METHOD FOR ‘DYEI NG NYLON FI LAVENTS The invention rel ates toxfi| anidh0g605~
t'opt hbrushes. Breuer et al. /4. S. Pat. No. 4,802,255 5 descri bggoyl on
nmonofilaments that include at | east two col ored regions, one of whichis
provi ded by a dye. The nonofil anents are incl aedenghgupgggmhss of SG

t oot hbrushes and, as the toothbrush is used by the owner, the color
intensity of the dyed regi on changes 10 i iCrDbepopse teaaar P P@VdGBﬁd
an indication of when the toothbrush shoul d b enimskd. : Bised éPP%W """""
lists six food dyes or colorants that can be |isppriwinglye: DhﬁdnnndﬁmP&ﬁ%nis
i ncl udi ng 1 ndigotine (FD& Blue No. 2), and i Ef@bmnktbropﬂky Jestermas t-hrd
condi tions that can 15 be used for <ydi mgl_~ Breuer et—al~—al-se—provides
a nunber of specific exanples of dyeing procedures, including three
(exanples 4-6) in which Indigotine is used as the dye. The specific dyeing
procedures described by 20 Breuer et al. were for |aboratory sanples.
However, to produce a sufficient amunt of dyed filanments for comrerci al

t oot hbrushes, a procedure is needed that can be.used for dyeing |arge
amounts of filaments. The procedure should be cost-efficient and, of

cour se,

THOD_F NG ION F NTS
The invention relates to fiiaments for
toothbrushes.
Breuer et al., U.S. Pat. No. 4,802,255
5 describes nylon monofilaments that include at least two
colored regions, one of which is provided by a dye.
The monofilaments are included in the bristles of
toothbrushes and, as the toothbrush is used by the
owner, the color intensity of the dyed region changes
10 in response to wear, providing an indication of when
the toothbrush should be replaced. Breuer et al. lists
six food dyes or colorants that can be used to dye the
monofilaments including Indigotine (FD&C Blue No. 2),
and in col. 4 broadly describes the conditions that can
15 be used for dyeing. Breuer et al. also provides a
number of specific examples of dyeing procedures,
including three (examples 4-6) in which Indigotine is
used as the dye.
The specific dyeing procedures described by
20 Breuer et al. were for laboratory samples. However, to
produce a sufficient amount of dyed filaments for _
commercial toothbrushes, a procedure is needed that can
be used for dyeing large amounts of filaments. The
procedure should be cost-efficient and, of course,
25 should produce nylon filaments that have a consistent
'level of dye penetration.
In general, the invention is a method for-. -



* 25 . should praduce nylon filaments that have a consistent |evel of dye
penetratien. Ih general, the invention is a nethod for -2- dyeing

bat ches of nylon filanments for toothbrushes. As used herein, a batch is at

- | 8ast two pounds of nylon filanment. The nmethod includes i mrersing a batch

of a first nylon filament for between 10 m nutes and 80 5 m nutes in an

aqueous sol ution containing between .01% and 0. 1% wei ght to vol une of

I ndi gotine dye. The sol ution should have a pH between 1 and 7, and shoul d

have a tenperature between [err] and [err]. Wile the nylon fllanent S

I mmer sed, the dye penetrates into an 10 outer cross-sectional region

but not into an inner cross-sectional r~egeom The batch of the first nylon

filament is removed fromthe solution, and can be used for bristles in a

wear - i ndi cat i n@yeboghbatches T syhenpfitamentsi forcpeatbbirishes.hadsh of a

second nylon lgseq h&r&fAPNE bAEUA! 1 4BC1840E EAbUbbARAs Brehghom v, the

same solution iIs then used tg |ng addi t1 opal batches. fpreferred
met hod, the aqﬁ EBfut?Bﬂ me od includes mmers1ng a batch o

first nylon filament for between 10 minutes and 80

S minutes in an aqueous solution containing between .01%
and 0.1% weight to volume of Indigotine dye. The
solution should have a pH between 1 and 7, and should
have a temperature between 50°C. and 90°C. While the
nylon filament is immersed, the dye penetrates into an

10 outer cross-sectional region but not into an inner
cross-sectional region. The batch of the first nylon
filament is removed from the solution, and can be used
for bristles in a wear-indicating toothbrush. The same
procedure is repeated for a batch of a second nylon

15 filament, reusing the same solution. Preferably, the
same solution is then used for dyeing additional
batches. In the preferred method, the aqueous solution
contains between 0.01% and 0.05% weight to volume of
Indigotine dye; the solution has a pH of between 2.5

20 and 4.5; and the temperature of the solution is between
70°C. and 85°C. Preferably, the dyeing step is
performed at atmospheric pressure and takes less than
60 minutes, and the nylon filaments have a diameter of
between 0.005 inches and 0.014 inches.

25 The method can be used to produce commercial
quantities of nylon filaments for use in wear-
indicating toothbrushes in a cost-effective manner.

For example, the procedure can be used on 10-40 1lb.
batches of nylon filaments, and even on batches

30 weighing 100 lbs or more. Importantly, the same
solution can be reused at least once, and even up to
five or six times, and still produce filaments in which
the Indigotine dye has penetrated an even, consistent
cross-sectional area. The method is easy to carry out,

35 safe, and provides a stable dye solution.



.chtalns betmeen 0.01% and 0. 05% wei ght to volune of Indigotine dye; the
solution has a'pH of between 2.5 20 and 4.5; and the tenperature of the
solution is between [err] and [err]. Preferably, the dyeing step is

- performed at atnospheric pressure and takes |ess than 60 m nutes, and the
nylon filaments have a di aneter of between 0.005 inches and 0.014 inches.
25 The method can be used to produce commercial quantities of
nylon filaments for use in wear- indicating toothbrushes in a
cost-effective manner. For exanple, the procedure can be used on 10-40 |b.

bat ches of nylon filanents, and even on batches 30 wei ghi ng 100 | bs or
nore. Inportantly, the sanme solution can3be reused at | east once, and even
up to five or six times, and still produce filaments in which_the

I ndi gotine dye has penet PEhey aﬁvévgﬂgeéoﬁglEPEn%nUPB§§9§e8946nHe area. The

met hod is eaSYabﬁaQ'&htYbeﬁ the descﬁﬁﬁﬁioﬁndfptﬁél peefarteabl e dye
OLULLON | oAnbpiRbnACKARLARE Sha' BEoh"RULERLI Do apparent from

Dyed wear-indicating nylon monofilaments,

5 toothbrushes including such monofilaments, and the way
the toothbrushes are made are described in detail in
Breuer et al.

The dyeing solution used in the method of the
invention contains between 0.01% and 0.1% weight to

10 volume Indigotine. If too much Indigotine is used, too
much dye penetrates too far into the filament. If too
little dye is used, too little dye may penetrate; and
the solution may not be reusable because the initial
batch of filament may absorb the limited quantity of

15 dye present.

The temperature of the solution should be .
between 50°C. and 90°C. Too high a temperature results
in water quickly evaporating off, resulting in the dye
becoming more concentrated, and the dye being taken up

20 too fast, making the degree of penetration more
difficult to control. Too low a temperature results in
too slow a dye uptake.

The dyeing process preferably is done at
atmospheric pressure, to avoid the necessity of using

25 large pressurized equipment in a plant.

Indigotine is an acid stable dye, and the
solution should be acidic.

The volume of dyeing solution should be large
enough so that the first batch of filament does not

30 absorb such a high percentage of the dye in the
solution that the solution cannot be reused to dye a
second batch. '

The nylon filaments, most preferably
monofilaments, should be of the diameter commonly used

35 in toothbrushes, most preferably 0.008 or 0.009 inch.



enpodi ment thereof, and fromthe clains. Dyed wear-indicating nylon

nmonof il aments, 5 t oot hbrushes i ncl udi ng such nonofil anments, and the way
the toothbrushes are nade are described in detail in Breuer et al. The
dyei ng solution used in the nethod of the invention contains between 0.01%
and 0.1% wei ght to 10 volune Indigotine. |If too nmuch Indigotine is
used, too nuch dye penetrates too far into the filanment. If too |little dye
is used, too little dye nay penetrate, and the solution may not be reusabl e
because the initial batch of filament may absorb the limted quantity of 15
dye present. The tenperature of the solution should be between [err] and
[err]. Too high a tenperature results i-n #ater quickly evaporating off,
resulting.in the dye becom ng nore concentrated, and the dye bei ng taken up
20 too fast, making The u¥drpcfilapenttshoudd her dmpersedulin to

control. Too | g¥1atieRPebalUeRchghUtbSqbl hQ8qahew dydyperHBtaheionhegdyei ng
process preferably is done at atmsphe[i ressure 0 avolLd the necessity
of using 25 PaP&geEr€§9§FF§GHtggﬁPénéﬁngﬁeﬁ ﬁFaﬁP? fghPEGPFn§°is an
aci d stabl e dyprosidet gjood wear-indicating characteristics:
5 Preferably, the immersion time should be as limited as
possible, and should be less than 1 hour.

A detailed descriptioﬁ of the most preferred
method is provided below, beginning with a description
of the equipment and solutions used, followed by the

10 procedure. '

The dyeing step is performed in a 633 gallon
Whiting stainless steel tank having side dimensions of
30" x 40" x 130",

The dyeing solution used in the tank includes

15 633 gallons of distilled water; 7.7 liters of glacial
acidic acid; and 555 g of 100% pure Indigotine. The
temperature of the solution is maintained at 75°C. +
1.5°C.

Two 633 gallon rinse tanks also are used.

20 The first tank is filled with tap water. The second
tank is filled with tap water mixed with 1.5 liters of
Dow Corning #24 silicone emulsion.

The monofilament used is an eight foot long,
0.008 inch diameter Wytex 6.12 S nylon hank (bundle)

25 weighing approximately 10 pbunds. The hank should be
siliconed, annealed, wet, and combed prior to dyeing,
according to standard procedures. The hank should not
be dried prior to use.

~ Dyeing Procedure

30 1) Completely submerse four hanks in the dye

solution. '

2) Set timer for 45 minutes.

3) Lift and resubmerse hanks every 1.5

ninutes to permit circulation of dye -

35 between filaments.



sglution should be acidic. The volunme of dyeing solution should be |arge
enough so that 'the first batch of filanent does not 30 absorb such a
hi gh percentage of the dye in the solution that the solution cannot be
‘ré&used to dye a second batch. The nylon filanments, nost preferably
nmonofi | aments, should be of the dianeter commonly used 35 in

t oot hbrushes, nost preferably 0.008 or 0.009 inch. -4- The nyl on
filament should be imersed in solution | ong enough to get adequate dye
penetration of the outer cross-sectional dianeter of the filament to
provi de good wear-indicating characteristics. 5 Preferably, the
imersion tinme should be as linmited as po®sidble, and should be less than 1
hour. A detailed description_of the nost preferred nethod is provided
bel ow, beginning with a &dscAEHeFofSominvtes,ynsmare hanks)and ons used,

foll owed by the 10 pr ocedriatis felie tdy &hry filryt i foanied iRims®33
gal I on | by dipping 4 to 5 times.
_ 5) Transfer the to the second rinse tank.
5 Continue rinsing by dipping another 4 to
5 times. This rinse will restore the
finish lost during the dyeing process. _
6) Recomb hanks and continue with the normal
drying and wrapping process.
10 ' 7) Repeat the procedure 4 times for
' additional batches of hanks, using the
same solutions. The dye solution and
first rinse are changed after 5 hanks
have been dyed; the second rinse solution
15 is replaced daily. |
Optionally, the above procedure can be modified by
immersing set of hanks for 30 minutes in a dyeing
solution heated to 80°C. + 1.5°C. In addition, the
procedure can be used to dye 10 hanks at a time, as
20 opposed to four hanks.

Other embodiments are within the claims.



Whiting stainless steel tank having side dinensions of 30" x 40" x 130".
The dyeing sol ttion used in the tank includes 15 633 gal |l ons of
distilled water; 7.7 liters of glacial acidic acid; and 555 g of 100% pure
“Indi gotine. The tenperature of the solution is maintained at err].
Two 633 gal | ontHid Shee@ HasMYesRaplased ar e used. 20 The fi tank j illed

with tap mterc(*lm&gmjmw |!Fnk is filled with tap wat “ﬁm\m 1.5
liters of Dow |Bll| cone enul sion. The no ““&&\\g\ 1S an
ei ght foot |ong, 0. i'nch di-aneter Wtex 6.12 S ni#ank bundle) 25
wei ghi ng approxi mately 10 pounds. The hank shoul d' be siliconed, anneal ed,

wet, and conbed prior to dyeing, accordTnG t™© standard procedures. The hank
shoul d not be dried prior to use. WWW 30 _ 1)
Compl etely subnerse four hanks in th on. 2) Set timer for 45
mnutes. 3) Loft and reAumethed bfindlyedingr nylofh fidamentso fiparnit:
circul ation Oftg¥€h§§ushes; comprising: between filaments.
(a) immersing a batch of a first nylon
5 filament for between 10 minutes and 80 minutes in an
aqueous solution comprising between 0.01% and 0.19%
weight to volume of Indigotine dye, said solution
having a pH between 1 and 7 and having a temperature
between 50°C. and 90°C., said Indigotine dye
10 penetrating into said first nylon filament to color an
outer cross-sectional region of said first nylon
filament, and not penetrating into an inner cross-
sectional region of said first nylon filament;
(b) removing the batch of said first nylon
15 filament from said solution to provide a first nylon
filament having said outer cross-sectional region
colored with said Indigotine dye and said inner cross-
sectional region not colored with said Indigotine dye:;
and
20 (c) repeating steps (a) and (b) for a batch
of a second nylon filament, reusing the same said
solution. |

2. The method of claim 1, comprising the
additional step of repeating steps (a) and (b) for a
25 batch of a third nylon filament reusing the same said
solution. .
3. The method of claim 2, comprising the
additional step of repeating steps (a) and (b) for a
batch of a fourth nylon monofilament, reusing the same
30 said solution.
4. The method of claim 1, wherein step (a) is
performed at atmospheric pressufe.
5. The method of claim 1, wherein said solution
has a temperature of between 70°C. and 85°C.
35 6. The method of claim 1, wherein said solution



-5 A), After 45 m nutes, renove hanks and transfer to the first rinse t ank.
R nse by d]pplng 4 to 5 times. 5) Transfer the to the second rinse tank. 5
Continue rinsing by dipping another 4 to 5 tinmes. Thts—Trinse Wil restore

"the finish lost during the dyei ng process. 6) Reconb e
with the normal drying and w appi ng process. mu@mﬂmm‘;m
the procedure 4 tinmes for additional batches of hanks,, sane

solutions. The dye solution and first rinse are changed after 5 hanks have

been dyed; the second rinse solution 15 is replaced
daily. Optionally, the above procedure cag be nodified by i mersing set of
hanks for 30 minutes-in a dyeing solution‘heated to [err]. In addition, the

procedure can Re,Saddd fiiGebh 7041% 3na?ol08% wRighE to vHIRARESE O four

hanks.
Indigotine dye.

7. The method of claim 1, .wherein said solution
has a pH of between 2.5 and 4.5.
5 8. The method of claim 1, wherein said first

nylon filament and said second nylon filament have an
average diameter of between 0.005 inches and 0.014

inches.
9. The method of claim 1, comprising the
10 additional steps of affixing the first dyed nylon

filament to the head of a toothbrush, and at least some
of the second dyed nylon filament to the head of a
toothbrush.
10. The method of claim 1, wherein said first

15 nylon filament and said second nylon filament are
monofilaments. .
11. The method of claim 1, wherein said first
nylon filament is immersed in said aqueous solution for
less than 60 minutes. '

20 12, The method of claim 1, wherein said batch of
said first nylon filament weighs at least 10 1lbs.

This Sheet Has Been Replaced
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& her .enbodi nepts are within the clains. 1. A nmet hod of dyeing nylon
fi'laments for toothbrushes, conprising (a) wetting said nylon filanments and
,lnner3|ng a first batch of said nylon filament for between 10 ni nutes and
80 mnutes in an aqueous solution conprising between 0.01% and 0. 19% wei ght
to volunme of Indigotine dye, said solution having a pH between 1 and 7 and
havi ng a tenperature between [err]. and [err], said Indigotine dye
consistently penetrating into said nylon filament to color an even outer
cross-sectional region of said nylon filanent, and not penetrating into an
i nner cross-sectional region of said nylog filament; (b) renoving the first
batch of said nylon filament fromsaid solution to provide a nylon filament
havi ng said outer cross-s J RE yR WrrAMEAes | ndi got i ne- dye
and said inner cross-sectional region no salrd I ndigotine dye;
(c) repeating steps (a) and (b) foP-&-SedoBdB&dh of said nylon filanent,
reusing the sarre sai'd solpuimethods ot AY@iget nyq oy € st ntdy use

penet rating | g Yalad-Aadikablshy Wothd idls QR dadd"uhilEs At

Cross- sectlona
5 batch of a first nylon filament for between 10 minutes

and 80 minutes in an agueous solution containing
between 0.01% and 0.19% weight to volume of Indigotine
dye, said solution having a pH between 1 and 7 and "
having a temperature between 50°C. and 90°C., the dye
10 penetrating into the filament to color an outer cross-
sectional region and not penetrating into an inner
cross—-sectional region of the filament:; removing the
batch of the first nylon filament from the solution,
and repeating the steps for a batch of a second nylon
15 filament, reusing the same solution.

L7 A



609-9

of said n ln_sald second batch as was colored in saujqkrst

bat ch. 2. REP%@EMENEfSI'HiF&'Sm §G cofprising the additional step ol

répeat i ng| sd dpsscifptionanpaged).< ko pagedt. Ad batch of said nylon filament,
reusing t hel sGinim(s)ai d: pageden pagedi@l |ndi goti ne dye cons@&%EMENT SHEET
penet r at i nql i Diairfpg) d: ﬁé@e@ﬂ:ftdﬁ n{ §jo cal or evenly the Sﬂaﬁéé.

Cr oss- sec| ifpnabstiag9i ON &Eds'a'tdjpﬁgéh(?"l flilament in said thir 1988 was
colored ip said first batch. 3. The | n€BAEME of claim 2, conprising the
addi tiona] sf qéF B QENSRIE SHEET 7 repeating steps (a) and (b) for a
fourth ba RO oY - eusi ng the same said solution, said

I ndi gotine dyg.cCOnAl se@hbly dfen@fditid NGyldi Of SBamleryd Ofiof | L3BERbrh8nEs) OF
evenly the sanme outer cross-sectional

fourth batch 88mpEsSEeFored in said first batch. 4.
1, wherein step (a)(ass
of cl al m 1, wher ei

in said

region of said nylon filanment
The met hod of cl ai

Sarg-soroatroir 1masa
batch of said nylon filament for between 10 minutes and 80

minutes in an aqueous solution comprising between 0.01% and
0.19% weight to volume of Indigotine dye, said solution having
a pH between 1 and 7 and having a temperature between 50°C.

and 90°C., said Indigotine dye gconsistently penetrating into

said nylon filament to color an even outer cross-sectional

region of said nylon filament, and not penetrating into an

inner cross-sectional region of said nylon filament;

(b) removing the first batch of said nylon filament from
said solution to provide a nylon filament having said outer
cross-sectional region colored with said Indigotine dye and
said inner cross-sectional region not colored with gaid
Indigotine dye;

{(c) repeating steps (a) and (b) for a second batch of

said nylon filament, reusing the same said solution, said

Indigotine dye consistently penetrating into said nylon

filament to color evenly the same outer cross-sectional region

of said nylon filament in said second batch as was colored in

said first batch.

2. The method of claim 1, comprising the additional step of
repeating steps (a) and (b) for a third batch of said nylon

filament, reusing the same said solution, said Indigotine dye

consistently penetrating into said nylon filament to color

evenly the same outer cross-sectional region of said nylon

filament in said third batch as was colored in said first

hatch.

X ;

3. The method of claim 2, comprising the additional step of

m
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tenperature of between [err] and [err]. . The nethod of claim1, wherein
sai dwsol uti on conprises between 0.01% and 0. 05% wei ght to vol une of

| ndi goti ne dye. 7. The nethod of claim1, wherein said solution has a pH
of between 2.5 and 4.5. 8.  The nethod of claim1, NEBLAEEMsm‘Q | on
filaments have an average di aneter of between O. 127 ang EE . 005

I nches and 0.014 inches). 9. The nmethod of claiml, é SIB\U% t he

addi ti onal stwgweasfingf fatepsg (aheahdr §b) dfasd mﬁO@mthi bateht of osaid melah of a

t oot hbr ush, | east sonme aof the seco d nTon ’F" ent, fo the head
of a toot hbriﬁl—@‘—’TﬁguﬁéFﬁo o°%% % éj\% imq';a OF IR s
are nmonof i | anestisistheht 1jhediritied iak Qh&améhld\/wwl@nn fi«'a.laehefnrtr Ho hadidy of
said nylon fiTament 1S tmrersed 1n sard agueous solutlon for less than 60

J

m nutes. 12. SYRLEIHR $AMe | QREeY PR w8SCElang patath sEidsavlon| on
filament me'ggfléﬁeﬂé%fﬁ é%fhl%%dfgﬁlﬂgkgh ags was colored in said first
batch.
4. The method of claim 1, wherein step (a) is performed at

atmospheric pressure.

5. The method of c¢laim 1, wherein said solution has a

temperature of between 70°C. and 85°C.

6. The method of c¢laim 1, wherein said solution cémprises

between 0.01% and 0.05% weight to volume of Indigotine dye.

7. The method of claim 1, wherein said solution has a pH of

between 2.5 and 4.5.

8. The method of claim 1, wherein said nylon filaments have

an average diameter of between 0.127 and 0.356 mm_ (0.005

inches and 0.014 inches).

9. The method of claim 1, comprising the additional steps of
affixing the first dyed nylon filament to the head of a
toothbrush, and at least some of the second dyed nylon

filament to the head of a toothbrush.

10. The method of claim 1, wherein said nylon filaments are

monofilaments.

11. The method of claim 1, wherein said first batch of said

nylon filament is immersed in said aqueous solution for less

than 60 minutes.

12. The method of claim 1, wherein said first batch of said

nylbn filament weighs at least 4.8 kg (10 1lbs.).



