Blue 317

C.I. Acid Blue 80

C.I. Acid Blue 171

C.I. Acid Blue 336

c.I. Acid Black 172 |

For ayes which are normally described as
"levelling" dyes since they transfer readily and "level"
under the nérmal conditions of use, transfer of less than
about 10% can be accomplished using conditions of low pH,
low temperature, or both. In addition, with dyes which

~are normally strongly levelling, it may be necessary to

perform the dyeing rapidly even though the conditions in
the dyeing bath are such that the dye transfers less than
about 10%. Otherwise, the dye yield benefits which are -
otherwise obtainable using the invention may'be diminished
due to dye transfer which occurs after the dye is on the
article.

As in conventional dyeing processes, it is

_desifable to scour the article before dyeing to remove

sizing and other materials which may adversely affect the
dyeing. The fabrics can be scoured, for example, in an
R
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10~ nore effectlvely whi ch can provide either better dye yields or the .
achi eV'ement of deep colors or dark shades which were otherwise difficult to
obtain or were unobtainable. Al so, dye cycles for all types of dyes can be

substa\ntlal lwoRpEdsesed whi-ch can decrease cost and 15 decr eassci/593/04357
strength |oss mhlch I's knowmn to occur in wool dyeings. Mreover, the

i mprovenments in dyegiduh aFfatH téﬁb\ﬁ‘iﬁif‘ﬁﬂgﬁe Wt *I.Qiltth@%pljﬁ%a@ué)rtd))bw&im
| ower concentrations of chemcal |ev Ilng or ot her m cal agent s whi ch,
in significant cond¥ r8ti oeingm &@F- - Haé%iﬁe g SRR ng

bat h Iiquids. DEDNsdﬂﬁﬂiﬂaﬁwﬂ§Ed]¢dﬁvan£xnnaxiymari‘ganeﬂqlmy suitradhie,
articles containing,) 0' WL Gh a&?"’ié&%d)(ﬁd gséﬁgcéﬁ@ag:tﬁﬁﬁgsé Sirtdétant such

i nvention including,” exanp yarns, rrc, car 5 and garnents.
Wool as stock c8n- eﬂ%d’-b‘-e %FFMH"%R% Ctﬁyé@wlt HEHG) e%%qu%b‘?‘?’ésl?ﬂ@ﬁude
the usual textile fodt@rddrat WhIW BPVEN, T Kdd (fsht &yl NeRidurey &) Conipaty £sInc.

The wool can be preste r};J.Zl'.m11'xgt{:cn'§i,r tﬁt(.‘)l & toﬂ%rhesrcovl\ﬂzllqlga,n%h()f faabrlc should be
: ' rinsed such as by being immersed in hot water.
In the process of the invention, the article to be
10 dyed is immersed in a dyeing bath containing a liquid
solvent for the anionic dye. The dyeing bath can take a
wide variety of forms in which the article is totally
immersed in the bath throughout the dyeing process or is
partially immersed at any one time and is moved in a
15 cyclical or random fashion to provide contact for the
entire article with the solvent. Partial immersion is
useful for articles such as fabrics where the fabric can
be progressively advanced through the bath, either in
continuous rope form or by reciprocation of an article
20 having a discrete length, so that the entire article is
ultimatély dyed. A preferred process employs the bath
formed in a beck dyer for fabric in which the fabric is in
‘the form of an endless rope and is moved by the action of
the winch-reel. Most preferably, a beck for use in
25 accordance with this invention is modified to include a
pump and appropriate piping for external circulation of
the solvent. Jet dyers are advantageously used for wool
blend fabrics such as wool/polyester blends.
The liquid solvent for the dye is any suitable
30 ’'solvent for the dye which is capable of transporting the
dye to the dye sites on the fiber and which is otherwise
compatible with the fabric, dye and other aspects of the
process, e.g., agqueous ligquids and methanol are suitable
solvents. Preferably, the liquid solvent is an aqueous
35 1liquid which contains less than about 10% by weight of
additives for establishing and maintaining the desired pH
and for other purposes. Suitable agqueous liquids useful

in the process contain additives for providing a buffer
—_— 7
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variety of other synthetic or natural fibers. Typical of 30 such articles
are yarns nade froma "blend" of wool with other fibers and fabrics and
garnments made from such yarns. The other fibers in such articles may or

net under go duegd t he wool is dyed in the process. 1In addltlrak
wool to be dyg@jg%& already contain the sane 35 or a different yeIU§E9m857

gxanple the processg ?Ltkﬁe |§g§ng#gﬂﬁggy Qﬁeﬂ§ﬁdaE§B gnd¥§é"gg gfggbohq 1%

shade"” with the fibe eady con I ng nost fore
process is used. and G?EQ“&EEdaFﬁtFﬁé SPa&PPc@réﬁrtﬁg ﬁP@§§n?%|HVeHFPSHt
are anioni c dyes andegjebaguskdt &6 aagusits thecpHPitioshed: by zbpealievefl .t hether

Gt oups on & he woRtiRbipestEen Be BRERLSRLE SRR Bher < ouT W SgeRce, "0

wel | -known cl ass of retaddettgesandnthied ikppwhichaarenireferred tc collectively
in the present application as “dyeing auxiliaries*.
Dyeing auxiliaries can be present in the process of the
invention although such agents often are not needed. If
dyeing auxiliaries are present in the bath, a much lower

10 concentration is typically used to keep the dye cycle to a
reasonably short duration. Dyeing auxiliaries can be
useful and may be desirable for compound shades of dyes of
differing affinities. ‘

o When the bath has low levels of or is

15 substantially free of dyeing auxiliaries, significant
advantages are obtained in the treatment or'disposal of
the spent dye liquors. Moreover, the dyed fiber may be

y substantially free . of residual dyeing auxiliaries or such
agents may be present only at much lower levels than in
20 fibers dyed by the conventional process for structure
sensitive dyes which -typically require high bath
concentrations of dyeing auxiliaries. 1In addition, it is
possible in some instances to use the spent dyeing bath
for after-treatments such as for improving wetfastness,

25 lightfastness or softness, applying antistats, and for
other known after-treatments employing chemical agents.
‘Metallizing can usually be ‘done in the same bath. For
such after-treatments, the chemical agent can be added to
the hot bath using a technique similar to that used to add

30 the dye in a process in accordance with the invention. 1In

| addition, it is also possible to reuse the spent bath in a
subsequent dyeing if dyeing auxiliaries are absent or are
present in sufficiently low concentration.

The anionic dye is added to the dyeing bath as a

35 miscible liquid concentrate at a controlled dye addition
rate during a dye addition period. "Dye addition periog"
refers to the time period beginning with the first .
addition of dye and ending with the final amount of dye .
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dyes'is the type referred to as "pre-netallized" dyes which are the
reaction products of, for exanple, chrom umor cobalt and sel ected dyes. As
wi [l becone apparent 10 hereinafter, mxtures of two or nore dyes are

of fen wused wopos/aBesse a desired shade In this application, theCmuUses/eyIs?
may be used to refer to a single dye or nultiple dyes as in a mxture of

dyes used in a dyeb&§npradded.or The aefiged afttnéedyénaﬁdmtﬁeﬁepeniodgwmﬁle

than one dye 15 such 1. mﬂgﬁ ﬁ%ﬁb&éﬁsaL88§°E §X§H€§ngﬁﬁdaﬁﬂaﬂei hfnrs

process is i nt ende§SE3 e Sco ntron provi ded
at | east one dye owitbnpouigadhdye addapppnepe:oodﬁ bennqlbetweaacébaaﬁc8°

Wi th Ejhe ' nvem]' ?Eanhnaacf%r 490ocaivutBs? PUBLAS éeérﬁa cas wmliobe explained
accordance wi I nvention, .con i ons u

ani oni ¢ dyes tﬂ%nsgﬁrmPgsSdFﬁéﬁiabng TéﬁflgiﬁniFgPlas Xenﬁégﬁ EB?%Fhés
propensity of ani onixedy@ditho tiiegsalvehtoinothedpathi te formnat Qédlutiet dye
bei ng absorbed by LAg, %r T@i% 18&e“i§&ﬁlﬁ 8bYEBntchtah 23 inetedakhoes.

can be measured in a“noc
refer to a solution in which the dye is fully dissolved

and which can be added to and mixed with the liquid
10 solvent in the bath to form a dilute liquid solution of
‘the dye in all proportions of such concentrates which
would normally be mixed into a dye bath. The solvent for
‘the niscible liquid concentrate can be different from the
liquid solvent provided that the introduction of a
15 different solvent does not otherwise adversely affect the
dyeing process. When an agueous dyeing bath is used, the
solvent preferably used in the miscible liquid concentrate
is water. ] | _
As will be explained in more detail hereinafter,
20 the dye addition rate is adjusted depending on the amount
" of dye to be applied, the characteristics of the article
to be dyed, the type of dyeing apparatus, the type of dye
and the conditions of the dyeing to achieve the desired
results. Preferably, to facilitate control over the
25 process and make the process more easily reproducible, the
dye is added continuously and at a constant rate during
the dye addition peried. '
In processes in which the dilute dye solution in
the bath is circulated by means of a circulation pump, the
30 1liquid dye concentrate is preferably added to the solvent
ahead of the circulation pump. A metering pump is
advantageously utilized for this purpose. When dyeing
wool fabrics such as wool/polyester blend fabrics which
can be dyed in a jet dyer, the circulation pump supplies
35 the dilute dye solution to the jet nozzle so that the
newly-added dye contacts the fabric first in the jet.
In a process in accordance with the invention, the
dye bath containing the solvent and the article in the
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transfer test nethod described hereinafter. Providing transfer of |ess than
10% gan easily be acconplished by use of dyes froma preferred class of
dyes, the "structure sensitive" anionic dyes. These dyes 30 are usually

| arge nol ecul wrgadaégani | 1.ing") dyes or pre- netallized dyes whi ppraiS93/e43s7
non-l+*wevelling, i.e., the dye nolecules do not "transfer" significantly and

Lthhnlgrgte v$ry ||gié£né[§£t?“&rdYEe§t%& t@ggneéﬂﬁéré&dﬁﬁ fﬁlnﬂa§®seqheﬂ to
e 11 Dper. I Cca SLLUC re sensi Ve ans er a
; P contht; veiEy BEEnSSEib VepRerafis, | HOF 3G pyEpgsbs e:

10% under nornmal con
applied to such dyesthnaceppbmcahlbnrndﬁqenggtzanSIBsemt'frmﬂmammenrﬁﬁe¥S to

and ot herw se undet egf,gdy o g%#ﬂ%h?&sdﬁ?iﬁﬁed%é Bﬂﬁ' a'-rtiéuféf &r 8t

Such variations occur natur te t elr known difficul |es
in use, structuré® Wwhich the wool fiber structure opens up sufficiently to

allow a marked increase in the rate of dye uptake. The
'dyeing transition temperature for a dye/fiber combination
may be determined by running a dyeing under the conditions
to be used and plotting % dye exhaust with respect to dye
10 bath temperature when increased at 3°C/min. The
temperature at 15% exhaust is the dyeing transition
temperature. If more than one dye is to be used in a
dyeing process, the temperature in the dyeing process is
preferably at least equal to the dyeing transition
15 temperature of the dye having the highest dyeing
- transition temperature (usually also the most structure
sensitive). 1In the preferred form of the invention using
) .  a beck dyeing apparatus modified to include a pump for
external circulation of the bath ligquid, heating can be
20 achieved using a heat exchanger through which liquid from
"the bath is circulated externally.

In a process in accordance with the invention, at
least'a portion of the dye is added while the solvent and
the article are at a temperature at least equal to the

25 dyeing transition temperature. This part of the dyeing
proéess can be referred to as the "rapid dye uptake
phase", i.e., the time period where there is dye in the
bath and the soélvent and article are at a temperature at
least egqual to the dyeing transition temperature. 1In a

30 prbcess where no dye is added to the bath until the

’ solvent and érticle are at least equal to the dyeing
transition temperature, the rapid dye uptake phase will
begin when dye is first added to the bath. 1In a process
where dye addition is begun before the bath is up to

35 temperature, the rapid dye uptake phase will begin when ..

' ‘the solvent and article reach a temperature at least equal
to the dyeing transition temperature. In typical

- processes, the rapid dye uptake phase will end when the

0
This Sheet Has Been Rep laced 1

||II|I|| A II

Q1INATITIITE QUERT



sensi tive dyes are_desirable for mar. applications due to their -
washf ast ness, |ightfastness, or both. 5 Wthout intending to limt
this preferred formof the invention to these specific dyes, conmmonly used

stTuct.ur e- spydisgnsdyes are represented, for exanple, by the Ip(gtlugpgfougggd'
below (C.1. refers to the Color Index, 3rd edition, 1971): 10

Acid Yel |l ow 220 C.hatH\cigl éxinagetdd2tdward Ast CaBrene &fd &lthécdyleﬁ'lgvm
283 C.1. Acid Bro 26 15 C.l. Acid Red 407 C. 1. Acid Red 251
C.1. Acid Black 60FCT"%¢cid Blue 317 C.1. Acid Bl ue 80 20 C 1.
Acid Blue 171 C.I. ACId Bl baerisg the rapid dye uptake phase in one preferred

proce: ' in accordance with the invention, the temperature
5 of the rath and the article in the bath is maintained '
generally constant so that the dyeing process is not
affected by temperature changes which may affect the rate
of dye uptake by the article. Generally, provided that
the temperature remains above the dyeing transition

10 temperature, the temperature should be controlled to
‘within +10°C, preferably +5°C. Also,. in aqueous systems,
it is usually prgfe:ablé for the pH to be maintained
generally constant. It has been found that controlling

| the pPH to within about +0.2 units is suitable.

15 In some processes, particularly processes using a
dye mixture where one dye is structure sensitive and the
other is strongly 1eve111ng, it may be desirable to
decrease the pH and/or lower the temperature as the dyeing
progresses to promote the exhaustion of the levelling dye

20 from the bath. This is usually desirable towards or at
the end of the dyeing since the structure sensitive dye
may strike too fast and cause an unlevel dyeing if the pH
or temperature is too low initially. Decreasing the pH
can be done by metering a suitable acid solution such as

25 acetic acid into the bath after the dye addition period or
by using an acid donor such as the acid donor sold by
Sandoz Chemical Co. under the trademark SANDACID V® which
hydreolyzes and lowers pH in a gradual, controlled manner.

In a preferred process of the invention, at least

30 about 33% of the dye is added to the bath when the solvent
and the article are at least equal to the dyeing
transition témperature, i.e., during the rapid dye uptake
phase. Most preferably, at least about 50% of the dye is
added during the rapid dye uptake phase. Increasing dye

35 .yield benefits will be obtained with increases in the

' amount of dye addgd during the rapid dye uptake phase.
However, it may be desirable to forgo some of the dye
vield increase to take advantage of decreased cycle time

11
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C.1. Acid Black 172 For dyes which are normally described as "levelling"
dyessisince they transfer readily and "level" 25 under the; nornal

conditions of use, transfer of |ess than about 10% can be acconpli shed

usi ng conditi swpozrkséeaw pH, | ow tenperature, or both. In additi opcrritys/os3sy
dyes *which are normal ly strongly levelling, it nay be necessary to perform
the dyeing rapidly %ﬂcﬁhﬂﬂ?hbéhébﬁﬂﬂﬂéal 9Saaa:.6§ athredyti sgméabh ane dye
such that the dye trané mﬁé § ? H g abou% 10% C%heémn § t he g% yi g d
benefits which are otREPWR® BBFRi R&HPESLEFNEStHR FRVERE hesily pEansition

di m ni shed due to dytempersterewhi ch occurs after the dye is: on t he

article. 35 As in cgpyepyl 9”6‘: ¢hel BALRr &ﬁ%iﬁ S, blgys H8aitaBhe
to scour the article before dyeing To rremve sizin other_materials

whi ch may adversé y BEFeg 2R B?El rapifndye pptak cahaﬁ% %Eoﬁ?@ﬁ tegpix the
exanple, in an . dye concentrate with the solvent in the bath to form a

dilute dye solution and to provide a flow of the dilute
dye solution relative to the article to cause the dye to
be transported to the article. The term "stirring" is

. 10 intended to include any means of mixing and imparting
relative motion between the article and the solvent in the
dyeing bath. The relative motion between the article and
the solvent can be imparted by circulating the solvent in
the dye bath, moving the article in the solvent, or both

‘15 moving the article and circulating the liquid. In the

. preferred process employing a beck dyeing apparatus, both

the article is moved and the bath liquid is circulated by

P action of ihe_rotating winch~-reel. For beck dyers, it is
desirable to have a pump for external circulation of the

20 bath liquid into which the dye concentrate can be added to
facilitate hixing. It is most preferable for the dye
concentrate to be added to the bath liquid ahead of the
pump. _

The stirring also provides, on the average,

25 essentially uniform dye transport of the anionic dye to
the article during the dye addition period and rapid dye
uptake phase so that a dyeing results which is- _
sufficiently visually level to be useful for the intended
purpose. Typically, a visually level fabric has shade

30 variations across the fabric which are less than about 5%.
Thus, during a process in which there are a number of
repetitive cycleé as in the preferred form of the
invention in a beck dyer where the fabric rope cycles
‘numerous times, the dye transport to the fabric may not be

'35 - uniform in any one machine cycle. However,'the additive

- effect cf dye transport during all of the cycles is such
that a level dyeing results since dye transport “on the

) _ average" is essentially uniform. As will become more
R ..o
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7 epen, wi dth scouring range or in the apparatus to -be used for "the dyeing,
e.g., a beck or paddle dyer. Scouring solutions used conventionally are
generally suitable, e.g., water at 180[err]F (82.2[errJ]C) containing a
surfactant ayom336es 0.5 ramliter of MERPOL LFH err] (a |i qQUipCrIososmans?
detergent sold by E. |I. du Pont de Nemours & Conpany, Inc. of WI m ngton,
DE).h After scouri nepphbentahb&]:emh@ubd ,betr mageBesdebipabby tei ﬂgcfeagesgue_
in hot water. In t es t % [ c o]

is inmersed in a dggFﬁgggat%a%bﬁtgﬁﬁ#ﬁg%ggl? Gi éggsﬁééhtL$%L Eg é§F8n¥§
dye. The dyei ng ba@kcresstakdea pare¢entagecof uptabrdyeu hddhﬂcnerheYﬁlﬁl apd

is totally immersegpepethe ibiralsr %9 &aﬁiweaméetagtﬂéoeeéstaf aseragmg
partially imersed at any one . tine an c |cgﬁF 5 random

fashion to proﬁ?deeggﬁF§cPDF8FnFﬁe eﬁplfécéFPtEFg ﬁPPﬁrP%e ¥8Fv BaFErsI
i mrer sion is usefuanfBotocaienatiles as priocess! thr besrepeatetiheitabsi prefarable

for stirring to be performed constantly and at a constant
rate.

In accordance with the invention, the dye addition
10 rate is adjusted to be the primary control over the rate
of dye uptake by the article at least while the solvent
and the article are at or above the dyeing transition
temperature.' The type of adjustment of the dye addition
rate necessary to accomplish this may be better understood
15 by reference tO'Equatipn I which takes into account
factors impactiné the dyeing process:

Ds . | . r

20 ' K * Df 8

In Equation I, Ds is the diffusion coefficient of the dye
in solutidn, Df is the diffusion coefficient of the dye in
the fiber, K is the equilibrium distribution coefficient

25 for the dye-fibef system, r is the radius of the fiber,
and § is thickness of the diffusional boundary layer. 1In

a process_in accordance with the invention, it has been ~
discovered that adjusting the rate of dye addition into
the bath and coordinating the rate with other conditions

30 . in the bath so that the rate of dye addition is the

'primary control over the rate of dye uptake provides low
values for L in Equation I. It has further been
discovered that the maximum benefits of the invention
result when L is very low, éreferably approaching zero.

35 To cause the rate of dye additlon to be the
primary control over the rate of dye uptake and thereby
provide low L values, the rate of dye addition is limited
so that the fibrous article, which is readily capable of

—_—

13 ‘This Sheet Has Been R

(A I

CUIMOATITHTE QHERE



be progressively advanced through the bath, either in continuous rope form
or by reciprocation of an article 20 having a discrete length, so that the
entire article is ultimately dyed. A preferred process enploys the bath

fornmed in a MEQR3/23604 for fabric in which the fabric is in the ROTAUSHI/MAIST
endl éss rope and is noved by the action of the w nch-reel. Mst preferably,
a beck for use in 28ccepténdadre sinaetifsisnabaveokhesdysingi syansitienude

a punp and approprig FatataseFOise&a?aaab sfraebabtaﬂg0£okaed§altaah 1&et

d d t b |/
D ends. e ) PP guBpl ABarEp T "lnag BRss8 FrERIRIS0 onhBorPRRsFERREIon

dye which is capablefoﬁyeransphetbaghths dyrytmutheldye siches é@n &he fi ber
and whi ch is 0th§beésvaﬂeﬁpaa frékels! BRa’ 2RE' insd¥enaad EtEﬁFVEEE%Gkioﬂf

the process, e.g., aqueous are suit e SO
Preferably, the ||qepef§epéent F§ thea§ibsls 9@: FFqﬁPGrWKPEE suRERARSipddy
than about 10% by wiegBt s@gnadichh¥ethhfr iashabbnyentdonad BRosessni Nglkbe

gesired pH the value for Ds/(K * Df) will be smaller than in a
conventional process and will lead to lower L values,

10 primarily because the value for K will increase as the
concentration of dye in the dye bath decreases.  This
effect is particularly pronounced in the preferred form of
the invention where dyes are used and/or conditions
established so that the dyes transfer less than about 10%.

15 In such cases, the value for K is very high and is further
increased by the limited concentration of dye in the bath.

' Preferably, the dye addition rate is adjusted so
P : that the concentration of dye in the solvent at the
location of lowest concentration in the dyer is not

20 greater than about 100 times the final equilibrium
concentration for any substantial period of time while the
solvent and the article aré at a temperature at least
equal to the dyeing transition temperature. 'In a process
in accordance with the invention in which the dye is added

25 to the bath before the dyeing transition temperatﬁre is
reached, a high concentration of dye may temporarily be
present in the bath while the bath 1s at or above the

: dyelng transition temperature. Thls time period with high
concentration should not be a substantial period of time,

30 i.e., should not be greater than about 10% of the time
when the bath is at or above the dyeing transition
temperature. For the maximum benefits to be obtained when
conditions are used or dyes are selected so that the dyes
transfer less than about 10%, it is preferred for the

35 concentration to not be greater than 100 times the final
equilibrium concentration for any period of time while the
bath is at or above the dyeing transition temperature.
Most preferably, the dye addition rate is adjusted so that

i m\ R

SUBSTITUTE SHEET



and for other purposes. Suitable aqueous liquids useful in the process
contaln additives for providing a buffer 8 system For exanple, acetic
acid on the order of about 1% and ammoni um acetate on the order of about 2%
by, wei ght OMO93/23684¢d to adjust the pHto a suitable |evel. O RET/USHI43SEs
can be chem cals such as elling agents, 5 retarders, and the |ike which,
are referred tc cdheeconcsntration Goesant gpteeditabonti 50 Gimer) the final

auxiliaries". DVeEHbf#?ﬁéi&Hiéﬁhééﬁtf&tfﬁﬁ§ent in the process of the
i nvention al though suc aggnts often are not peeded. |If d%e{n “auxi lari es
are present in the bath, aMchtivaeregsilibriunFoprentyat lecéfl @sed

to keep the dye Cydriedrt -attiors fildye shwrthelldysbarh fiyeiagpatidukar & dye
can be usefulgnd fey be ool LADI nd&F EOUMOHIGe D 85Ra M1 SHE a0 willd i
: is essentially no further increase in the depth of dyeing
without the addition of new dye. The final equilibrium
concentration can be determined with reasonable certainty
in the process itself by extrapolation from the '

10 concentration measured in the dye bath at the end of the
dyeing process. Usually, when the dyeing process is
complete in a commercial dyeing, the dye will have been
sufficiently exhausted (and will have a uniform
concentration in the bath) so that the final concentration

15 Dbefore the bath is dropped can be assigned as the final
equilibrium concentration. During the dyeing process, the
location of lowest concentration in the dyer is usually
just ahead of where dye is introduced into the bath. For
example, in a process where the solvent is circulated

20 using a pump and the dye is added ahead of the pump, the
concentration of the dye in the solvent just ahead of
where the dye is added will be the lowest concentration.

In contrast, in a conventional process for dyeing
wool, the dye in the .bath is initially on the order of

25 300-500 or more times the equilibrium concentration and
remains in this range for a significant time until it is
gradually deéreaséd as the temperature is slowly increased
to cause the dyeing to progress. If concentrations were
to equal the concentrations used in conventional dyeings

30. for a substantial period of time while the fiber contained
little dye and was well above the dyeing transition
temperature, a v1sua11y un~level dyeing likely would
result, particularly when conditions are used or dyes are
selected so that the dyes transfer less than about 10%.

35 To more fully realize the decrease in dye cycle
times which are achievable in accordance with the present
invention, the rate. of dye addition is also preferably
adjusted so that the concentration of dye in the solvent,

15
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Wen the bath has low levels of or is 15 substantially free of dyeing

auxi kiaries, significant advantages are obtained in the treatnment or

di sposal of the spent dye l'iquors. Moreover, the dyed fiber nay be

subst anti al | w2354 esi-dual dyeing auxiliaries or such agent spOpAUS93/04357
presént only at much lower levels than in 20 fibers dyed by the

conventi onal processasomeasuretiuat thasRbcatxdyeefmhcwéstyponaéh#ratqanren the
O oonoens 2 bREs, Ys4E AaB LbbAE 825 LinddILhEOPin] bouPOTBLILR

in sone instances to use't h™f ter-treatments_ such as.
for inproving metfaan§§§ntZSt1PPgﬁPFa§tﬁE§§aéﬁe§oPFﬁé§§ appipenwhile the

antistats, and for oghevekBtownaalither akteahenhsecaR! aytes. CB&'&hﬁé' aBUB8ast
thaII|2|ng can u ua

| | d
Aftortreatmonts St nEbpintEathe, dyeing, Hanaatdan, SePREFREETa: hPEEFRERLY-
t echni que simlar totheasustadned pédisd ofhtidgecompuigescatsleast about 103

accordance W (h the GgveRd eimel Uradd theNsohveht ﬁh?otﬂgsﬁkbi81éoaiﬁuﬁﬁ a
the spent bath in a subsequent dyel ng dyelng auxiliaries are absent or
are temperature at 1east equal to the dyeing transition

temperature. Preferably, the concentration in the bath at
10 the location of lowest concentration will be at least
" about 3.5 times the equilibrium concentration.
In commercial processes employing a number of
- repetitive machine cycles, e.g., turnovers of the fabric
in a beck'dYer or circulation of the bath in a package
15 dyer, it is preferable to adjust the rate of dye addition
so that an amount of dye between about 0.5% and about 7%
of the total dye is added in a macﬁine cycle to achieve,
on -the average, essentially uniform dye transport and a
visually level dyeing in accordance with the invention.
20 Most preferably, an amount of dye between about 0.5% and
about 3% is added duriné a machine cycle. Using
laboratory dyeing equipmeﬁt, percentages of total dye per
cycle are typically lower since laboratory equipment
‘usually has a high turnover rate which would not be
25 practical f@r use in large commercial dyeing equipment
although excellent results are obtained.

Rates of dye addition based on the fabric weight
in commercial beck dyers are usually on the order of about
0.0005 to 0.5% dye/minute. The rates at the lower end of

30 the range are useful for low percent dye-on-fiber dyeings
" with extremely high affinity dyes to provide a sufficient
number of machine cycles for adequate averaging to provide
essentially uniform dye transport.
U51ng the preferred process of the invention in
35 which conditions are used so that the dyes transfer less
" than 10% in the same equipment used for conventional wool
dyeings, articles cbntaining wool can be produced with a
higher relative dye strength for the same relative dye
__________~_______
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present in sufficiently | ow concentration. The anionic dye is added to the
dyeing bath as a 35 mscible liquid concentrate at a controlled dye
addition rate during a dye addition period. "Dye addition period" refers to
tHe tine peMW/B¥PAnning with the first addition of dye and eRGTAYSHF/PA3S57
the final anmount of dye .9 being added. The |length of the dye additjon
period will usual lcPntenNfo HetSwetahnve 2 higher relprtiis dye ibield., than

typi cal dye additicunh ns¥ i st hifid Qditigeahvahitiordl Jnfbcdssds 10 Depand f15g
dye concent rate | PSR i, e ket rade Bit redAFe g ofnd B oy
sol ution. "M sci blanditi ths dire cihie atyebath icarerhiedised rks aadjust e uti on
L whieh ihguf'ge ferdtive Hye QL ibeilindy CRll D prisieckd o fnehdl xed'
invention in the same type of equipment under the same
conditions. For example, with most anionic dyes,
decreasing the pH will provide increases in relative dye
yvields. For dyes which level under conventional
10 conditions, it may be desirable to employ lower
temperatures which has the primary effect of decreasing
transfer. With increased temperatures above the dye
transition temperature, relative dye yields provided by
many structure sensitive dyes may increase. However, in
15 general, conditions which produce the maximum benefits in
terms of dye yield with structure sensitive dyes may make
it more difficult to obtain a wvisually level dyeing.
Accordingly, it may be necessary to select conditions
which provide a compromise between relative dye yield
20 increases and still provide a level dyeing without
extraordinary care. :
' The preferred process of the invention using dyes
under conditions such that the transfer is less than 10%
is capable of minimizing the sensitivity to structural
25 differences in the fibers which can lead to non-uniform
dyeing. Provided that the transport of the dye to the
article is, on the average, essentially uniform, a more
visually level dyeing can be achieved than is normally
achieved. using a conventional process since individual
30 fibers are dyed more uniformly in a process in accordance
with the invention. ' _ .'
It is also possible to adjust the results of the
invention by including dyeing auxiliaries in the solvent
in the dye bath or including them in the dye concentrate.
35 1In general, auxiliaries which decrease the strike rate of
the dye will decrease the relative dye yield obtained and
the dyeing will be more like a conventional dyeing. 1In
addition, where the dye is added into the bath before the

17 .
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10 solvent in the bath to forma dilute liquid solution of the dye in al
proportions of such concentrates which would normally be m xed into a dye
bath. The solvent for the mscible Iiquid concentrate can be different from
tche |iquid swWwOesL23040vi ded that the introduction of a 15 diff PEIMIS9I3/04357
sol vént does not otherw se adversely affect the dyeing process. Wen an
aqueous dyei ng bat h bathiskals rémched vite dyeinyatansition itenperature) cthe

l i quid concentrate | &y d%gt ch ~$s VhbdoPe &P RHEde { P FNEr&d e dyeing

her ei nafter, t he t|on rate 1s adj usted depending on the anount
of dye to be appl i e&rQWWaE?%P?%Q?%eo%Stﬁ%a%??‘?c‘Fe t OVBRAYR BOME heo

type of dyeing appargénbentiéniyP@y@ingyeharsctérisoics t onthef fiher dimei tige
to achieve the d S|red re%ults Preferably, to facilitate control over the

25 process and Tocess. nore easily reproducible, the dye is added
conti nuously and at a const aRorr settingi np aheoupergdaltpvocessi du. acgordance

processes in which theedi {HECiH¥EnEPLH! | P8 §8 advantageous for the process to
be run first in laboratory scale equipment corresponding
generally to the chosen process conditions. 1In the
10 laboratory scale process, a dye addition rate can thereby
"be determined in advance or a rate based on past
experience for the same or similar dyeings can be
confirmed. Due to smaller ratios of the weight of the
bath to the weight of the goods and particularl& the lower
15 <turnover rates in larger scale dyers compared to typical
laboratpfy dyers, the dye addition rate or conditions used
may have to be further modified for successful larger
/, scale dyeinge. -
In the preferred form of the invention, it is
20 usually only necessary to carefully control the process
during the rapid dye uptake phase and, at most other times
' during the process, temperature and other bath condztlons
need not be as carefully controlled. For example,
elevating the bath to the desired temperature can be done
25 quickly and pH adjustment prior to dye addition can be
" done expeditiously and without the degree of care required
in the conventional process for dyeing wool. This is
particularly advantageous since, with only one critical
stage and when constant temperature and pH are employed
30 the procedure will be easily reproducible and it will be
possible to efficiently make repetitive dyeings of the
same fabric. Moreover, in the event that it is discovered
early in a dyeing process that the conditions in the bath
are not as desired, the dye addition can be stopped and
35 the desired conditions established before the dyeing is
resumed.
After the dyeing is complete, the dyeing bath is
cooled, typically to below about 175°F (79.4°C)'and

T .18
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the bath is ci rcul at ed by nmeans of a circulation punp, the 30 liquid dye -
concentrate is preferably added to the solvent ahead of the circulation
punp. A netering punp is advantageously utilized for this purpose. Wen .
dyei ng woolWO#B23684 such as wool / pol yester blend fabrics whi ciPEEHBSIY4IE
in ajet dyer, the circulation punp supplies 35 the dilute dye solution to
the jet nozzle sodrappeghe Fhel pridgle app benrinsed; Hriedandfirst in the

jet. In a processguBsagtehddy Casgathnthecbﬁvgﬁﬁisﬁhltﬁ&hﬁaﬁ bat h cont ai ni ng
t he solvent and the artlclgt h 95 # tg¥§ Sﬁ bat h_ar $d tQ, 3,
tenperature at |east equaftt 35 RE S nsTPFBRePE %r B f¥e ¥iplg,are
purposes of this dppltpathendléytibgtuonneftdpe imrtherdyedfarticbes he It
Lemperature | Mge0¥eLBInN i0vaaTthhE AL W¥E1 2o idTaddit 106! chiber

structure opens up su
outside surfaces yarns contain more dye than filaments in

the interior of the yarn. 1In addltlon, it is believed
that the wool fibers are asymmetrically ring-dyed, i.e.,
the fibers are dyed with more dye being present adjacent

10 to the surface of the fibers than in the interior .but the
ring-dying of at least some of the fibers is asymmetric,
i.e., more dye being present on one side or the other. It
is also believed that fabrics dyed by the process have
more dye on yarns adjacent to the surfaces of the fabric

15 than in the interior of the fabric which is different from
the more uniform distribution obtained using conventional
processes. :

While the dye may be.non-uﬁiformly distributed in
the fabric, fabrics made using the invention can be

20 visually level and are highly'unifcrm. Although the
invention is applicable to other types of fabrics such as
non-wovens and tufted fabrics used for carpeting,
preferred fabrics in accordance with the invention are

. selected from the class consisting of knitted and woven

25 fabrics. In addition, it is preferable for the fabric to

be dyed with at least one structure sensitive anionic dye.
The Dve Transition Temperature is determined for a
fiber/dye combination as follows: '

30 A sample of the article is prescoured in a bath
containing 800 g water/g of sample with 0.5 g/l of
tétrasodiumpyrophosphate and 0.5 g/l of MERPOL HCS® (a
liquid non-ionic detergent sold by E.I. du Pont de Nemours
& Company). The bath temperature is raised at a rate of

35 about 3°C/min. until the bath temperature is 60°C. The
temperature is held for 15 minutes at 66°c, then the fiber
is rinsed. (Note that the prescour temperature must not
exceed the dye transition temperature of the fiber. 1If

19
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allow a marked increase in the rate of dye uptake. The dyeing transition
tenperature for a dye/fiber conbi nat i on may be determi ned by running a -
dyei ng under the conditions to be used and plotting % dye exhaust with
respect to dy®Q9/2B6Mn tenperature when increased at 3[err]C/ mi rPClTHS93/04357

tenpérature at 15% exhaust is the d e|n transition tenperature. nor
than one dye is to bﬁhﬁséﬂelﬁrénﬁiﬁ fgpgTaturg-app EFaFBrQelﬁlPﬁé to the

dyei ng process is prpresedbuy ﬁémbaaatuequathéOptbeedueengnbuaasb*el fepéated at

tenperature of the dye 'n ' ra |tlon r
(usually also the nD§t1§?¥ ?ﬁ%ggggk ?iésgngﬁgfhe %ﬁeferred?gg?%?% %He

i nvention using a bea:tu9behgwéppaaasmmlhgulguenti§y|nglud&eg penpdjysted to
external circul atd onzgée tdygg bpg h lkéé’éacbnh&?é'wlﬁﬁf' OFf e 2&PLEYEE) USE NEhE

neatexchanger (v ough i che L gund Taon L0g B e e abed e et v

dye is added whil e thddedl.vefIfamdrehthant onkedgeecist te benpseedt inethe dyeing

least equal to the process, the dye believed to have the highest Dye
Transition Temperature should be used to determine Dye

10 Transition Temperature. Usually, this dye will also be
the most structure sensitive.) The pH is adjusted to 5.0
using monobasic sodium phosphate and acetic acid. The
article is added and the bath temperature is increased to
95°C at a rate of 3°C/min.

5 With évery 5°C rise in bath temperature a dye .
liquor sample of ~25 ml is taken from the dye bath. The
sanples are cooled to room temperature and the absorbance
of. each sample at a wavelength known to be useful for
monitoring the dye is measured on a spectrophotometer such

20 as a Perkin-Elmer C552-000 UV-visible spectrophotometer

'~ (Perkin-Elmer Instruments, Norwalk, CT 06856) using a

water reference. . '

_ The -% dye exhaust is calculated and plotted with
respect to dyebath temperature. The temperature at 15%

25 . exhaust is the dye transition temperature.
i_:iggg;g; can be determined using the AATCC Test.

Method 159-1989 (AATCC Technical Manual/1991, p. 285~286)
except with the mock dyebath being at the pH and
temperature of the actual process under consideration and

30 a 30 minute time period are used. Percent transfer is
calculated in this method by measuring the relative dye
istrength of the original dyed sample before (control, 100%
relative dye strength) and after the transfer procedure.

. The difference is the % transfer. .
35 gglg;igg_ﬁxg_§§;gnggn is a relative measure of the
' strength of dye in a fab¥i¢ determined photometrically for
a series of fabrics dyed with the same dye with the sample
dyed by the comparative or control procedure being

20
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25 gyeing transition tenperature. This part of the dyeing process can be
referred to as the "rapid dye uptake phase", i.e., the time period where
there is dye in the bath and the solvent and article are at a tenperature
at | gast edW@I93{236D4he dyeing transition tenperature. In a 30 pPEEAISIIMEFR
no dye is added to the bath until the solvent and article_are at | east
equal to the dyeiagbitnazilyofesigpateduns, haNndngapr@¥dyelabivredYRase wil |
begi n when dye isgtiefgthadded to the bath. In a process where dye addition

phase wi |1 begin when t ho REMARAVE-Sve sETenedn s, o tabARe, seHPa iR o,
equal to the dyeimgasnzasi atothecwpwedength bf tuipivam pefiestancet nsingpad
gﬁg upt gﬁg ggglsggmbbﬁﬁdcmﬁ B2 150b1 PR SYETRMNSPELEobRYRbHee ! sbE
by Macbeth Division of Kollmorgen Instrument Corp. of
Newburg, N.Y. A scan from 750 to 350 nm can be performed
to determine the wavelength of minimum reflectance for the
dye. 2All subsequent samples in a series with the same dye
10 are then measured at the same wavelength. For example,
the wavelength of minimum reflectance for C.I. Acid Blue
122 is 640 nm. .
The sample produced by the compérative or control
procedure is designated the control and assigned a
15 relative dye strength of 100%. The remaining samples are
then scaled in relative dye strength by the following:

K/S sample
Rel. Dye Strength (%) = 2P x 100,

B K/S control
20 and
. _ 2
K/8 ="9%r
where: R = reflectance.
Relative Dve Content is a relative measure of dye

25 content determined photometrically for a series of fabrics
dyed with the same dye with the sample dyed by the
comparative or control procedure being arbitrarily
designated as having a 100% relative dye content.

The relative dye content is determined in the

30 following way. First, a sample of the article is cut into
small segments and about 0.1 gram is weighed to +0.1 mg
accuracy. Typically,'a test series of samples of dyed
articles is weighed to each have very nearly the same
weights. The samples are dissolved in 30 ml of formic

35 acid at ambient temperature. After sample dissolution is

— complete, centrifugation for 20 minutes is effective for
removing titanium dioxide delusterant when present.
' A Perkin-Elmer C552-000 UV-visible
spectrophotometer (Perkin~Elmer Instruments, Norwalk, CT

21
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process. During the rapid dye uptake phase in one preferred process in
accordance with the invention, the tenperature 5 of the rath and the

article int mai nt ai med generally constant so that the d e|n
process is ngﬁogghg@béd by tenperature changes whi ch may aff ect 5%339
dye uptake by the arti .Ceneral | rovid t hat e te rgpure rema |ns
above the dyeing trd ﬁ?gﬁsoﬁslﬁs ﬁ% F%Fﬁfg %Sﬁ a?g g?ﬁfﬁrgg ﬁbﬁlﬁaﬂg A
controlled to withi scan)[fanom @50tef 358binm 4% @elr]fermhﬁsapm theglevgest peaks
Systerms, TL 1's Usualog R sbN ylca b el 8ntnd! 2bpedngoRskpkraa.

constant. It has been foun at cont Hto within ab
units is suitable. #81 subseq“QG$'§@HP1ﬁFbé@S§e§erBEFtPeuPaFP? BABecSyes are

using .a dye m xtsre tHe meAtArBE ats ﬁidwmlmtsl VeT&pdc&thQt bainpu.&
strongly levelling, it may b&ﬁ%ﬁ |rable t g .decr ase pH agdéer the
tenperature as the RARGR) IR o ds SEET, Bt SusEREATEP E‘ﬁ‘e

level ling dye 20 framgeheofhHfr./3 Athit® |058usmhlﬂqr d:é@ dylel develsr obtained.
A corrected absorbance is calculated for each
wavelength measured on every sample in the series. The
10 corrected absorbance is:

A (corrected) = (S x 0.1 gram)/ W
‘where: S = absorbance at a given wavelength; and
15 W = weight of sample in grams -

' The sample dyed by the comparative or control
procedure is assigned a relative dye content of 100%. The
remaining samples are then scaled in relative dye content
by the following: '

ReI Dye Content (%) = (Ag x 100)/A;
where: As = average absorbance of sample; and
A, = average absorbance of the control sample.
25 : This calculation is performed for every analytical
wavelength chosen in a given dye series.
Relative Dve Yield is defined as the ratio of the
Relative Dye Strength to the Relative Dye Content:

3Q Relative Dye Strength

Relative Dye Content

Rel. Dye Yield =

The invention is illustrated in the following
example which is not intended to be limiting. Percentages
35 are by weight unless otherwise indicated.
_ EXAMPLE 1
Part A
30 grams of a scoured fabric, woven from 100% wool
(35 cm x 35 cm), is introduced into a Werner-Mathis
40 Laboratory Dyeing Apparatus, Type JF, sold by Werner-
Mathis U.S.A., of COhcord; NC. The fabric is placed in
D 22
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the end of the dyeing since the structure sensitive dye may strike too fast
and cause an unlevel dyeing if the pH or tenperature is too lowinitially.

Decreasin an be done by netering a suitable acid soI | S
25 apetiSMégﬁgaghfo the bath after the dye addition period &hﬁﬂﬁ§”§§52
acid donor such gs the ci andoz m u

t rademar k SANDA %ﬁ%#?ﬁ}% Ic%fgaéséﬁosﬁe%’% '%ﬁ’ é':gar {]g {’di
control l.ed manneéfhe Iﬁh’%\n}g diath ot thensebivitie 180 M) @F Qﬂ-stéh]s?dSO

about 33% of t heudbigy It s 1 on; :bamwemm@camut@wm@w ste
are at |east equal tp the dye |t| t%enperatur a4 §g g t he
rapi d dye upt ak sél r7aﬁ t theRsPH 15, RA3HSEER £Re ge i's

added duri ngst hewiﬂpmbmkysaod@mlqshqﬁpm&te | (MSERamd) phaspitoric acb.dbenef its

wi |l be obtaine r&as @frtg%+ mg% api d
dye uptake phasgo%\% QSl ﬁ?t&?na‘glg%% de5| ra % )d%orgo Sone o lib&yg
yield increase tlevekingAgeRhEren GikatGeigy SorR- i added to the

bath.

The basket device is set into motion by adjusting
10 the rheostat driven motor so that the basket rotates in a
clockwise motion for about six seconds; then stops for
about five seconds; then reverses to a counter-clockwise
motion for six seconds. This sequence of clockwise,
pause, and counter-clockwise movements continues
15 automatically throughout the dyeing procedure. This
- provides adequate movement of the bath liquor and the
fabric sample to provide uniform application of dye to the
substrate. , . '
The temperature of the dyeing bath is then raised
20 rapidly by 5°F/min. (2.8°/min.) or greater to the dyeing
temperature. In this example, the dyeing temperature is
held nearly constant at about 200°F (93.3°C) during the
dye addition period as the dye is added as described
below. (The rapid dye uptake phase of this example begins
25 with the addition of dye during the dye uptake phase,
i.e., 100% of the dye is added during the rapid dye uptake
phase.)
Separately, 0.6 g of C.I.. Acid Blue 336, a pre-
metallized acid dye, is dissolved in 200 ml of distilled
30 water to form a dye concentrate. The amount of dye used
is calculated to provide 2% dye-on-fiber assuming complete
exhaustion of the dye. Using a precision (approx. 1%
accuracy) MANOSTAT COMPULAB® liquid metering pump sold by
Manostat Cproration'of,New York, NY, the separately
35 prepared dye solution is metered under the surface of the
dyeing bath away from the moving fabric-at the rate of 5
ml/minute which is equivalent to 0.05% dye/minute based on
the weight of fabric. Under these conditions this dye

I
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12 which nay be obtained by adding at |east some of the dye into the bath
* bef,ore it is up to the dyeing transition tenperature. Stﬁrrlng of the bath

during a dye addition 5 period and the rapid dye upt ake phase
.mx the der@Q 1304t e with the solvent in the bath to forma gépﬁ3§&6%@57

STiicle to cause t FrRRAREER plent Fag: 1oh ebd) fnéte 4 Hevr by i ikl

"stirring" is 10

|hﬁi1nknbtof|agéuﬂn hhg dyeingcbath xdwginadthepperied of

relative notion bet é%e ar% § gcﬁng ﬁ@mé?%E&”in'ﬂOth§nQ¥€éng PRé hayd Ry

relative notion bet

e an vent can be |nparte &%
VEnt |

circulating the solhﬁﬁb is t—hﬁnd9é°bﬁt’ha"—n§\ﬁ/ﬁ§f'~fthe 2908 /B ) ke
or both 15 novisng {fe. etctc}l Clthéntelee reath@ic Nis tdveert £ Xpw drinsed heremasfest rfxbm

process enploylng atgecgy

10

15

20

25

30

35

&nﬂagﬁgggétgﬁenbgir dried.

The result obtained is a level blue dyeing on the
woven wool fabric and a visually colorless dyeing bath.
Part Co ative '

30 grams of the fabric described above is
introduced into the perforated basket in the JF machine as
in the previous example. The dyeing bath is again set as
in the previous example. Separately, 0.6 grams of C.I.
Acid Blue 336, a pre-metallized acid dye, are dissolved in
200 m1 of distilled water. All of the dye solution is
then added to the dyeing bath in the conventional manner
at 80°F (26.7°C). The dyeing bath is raised at 1°F (0.6°C)
per minute to 205°F (96.1°C) and held for 45 minutes. The
bath is cooled and the fabric rinsed and removed as in the
previous example. The result cbtained is a level blue
dyeing on the woven wool fabric and a visually colorless
dye bath.

Assuming the same relative dye content for the
fabric dyed by the invention and the comparative example,
reflectance measurements show that the relative dye yield i

_increased 15% in the sample dyed by the process invention

compared to the conventional process of the comparative
example. ' ‘

EXAMPLE 2
In this example, 180 grams of a scoured woven wool
fabric (30 cm X 90 ém) is dyed in an 8 inch (20 cm) Saucie:x
Beck~-dyeing Machine, manufactured by Saucier Stainless Stee
Products, Mlnneapolls, MN. The fabric is placed over the
winch of this beck, then sewn at the ends to form an endles
"rope." The dyeing bath is then set with 25 liters of

—distilled water at 139:1 liquor ratio (weight of bath to

weight of fabric) at 80°F (26.7°C) and then the pH is
adjusted to 5.0 with monosodium phosphate (MSP) and
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the article is noved and the bath liquid is circulated by action of the
rotating winch-reel. For beck dyers, it is desirable to have a punp for
external circulation of the 20 bath liquid into which the dye concentrate
¢an be addWO9¥286Mi |itate nixing. It is nost preferable for PRE/U§IB/04357

concentrate to be added to the bath liquid ahead of the punp. The stlrrlng
al so provides, oPhasphardc@eiqs 085 6 t(i0a /5%y ofin Wedgiitd pE F#&‘Eﬁ-ﬁdrf’ of the

anltOEl c ﬂye to tm&.ﬁdmlﬁ@dualaaoi hPe\dé/ﬁ g é@fmnqmé ” obES. , lls
ptake PRase S0 'oiled < Tl0 MG gmerfﬁ?’ﬁcl s Beh ShmbyioBVBY Fast i c
has shade 30 vartwions sctioes dfhecenbrinchairiesl .ar Ehlee&sempluatatmube%he
I Ehe' b oo Fol SO A S ity B ShEPLL Ly h i,
cycl es nunerous thardhe dieine temparadira.o dfe q@%ﬁ’ eXagR}-enotthge dysing
uniformin any oRtenferatiere)Vid heldwiarly idonhstdgit iate about 200°F (93.3°C)
during the dye addition period as described below. '
_ Separately- 1.8 g of C. I. Acid Blue 336, a pre-

10 metallized acid dye, is dissolved in 1000 ml of distilled
water to provide ~1% dye-on-fiber assuming complete
exhaustion of the dye. Using a precision (~1% accuracy)
MANOSTAT COMPULAB liquid metering pump sold by Manostat
Corporation of New York, NY, the separately prepared dye

15 solution is metered under the surface of the dyeing bath
away from the moving fabric at the rate of 25 ml/minute
which is equivalent to 0.025% dye/minute based on the weight
of the fabric. Under these conditions the dye transfers
less than 10% and there is never any visible build-up of dye

20 in the dyeing bath during the dye addition period which is
complete in 40 minutes. Concentrations determined
spectrophotometrically show that the concentration of dye in
the bath at the after the dye addition has been in progress
for 5 minutes ranges between about 5 and about 20 times the

25 final equilibrium concentration which is reached after the
dye addition is complete.

The dyeing bath is then cooled at 5°F/min.
(2.8°C/min.) to 170°F (76.7°C), then the fabric is overflow
rinsed, removed from the dyeing machine, then air dried.

30 The result obtained is a level blue dyeing on the
wool fabric and a visually colorless dyeing bath.
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effect of dye transport during all of the cycles is such that a level
dyei ng results since dye transport “om the average" is essentially uniform

oot case ne RQTHAIM (ace Time tnfl @Hﬂﬂhﬂl\tl\lﬂﬂ Y e des HGusSaroansy
decrease the percen upt total dye added per cycl & and t her eby ‘i ncrease

uniformty due to t ater averagi ng effect obtained. To facilitate
control over the process ané-terR§§FGS§ frsc8yeing pefibpeuscarticlies

preferable for stirgbfitaifiing webiowied aeniéaatl pnangnat ~gccagst aahpfcatsang-
In accordafice with the invention, the d dition 10 rate |§ gw ed to
be the primary control over 3PHETFAPS 3?1 r%ﬂ? Re 1By 3t he ®2PBi OR&E ALY &ast

whil e the sol vers addquhid splveht for saidr anlhiondéct Byedyei ng transition
heating said liquid solvent and said article in
said dyeing bath to a temperature at least equal to the
Cdye1ng trans1txon temperature}of said wool with said dye:;
adding said anionic dye to said dyeing bath as a

10 miscible liquid concentrate at a dye addition rate during
a dye addition period, at least a portion of said dye
being added while said solvent and said article are at a
temperature at least equal to said dyeing transition '
temperature; and

15 stirring said bath during said dye addition period
and while said solvent and said article are at a
temperature at least equal to said dyeing transition
temperature to mix said dye concentrate with said solvent

_ in said bath to form a dilute dye solution and to provide

20 a flow of said dilute dye'solution relative to said
article(to cause said dye to be transported to said
article, said stirring further providing, [on the averagd,
lessentially) uniform dye transport of said anionic dye to
said article); _

25 said dye addition rate being adjusted to be the
primary control over the rate of uptake of said dye by
said article at ieast-ﬁhile said solvent and said article

- are at a temperature at least equal to said dyeing
"transition temperature.

30 2. The process of claim 1 further comprising
maintaining conditions in said liquid solvent so that said
anionic dye transfers less than about 10%.

3. The process of claim 1 wherein said process is

, performed in a dyeing machine in which said stirring

35 provides repetitive machine cycles and said dye addition
rate is adjusted so that an amount of dye between about
0.5% and about 7% of the total dye is added to said dyeing
bath during a machine cycle.

26
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temperature. The type of adj ust ment_ of the dye ‘addition rate necessary to-

acconplish this may be better undemmﬂmilmlmam ence to Equation |
whi ch take ccount factors i g process
% [err] 20 H@éﬁi@f‘. on |, -Ds is the diff udi off cbef"flm ent of t@&&’?gyf"ﬂ?‘”

sol ution, is the diffusio -coefficient of n the fib Kis the
eqU|I|br|umd| strlbut|0n4Coef & FRCAT qtgc][ g%// tf %n?y? is the

radi us of the fiadditiod fete iiss adjiustess soofthate adi faﬂmamaf istnen deetween
layer. In a e utl 03640 RN 3% Wl ladddd IHAH] &' mlch iR RS diRare.

di scovered that usting the rate of dye baf h ind
coordinating the rate w th ot¥h& Hﬁﬂﬁﬁﬁﬁ(ﬂﬁ;QiﬁlmritWR9¥E&q1ﬁﬁﬁq el
rate of dye agldi haaedi &owtamrdmyy amtatla @utistdit naite duriey W iakaye
provi des Iom1va|g§§ %h ation . It has further been discovered
t hat the maxi num %e jt € invention

6. The process of claim 1 wherein at least about

33% of said dye is added while said solvent and said
article are at a temperature at least equal to said dyeing

10 transition temperature.

7. The process of claim 1 wherein at least about
50% of said dye is added while said solvent and said
article are at a temperature at least equal to sait. ‘yeing

_ transition temperature.

15 - 8. The process of claim 1 wherein said dye
addition rate is adjusted so that the concentration of dye
as measured at the location of lowest concentration in

' said bath is not greater than about 100 times the final
equilibrium concentration for any substantial period of

20 time while said solvent and said article are at a
temperature at least equal to said dyeing tramsition
temperature. ' '

9. .The process of claim 8 wherein said
concentration of dye is not greater than about 50 times

25 the final equilibrium concentration for any substantial
period of time while said solvent and said article are at
a temperature at least equal to said dyeing transition
temperature. N

10. The process'of claim 1 wherein said dye

30 addition rate is adjusted so that the concentration of dye
in said solvent as measured at the location of lowest
concentration in said bath is at least about 2.5 times the
final equilibrium concentration for a sustained period of
time while said solvent and said article are at a

35 temperature at least equal to said dyelng transition

11. The process of claim 10 wherein said
concentration of dye in said solvent is at least about 3.5

[
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result when L is very |ow, preferéﬁr‘“appraaehkng~;eLo 35 To
caus€ the rate of dye addition to- control over the rate of
dye uptake and th provi de Iow I’ &Hmﬂ mu’te of dye additio
ltmted so tﬁgpﬂl"wbr ous articlep l'y capabl e of PCT. 1@35%4357
accepting dye since |t I .S ove the d transi tion,tenperature
capabl e of acceptind fﬁsﬁe%&‘ﬁ %‘!X’g‘&ggﬁ LMy concentgakdon, for.a sistained
condi tions, the congextircal iofh 'a:n’majymime tshé.d)estdi.\nmww sadd ketwdclehare at
a 5 conventional prp t{')zlée eﬁ@’é"e a1t 1 & fifdu3| goﬁ‘:f:-fah%&%ﬂbni n

[ re su n

the fiber, Df, is there SS|gn| I cant In a
convent i onal proces§em%t‘mﬁe vaI ue for Ds/ (K . Df) will be smal | er than

in a conventionag process angh w lgnhé %ebéégg 'ercla il 1 whekfeimprdaiad i | y

because the val ue foré%é%ﬁéd'ﬂggf% fﬂiime comprises at least about 10% of
the time when said solvent and said article are at a
temperature at least equal to said dyeing transition
temperature.

10 . 13. The process of claim 1 wherein said liquid
solvent is an aqueous liquid.

14. The process of claim 1 wherein said anionic
dye is a structure sensitive anionic dye.

' 15. The process of claim 1 wherein at least some

15 of said stirring is provided by a pump which circulates
solvent in said bath.

16. The process of claim 15 wherein said liquid
dye. concentrate is added into said solvent ahead of said
pump to form said dilute dye solution.

20 17. The process of claim 16 wherein said liquid
dye concentrate is added into said solvent by a metering
pump. : ' :

18, .An article contaihing wool dyed by the
process of claim 2.

25 19. An article containlng wool dyed by the
process of claim 14.

L —
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concentration of dye in 'the dye bath decreases.

Thi s ef fect

prondunced in the preferred form of, the,invention where dyes ar efaiiPa

and/or
10%

condjtlons

I n such

bl i shed \\6ﬂ.d1hﬁiut*h&1.dycﬁ§kﬁr orGNiBnokess t halty
s, the value for Repgonidpsahigh and is further

i ncr eas ed bmtmmume&m;u‘mokrmmmm u&mmmg hﬂmmomoammwhacn
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(57) Abstract

WOOL DYEING UTILIZING CONTROLLED DYE ADDITION

A process for the dveing of a fibrous article containing wool with an anionic dye and products produced thereby. The pro-
cess includes immersing the article in a dyeing bath of a liquid solvent for the anionic dve. The liquid solvent and the article are
heated to a temperature at Jeast equal to the dveing transition temperature. At least a portion of the dye is added as a miscible

liquid concentrate while the solvent and the article are up to tem

perature. Stirring of the bath during the dve addition period and

while the solvent and article are up to temperature is done to mix the dye concentrate with the solvent to form a dilute dye solu-
tion and to proude a flow of the dilute dye solution relative to the article to cause, on the average. essentially uniform dye trans-

port of the anionic dye to the article. The dve addition rate is adj
rate of dve uptake by the article.

usted so that the dve addition rate is the primary control over the
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30 'i.e., ﬂmbﬁ;}a@s‘—;.h&ter t han about 10% of the tinme when t bath is

at or abovg [t he dyeing trgndition tenperature. For the naxi num bené&ftAd 5%
be obt ai neld pwhd ek fons jare used or dyes are selected so that the dyes
s
2l

transfer lfsk than about 1j0% it is preferred for the 35 concentration to

not be'grepter than 100 timgs the final equilibrium concentration for any
period of his at or S_gﬁgothe dyeing transition.
t enperature. Mbst preferably, the dye a n rate is adjusted so that

15 the concentrati orﬂelmbsbym::gaﬂﬁéd-zanquctmﬁrblhd bye Additiaomuil.ibrium

concentration. The "final equajids b the concentration
of dye in the dyebath for a par

u ' 3 ‘ artjcl.e under the
process conditions at W &FeEEBFe ge% %t?%a"ﬁﬁ%&‘? &ht gveing 85ce in the
depth of dgei riibrous articles containing woel with anionic dyes.

Anionic dyes such as acid dyes and pre-metallized
dyes are widely used for the dyeing of wool. In
conventional dyeing processes using such dyes, articles
containing wool are immersed in an agqueous bath containing

10 a solution of the dye after any pre-treatment processes
such as scouring. While a wide variety of ayeing _
equipment is used, it is typical for all of the dye to be
used in the process to be present in the bath initially.
The bath containing the dye and the article to be dyed is

15 also usually at a very low initial temperature, e.g., 80~
120°F (26.7-48.9°C) and the temperature is increased
gradually to an elevated temperature often as high as the
boiling point as the dyeing progresses. "Metallizing"-
treatments with, e.g., with potassium dichromate, are

20 often performed subsequently to dyeing to increase dye
light and/or wash fastness.

While high quality dyeing can be achieved using
the conventiocnal dyeing process for scme acid dyes such as
small molecule "levelling" dyes, dye cycles to achieve

25 levelling with such anionic dyes are sometines extremely
long and are therefore costly. In addition, long dye
cycles are undesirable since the maintenance of the bath
at a high dyeing temperature for a long period of time can
decrease the strength of wool. It is very common to dye

30 .wool using large molecule acid and pre-metallized dyes
vhich are desirable for applications requiring good 1ight
and/or wash fastness. However, undesirable dyeings can
result with conventional dyeing processes using large
molecule acid and pre~metallized dyes since individual

35 wool fibers may not dye uniformly. Often, one end of a
fiber will dye readily while the other end will absorb
little dye resulting in an “skittery" dyeing in the

article, i.e., noticeable 1W$daMareas.
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- bs FLAUERIENY SHERT |
wi t hout the addition of new dye. The final equilibri L]me'Bncentrat I 'on
determ ned with reasonable certainty in the process it gel ﬁﬁy%gﬁ?q-]apbl
fromthe 10 concentration neasured in the dye bath gt {the 'end of the¢
dyei ng process. Usually, when the dyeing process is '

comerci al dyeing, the dye will have been sufficientlly exhausted (and
have a uniform concentration in the batB) so that the fTrnal concentratl on

15 before the bath i gasgePrRelieédle bEcHE SRl Gskarndtad 1iizedl agee arlri um
concentration, ., Durin

concent r at i on®EfePh Eegffgggflgxﬁ !sggl f’é@f\ﬁ%ﬁﬁ:{:ﬁ] }gﬂlsgf%%gp gg{fﬁg gvﬁ\‘g‘altenf'%'d uced
i nto the bat hundgorexdyeing canaresultstromainonaraniatdons dnctheul at ed 20
Fhe dye [ Thaibds Snudces f6aceaner, Whiloievdldrgnanapon ! On Of
I o'wes%/ conéenﬁ%ﬁr&iﬁgl Jﬁgﬁﬁﬁfrﬁgf‘,g?n\a,\@gﬁ‘gn%nW%rﬁTe ﬁﬂ%g’eg? ABPTEVE| ng
wool , the dye dyeirice undiformityniwithl stroctube senziticfe Ayesl0GVSM0 or nore
times the equiddgedite BometdNes?pradid@donly 1imited increases in dye '

uniformity and usually have disadv&ntages including

increased initial expense and higher cost to treat the

10 spent dyeing bath. In addition, because of their
. retarding effect, such chemical agents can sometinmes

increase dyeing cycles or make it difficult to obtain deep
colors or dark shades. Also, dye yields from anionic
dyes, i.e., the strength of color produced from a given

15 quantity of dye on the fiber, are sometimes not as high as
desired. '
SUMMARY OF THE INVENTION .
' The invention provides an improved process for the
dyeing of a fibrous article containing wool with at least
20

one anionic dye and dyed products made by the process. A
process in accordance with the invention includes
immersing the article in a dyeing bath of a liquid solvent
for the anionic qye. The liquid solvent and the article
are heated to a temperature at least equal to the dyeing
25 transition temperature. The anionic dye is added to the
- dyeing bath as a miscible liquid concentrate at a
controlled dye addition rate during a dye addition period.
At least a portion of the dye is added while the bath and
article are at temperature at least egual to the dyeing
30 transition temperature. Stirring of the bath during the
dye addition period and while the solvent and article are
up to the dyeing transition temperature is done to mix the
dye concentrate with the solvent in the bath to form a
~dilute dye solution and to provide a flow of the dilute
dye solution relative to the article to cause the dye to
. be transported to the article. The stirring also
provides, on the average, essentially uniform dye
transport of the anionic dye to the article. 1In

35
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remains in this range for a significant tine until it is gradually
decreased as the tenperature is slowy increased to cause the dyeing to
progress. |If concentrations were to equal the concentrations used in
conventional dyeings 30 for a substantial period of time while the fiber
contained little dye and was well above the dyeing transition tenperature,
a visually un-level dyeing likely would Besult, particularly when

conditions ar mcmﬁmcejmmmesph:ewsd Sthe m;te trwtel Vios adiuatiedr atess
than about 10%

hile 1 the! &di¥eh fuhh jww%r Caferdtuiye cycle
times which are ac |eva I n accor

resent vention, the
rate of dye aﬁt*%ﬁ?@‘s‘otﬁm Wrth&ht r at i on
of dye in the gutetlie dye Jzﬁidiﬁ:ﬂmamtediatthéeptm ceonfrobwesir the

concentr at |50n i&éh&b&w’uﬁ&ﬁ l:lye%'ﬁte ﬁ?@ﬂ&lg 5 tines the final
equi | i brium
’ In accordance with a preferred form of the
invention, the conditions in the liquid solvent are
maintained so that the anionic dye transfers less than
about 10%. _

10 In accordance with another preferred form of the
invention, the process is performed in a dyeing machine in
which the stirring provides a number of repetitive machine
cycles and the dye addition rate is adjusted so that an
amount of dye between about 0.5% and about 7% of the total

15 dye is added to the dyeing bath during a machine cycle,
most preferably between about 0.5% and about 3%.

In accordance with another preferred form of the
invention, at least about 33% of the dye is added to the
bath while said solvent and said article are at a

20 temperature at least equal to the dyeing transition
temperature, most preferably at least about 50% of the dye

. is added at- this time. . '

In accordance with another preferred form of the
invention, the dye addition rate is adjusted so that the

25 concentration of dye at location of lowest concentration

- 4n the bath is not greater than about 100 ti.mes, most
preferably not greater than-50 times, the £inal
equilibrium concentration for any substantial period of
time while the solvent and the article are at a

30 temperature at least equal to the dyeing transition
temperature.

In accordance with another preferred form of the
invention, the rate of dye addition is adjusted so that
the concentration of dye in the solvent as measured at the

35 point of lowest concentration in the bath is at least '
about 2.5 times, preferably at least about 3.5 times, the
final equilibri\m concentration for a sustained period of _
time while the solvent and the article are at a
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concentration for a sustained period of tinme while the solvent and the

article are at a tenperature at least 5 equal to the dyeing transition
tenperature. Preferably, the sustained period of time conprises at |east
about 10% of the tinme while the solvent and the article are at a '

tenperature at |east equal to the dyeing transition tenperature.
Preferably, the concentration in the bat*h at 10 the | ocation of | owest

concentration tehpebature| atisleasteqdk 4o e dyeinguitrabsition o
conﬁ_ent rati lon. teipepatarel al pPeLeLIBEP, VY Vidthihed! Periodl ofcREmb! i Ve
machi ne cycles, e.

., turnoyers of the fabric¢ in beCk dyer or cfrculation
of the bath i n%géﬁﬁﬁea 5 eﬁﬁgr,‘b??t%g%r%ﬁcé‘?%ﬁé‘%%&’et ﬁ@i?'ﬁf‘ of
dye additi on senfihtheaarticlet apé ayecabeemperatahm tat) leketneguaduto’thefl

the total dye | ggq.@e@ﬁp‘sgtggﬁhigﬁﬁgyg{:&ép_ achi eve, on the average,

essentially uniform“dye transport a visual |y level dyeixng i n accordance
with the invention. 20Thepdtventdeon,ds usgful i A 'b#dw@m%éaﬁ Ah

0.5% and about déiing pidcésdes. dgingnanliontc dyés. Buiririsingly, it has
been found that when used under conditions such that the
dyes transfer less than 10%, anionic dyes are utilized

10 more effectively vhich can provide either better dye
yields or the achievement of deep colors or dark shades
vwhich were otherwise difficult to obtain or were
unobtainable. Also, dye cycles for all types of dyes can
be substantially shortened which can decrease cost and

1S decrease the strength loss which is known to occur in wool
dyeings. Moreover, the :I.mproveﬁents in dyeing are often
achievable without the use of or by using lower .
concentrations of chemical levelling or other chemical
agents vwhich, in significant concentrations, can

- 20" complicate treatment of spent dyeing bath liquids.
PETAILED DESCRIPTION
' There are a wide variety of fibrous articles
containing wool which can be dyed using the process of the
invention including, for example, yarns, fabric, carpets

25. and garments. Wool as stock can-also be an article dyed

by this process. Fabrics include the usual textile forms-
including woven, knitted, and non-woven varieties. The

wool can be present in the article together with any of a

variety of other synthetic or natural fibers. Typical of

such articles are yarns made from a "blend" of wool with
other fibers and fabrics and g'arments made from such
yarns. . The other fibers in such articles may or may not
undergo dyeing as the wool is dyed in the process. - In

addition, the wool to be died may already contain the sane .

35 or a different dye. For example, the process of the

invention may be used for a dye ®*add" to get to "shade"™
with the fiber already containing most of the dye before
the process is used. '

30
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| aboratory dyei ng equi pnent, percentages of total dye per cycle are
typically I ower since |aboratory equi pnent -usually has a high turnover
whi ch woul d not be 25 practical for use in |arge commercial dyeing
equi pnent al t hough excellent results are obtained. Rates of dye addition
based on the fabric weight in comerci al geck dyers are usually on the
order of about 0.0005 to 0.5% dye/mnute. The rates at the |lower end of 30

the range are useful ¥be fpespesednin the practiee afcthgsPresentxirenely
hi gh affinityigyentienpapei drionic/idyeti ana ayebng of thehidel cdel es for

reforrad pr ofoeeupt EpRed YCHFPRRE of irmk ADeR°tHkNGn LRSMdotafidY | T
the dyes traneofethecdyet molecules with nitregenncontainingjgremps Mvent i onal

wool dyei ngs, Rkl WebPS£EBAEAI NUGSL VGl o3t dyesPagdUfiesibéts o thaher
relative dye SLognAlOwhoc1hE8 S8 adfaPidyes .Y inother type of anionic
dyes is the type referred to as “pre-metallized" dyes
which are the reaction products of, for example, chromiun
or cobalt and selected dyes. as will become apparent
10 hereinafter, mixtures of two or more dyes are often used
to achieve a desired shade. In this application, the word
"dye" may be used to refer to a single dye or multiple
dyes as in a mixture of dyes used in a dyeing process or
on a dyed article. 1In processes using more than one dye
15 such as in dye mixtures to achieve compound shadeé, a
process is intended to be within the scope of the
invention provided that at least one &ye of compound shade
is applied to an article in accordance with the invention.

In accordance with a preferred process in _

20 accordance with the invention, conditions are used in the
dye bath so that anionic dyes transfer less than about -
10%. Transfer is a measure of the propensity of anionic
dyes to migrate from one dye site to another after being
absorbed by the fiber. Transfer under a given set of

25 conditions. can be measured in a mock dye bath as in the
transfer test method described hereinafter.

Providing transfer of less than 10% can easily be
accomplished by use of dyes from a preferred class of
dyes, the “structure sensitive" anionic dyes. These dyes

30 are usually large molecule acid ("milling“) dyes or pre-~
metallized dyes vwhich are non-levelling, i.e., the dye
molecules do not "transfer® significantly and thus migrate
very little from one dye site to another after being '
absorbed by the fiber. Typically, structure sensitive

35 dyes “transfer" less than 10% under normal conditions of
use. "Structure sensitive" is the term applied to such
dyes since non-~uniform dyeing can result from even minor,
and otherwise undetected, variations in the fiber physical
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17 content, i.e., to have a higher relative dye yield, than can be obtained
ausing conventional processes. Depending on the type of dye being used, the
tenperature and pH conditions in the dyebath can be used to adjust the 5

rel ati ve dye yields obtained for a process of the invention in the same
type of equi pment under the sane conditions. For exanple, with npst anionic
dyes, decreasing the pH will provide i n&eases in relative dye yields. For
dyes whi ch | evetriatére consueh ivariatlibnsc oodulri naeurhnymjmbmane.si rable to

enpl oy | ower t e Ctg asin
trgns?‘/er V\|r!t hﬁgﬂg@%g@%&“‘i&&?ﬂ%ﬂ%ﬂ%@ﬁh {;ng ransitl ongt errpgr ature,
rel ative dye yFQT‘S%t,’ﬂ%\ﬂm ave Agsi tﬁﬁe@éns@%@%@%ﬁﬁﬂuﬁ €? ease.
However,

in 15th6ﬁﬁeﬁ8§hf£§ﬁﬂeésp®igﬁtﬁkﬁﬁaiucert Bethexi mum benefits in
terns of dyg yield wt

to obtain a visually | g‘ﬁ:ﬁ%{g?,e#ﬁgeﬁ&ﬁ?été&’ﬁﬂﬁfff tHi% %%eﬁeﬁnkgnq bficult

the invention to these specific dyes, commonly used
structure-sensitive dyes are represented, for example, by

the list provided below (C.I. refers to the Color Index,
3rd edition, 1971):

10 - C.I. Acid Yellow 220
C.I. Acid Orange 162
C.I. Acid Brown 282
C.I. Acid Brown 283 )
C.I. Acid Brown 226 REPLACTMENT SHEET
15 C.I. Acid Red 407 .
C.I. Acid Red 251 19 FEB 897
C.X. Acid Black 60
C.I. Acid Blue 317
C.I. Acid Blue 80
20 C.I. Acid Blue 171
C.I. acid Blue 336
C.I. Acid Black 172
For iiyes which are normally described as
“levelling" dyes since they transfer readily and “level®
under the normal conditions of use, transfer of less than
about 10% can be accomplished using conditions of low pH,
low temperature, or both. In addition, with dyes which
are normally strongly levelling, it may be necessary to
perform the dyeing rapidly even though the conditions in
the dyeing bath are such that the dye transfers less than
about 10%. Otherwise, the dye yield benefits which are
othervise obtainable using the invention may be diminished

due to dye transfer which occurs after the dye is on the
article.

35

25

30

As in conventional dyeing processes, it is
desirable to scour the article before dyeing to remove
sizing and other naterials which may adversely affect the
dyeing. 'rhe fabrics can be scoured, for example, in an



Accordingly, it may be necessary to sel ect cqn vide a
conprom se between relative dye yield 20 inc rovi.de a

| evel dyeing without extraordinary care. The of the

i nvention using dyes under conditions such tHat [ | ess than
10%is capable of mnimzing the sensitivjtyjto structural 25 ¢ifferences
in the fibers which can | ead to non-uniform cyed ' hat the

t ra][lSport of dgen diato ddammigl tlanges orofint tite cappHcEL ' \?feas:erhe aideﬁl |
unitorm a u \' eln n a
achi eved usrlr)\%& \Q‘lc,l"on\a/A@J%{“’l aleé‘ e B belR ol g‘g&igdé‘g?}BO%ﬂer dore

dcess since S are dyed
nore uni f or m%olﬁlepfﬁm W"Mé&' arengenerakly puikabls, s al so

poss: ble to agligis vt&!lﬁaf wlztw'sf ahez‘?d)vesaumnbxxgl achuéta@tduelﬁgcté
concentr ats. 3 t#‘%s e %'?*@F?@?— i, hasslel pbletphle "7 1°
the dye will mmtmd dWiBy TJga mmdebuamqmaﬁdcompany, Inc.
of Wilmington, DE). After scouring, the fabric‘should be
rinsed such as by being immersed in hot water.
In the process of the invention, the article to be
10 dyed is immersed in a dyeing bath containing a liquiad
solvent for the anionic dye. The dyeing bath can take a
wide variety of forms in which the article is totally
immersed in the bath throughout the dyeing process or is
partially immersed at any one time and is moved in a
15 cyclical or random fashion to provide contact for the
entire article with the solvent. Partial immersion is
useful for articles such as fabrics where the fabric can
be progressively advanced through the bath, either in
continuous rope form or by reciprocation of an article
20 having a discrete length, so that the entire article is
ultinatély dyed. A preferred process employs the bath
formed in a beck dyer for fabric in which the fabric is in
the form of an endless rope and is moved by the action of
the winch-reel. Most preferably, a beck for use in
25 accordance with this invention is modified to include a
punp and appropriate piping for external circulation of
the solvent. Jet dyers are advantageously used for wool
blend fabrics such as wool/polyester blends.
The liquid solvent for the dye is any suitable
30 ‘solvent for the dye which is capable of transporting the
dye to the dye sites on the fiber and which is otherwise
eompatiﬁle with the fabric, dye and other aspects of the
process, e.g., aqueous ligquids and methanol are suitable
solvents. Preferably, the liguid solvent is an agqueous '
35 1liquid which contains less than about 10% by weight of
additives for establishing and maintaining the desired pH
and for other purposes. Suitable aqueous liquids useful
in the process contain additives for providing a buffer



the dyei ng RE?EAG@@NTeghEEE a conventional dyeing. In addition, where the

dye i s added |nto the bath}bgfore the 18 bath has reached its dyeing

transitionjt qug,ﬁh fdye vhich is absorbed by the fiber before the
dyeing tra Sltl n terrperat re is reached will inpart some conventi onal

dyei ng chafacét+ertsttrcs—to h¢ fiber inthe 5 artlcle For setting up a
commer ci al {process in accord nce with thé |nvent|on I s advant ageous for

the process 10 n de i) rﬁ&r q o

generally to t?g&#bsen*%;éoces coh oﬁnes tog‘ gmapéﬁgré sca e
process, a dyeandcemmeninm:acetate rn ghe Sfnahoyt ﬂ*ab!fa“ﬁ Bt a rate
based on past gx¥ficpecaseal €6 ihfuéﬁnﬂ@rpﬂilﬁﬁ laaieud tabl@s 1eve1be otmérr ned.

Due to smaller natios of Lhe, weight.ofs ihe o ae

5

1%

elling agents,
retarders, and the like which are referred tc collectively

in the present application as "“dyeing auxiliaries®.

Dyeing auxiliaries can be present in the process of the
invention although such agents often are not needed. If
dyeing auxiliaries are present in the bath, a much lower
concentration is typically used to keep the dye cycle to a
reasonably short duration. Dyeing auxiliaries can be
useful and may be desirable for compound shades of dyes of
differing atfinities.

When the bath has low levels of or is
substantially free of dyeing auxiliaries, significant
advantagés are obtained in the treatment or disposal of
the spent dye liquors. Moreover, the dyed fiber may be
substantially free .of residual dyeing auxiliaries or such
agents may be present only at much lower levels than in
fibers dyed by the conventional process for structure
sensitive dyes which typically require high bath
concentrations of dyeing auxiliaries. In addition, it is
possible in ‘some instances to use the spent dyeing bath
for after-treatments such as for improving wetfastness,
lightfastness or softness, applying antistats, and for
other known after-treatments employing chemical agents.
Metallizing can usually be ‘done in the same bath. For
such after-treatments, the chemical agent can be added to
the hot bath using a technique similar to that used to add
the dye in a process in accordance with the invention. 1In
addition, it is also possible to reuse the spent bath in a
subsequent dyeing if dyeing auxiliaries are absent or are
present in sufficiently low concentration.

The anionic dye is added to the dyeing bath as a
miscible liquid concentrate at a controlled dye addition
rate during a dye addition period. “Dye addition perioa"
refers to the time period beginning with the first .
addition of dye and ending with the final amount of dye .

10
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bath to the weight of the goods and particularly the |ower 15 turnover

rates in |arger scale dyers conpared to typical |aboratory dyers, the dye
addition rate or conditions used may have to be further nodified for
successful larger scale dyeings. In the preferred formof the invention, it
I.s 20 wusually only necessary to carefullyycontrol the process during the
rapi d dye upt ake phase and, at nost other tinmes during the process,

t enper at ure HRing ddedy h Thendiengbhsofcthe ndye addition graxicd sdddr ol | ed

For exanpl e, eaEly Neide Katieeh0abbatdsshi Adtés MR At aRmdursione |25'
and i thout (FRERLETRAEH dUs HadsksBhCpaFRons Befhl AEISHF UK 20 P01V
dyei ng wool . &ndsabaup ka0 minwties.adVpanagtivring nee will e expladined
onesy o o ety sigchas suguss gt dupamaneds 0 Lhe
procedure W1 Ly 0o R Yl ERSEIIE, 8 bhel b BErSStiA Bre (o
event that itsotutiienovet¥Miscible liquid concentrate" is intended to
refer to a solution in which the dye is fully dissolved
and which can be added to and mixed with the liquid
10 solvent in the bath to form a dilute liguid solution of
‘the dye in all proportions of such concentrates which
would normally be mixed into a dye bath. The solvent for
the miscible liquid concentrate can be different from the
liquid solvent provided that the introduction of a
15 different solvent does not otherwise adversely affect the
dyeing process. When an agqueous dyeing bath is used, the
solvent preferably used in the miscible liquid concentrate
is water. _
As will be explained in more detail hereinafter,
20 the dye addition rate is adjusted depending on the amount
of dye to be applied, the characteristics of the article
to be dyed, the type of dyeing apparatus, the type of dye
and the conditions of the dyeing to achieve the desired
results. Preferably, to facilitate control over the
process and make the process more easily reproducible, the
dye is added continuously and at a constant rate during
the dye addition pericd. . S .
In processes in which the dilute dye solution in
the bath is circulated by means of a circulation pump, the
30 1liquid dye concentrate is preferably added to the solvent
ahead of the circulation pump. A metering pump'is
advantageously utilized for this purpose. When dyeing
wool fabrics such as wool/polyester blend fabrics which
can be dyed in a jet dyer, the circulation pump supplies
35 the dilute dye solution to the jet nozzle so that the
newly-added dye contacts the fabric first in the jet.
' In a process in accordance with the invention, the
dye hith'containing the solvent and the article in the
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early in a dyeing process that the conditions in the bath are not as
.desired, the dye addition can be stopped and 35 the desired conditions
establ i shed before the dyeing-is resunmed. After the dyeing is conplete, the
dyeing bath is cooled, typically to bel ow about 175[err]F (79.4[err]C) and
19 dropped. The article can be rinsed, ﬂﬁiEd and subsequently used in a
conventional manner. It is believed that inprovenents in dye yield are due

Eﬁai htehgi 5\; :) : @fyfégg@ Qi‘&gw&rfbntn&g:egyeé artbﬁbeﬁ?tﬁfe&timsoewi aved .

. r

than fil anment sﬂﬁw ‘Té"*%tgh%ﬁs‘&i%&f: Q'[ ﬁ%ﬁ&%ﬁ%@%.aggﬁflﬁﬁé %f?@é%éeﬁferegg ye
t hat the wool thimrappkicationyedyedng

! _ : pod; iperature refers toe
dyed with norepkly sedifphdhtiiz®s Atiridd AyRing with a articular aye at

§ which the wool fiber structure opens up sufficiently to

allow a marked increase in the rate of dye uptake. The
dyeing transition temperature for a dye/fiber combination
may be determined by running a dyeing under the conditions
to be used and plotting & dye exhaust with respect to dye
10 bath temperature when increased at 3°C/min. The
temperature at 15t exhaust is the dyeing transition
temperature. If more than one dye is to be used in a
" dyeing process, the temperature in the dyeing process is
preferably at least egqual to the dyeing transition
temperature of the dye having the highest dyeing
transition temperature (usually also the most structure
. sensitive). 1In the preferred form of the invention using
a beck dyeing apparatus modified to include a pump for
external circulation of the bath liquid, heating can be
achieved using a heat exchanger through which ligquid from
the bath is circulated externally. '

In a process in accordance with the invention, at
least a portion of the dye is added while the solvent and
the article are at a temperature at least equal to the
‘dyeing transition temperature. This part of the dyeing
process can be referred to as the "rapid dye uptake
phase", i.e., the time period where there is dye in the
bath and the solvent and article are at a temperature at
least equal to the dyeing transition temperature. 1In a
process where no dye is added to the bath until the
solvent and article are at least equal to the dyeing
transition temperature, the rapid dye uptake phase will
begin when dye is first added to the bath. In a process
where dye addition is begun before the bath is up to
temperature, the rapid dye uptake phase will begin when
the solvent and article reach a temperature at least equal
to the dyeing transition temperature. In typical

is5
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sses, the rapid dye uptake phase will end when the
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10 to the surface of the fibers than in the interior but the ring-dying of
at | east sone of the fibers is asymretric, i.e., nore dye being present on
one side or the other. It is also believed that fabrics dyed by the process
have nore dye on yarns adjacent to the surfaces of the fabric 15 than in

the interior of the fabric which is different fromthe nore uniform
di stribution obtained using conventional ptocesses. Wiile the dye may be
non-uni f orm Ybsli:xstié befgsusted "ol ior; atalthiecangnde thengyédwgi nvention

can be 20 Ei‘?% | evel and are highly uniform Al though the invention is
appl i cabl e to“other tﬁges of fabrics such as non-wovens and tufted fabrics
used for carpeting, pPurdpgecthespapid dye ARtGkeaRpbase dn ope PROERYYSH are

sgldect ed fro i-beee:c asf aeaara&nﬁa witi Rie adwwtiwg\;eeha&gﬁgume I'n
tructure Senth, b8 ERER, fpactné "Sreftie i Tal°pAR" 4 pRsRbaialR. "¢
det er mi ned fogenerpBay/ qyassml satthat the dyeing process is not

affected by temperature changes which may affect the rate

of dye uptake by the article. Generally, provided that

the temperature remains above the dyeing transition

10 temperature, the temperature should be controlled to
‘within +10°C, preferably +5°C. Also, in agueous systeus,
it is usually preferable for the pH to be maintained
generally constant. Yt has been found that controlling
the pH to within about +0.2 units is suitable.

15 In some processes, particularly processes using a
dye mixture where one dye is structure sensitive and the
other is strongly levelling, it may be desirable to
decrease the pH and/or lower the temperature as the dyeing
progresses to promote the exhaustion of the 1eveiling dye

20 from the bath. This is usually desirable towards or at
the end of the dyeing since the structure sensitive dye
may strike too fast and cause an unlevel dyeing if the pH
or temperature is too low initially. Decreasing the pH
can be done by metering a suitable acid solution such as

25 acetic acid into the bath after the dye addition period or
by using an acid donor such as the acid donor sold by
Sandoz Chemical Co. under the trademark SANDACID V® which
hydrolyzes and lowers pH in a gradual, controlled manner.

In a preferred process of the invention, at least

30 about 33% of the dye is added to the bath when the solvent
and the article are at least equal to the dyeing
transition temperature, i.e., during the rapid dye uptake

" phase. Most preferably, at least about 50% of the dye is
added during the rapid dye uptake phase. Increasing dye

35 vyield benefits will be obtained with increases in the
amount of dye added during the rapid dye uptake phase.
However, it may be desirable to forgo some of the dye

REPLACEMENT SEEﬁ’ﬂ" i.ngrease to take advantage of decreased cycle time
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30 A sanple of the article is prescoured in a bath containing 800
g water/g of sanple with 0.5 g/l of tetrasodi npyrophosphate and 0.5 g/l of
MERPOL HCS[err] (a liquid non-ionic detergent sold by E. |I. du Pont de
Nenours & Conpany). The bath tenperature is raised at a rate of 35 -about

3[err]Cmn. until the bath tenperature izs 60[err]C. The tenperature is
held for 15 mnutes at 60[err]C, then thle fiber is rinsed. (Note that the

]p_r ESCOU{fte”p@tﬁTcﬁf fafu Ve BRtainedcByt AadiNg 4t Aeddt Goues HFehlel@geof the
| ber.

br oscour 1 empaliie Ehe Bt BReorl” sk TBTHE' 18 G0 MR RateRidER 00 0,
t enper at ure.) tempensture.nt hout the article) with a sinmlar quantity of
water is adjusted to ptiatfig |df aHe birhbaaeengn t_Qedy@imiqm{ he
article) of the W and ene KAty ayetuptlke "BHLLESIS adke WA RIS RER! e are
dye concentrate with the solvent in the bath to form a

dilute dye solution and to provide a flow of the dilute

dye solution relative to the article to cause the dye to

be transported to the article. The term “stirring® is
intended to include any means of mixing and imparting
relative motion betweén the article and the solvent in the
dyeing bath. The relative motion between the article and

the solvent can be imparted by circulating the solvent in

the dye bath, moving the article in the solvent, or both

15 moving the article and circulating the liquid. In the
preferred process employing a beck dyeing apparatus, both

the article is moved and the bath liquid'- is circulated by -
action of the rotating winch-reel. For beck dyers, it is
desirable to have a pump for external circulation of the

bath liquid into which the dye concentrate can be added to
facilitate iuixi.ng. It is most preferable for the dye

concentrate to be added to the bath liquid ahead of the
pump. ' '

10

-20

The stirring also provides, on the average,
essentially uniform dye transport of the anionic dye to
the article during the dye addition period and rapia dye
uptake phase so that a dyeing résults vwhich is
sufficiently visually level to be useful for the intended
purpose. Typically, a visually level fabric has shade
variations across the fabric which are less than about S5%.
Thus, during a process in vhich there are a number of
repetitive cycles as in the preferred form of the
invention in a beck dyer where the fabric rope cycles
numerocus times, the dye transport to the fabric may not be
'35 - uniform in any one machine cycle. However, the additive
effect ¢f dye transport during all of the cycles is such

25

30

: e XRAE & level dyeing results since dye transport %“on the
REPLACEMENT SHtR{lrager is essentially uniform. As will become more
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added. (If nore than one dye is to be-used in the dyeing procéss, t he dye
believed to have the highest Dye Transition Tenperature should be used to
determ ne Dye 10 Transition Tenperature. Usually, this dye will also be

the nost structure sensitive.) The pHis adjusted to 5.0 using nonobasic
sodi um phosphate and acetic acid. The ar 5cl e is added and the bath
tenperature is increased to 95[err]C at a rate of 3[err]Cmn. 15

Wth every Bippariedtr heredinafier,t dtpuaytbe cdesinable giinanense she. 25 ni
is taken fr

Lo raxen | %{iﬁ{af%éy%%fé,h-llﬂl%t %ﬁﬁphﬁéli’&%ﬁ%ﬂ Shte), ROBOETRY at ur e and
absor pance Ol eaclhl Sa e alt a vel en no 0 _De usear u or
noni tori ng t9RFRRASG saﬁég}?%‘tﬂﬁea\g%pgmg&? cﬁfﬁ"%# BeR FYSge and,

Per ki n- El mertisdéby Oincheases ivniformityr dpactonthe rgréater rvE@Enaging
| nstrunegts,

. i . 0
I s cal cullat e%%e:oﬁ?%d&%%?or g%g%%?géé%%ﬁf{%}%?% exhaust
t enper at ur e 304 150, enphle, f Jr &oqbe F‘Fé?@f-?‘i‘o Y&ﬁ)&ﬁiﬁ’?ﬂl’ e
for stirring to be performed constantly and at a constant
rate. _
In accordafice with the invention, the dye addition
10 rate is adjusted to be the primary control over the rate
of dye uptake by the article at least while the solvent
and the article are at or above the dyeing transition
temperature. The type of adjustment of the dye addition
rate necessary to accomplish this may be better understood
15 by reference to Equation I which takes into account
factors impacting the dyeing process:

Ds : r

20 ' o K+ Df 5

In Equation I, Ds is the diffusion coefficient of the dye
in solution, Df is the diffusion coefficient of the dye in
the fiber, K is the equilibrium distribution coefficient
25 for the dye-fiber system, r is the radius of the fiber,
and § is thickness of the diffusional boundary layer. 1In
a process in accordance with the invention, it has been
discovered that adjusting the rate of dye addition into
the bath and coordinating the rate with other conditions
30 . in the bath so that the rate of dye addition is the
primary control over the rate of dye uptake provides low
values for L in Equation I. It has further been
discovered that the maximum benefits of the invention
result when I is very lovw, preferably approaching gzero.
35 To cause thé rate of dyé addition to be the
primary control over the rate of dye uptake and thereby
provide low L values, the rate of dye addition is limited
so that the fibrous article, which ‘is readily capable of
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% Transfer can be determ ned using the AATCC Test. Method 159-1989 (AATCC
:Techni cal Manual /1991, p. 285-286) except with the nock dyebath being at
the pH and tenperature of the actual process under consideration and 30 a
30 minute tine period are used. Percent transfer is calculated in this

met hod by measuring the relative dye strength of the original dyed sanple
before (control, 100% rel ative dye stre}ﬂgt h) and after the transfer
procedure. Thecekpting dye isinde 1% tisaadoye. the dyeing trawsittione Dye

Strength i s agdpfhétdthfi-dTe o ch 1@%155&@@& ngf m¥e afe deladris

det erm ned photo cal I%e‘f or, ser,j.es of [i cssd W t hct Crali® dye
with the sarrpﬁ"é"@‘é‘?fL J‘Hﬁﬁ%t‘?’(ﬁf%l" 8P pr 8 (PR Y 21
arbitrarily de:ic!mettul the latingid 6ty aduxch dlowdyethancinté.

5 conventional process and the influence of the diffusion
coefficient in the fiber, Df, is therefore substantially
less significant than in a conventional process. Also,
the value for Ds/(K * Df) will be smaller than in a
conventional process and will lead to lower L values,
primarily because the value for K will increase as the
concentration of dye in the dye bath decreases.: This
effect is particularly pronounced in the preferred form of
the invention where dyes are used and/or conditions
established so that the dyes transfer less than about 10%.
In such cases, the value for K is very high and is further
increased by the limited concentration of dye in the bath.

' Preferably, the dye addition rate is adjusted so
that the concentration of dye in the solvent at the
location of lowest concentration in the dyer is not
greater than about 100 times the final equilibrium
concentration for any substantial period of time while ‘the
solvent and the article are at a temperature at least
equal to the dyeing transition temperature. In a process
in accordance with the invention in which the dye is added
to the bath before the dyeing transition temperature is
reached, a high concentration of dye may temporarily be
present in the bath wliile the bath 1s at or above the
dyeing transition ,temperature. This time period with high
concentration should not be a substantial period of time,
i.e., should not be greater than about 10% of the time
when the bath is at or above the dyeing transition
temperature. For the maximum benefits to be obtained when
conditions are used or dyes are selected so that the dyes
transfer less than about 10%, it is preferred for the
concentration to not be greater than 100 times the final
equilibrium concentration for any period of time while the
bath is at or above the dyeing transition temperature.
Most preferably, the dye addition rate is adjusted so that
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Rel ati ve dye strength for a fabric sanple is neasured at the wavel ength of
m ni mumrefl ectance using a 5 MACBETH COLOR EYE 1500 PLUS SYSTEM

Spect rophot oneter, sold by Macbeth Division of Kollnorgen Instrunment Corp.
of Newburg, N.Y. A scan from 750 to 350 nm can be perforrred to determ ne
t he wavel ength of m ni num reflect ance fonpgthe dye. subsequent sanpl es

in a series with the sane e 10 arethen sur ed at he sane vel engt h.
For exanpl e,t‘l“he"mw nfd ‘?ﬁ%l%ﬁ?‘@ﬁ?g‘a@ﬂﬁ% 3ot iﬁ‘!‘?s the £ 122
is 640 nm Tégx:klaiﬁstmmr@dma!tmm conparative or control procedurg/ iisl'he
?grsrla?gﬂgds;n& ggn;gi‘ hen scalg@gflin I’le?n{I ve e s??oeﬁg g{'ﬂ?g; H00%
fol | owi ng: Rapnceptratienef dye in the pdyebath force, M‘P L dye
reflectanse. oetRéi ¥etivle CANAEGH (thé proctiss! conditions caiwiiich there
. is essentially no further increase in the depth of dyeing
without the addition of new dye. The final equilibrium
concentration can be determined with reasonable certainty
in the process itself by extrapolation from the
10 concentration measured in the dye bath at the end of the
dyeing process. Usually, vhen the dyeing process is
complete in a commercial dyeing, the dye will have been
sufficiently exhausted (and will have a uniform
concentration in the bath) so that the final concentration
15 before the bath is dropped can be assigned as the final
equilibrium concentration. During the dyeing process, the
location of lowest concentration in the dyer is usually
just ahead of where dye is introduced into the bath. For
example, in a process where the solvent is circulated _
20 wusing a pump and the dye is added ahead of the pump, the
concentration of the dye in the solvent just ahead of
vhere the dye is added will be the lowest concentration.
In contrast, in a conventional process for dyeing
, wool, the dye in the.bath is initially on the order of
25 300-500 or more tiwes the equilibrium concentration and
. remains in this range for a significant time until it is _
gradually decreased as the temperature is slowly increased
to cause the dyeing to progfess. If concentrations were
to equal the concentrations used in conventional dyeings
30 for a substantial period of time while the fiber contained
little dye and was well above the dyeing transition
temperature, a visually un-level dyeing likely would
result, particularly when conditions are used or dyes are
selected so0 that the dyes transfer less than about 10%. .
'35 To more fully realize the decrease in dye cycle
times which are achievable in accordance with the present
invention, the rate of dye addition is also preferably
adjusted so that the concentration of dye in the solvent,
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25 content determ ned photonetrically for a series of fabrics dyed with
.the sane dye with the sanple dyed by the conparative or control procedure
being arbitrarily designated as having a 100% rel ati ve dye content. The

relative dye content is determned in the 30 following way. First, a

sampl e of the article is out into small 6segm&*nts and about 0.1 gramis
wei ghed to +0.1 ng accuracy. Typically,™a test series qgf sanples of dyed
articles i s wasghedsuvedash theclocatioraf lawestswmonceotyhtionTin thepl es

are di ssol vedphgn30s8l a@f 1La&e1 &bdet £08 G fifed eerﬁdaam&m%ﬂmé\fter
sanpl e dISSO|UtI0n centri | O u effective
for renoving FPP&EPEFF&&S% Qrdﬁl ﬁ%ﬁﬁ‘m#‘é e‘?erﬁimeA"ggiﬁl 9% ner
C552- 000 UV- viepliwentspadt thehartieleraf@aatian ﬁqmrdt\n:ter atedeastNor wal k,
CT 1 9 FEB 19%&\;&1 to the dyeing transition temperature. Preferably,
the sustained period of time comprises at least about 10%
of the time while the solvent and the article are at a
temperature at least equal to the dyeing transition
temperature. Preferably, the concentration in the bath at
10 the location of lowest concentration will be at least
" about 3.5 times the equilibrium concentration.

In commercial processes employing a number of
repetitive machine cycles, e.g., turnovers of the fabric
in a beck dyer or circulation of the bath in a package

15 dyer, it is preferable to adjust the rate of dye addition
0 that an amount of dye between about 0.5% and about 7%
of the total dye is added in a nachine cycle to achieve,
on -the average, essentially unifo_nn dye transport and a
visually level dyeing in accordance with the invention.
Most preferably, an amount of dye between about 0.5% and
about 3% is added during a machine cycle. Using
laboratory dyeing equipment, percentages of total dye per
cycle are typically lower since laboratory equipment
usually has a high tﬁrnove_r rate which would not be
practical for use in large commercial dyeing equipment
although excellent results are obtained. .

Rates of dye addition based on the fabric weight
in commercial beck dyers are usually on the order of about
0.0005 to 0.5% dye/minute. The rates at the lower end of
the range are useful for low percent dye-on-fiber dyeings
with extremely high affinity dyes to provide a sufficient
nunber of machine cycles for adequate averaging to provide
essentially uniform dye transport. .

Using the preferred process of the invention in
35 which conditions are used so that the dyes transfer less

than 10% in the same equipment used for conventional wool
dyeings, articles centah_xing wool can be produced with a
higher relative dye strength for the same relative aye
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22 06856) is used to record the absorbance of the sanples. A scan from 750
1o 350 nmis perfornmed and the | argest peaks are chosen as anal yti cal

wavel engths for the dye tested. Al subsequent sanples in a series with the
sane dye are 5 then neasured at these wavel engths. Typically, sanple sizes
around 0.1 gram gi ve absorbance readi ngsjiyn the range of 0.3 AUto 0.8 AU
for the dye levels obtained. A corrected absorbance is cal cul ated for each

wavel engt h Ronkenty drSvety bays 8 highex xelative dye Mieldy, d
absorbance icun Ad aptaitied usingScondeit jona) /procésses. SDepemiingance at a
e onanel e g 2ty Bl Upedirihg imielBull St o OVc0 b
100% The resenditionein dhedyebath canlbg vredctaadinsk Ehenient by the
following 2Belative dye yields obtained for a process of the
invention in the same type of equipment under the same
conditions. For example, with most anionic dyes,
decreasing the pH will provide increases in relative dye
yields. For dyes which level under conventional
10 conditions, it may be desirable to employ lower
temperatures which has the primary effect of decreasing
transfer. With increased temperatures above the dye
transition tenperature; relative dye yields provided by
wmany structure sensitive dyes may increase. However, in
15 general, conditions which produce the maximum benefits in
terms of dye yield with structure sensitive dyes may make
it more difficult to obtain a visually level dyeing.
Accordingly, it may be necessary to select conditions
which provide a compromise between relative dye yield
20 increases and still provide a level dyeing without
extraordinary care. oo )
' The preferred process of the invention using dyes
under conditions such that the transfer is less than 10%
is capable of minimizing the sensitivity to structural
25 differences in the fibers which can lead to non-uniform
dyeing. Provided that the transport of the dye to the
article is, on the average, essentially uniform, a more
visually level dyeing can be achieved than is normally
achieved. using a conventional process since individual
30 <fibers are dyed more uniformly in a process in accordance
with the invention. -
) It is also possible to adjust the results of the
invention by including dyeing auxiliaries in the solvent
in the dye bath or including them in the dye concentrate.
35 1In general, auxiliaries vhich decrease the strike rate of
the dye will decrease the relative dye yield obtained and
the dyeing will be more like a conventional dyeing. In
addition, where the dye is added into the bath before the
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Rel‘. Dye Content (% = (Alerr] x 100)/Alerr] where: Alerr]
-absor bance of sanple; and Alerr] = average absorbance of the control
sanple. 25

This calculation is perforned for every anal ytical
wavel ength chosen in a given dye series. Relative Dye Yield is defined as

the ratio of the Relative Dye Strength to the Relative Dye Content: 30
Rel ative Dye Strength Rel. Dye Yield el ati ve Dye Content The invention
is illustrateddth thes mammgmmiagvmnnsnsiqmtmemmmo the

limting. Per W&@r&é&aﬂ W the ¢3pest BSE&&:éetthd 30 grans
of a scoured fabric

ven from 100% WO Ol S i r oduced
into a \Wrner m’st%‘ i %ﬂa&ﬁus% §8%€501 d by

Wer ner - Mat hi scd:hﬁeﬁtiomﬁl the:tngi chﬁadﬁaih&lipsct@ stheafébernin the
5§ article.

= aver age

For setting up a commercial process in accordance
with the invention, it is advantageous for the process to
be run first in laboratory scale equipment corresponding
generally to the chosen process conditions. In the
laboratory scale process, a dye addition rate can thereby
be determined in advance or a rate based on past
experience for the same or similar dyeings can be
confirmed. Due to smaller ratios of the weight of the
bath to the weight of the goods and particularly the lower
turnover rates in larger scale dyers compared to typical
laboratory dyers, the dye addition rate or conditions used
may have to be further modified for successful larger
scale dyeings.

In the preferred form of the inventi.on. it is
usually only necessary to carefully control the process
during the rapid dye uptake phase and, at most other times
during the process, tenperamre and other bath conditions
need not be as carefully controlled. For example,
elevating the bath to the desired temperature can be done
quickly and pH adjustment prior to dye addition can be

' done expeditiously and without the degree of care required
in the conventional process for dyeing wool. This is
particularly advantageous since, with only one critical
stage and when constant temperature and pH are employed,
the procedure will be easily feproducible' and it will be
possible to efficiently make repetitive dyeings of the
same fabric. NMoreover, in the event that it is discovered
eﬁrly in a dyeing process that the conditions in the bath

'&r& "t ‘ps-desired, the dye addition can be stopped and

the desired conditions established before the dyeing is
resumed..

10
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20
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After the dyeing is complete, the dyeing bath is
cooled, typically to below about 175°F (79.4°C) and
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23 the perforated basket and the see-through door is closed. The dyeing
bath is then set with 1800 m of distilled water at a 60:1 liquor ratio
(wei ght of bath to weight of fabric) at 80[err] (26.7[err]C) and then pHis
adjusted to 5.0 5 w th nonosodi um phosphate (ESP) and phosphoric acid.
0.15 g (0.5% on wei ght of sanple) of. ALB Blerr], a wool | eveling agent

L-
from C ba- Ggj Cor p. |sa e oth baﬁs heb evice is set into
not i on - by ad#% Bed, 1(5“‘? t t he basket :
rotates in csutsedquentlyniseah fiva mentiﬂnckmi hen stops for about
five seconds; then r eié%ei%d: ger M&ﬁ&nﬂlﬁhfﬂeﬁ areeconds.
Thi s sequence of cl o vm use, nte -cl oc s€ vements
continues 1599 £Q 7k ? f‘?ﬂ%&&t ‘Wﬁe g‘?&‘w es.Thi& provi des
adequat e smvﬂremlsofhebbem hthatgthe sodlt Bﬂhéabndjnmtplm tthqar ovi de

uni form appl ;GeL188 SbhrfaEed Ydiis VUhthid! fiore dye than filaments in
the interior of the yarn. In addition, it is believed
that the wool fibers are asymmetrically ring-dyed, i.e.,
the fibers are dyed with more dye being present adjacent
10 to the surface of the fibers than in the interior .but the
ring~-dying of at least some of the fibers is asymmetric,
i.e., more dye being present on one side or the other. It
is also believed that fabrics dyed by the process have
more dye on yarns adjacent to the surfaces of the fabric
15 than in the interior of the fabric which is different from
the more uniform distributi.on obtained using conventional
processes.
While the dye may be non-uniformly distributed in
the fabric, fabrics made using the invention can be
20 visually level and are highly uniform. Although the
invention is applicable to other types of fabrics such as
non-wovens and tufted fabrics used for carpeting,
preferred fabrics in accordance with the invention are
selected from the class eonsiating_ of knitted and woven

25 fabrics. In addition, it is preferable for the fabric to

be dyed with at least one structure sensitive anionic dye.
ZEET METHODS

The WLW is determined for a
fiber/dye combination as follows:

A sample of the article is prescoured in a bath
containing 800 g water/g of sample with 0.5 g/l of
tetrasodiumpyrophosphate and 0.5 g/1 of MERPOL HCS® (a
licquid non-ionic detergent sold by E.I. du Pont de Nemours
& Company). The bath temperature is raised at a rate of
35 about 3°C/min. until the bath temperature is 60°C. The

temperature is held for 15 minutes at 60°C, then the fiber
is rinsed. (Note that the prescour temperature must not
exceed the dye transition temperature of the fiber. . If
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The tenperature of the dyeing bath is then raised 20

.5[err]F/ mn. (2.8[err]/mn.) or greater to the dyeing tenperature. In this
exanpl e, the dyeing tenperature is held nearly constant at about 200[err]F
(93.3[err]C) during the dye addition period as the dye is added as

descri bed below. (The rapid dye upt akezahase of this exanple begins 25
with the additjon gf ri hedeLtak has 100% of, .t he dye
i s added duruﬂ‘ﬁﬁ% % sgfé“%btt % : %%%%’Fe‘éfe&’&‘ge&"&’ﬁ
Aci d Bl ue 336,preggaur menmeacimednpceéuuessmm be repeatediat
distilled 30 &Ee:s é&&&%ﬁ&@m&r t epne ThtR"PrER&it citfe Used s
cal cul at ed to e 20/% ber ass ng fg\ldgggete exh tI04] of the
dye. Using a Cﬁ/ﬂfﬁﬁfﬁ 1¥2i qui d
met eri ng p&mp 30‘?(11 and Im%nc(m&)onpthetwehgut ot vtheantidle) lof thearatel y
35 prepared u 86 f 8681 ah ﬁﬂ&sﬂﬂﬂ:é‘ th
avvay fromtheda VI ng%%ﬁ%&aﬁﬁiwl w?% aﬁ!& nut eeyninht{: Sﬁuivé?ent
to 0.05% dye/ npdded. ho(LE pere than one dye 8 t° e aye

process, the dye believed to have the highest Dye

Transition Temperature should be used to determine Dye

10 Transition Temperature. Usually, this dye will also be

the most structure sensitive.) The pH is adjusted to 5.0

using monobasic sodium phosphate and acetic acid. The

art_icle is added and the bath temperature is increased to

95°C at a rate of 3°C/min.

rapi dly by

15 With every $°C rise in bath temperature a dye
liquor sample of ~25 nl is taken from the dye bath. The
sanples are cooled to room temperature and the absorbance
of. each sample at a wvavelength known to be useful for
monitoring the dye is measured on a spectrophotometer such

20 as a Perkin-Elmer C552-000 UV-visible spectrophotometer

(Perkin-Elmer Instnments, Norwalk, CT 06856) using a
water reference.

The -¢ dye exhaust is calculated and plotted with
respect to dyebath temperature. The temperature at 15%
25 exhaust is the dye transition temperature.
Lmﬂst can be determined using the AATCC Test.
Method 159-1989 (AATCC Technical Manual/1991, p. 285-286)
except with the mock dyebath being at the pH and
temperature of the actual process under consideration and
30 a 30 minute time period are used. Percent transfer is
calculated in this method by measuring the relative dye
strength of the original dyed sample before (control, 100%

relative dye strength) and after the transfer procedure. '
The difference is the % transfer.

35 Relative Dve Strength is a relative measure of the
strength of dye in a fabric determined photometrically for
a series of fabrics dyed with the same dye with the sample
dyed by the comparative or control procedure being
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t he weight of fabric. Under these conditions this dye 24 transfers | ess
than 10% and there is never any visible build-up of dye in the dyeing bath
during the period of dye addition which is conplete in 40 m nutes. The
dyeing bath is then cooled at S[err]F/ mn. (2.8:[err]Cnin.) to 170[err]F 5
(76.6[err]C), then the fabric is overflow iél nsed, renoved fromthe dyeing

woven ool | aBEPRERREERY JefiTtd pB bR Agusl spTfRsvR e ' "0 o7 1€

( Conpar at i ve) stgength. 30 granms of the fabric described above S .
i ntroduced into the pwmﬂwnlf ranfic) @amplenigéhe previous

exanpl e. The Q%S! aﬁ%bﬁfﬁ@ﬁ:h r Q”%Fﬁ
Separately, O. c%ram; o?’ tﬁf Cl Iueag?:‘g:‘"R re:%\e;' |ze:jm%£‘|‘% dye, are
di ssol ved $n MACBETH COIOR EYE 1500 PLUS SYSTEM S%ecttop hotometer, sol

by Macbeth Division of Kollmorgen Instrument Corp. of

Newburg, N.¥Y. A scan from 750 to 350 nm can be performed

to deteramine the wavelength of minimunm reflectance for the

dye. All subsequent samples in a series with the same dye

10 are then measured at the same wavelength. For example,

the wavelength of minimum reflectance for C.I. Acid Blue
122 is 640 mm. -

The sample produced by the comparative or control
procedure is designated the control and assigned a
15 relative dye strength of 100%. The remaining samples are
then scaled in relative dye strength by the following:
Rel. Dye Stremgth (%) = % x 100,
20 and
v = O
where: R = reflectance. .
Relative Dve Content is a relative measure of dye
25 content determined photometrically for a series of fabrics
dyed with the same dye with the sample dyed by the
comparative or control ‘procedure being arbitrarily
designated as having a 100% relative dye content.
The relative dye content is determined in the
30 following way. PFirst, a sample of the article is cut into
small segments and about 0.1 gram is weighed to +0.1 mg
accuracy. Typically, a test series of samples of dyed
articles is weighed to each have very nearly the same
weights. The samples are dissolved in 30 ml of formic
35 acid at ambient temperature. After sample dissolution is
complete, centrifugation for 20 minutes is effective for
removing titanium dioxide delusterant when present.
A Perkin-Elmer C552-000 UV~visible :
spectrophotometer (Perkin-Elmer Instruments, Norwalk, CT
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15 200 m of distilled water. Al of the dye solution is then added to
.the dyeing bath in the conventional manner at 80[err]F (26.7[err]C). The
dyeing bath is raised at 1l[err]F (0.6[err]C) per mnute to 205[err]F .
(96.1[err] € and held for 45 nminutes. The bath is cooled and the fabric
rinsed and renoved as in the 20 previ 01# exanple. The result obtained is a
| evel bl ue dyei ngéon t he woven vvoolgé C and a Vi sual coI oréess dye

bat h. Assunmi nQSBRE) sificupeftp\EeqeEd cthe sahanas: s&?@ By t
i nventi on andsclaa €exopa?soi te asannineiszlserﬁtmd amleﬁeainrqesnt peaksw

that the rel apinee fugel @l d?hi'flkﬁiéﬁi‘sﬁgv&f %:s@% Q?QV edsugl e
process invention conpare convent | ona pr.o ess he corrpar ative
exanpl e. EXAVMIR spbsequent samples ip 3 €9EA9S (he Sepe,AYe &F8ur ed

wovEndwool sf altieh mdastifed 3¢ ttihsgsdeGNengﬂiﬁ 8 'fni:h:( | CBampleci er
Bec eing My e, chur u ucts,
ok dyel 1 MUl ol 370 GRlat 98 BbBbpSh ALY Soln o il
range of 0.3 AU to 0.8 AU for the dye levels obtained.
A corrected absorbance is calculated for each

wavelength measured on every sample in the series. The
10 corrected absorbance is:

A (corrected)' = (8§ X 0.1 gram)/ W
‘where: S = absorbance at a given wavelength; and
15 W = weight of sample in grams
_ The sample dyed by the comparative or control
procedure is assigned a relative dye content of 100%. The

remaining samples are then scaled in relative dye content

by the following:
20

Rel. Dye Content (%) = (Ag X 100)/2;
where: Ag = average absorbance of sample; and
A; = average absorbance of the control sample.
25 This calculation is perforned for every analytical
wavelength chosen in a given dye series. _
Relative Dve Yield is defined as the ratio of the
Relative Dye Strength to the Relative Dye Content:

30
Rel. Dye Yield = Relative Dye Strength

Relative Dye Content

The invention is illustrated in the following
example which is not intended to be limiting. Percentages
35 are by weight unless otherwise indicated.
| EXAMPLE 1
Paxt A
30 grams of a scoured fabric, woven from 100%. wool
(35 cm x 35 cm), is introduced into a Werner-Mathis
40 Laboratory Dyeing Apparatus, Type JF, sold by Werner-
Mathis U.S.A., of Concord, NC. The fabric is placed in
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wi nch of this beck, then sewn at the ends to forman endless 35 "rope." The
dyeing bath is then set with 25 liters of distilled water at 139:1 |iquor
ratio (weight of bath to weight of fabric) at 80[err]F (26.7[err]C) and
then the pHis adjusted to 5.0 with nonosodi um phosphate (MSP) and 25
phosphoric acid. 0.9 g (0.5% on wei ght of2xanple) of ALBEGAL-B[err] a

wool | evel i ngnagpeEtdratiaditanxet: Gﬁdfﬂw seei-a-.u&ddqﬁ aeoi—h:ea hetidzedlhe fabric
is set in m&hgn

t {fed emperature
of the 5 dyeéing gg%'};%e&#‘%gage ra "E#rﬁt?wgf I&_#.sti i
(2.8[err]C nf'ﬁt?rt%tt?le“lﬁl’elm u(‘ée W ] ?" k8| veight afyei ng
t enper at ur e ifabiede) akBO% (ccnﬂeontam thbnupﬂﬁﬁ)[mtﬁﬁem] C) during
the dye agdi Uﬁﬂ Qgﬁéggd %%:f g& ﬁ 3é 8cfaof C 1. Acid
55: §$| I3I32d a pr (o@igﬁ;lfﬁghm gﬂéx a1l )s g{ %32 ve§ B& 1000 nl of

levenng agent from c:l.ba-Geigy Corp., is added to the
bath.

The basket device 1‘5 set into motion by adjusting
the rheostat driven motor so that the basket rotates in a
clockwise motion for about six seconds; then stops for
about five seconds; then reverses to a counter-clockwise
motion for six seconds. This sequence of clockwise,
pause, and counter-clockwise movements continues
15 automatically throughout the dyeing procedure. This
provides adequate movement of the bath liquor and the
fabric sample to provide uniform application of dye to the
substrate.
The temperatu:e of the dyeing bath is then raised
20 rapidly by S5°F/min. (2.8°/min.) or greater to the dyeing
temperature. In this example, the dyeing temperature is
held nearly constant at about 200°F (93.3°C) during the
dye addition period as the dye is added as described
below. (The rapid dye uptake phase of this example begins
with the addition of dye during the dye uptake phase,
i.e., 100% of the dye is added during the rapid dye uptake
phase.) | '
Separately, 0.6 g of C.I.. Acid Blue 336, a pre-
metallized acid dye, is dissolved in 200 ml of distilled
30 wvater to form a dye concentrate. The amount of Adye used
' is calculated to provide 2% dye-on-fiber assuming complete
exhaustion of the dye. Using a precision (approx. 1%
accuracy) MANOSTAT COMPULAB® liquid metering pump sold by
Manostat Corporation of New York, NY, the separately
prepared dye solution is metered under the surface of the
dyeing bath away from the moving fabric at the rate of 5.
ml/minute which is equivalent to 0.05% dye/minute based on
the weight of fabric. Under these conditions this dye

10
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water to provide -1% dye-on-fiber assum ng conpl ete exhaustion of the dye.
.Using a precision (-1% accuracy) KANOSTAT CCMPULAB |iquid netering punp
sol d by Manostat Corporation of New York, NY, the separately prepared dye
15 solution is netered under the surface of the dyeing bath away fromthe
noving ‘fabric at the rate of 25 m/mnuje which is equivalent to 0.025%

dye/ te b ﬁ U th
dve transt or o WRrERers 143 tha® 1b8Cahd thbre L8 hebdl i’ WSS 17
20 in the dyduiddram afudyey imh&hey dyedng: bathpdirdng Fhe iperiab@fi ete in

40 m n;Jt ets Cqs;ae(rj&dﬂﬁm’ﬁ vd%fdf s eompReter QﬁthQﬁEﬁﬁtgﬁl | yrigd @y dib t he
rogress for Bt ga her febted B, AR LA YRS b R0 008 "
final equi i br(ﬁﬁ&f@enm &hemﬁhbnicsismwtﬁnﬁ% denoyedi LXOR | s
conpl ete. The ¢ly@®idite {ﬁ% @hauﬁggrr]F/mn (2. 8[err]Cmn.)
ol APeachad & L5 B! i S8R 1 o7
woven wool fabric and a visually colorless dyeing bath.
Part B (Comparative)
10 30 grams of the fabric described above is
introduced into the perforated basket in the JF machine as
in the previocus example. The dyeing bath is again set as
in the previous example. Separately, 0.6 grams of C.I.
Acid Blue 336, a pre-metallized acid dye, are dissolved in
15 200 m]l of distilled water. All of the dye solution is
then added to the Ayeing bath in the conventional manner
at 80°F (26.7°C). The dyeing bath is raised at 1°F (0.6°C)
per minute to 205°F (96.1°C) -and held for 45 minutes. The
bath is cooled and the fabric rinsed and removed as in the

20 previous example. The result obtained is a level blue

dyeing on the woven wool fabric and a visually colorless
dye bath.

Assuming the same relative dye content for the
fabric dyed by the invention and the comparative example,

25 reflectance measurements show that the relative dye yield is
increased 15% in the sample dyed by the process invention
compared to the conventional process of the comparative
example.

EXAMPLE 2

In. this example, 180 grams of a scoured woven wool
fabric (30.cm X 90 cm) is dyed in an 8 inch (20 cm) Saucier
Beck~dyeing Machine, manufactured by Saucier Stainless Steel
Products, Minneapolis, MR. The fabric is placed over the
winch of this beck, then sewn at the ends to form an endless
35 "rope." The dyeing bath is then set with 25 liters of

distilled water at 139:1 liquor ratio (weight of bath to
weight of fabric) at 80°F (26.7°C) and then the pH is
adjusted to 5.0 with monosodium phosphate (MSP) and -
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30 The result obtained is a |l evel blue dyeing on the wool fabric

and a visually colorl ess dyei ng bat h. REPLACEMENT SHEET 26 CLAINMS: 1. A
process for dyeing a fibrous article containing wool with at |east one

ani oni c dye conprising: inmrersing said article in a dyeing bath of a 5

l'iquid solvent for said anionic dye; heatygig said liquid solvent and said
article in said dyeing bath to a tenperature at

| east equal to the dyeing
transition t cRBeFBROFEC ACidy O0n80F (P3% On Nedgbt Qf cFARRIAL &% cnper at ur e
duri ng dye|ngnmanbaxrqﬂautkcube& velifig agenti fioi [CibasGeigpetarpyy is
sufficiently éfgsmfi | BheCeabrid 4d'Ge? iR AbeiUR Biplaes: adding
sai d anionic %m&%gsgcti . bat Gh-reel. The temperature of the
§ dyeing bath is then ra:lsed rapidly by 5°F/min. (2.8°C/min.)
to the dyeing temperature. In this example, the dyeing
tenmperature is held nearly constant at about 200°F (93. 3°C)
during the dye addition period as described below.
Separately* 1.8 g of C. I. Acid Blue 336, a pre-

10 metallized acid dye, is dissolved in 1000 ml of distilled
water to provide ~1% dye-on-fiber assuming complete
exhaustion of the dye. Using a precision (~1% accuracy)
MANOSTAT COMPULAB liquid metering pump sold by Manostat
_Corporation of New York, NY, the separately prepared dye

15 solution is metered under the surface of the dyeing bath
awvay from the moving fabric at the rate of 25 ml/minute
vhich is equivalent to 0.025% dye/minute based on the weight
of the fabric. Under these conditions the dye transfers
less than 10% and there is never'any visible build-up of dye

20 in the dyeing bath during the dye addition period vwhich is
complete in 40 minutes. Concentrations determined
spectrophotometrically show that the concentration of dye in
the bath at the after the dye addition has been in progress
for 5 minutes ranges between about S and about 20 times the

25 final equilibrium concentration which is reached after the
dye addition is complete.

The dyeing bath is then cooled at sﬂymun
(2.8°C/min.) to 170°F (76.7°C), then the fabric is overflow
rinsed, removed from the dyeing machine, then air dried.

The result obtained is a level blue dyeing on the
wool fabric and a visual;y colorless dyeing bath.

30
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mi sci bl e liquid concentrate at a dye addition rate duri%%__a,giiﬁddi-ti-on
period, at least a portion of said dye 15 being added while said solvent

and said article are at a tenperature at |east equakg ﬁ“hm
transition tenperature; and stirring said bath durﬂ M‘ i on
period and while said solvent and said article are &

& 20 tPenperature at
| east equal m_dyei ng transition tedperature to mix said dye
concentrate *d solvent in said bath to forma dilute dye solution

and to provide a flowdof dairrogess: Eoyydyeingta ofibrous iaxticlesai d article;
Cransporting (o Rharine J'F’é".‘d""“ B o A e
virgszm); Ie\gel whi ch 6#’3‘ %5%"%5'2# g? %ﬁ%}?‘% %eﬁ ng :
adj usted t & beliguidraaiments diexr slaidvaniontcréyg. of uptake of said dye by
30 said article at |egsda Gad 4 3&1&6&51@&&8&& SaiaCaPLfére 3fn a
termerature at | pisj ST T8 4 Uspldtare st desst quel to the
dyeing transitzon temperature of said wool with said dye:
add:l.ng said anionic dye to said dyeing bath as a
" . 10 "miscible liquid concentrate at a dye addition rate during
a dye addition period, at least a portion of said dye
being added while said solvent and said article are at a
temperature at least equal to said dyeing transition
temperature; and |

_ stirring said bath during said dye addition period
and vhile said solvent and said article are at a
temperature at least equal to said dyeing transition
temperature to mix said dye concentrate with said solvent
in said bath to form a dilute dye solution and to provide
a flow of said dilute dye solution relative to said
article to cause said dye. to be transported to said
article, said stirring further providing, on the average,
_fessentially uniform dye transport of said anionic dye to
‘said article:

saia daye addition rate being adjusted to be the
primary control over the rate of uptake of said dye by
said article at least while said solvent and said article
are at a temperature at least egual to said dyeing
transition temperature.

30 2. The process of claim 1 further comprising
maintaining conditions in said liquid solvent so that said
anionic dye transfers less than about 10%.

3. The process of claim 1 vherein said process is
performed in a dyeing machine in whi.ch said stirring
provides repetitive machine cycles and said dye addition
rate is adjusted so that an amount of dye between about

0.5% and about 7% of the total dye is added to said Ayeing
bath during a machine cycle.

15
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transition tenperature. 2. The process of claim1l further conprising

mai ntai ning conditions in said liquid solvent s mmuwnlmmll oni-c dye
transfers | ess than about 10% 3. The process oﬂ sai d

process is performed in a dyeing machine in which s&id-sthrr’ing provi des
repetitive machine cycles and said dye adgiption rate is adjusted so that an
amount of dye between boultheo pecass P Ulain’/B04nbheih kada e i s added to
sai d dyei ng bath durin

wherein said &4 q’(ﬂ?‘erngfe‘aiuﬁé‘tﬁ"ed""?g'??ﬂé?’l_gﬁ“grfbﬁerﬂgyeo?’f ﬁlgahrent \i/een
about 0. 5% andal3sat so-eﬁid@dtdolam fg added duringysl wacBingeygkecess of claim
1 wherein said dye is &, af{cproeebsNePUslainAdvwiieraificgaidandyd alee during
said dye 5 added continuously and at a constant rate during said dye
addition period.
6. The process of claim 1 wherein at least about
33% of said dye is added vhile said solvent and said
article are at a temperature at least equal to said dyeing
10 transition temperature.
7. The process of claim 1 wherein at least about
0% of sald dye is added while said solvent and said
article are at a temperature at least equal to saic

' transition temperature.

15 " 8. The process of claim 1 wherein said dye
addition rate is adjusted so that the concentration of dye
as measured at the location of lowest concentration in

- said bath is not greater than about 100 times the final
equilibrium concentration for any substantial period of

20 time while said solvent and said article are at a

temperature at least equal to salid dyeing transition
tenperature

9. .The process of claim 8 wherein said
concentration of dye is not greater than about 50 times
the final equilibrium concentration for any substantial
period of time while said solvent and said article are at

a temperature at least eqgual to said dyeing transition
temperature.

‘veing

25

10. The process of claim 1 wherein said dye
addition rate is adjusted so that the concentration of dye
in said solvent as measured at the location of lowest
concentration in said bath is at least about 2.5 times the
final equilibrium concentration for a sustained period of
time while said solvent and said article are at a
temperature at least equal to said dyeing transition

~temperature.

11. The process of claim 10 wherein sa:ld
concentration of dye in said solvent is at least about 3.5

30
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add-ition period. 6. The process of claim1 wherei-n at | east—about 33% of

said dye is added while said solvent and said arti t erature
at | east equal to said dyeing 10 transition temeﬂﬁﬂﬁ&!‘lﬂ“‘ﬂ“&lﬂmocess of
claiml1l wherein at | east about 50% of said dye is I lve sai d sol vent
and said article are at a tenperature at,g east equal to said 'yeing

t It t t . 5 . ﬁ? f clai 1 ' id
dye addi (1 on VIS | e FiRaYL ety thrium copBRRERSELPn fof & Mt U
at the | ocatiperiéd | oficcine ositile rsaidsclventi anashidsanticle aa¥erak han

about 100 tingSeifiSefatidhe St 1édit WauRAN ¢ 5okl ONelfg EPANSLEESRN! I al
period of 20 _tine _while sald solvent and said article are at a tenperature
at | east equabePBeX@tWr@yeing transition tenperature. 9. The process of

claim8 werein sai d zeucetheaprocesé aif cclaimai0 ghextedn shdd about 50

times sustained period of time comprises at least about 10% of
the time when said solvent and said article are at a
temperature at least equal to said dyeing transition
temperature.

10 13. The process of claim 1 wherein said liquiad
solvent is an agueous liquid.

14. The process of claim 1 vherein said anionic
dye is a structure sensitive anionic aye.

15. fThe process of claim 1 wherein at least some

15 of said stirring is provided by a pump which circulates
solvent in said bath.

16. The process of claim 15 wherein said liquid
dye concentrate is added into said solvent ahead of said
pump to form said dilute dye solution.

20 17. The process of claim 16 wherein said liquid
dye concentrate is added into said solvent by a metering

18, .An article containing wool dyed by the
process of claim 2.

25 : 19. Aan article coﬁtaini.ng wool dyed by the
process of clainm 4.
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25 the final equilibriumconcentration for any substantial period of tine
"while said solvent and said article are at a tenperature at |east equal to
said dyeing transition tenperature. 10. The process of claim1 wherein said
dye 30 addition rate is adjusted so that the concentration of dye in said
solvent as neasured at the |ocation of |owest concentration in said bath is
at least about 2.5 tines the final equilibriumconcentration for a

sustai ned period of tinme while said solvent and said article are at a 35
tenperature at |east equal to said dyeinggtransition tenperature. 11. The
process of claim 10 wherein said concentration of dye in said solvent is at
| east about 3.5 28 tinmes the final equilibriumconcentration for a

sust ai ned ABSTRACT
WOOL DYEING UTILIZING CONTROLLED DYE ADDITION

A process for the dyeing of a fibrous article containing wool with an anionic dye and
products produced thereby. The process includes immersing the article in a dyeing bath of a
lhpﬁds0hmntﬁnthcanknﬁcdya.Thnlhpﬁdsohmmtandtheanmﬂeanshuueduaaumnpgmmne
at least equal to the dyeing transition temperature. At least a portion of the dye is added as a
miscible liquid concentrate while the solvent and the article are up to temperature. Stirring of
the bath during the dye addition period and while the solvent and article are up to temperature
is done to mix the dye concentrate with the solvent to form a dilute dye solution and to provide
a flow of the dilute dye solution relative to the article to cause, on the average, essentially
uniforme dye transport of the anionic dye to the article. The dye addition rate is adjusted so
that the dye addition rate is the primary control over the raté of dye uptaké by the article.
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period of time while said solvent and said article are at a teng¥F3rt™™ at
| east equal to said dyeing transition tenperature. 5 12. The
process*of claim 10 wherein said sustained period of tine conprises at

| east about -10% of the time when said solvent and said article are at a
tenperature at |east equal to said dyeing transition tenperature. 10

13. The process of claiml1l wherein said4iquid solvent is an agueous

liquid. 14. The procesaqu pbleculle Woitc andspre-wetiadlicedydyes arest ruct'ure
sensi tive ani ong h&m&%&&%&&%&emstsixe@étnos.arre 15
of said stirrin €B£§§8£OVI ﬁ¥ |ch | rcul at.e sglv Jd sai d
bath. 16. The p B5 ?ﬁ‘fﬂ&%&*géo%e Gate is
added into sai dfsbev@hymsmm-puwﬂ-e yemievelding and/eye
solution. 205 ypetarding agehite BaROES ad¥edcltdi thd Gagwd diathntealidpravali d
| dyeing uniformity with structure sensitive dyes, such
agents sometimes provide only limited increases in dye
uniformity and usually have disadvantages including
increased initial expense and higher cost to treat the

10 spent dyeing bath. In addition, because of their

. yetarding effect, such chemical agents can sometines
increase dyeing cycles or make it difficult to obtain deep
colors ér datk shades. Also, dye yields from anionic
dyes, i.e., the strength of color produced from a given

15 quantity of dye on the fiber, are sometimes not as high as

desired. '
[} ' ON .

The invention provides an improved process for the
dyeing of a fibrous article containing wool with at least

20 one anionic dye. A process in accordance with the invention
includes the steps as delineated in claim 1, with preferred
features as delineated in the dependent claims.

In accordance with a preferred form of the
invention, the conditions in the liquid solvent are
maintained so that the anionic dye transfers less than
about 10%.

In accordance with another preferred form of the
invention, the process is performed in a dyeing machine in
vhich the stirring provides a number of repetitive machine
cycles and the dye addition rate is adjusted so that an
amount of dye between about 0.5% and about 7% of the total
dye is added to the dyeing bath during a machine cycle,
most preferably between about 0.5% and about 3%.

In accordance with another preferred form of the
invention, at least about 33% of the dye is added to the
bath while said solvent and said article are at a
temperature at least equal to the dyeing transition
temperature, most preferably at least about 50% of the dye

REPL ACEME\JT Sﬂfﬁ added at this time.
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dye concentrate is added into said solvent by a netering punp.

3
In accordance with another preferred form of the
invention, the dye addition rate is adjusted so that the
concentration of dye at location of lowest concentration
in the bath is not greater than about 100 times, most

5 preferably not greater than-50 times, the final
equilibrium concentration for any substantial period of
time vwhile the solvent and the article are at a
temperature at least equal to the dyeing transition
tenperature.

10

In accordance with another preferred form of the
invention, the rate of dye addition is adjusted so that
the concentration of dye in the solvent as measured at the
point of lowest concentration in the bath is at least '
about 2.5 times, preferably at least about 3.5 times, the
15 final equilibrium concentration for a sustained period of

time vwhile the solvent and the article are at a

e L
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CLATMS: %

1. A process for dyeing a fibrous article
containing wool with at least one anionic dye comprising:

immersing said article in a dyeing bath of a
liquid solvent for said anionic dye:

heating said liquid solvent and said article in
said dyeing bath to a temperature at least equal to the
dyeing transition temperature of said wool with said dye
which is' the temperature during dyeing with a particular dye
at which the wool opens up sufficiently to allow a marked
increase in the rate of dye uptake:;

_ adding said anionic dye to said dyeing bath as a
niscible liquid concentrate at a dye addition rate during
a dye addition period, at least a portion of said dye
being added while said solvent and said article are at a
temperai:ure at least equal to said dyeing transition
temperature; and

stirring said bath during said dye addition period
and while said solvent and said article are at a
temperature at least equal to said dyeing transition
temperature to mix said dye concentrate with said solvent
in said bath to form a dilute dye solution and to provide
a flov of said dilute dye solution relative to said
article; o

transporting said dye to said article, said stirring
and transporting further providing shade variations across
said article when visually level which are less than 5%;

said dye addition rate being adjusted to be the
primary control over the rate of uptake of said dye by
said article at least while said solvent and said article

are at a temperature at least equai to said dyeing
transition temperature.

2. The process of claim 1 further comprising
maintaining conditions in said liquid solvent so that said
anionic dye transfers less than about 10%.

3. The process of claim 1 wherein said process is
performed in a dyeing machine in which said stirring
provides repetitive machine cycles and said dye addition
rate is adjusted so that an amount of dye between about

0.5% and about 7% of the total dye is added to said dyeing
bath during” a machine cycle. )
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times the final equilibrium concentration for a sustained
period of time while said solvent and said article are at
a temperature at least equal to said dyeing transition
temperature.

' 12. The process of claim 10 vherein said
sustained period of time comprises at least about 10% of
the time when sajid solvent and said article are at a

temperature at least equal to said dyeing transition
temperature.

13. The process of claim 1 wherein said liquid
solvent is an aqueous liquid. _

14. The process of claim'l wherein said anionic
dye is a structure sensitive anionic dye. ]

15. The process of claim 1 wherein at least some

of said stirring is provided by a pump which circulates
solvent in said bath.

16. The process of claim 15 wherein said liquid
dye. concentrate is added into said solvent ahead of said
pump to form said dilute dye solution.

17. The process of claim 16 wherein said liquid

dye concentrate is added into said solvent by a metering
pump.
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