09 JAN 2004 WO 01/03909 Laser Joining Toot hbrush Head to Handl es Field of
the I nvention PCT/ US00/ 18769 The present invention relates to , qa N
t oot hbrushes and in particular a method of manufacture of tootﬂLSUJA
bodi es, wherein pre-forned toothbrush heads ands handl es are joi ned

t oget her ‘k,gofl,(agdgbcorrpl ete toothbrush bodi es. Background ofPCTHRESbATAL I
Conventi onal toot hbrush bodi es conprise an elongated rod that functions

a handl e

joined to a neck, which nmay be generally straight or curved,

which is connected, to a had havi n%%%g{ﬁf}@ﬁ?ﬁ% section to which tufts

bristles are fastened:. Such tootL

in one step by, injection., ol dikn i Ltemder nopl astic materi al
is injected under high pﬁ&@tﬁ@ﬁﬁ%ﬁeﬁégd§%%mﬁoﬁ After the plastic

solidifies, the nold is opened, and the fully fornmed toothbrush body,

renoved. :

Such a conventional toothbrush body, fornmed of one material,

| acks the desired different coloration and physical characteristics

possi ble wit] toothbrush bodies havi n% heads and bodi es manuf act ured of
For exarrpEé_ELﬁ_J&—ﬁé‘éﬁ-nv—E@geel fithe

differént naterial s.

for mani pul ating the toothbrush with a nore flexible, i.e. less rigid,
head that will flex and so tend to reduce the gingival trauna associ ated
Wi th excess brushing pressure by the user. JAN 20 % W) 01/ 03909

PCT/ USO0/ 18769 U. S. Patent 2, 445,657, discl oses toot hbrysh bhodi.es vin
heads of a The present invention relates to tootfl%msﬁes 20d°th paxlt?cuﬂ& Ln9
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method of manufacture of toothbrush bodies, wherein pre-formed
toothbrush heads and handles are joined together to form complete

toothbrush bodies.

Background of the Invention

Conventional toothbrush bodies comprise an elongated rod that
functions as a handle, joined to a neck, which may be generally straight
or curved, which is connected to a head having a flattened section to
which tufts of bristles are fastened. Such toothbrush bodies are
typically manufactured in one step by injection molding; wherein, a
molten thermoplastic material is injected under high pressure into a
steel mold. After the plastic solidifies, the mold is opened and the fully
formed toothbrush body is removed. Such a conventional toothbrush
body, formed of one material, lacks the desired different coloration and
physical characteristics possible with toothbrush bodies having heads
and bodies manufactured of different materials. For example, it is
desirable to have a rigid handle for manipulating the toothbrush with a
more flexible, i.e. less rigid, head that will flex and so tend to reduce the

gingival trauma associated with excess brushing pressure by the user.
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resilient material, such as vul cani zed rubber, secured to rigid handles
These toot hbrush bodi es are manufactured in a nmulti-step pr c{nggAN\/\mMei n

t he heads and handl es are separately produced and subsequently cenented
toget her. Such cenenting or in general adhesive bonding, takes significant
surface preparation to provide an adequate/strong seal and takes a

si gni fi caflp dijgBdei Nterval for the adhesive to cure or ot hdiGAi/8eN048T6?
adversely effecting the econom cs of nmss production. U S. Patent
5.121,520, discloses a toothbrush having tw n side-by side brushing heads
attached t oyt §ephostihbrams) arandiechises tqutbbetishnbodig¢sahgiing Deadseals
maybe joned to the handle by gluin i.e. adhesive bondng, .ar, fusion, i.e.
heati ng, thesiheatthatictiad, poicht as é’mﬁﬁ%@dt B‘ldgb§5f %Wci ng‘?é& %@ﬁdie%t at e,
bringing theminto jntinmate gont [ LAl I o rma
j oi ning up eﬁ%ﬁqoﬁbgnﬁ%i%ﬂ&%n%%ée g u@%&?{l?%gu?geas f}%ghgﬁ%rt]‘ggctgrb@eéé?
prepar at i oarﬂgirpot%enqléﬁs upd | Fendieyevar, wsepdrdteli oprodivessl t hede i s
preci se heating of both the head/handle joint surfaces, it is possible to
exper i éncesdbgeaqdeanilyn comartiedpltagetleer oot FBEDs FeRERTRE | OBx T2 s &Fperal

softening and distortion o the.plastic, _a I Y Ther e
is a need PANERWS BERARGS &F&@? g° ﬁa\&obr rreancgéo ‘Bréon iﬁ%1
pre- f or med hgh DA usbodieadsal auittndiiess of dofifeant mmieehabsialniyi e
di fferent physrcal’ properties and/or coloration to a tinme interval, _
accept abl egfibesi@sto puodunt otnetvriseessdt, atyerseloatfeaipedeyy seanpapics of

di stortion, excessive flash, or other consuner unacceptable effect. 09~JAN
2004 W) 01FePsSUDISIAGRAPS- of the I nvention

10
U.S. Patent 5,121,520, discloses a toothbrush having twin side-by-

side brushing heads attached to the toothbrush handle at a
predetermined angle. The heads may.iae joined to the handle by gluing,
i.e. adhesive bonding, or fusion, i.e. heating the head/handle joint
15 surfaces to a softened thermoplastic state, bringmg them into intimate
contact and maintaining that contact to form a joining upon cooling.
Fusion, unlike gluing, requires no surface preparation and no long set-
up time;. however, with fusion unless there is precise heating of both
the head/handle joint surfaces, it is possible to experience degradation
20  of the plastic toothbrush material, excessive softening and distortion of

the plastic, as well as, excessive flash.

There is a need in the toothbrush manufacturing art for a means of
bonding pre-formed toothbrush heads to handles of different materials,

25 having different physical properties and/or coloration, in a’time interval
acceptable for mass production thereof and without any degradation,

distortion, excessive flash, or other consumer unacceptable effect.
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PCT/ USO0/ 18769 The present invention enconpasses a nethod of joinin

pre-fornmed toothbrush head and handl e conponents using | aser D&arﬂ%gbbﬂﬂﬂ'w\o
particul ar wavel ength ranges; wherein these | aser beans penetrate typical
t her mopl astic toothbrush material to heat the internal joint, to weld the
part of the joint together, w thout significant absorption or heating of
the material being penetrated. The transm ssion, w thout absorption, of
such particul ar wavel ength ranges of laser |ight through typical
t oot hbrush thernoplastic materials of construction, herei nabtgstusrdow
effect”, iswvessesmodal for the internal welding of toothbrush conponents of
the present invention. This w ndoe effect can be denonstrated by the
‘spectra of each such particular thernoplastic. The spectra of each :
t hernmopl astic is the neasurenent of the transm ssion ability of a range of
wavel engt hs, such as the wavel enghts of particular |asers, through the
thernopl astic. The Atlas of Polynen and Pl astic Analysis, Vol. 1,

Pol yners: Structures and Spect Saun; oif tthenIn®ENE9%t er O Hummel

publ i shed by Carl Hanser Verlag, Germany, 1982, (hereinafter the Atlas)
contains such spectra; for polynmers in a wavel ength range from the bottom

of the infrared, 2.5 mcroneters, into the m crowave range, 50 m croneters.
As shown &n the Atlas, the major bands' of transm n _throu

SsSi an
b ti f - L. @ ﬁ@?r&é)toé i pab srmed
cbsorpt on'for yptsal. pplypeanscancomqmkym e o

01/ 03 909 TahhgMbmetptien and o D O Stk in) Fad AN 1A 8 two
particular wavelength ranges; wherein, these laser beams penetrate
typical thermoplastic toothbrush material to heat the internal joi.nt, to

10 weld the part of the joint together, without significant absorption or

heating of the material being penetrated.

The transmission, without absorption, of such particular Wavelenfgth
ranges of laser light through typical toothbrush thermoplastic In.aterlals

15  of construction, hereinafter “window effect”, is essential for tlhle mtems:ﬂ
welding of toothbrush components of the present invention. This
windéw effect can be demonstrated by the spectra of each such
particular thermoplastic. The spectra of each thermoplastic is the
measurement of the transmission ability of a range of wavelengths,

o0 such as the wavelenghts of particular lasers, thr.ough the
thermoplastic. The Atias of Polymer and Plastic Analysis. Vol. 1,
Polymers: Structures and Spectra, 2nd Edition, by Dieter O. Humimel,

' published by Carl Hanser Verlag, Germany. 1982, (hereinafter the

b Atlas) contains such spectra; for polymers in a wavelength range from
25 . t_h;;ottom of the infrared, 2.5 micrometers, into the microwave range,
50 micrometers. As shown in the Atlas, the major bands of
transrﬁission through and absorption for typical polypropylene a:fd
polyethylene terephthalate toothbrush thermoplastics are shown in

Table 1, below.
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Applicabl e Lasers Material Transm ssi onThrough Bands(m corneters)Bands with
Wavel ength (m croneters)(m croneters) Polypropylene2.5 to 3. 22%2@ 3 szzutug
4. 0NVA 4.0 to 6.45C0O 5 to 6 6.45 and upC®2, 10.6 Pol yet hyl ene ®75 P‘

3. 125N A terephthal ate 3.125 to 3.6N A 3.6 to 6.0CO 5 to 6 5 and up CQO2,
10.6 Notes: 1. Atlas, pages 6, Spectra 16, for pol y(propylene), isotactic.
2. Atlas, page 232, Spectra 694. For conparison, also shown in Table 1
are |lasers which have wavelengths within the particul ar spectra ranges
whi ch eit Rgpoissamsmit or absorb energy within the wavel engt REFARESShor e

in Table 1.~ Accordingly, in accordance to the present invention, fromthe
data shown in Table 1, a COlaser will transmt energy through such
t hernmopl astics to an internal weld th8ablel while a CO2 |aser will not.

Transm ssi on Through/ Absor pti on Wavel engt hs of Pol ypropyl ene The parti cul ar

two wavel ength ranges unexpectedly found to _proyide, this 'w fect”
enconpasses f mpamahdssioh Throughdédibsprption wave engths of Polypr 8%9%1%

And Polyethylene Terephthalate

Material i Transmission Absorption | Applicable Lasers
' Through Bands Bands with Wavelength
(micrometers) {micrometers) {micrometers)
Polypropylene! | 2.5 to 3.22 N/A
3.22t0 4.0 N/A
4.0 to 6.45 _ CO,bto6
6.45 and up COz, 10.6
Polyethylene 2.5 to 3.125 ~ N/A
terephthalate?
3.125 to0 3.6 N/A
3.610 6.0 CO,5toc6
5 and up COsq, 10.6

5 Notes: 1. Atlas, pages 6, Spectra 16, for poly(propylene), isotactic.
2. Atlas, page 232, Spectra 694.

For comparison, also shown in Table 1 are lasers which have
10  wavelengths within the particular spectra ranges which either transmit
or absorb energy within the wavelength ranges shown in Table 1.
Accordingly, in accordance to the present invention, from' the data
shown in Table 1, a CO laser will transmit energy through such
thermoplastics to an internal weld therein, while a CO2 laser will not.
15
The particular two wavelength ranges unexpectedly found to provide
this “window effect”, encompasses from about 0.7 to about 2.0
micrometers within the near-infrared, and from about 4.0 to about 6.0

micrometers within the infrared (IR) spectrum. The method comprises

A



mcroneters thin the near-infrared, and fromabout 4.0 to atﬂnﬁtJBNOzmll*

m cronmeters within the infrared (IR) spectrum The nethod conprises And

Pol yet hyl eneTerephthal ate 9 JAN 20M selecting a first thernoplastic

t oot hbr us&?@%glé%ggent free of any material, such as a pi gnmeptr@koslyLeo
capabl e of “absorbi ng wi ndow effect wavel enghts and sel ecting the other

t hernopl asti ¢ t oot hbrush conponent containinf a material, such as a pignent
or dye, capabl e of absorbi.n ahQphH3nOnor fidbows rto
about 6.0 Sp&?ﬁ‘@%e‘?*e%Iﬁgvttf‘%ﬁ%?ﬁgsggggog%%é{;;ghal I gn?%g the two cog%%ne_nt S
in an tighhlyeabutdidtgaked glikenshidr toef onprblg of absoskings FAgdorecfieiht to

a laser generating such a wavel ength beam by penetrating the first

t her mopl astaeclengfonermnd t hevletiingel thag AhsEr fﬁ'@g@%@@g‘hﬁf F%%mmnent
containing the | aser absyobi ng nateri.al €, Ok Hert WM EO0RSHERRND

mel ting ofCCERBORBUE Wﬁg%@@ﬁ&%@l ﬁl%t%hégf?lpﬁﬂ%g%ﬁlg%t, s%ch thfat a

weld ig fq t BB oIWOOCOROBSRE asOt be ambedt.Ostof abeuktaBdd s
cool . T% ae‘rnﬂ%qut?%;\??é}é %ﬁ‘godi ment of the method of the present invention,

both the ralttochegriwatdengsh lheadenauEh aitgrRingohio FERICOTRPBEFR A1 G any
mat eri al capabl e of absorbin r.o out Q.7 to L 401 S or
from aboutﬂgh@Ytaé"—%%lﬁ I@E@Q%%HB&]Q%F? @vd{?giltéﬁg?%%%%é? é gg@gﬁ gﬁﬁgfg i's
enbodi nent ,_ | S i si,ng fo haty t hesetcanpgnetites d¢astbe
bonded tog%et eté—rap‘%%engggh Fy %v‘éf‘é%{gth Bad Dty 2

ref exposed to a | aser beam havi qg a wayel ength
of from ahgutmdhlastie aloauboReftmitheveky emseltitg f 2 oFHERSG 124SH 06 HBout

6.0 microneters, when a relatiyely nminute amou C th,
absor BPng ¢rmPPRERt| CORHBEE o&e?h%éﬁ%ﬂ?’ﬁ%éi%?%gc% \g@g Ogﬁgfa? e

conponent's_prior to anﬁrégﬁﬁ E‘,’? the 8o kaspicdramr dihthaufestofosyminent,

relatively ' nmnute such wave en%t h absor bi ng mat eri&l1 pr oviges a
joint betwagth that a weld is formed between the two components as the melte

surface layers cool.

15 In an alternative embodiment of the method of the present
invention, both the abutting toothbrush head and handle components
are free of any material capable of absorbing from about 0.7 to about
2.0 micrometers or from about 4.0 to about 6.0 micrometers
wavelength laser energy. In this embodiment, it has surprisingly been

20 found that these components can be bonded together when briefly
exposed to a laser beam having a wavelength of from about 0.7 to about
9.0 micrometers, or from about 4.0 to about 6.0 micrometers, when a
relatively minute amount of such wavelength absorbing material is
spread across the abutting surface of one of the components prior to

25 exposure to such a laser beam. The use of such a relatively minute
an'munt of such wavelength absorbing material provides a joint between
the components wherein the particular wavelength absorbing material

is not readily consumer noticeable.
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t he conponents wherein the particul ar wavel ength absorbing material is not
readi |y consuner noticeable. 0 9 JAN 2004 W) 01/ 03909 Brief Description of
t he Draw ngs PCT/US01/18769 Fig. 1 is a long |ongitudinal per spe&gi viuvgm
showi ng a toothbrush of the present.invention about a |ongitudithal J :
A-A, thereof. Fig. 2 is an enlargenent of a segnent of Fig.Pm{@ﬁ i ng the
detail ofwothe3®garf joint between the toothbrush head and X erein,
the scarf joint is at an angle of about 30 degrees with respect to the

l ongi tudi nal axis, A-A Detailed Description of the Invention Referring
now to Fig. 1, a perspective view of a toothbrush 10 manufactured by the
nmet hod of the present invEntiQE havi gﬁ : Lt g#% Xis A-A wherein the
t oot hbrush has a head 14, == 8 ol e §, whi ch neck extends
froma handle 18. In accordance with the present invention the head 14, is
joined to the handle 18, by at a joint 20, herein referred to as a scarf
joint, which joint is located within the neck 16. As shown in Fig. 2, an

enl argenent of the neck 16, portion of Fig.. 1 $ fy 91 of
formed Sy natFiggl EnakpRERHILR BF%‘?F%’@%EE%W% en réotrgo ?ﬁgg-ﬁégdc}fl%e
portion and one fr i {Onaxitha-ghahtesofor scarf angle 22,
Pe 15 to 7oAy SRS i BRdfde idhotRtid

nrelation to the toothbrush |ongitudinal axis, A-A
Preferably the scarf angle is 15 to 30 degrees, in order to maxim ze the

surface area of the scarf joint 20, to increase.th 1] :

]surface aredFigo DisoenalprEeEEIE P %isﬁgnﬁqteﬂgﬁfé'aﬁ’dgﬁé%ﬁeg %gv\g%%é% of

concentrat 'tﬁg Ssco _]81'.91‘1'}! %g%een the toothbrush head and handle; wherein, the
10  scarf joint is at an angle of about 30 degrees with respect to the

-

longitudinal axis, A-A.

Detailed Description of the Invention

15

Referring now to Fig. 1, a perspective view of a toothbrush 10,
'manufactured by the method of the present invention having a
longitudﬁal axis A-A, wherein the toothbrush has a head 14, which

20 extends from a neck 16, which neck extends from a handle 18. In
accordance with the present invention the head 14, is joined to the
handle 18, by at a joint 20, herein reierred to as a scarf joint, which
joint is located within the neck 16. As shown in Fig. 2, an enlargement

of the neck 16, portion of Fig. 1, the scarf joint 20, is formed by mating

25 chamfered or cutaway ends, one end from the head 14, portion and one
from the handle 18, portion. The chamfer or scarf andle 22, is 15 to 70
degrees in relation to the toothbrush longitudinal EXIS A-A. Preferably

the scarf angle is 15 to 30 degrees, in order to maximize the surface

area of the scarf joint 20, to increase the resulting weld surface area to

30 provide increased joint strength and to reduce stress concentrations



WO 01/ 03909 PCT/ US00/ 18769 transverse to the |ongitudinal axi s&,gv\/giAﬂw y
adversely effect the desired flexibilty of the toothbrush neck Y1&8AY4Tat
bristle tuft patterns 24, is shown extending fromthe head 14; however, the
present invention is not limted to any particular bristle tuft pattern.

Furt her, wa dimasdgee bristles thensel ves may be inserted int ceaiesdaarksls,
prior to joining the head 14, to the handle 18; it is preferred to insert
the bristles subsequent to the joining of the heads to the handles to

facilitat g, Ligyeasy REhLURGANIReSKdONICENh AP dingsely téfiedieatc 14,
e abu

in the intina tting position with the handle 18, during the |aser

wel di ng proesssd fExshibite efrthei tootnbiesh oy LSes pre-forning the toothbrush
t hernopl astic head 14, and handl e 18, conponents, one conponent being free
of any material, such as a pignent or dye, capable of absorbing from about

0.7 Lo about, 2 0 BELANRLET Skl M NEALHIR GhrtenfilamiaRaUnd Hedd 1apout

6.0 m cronet aser energy. The conponents are

bonded & ogpbRRKebY tROSIrekent navehtoach hotj himted uof awgspadiculerberisiaded

together in a secure, intimte, abutting relati OnSherp usi n}? conventi gnal
ESutif:

means and tiférpaitposi nurHeey owiile she brigtlep HhelRst e BRFSRENt

which is free gf an h la . r bi r4 Al d or

| ess; the F&Qe&%%‘ig% @%Ie%ﬁé\gg—ﬁ%r%mgw (?ny%r%omftg%o%fgﬁg?e7jlt%qgg§ut

2.0 mcr OnBi&kFreto fR&EP: thabeHkilds uisahosit o thejjoronsteithe Baadhdn, t he
t

power of e | aser beam shoul d be about 50 to about 400 watts, p{le rably
f r om about tle® harailepdatfagiiatethe cagidnrsapUWiadesr ROSVHPREE 856U POBENEy 120

watts.,  The_.power o e. |l aser, he LS del | i rises of

shor t 1l SEEAeTreR abuln 4he BIRaLt FRHLEE GRLRE AL IR RaBAET

frequency QLIEI%%QMWEMQ@%BSJ5O pul ses per second (Hz). The energy
it hi

contained w each pul se may be from about 0.5 to about 3 joules

The present invention comprises pre-forming the toothbrush
thermoplastic head 14, and handle 18, components, one component
15 being free of any material, such as a pigment or dye, capable of
absorbing from about 0.7 to about 2.0 micrometers within near-IR, or
from about 4.0 to about 6.0 micrometers within the IR wavelength laser
energy. The components are bonded together by positioning the scarf
joint surfaces 20, to be bonded together in a secure, intimate, abutting

20 relationship using conventional means and then exposing the joint to a ~
laser beam through the component which is free of any such laser
absorbing material, for about 1 second or less; the laser beam having a
wavelength within from about 0.7 to about 2.0 micrometers, or from
about 4.0 to about 6.0 micrometers. Further, the power of the laser
25 beam should be about 50 to about 400 watts, preferably from about 90
to about 250 watts, and most preferably from about 95 to 120 watts.
The power of the laser beam is preferably delivered in a series of short
pulses, from about 0.5 to 1.5 milliseconds in duration, at a frequency of
from about 50 to about 150 pulses per second (Hz). The energy
30 contained within each pulse may be from about 0.5 to about 3 joules

and may be varied with the particular thermoplastic being bonded; for

-7-



and may be varied with the particular thernopl astic being bon’egi% @2
JAN 2804 WO 01V034) 09 PCT/ US00/ 18769 exanpl e, when bondi ng polypr ‘8& ﬂ ,

it is preferred to use a pulse of about 1 mllisecond, at about 100 Hz.
Further, the power within each pulse can be varied inversely to the
exposure tinme of the weld surface thereto, within they limts defined
herein; to mnimze the weld tinme interval, while avoiding excessive power

whi ch wi Iyygdefssasle the thernopl astic being wel ded and whi cPGTYS00/A8KE
excessive softening of the joint which in turn may cause consuner
unacceptable flash. It is preferred to operate the user in a fixed, static

wel di ng nqg}@ln?@e RPRESBEntigng éﬁgypﬂbmemdet teposferrbe weligear gaylsef -
produce consistent heating, reduc

e productiaqn tjne %gdto sir‘%I']‘ thg_
overal | palboattl orllisesond. dcabpul )y He-nd' ¥ BRERSHOUI ﬂiﬂ%f“—éfz bl y
cover the entire | d_zone, . whi ch, f t ypi t ut 5
mmin di ar@‘t‘iﬁe £ %gaﬂ??nuive&'ﬁﬁlyf ﬁé gﬁga%cegsﬁ:lsﬁed@%égggﬁg ‘?ﬁ@r(gase ar ea
due to thesanghe Qfihhe $alimitsi AbRtled ABethisg uss edimboive, the Wwakl htee
found that particular |asers, having wavel enghts from about 0.7 to about

2. 0~ni & onietterealwi tiite t byoittiag- ¢Res6IVaraPEWERgABIGHY oh bétferade ttheabout

material vitesaeb e prEE el B Btk ReSt et REP AT A g
| aser bea%a%ﬁ;,?gzr}@gg%b@ﬂﬂ%%i RaABY doremrabekindbceptabibaush?. 0

m cronet ers, out 4.0 to about: 6.0 mcroneters wavel ength
absorbing nmaterial contained within the toothbrush thernoplastic,

e 1 ng-such 18 PEUPTI HaGBeBAg: ALr 4S5 e aniaeer ariiih PRuERoe: a0
includgy sglidsshats ReashHROoRRMeY tddioed ahennem garaet toagiictiuce
consistent heating, reduce production time and to simplify the overall
production system. Accordingly, the laser beam should preferably
cover the entire Wela zone, which for a typical toothbrush neck of about
5 mm in diameter is less than 1 cm? in area, considering the increased

15 area due to the angle of the scarf joining.

As discussed above, it has been found that particular lasers, having
wavelenghts from about 0.7 to about 2.0 micrometers within the near-

IR, or wavelengths from about 4.0 to about 6.0 micrometers within the

20 -IR, penetrate typical thermoplastic toothbrush material without
significant absorption or heating thereof. Such wavelength laser beams

will be absorbed within any from about 0.7 to about 2.0 micrometers,

or from about 4.0 to about 6.0 micrometers wavelength absorbing
material contained within the topthbrush thermoplastic, including

25 conventional pigments and dyes, especially black. Lasers emitting such
a near-IR wavelength laser beam, useful in this invention, include
solid-state neodymium-doped ytirium aluminum garnet lasers
(hereinafter YAG lasers), erbium-glass and semiconductor aluminum
gallium arsenide diode lasers (hereinafter diode lasers). Lasers emitting

30 such an IR wavelength beam, useful in this invention, include carbon



(hereinafter YAG |l asers), erbiumglass and sem conductor al umwgm Aﬂaédﬂi um .
arseni de di ode |l asers (hereinafter diode |lasers) . Lasers emt nd S A
any | R wavel ength beam wuseful in this invention, include carbon 0 9 JAN
2004 PC''i USOO 3 8769 nooxi de(CO |asers which emt at about 5 to about 6
i cr omet ew dwo3gvel ength. Particularly useful lasers in theCHPRWEFT6O
invention are YAG | asers have a wavel ength of about 1.06 m croneters and
di ode | asers having a wavel ength of from about 0.8 to bout 0.95 o
M cr omet er snoSueide @OPEdaservhich emital abbut i trnaagHes DipTERRGtaDstincal
Systens, Dmibun-. CT 10810-71589 or. fromIndustrial M crophotonics, -St.
Charles, ' W"(@I}g’f@%%l. . Such YAG | asers are available frond, L rouics
Corporation Industrial Products Division, Livonia, M, 48152-1016, wunder
the trade designation JK Z00. Excinmer |asers with wavel engths just bel ow
the near-|R papgeuldipmsefiulasdrd ot tiheapoaset 36rentionomeeeYAG daseriot
recommended for use in theﬁgr esent_invention due to t& t hey

e fact that
tend. (o: bavesa Wavelengidy nbpoIoyHok HHHCTHRICbes AP ASETR DS EHE Feof
Such - linki d dat j i ISk d ti
Cmacti ng T e e APl LR 4 36 AR OB ey
result in {hsat opidebs Ushe bapakible dusimndiughes Depilmaty t Optivapl Spsicms,

mat eri al s of toothbrush construction useful in the present, indenti %n,
that transianbaser Gherl®BlhAHIR ﬂﬁvf@%ﬁmmdfﬁ%ﬁﬁbﬁfoﬁcﬁt t.

abdut: 2.0 _qu cr.onme S or £rao.l 0 &5 rs,
wi t hout abSAPilRY gﬁ@ ?S%% i c%H?haX%&%?l tas?ﬁ%:aellgf )é"a.ﬁﬁg;t% e?&gener gﬁﬁf
rigid. 1 heigmplastibes Widhs@idl ProdlctaoDilisson ofLigbnid, 14D, 4805261 @bEUL

350, 000 psi, containing no foreign material which absorbs such wavel ength
energy. under the trade designation JK700.

Excimer lasers, with wavelengths just below the near-IR range, from
about 0.193 to about 0.351 micrometers, are not recommended for use
15  in the present invention due to the fact that they tend to cross-link
thermopolymers and increase the brittleness thereof. Such cross-
linking degradation will cause increased resistance to deformation,
impacting the ability to the toothbrush to yield during brushing and
may result in the toothbrush breaking during use.
20 - |
Typical thermoplastic materials of toothbrush construction useful in
the present invention, that transmit laser energy having wavelengths
from about 0.7 to about 2.0 micrometers and/or from about 4.0 to
about 6.0 micrometers, without absorbing any significant amount
25  thereof; include, generally rigid thermoplastics with a flexural modulus
of about 100,000 to about 350,000 psi: containing no foreign material

which absorbs such wavelength energy.

Preferably the toothbrush head 14, is molded from a variety of less
30 rigid thermoplastic materials, having a flexural modulus of from about

100,000 to about 200,000 psi, to reduce the gingival trauma associated
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Preferably the toothbrush head 14 is ,nolded froma variety J}ﬁi ﬂ{)l g|d
thernopl astic materials, having a flexural nodulus of froma out 88

to about 200, 000 psi, to reduce the gingival, traunma associ (2995151 \é

/ CBi 204 PCWQ 018998$r 69 with excessive br ushi ng pressure by t {13768
preferred |l ess rigid pol ypropyl ene is avail abl e from Hunt sman

Cor poration, Longvi ew, Texas, 75603 under the trade designati on P5MbK-047,
with a flexwigl exceeslivleubrméhntg)qireWOﬁE)w pbe. useherd| BEferieg deshaigid

Lher mopl st POV EEPRI T & (TETAblendFaish A S, RARECTHRG” PGV ene
vinyl "acel el EVaLoch Brolsrsdsule ol b SRR 7, e kerdr om

Teknor Apex nd 02861 , sold under the trade
desi gnat i onn@dd@RrE0S0 e aNT1 7PAIOCL Bsi. Pr@thenblaﬁst h‘@lﬂoommsﬂGMI e

-18; can be nolded of a variet fl el xt bl Ilent als
rigid, - & hamatesials epeefiddl qrort%@héoom Hergold 1pcriie dpiohiste
pol ypropyl en Wi t h e @@Q] S y e

met hod D790€ fags‘t%{%rpatg’f%ﬂ ﬁ}éﬁno@ %%q‘ln Cor%%lr%%\?on Lgnélljgtle ?(%11? Sr‘.'m

under , thegheade- Agnaplo refelibdd sgtﬂﬂstla@itmjt}o@émmeeza@aﬂabm&m
sui tabl e pol ypropyl e i's aval | abl e from Anoco_ Pol

¥,
Al pharetta; Tﬁ@org‘kla@e@mpag]l, Pamﬁﬁnﬂ@o‘i%ﬁ'lwgﬁé%@%l ﬁﬂi&{l'rl&ﬁlef@@
wth a fle -ar, ali lus .toot hbrush Band e of
such a 216, 6@516(‘36 ngﬁmgﬁ%w provi (kie enhanced rigidity to
al l ow, e user to better control and mani puI ate t he positi on, of the

t oot hbrush head during brushing. Alternative "transparept her nopl astltcs
useful in eitReeferhblhehd toothbsnshahangdle 38, candpe dBold e of 7 vAgigtyr o

such as pol Yk gzer}%sﬂlent materials more rigid than that selected for the

toothbrush head 14. A suitable polypropylene, with a flexural modulus
of 216,000 psi by ASTM test method D790, is available from Huntsman

15 Corporation, Longview, Texas, 75603 under the trade-designation
Huntsman Polypropylene P4G3Z-039. Another suitable polypropylene
is available from Amoco Polymers, Inc., Alpharetia, Georgia 30202-
3914, sold under the trade designation 7635 with a flexural modulus of
about 275,000 psi. A toothbrush handle of such a 216,000 to 275,000

20 psi material will provide enhanced rigidity to allow the user to better
control and manipulate the position of the toothbrush head during
brushing.

Alternative “transparent” thermoplastics useful in either the head 14,

25 or handle 18, include clear polyester, such as polyethylene
terephthalate or a copolyester, such as poly-cyclohexylene dimethylene
terephthalate, acid modified, polyester (PCTA) or styrene acrylonitrile
(SAN), acrylonitrile butadiene styrene (ABS), polymethyl methacrylate
(PMMA) or a cellulosic plastic, such as cellulose acetate propionate

30 (CAP). Such “transparent” thermoplastics, that transmit such

wavelength laser energy, are clear or natural in color, or may contain a
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terephthal ate or a copol yester, such. as poly- cycl ohexyl enewﬁégq@qe
terephthal ate acid nodified, polyester (PCTA) or styrene acryl on i

(SAN). acrylonitrile butadiene. styrene (ABS), polynethyl nethacrylate

(PMWR). or_a 0%{6'4 ﬁl osic plastic,. such as cellul ose acet at e perapicensise
(CAP) " . su¥ | sparent,' thernopla-s-tdcs, that transmt such
wavel ength | aser eneny, are clear or natural in color, or may contains 'a

.10.. D -S JAN 2004 0 ggﬁﬁgl;g{rg 0044 87.96n Ri-grEshgtiis dyachl s® pink,

"transpar er@é%%msggx&\%\%?%ng S, su?h as pink green and translucent red.
In an al t er galeinvenariegdieiniofed.ne present invention, as mentioned above,
the pre-forned thernopl astic toothbrush head 14,7 and handl e 18, conponents

being joined, are both free of any material capable of absorbing from

about 0.7 to b%?%ﬁéﬁ%l%"%ﬁé%%ﬁ%ﬁmﬁﬁ JFRAm ﬁxt&'élht‘ﬁnc}ehﬁo@btﬁs adhtioned

m croneters ergy, however’, a l|layer or coating of

mat eri alg cag?g{,ﬁ ofe Jinhed steimeplabsogidothasesheheadyl 4i enghhealion
one of the of the corponents across the scarf johr} 20; s\#chﬁ# hat , tlhe
from about 087 compboentsbefngijoiestbt a¥e DRAG I ER FHHAE 3G SR Y. 1o
about 6.0 mcrometers wavel en lLasgr _he 1 r 8t erddeabout 4.0

t her mopl ast ?@SQMQRMQ& ttﬂeaetf:o&g[t T%nr&g gglrxﬁreg%’sié%g the tenperature
of the coal{ oy anes Radici¥niaedycidricast lastrachergheboWRYEr.t Adayabutt i ng

surfaces of 'the scarf joint 20, to neltin to fu a ld. .1t has bee
found that somtihi ofymdierzducapaiglesol ﬁb_@@%ﬁﬂ@f SHR ‘é’@&%@‘}%ﬁ%ﬁ“ﬂi,efﬁf as
Rbsor bi 18 cHmEPRGAd: P GRVRTIES dintl oI R SR e S e
it has beenfaung, tihattHenamit 0F t@asbuald o hiiogrmeters wiavetdrggthf, ams
the coating I's surprisingly small, on the order of 1aet1)—1m{h PéS%rtgegP&%mB. 0
n crogr ans - &rempakbat ablytabmuwut 6.0 micrometers waveleng
penetrate the thermoplastic and be absorbed by the coating layer,
raising the temperature of the coating layer and by conduction and
15 radiation heating the abutting surfaces of the scarf joint 20, to melting,
to form a weld. It has been found that smoothing the abutting surfaces
of the scarf joint 20, such as with very fine sand paper, i.e. 1200 grit,
before applying the laser absorbing coating will provide joints with a
cleaner. appearance. Further, it has been found that the amount of
20 laser absorbing material which forms the coating is surprisingly small,
on the order of about 0.5 to about 3.0 micrograms and preferably about
1.5 to about 2.0 micrograms of carbon black, which may preferably be '
suspended in a solvent, such as methanol or ethyl acetate. Such a
small amount of carbon black will not be readily consumer apparent
25  after the welding process is complete. A particular carbon black found
"to be useful in the present invention is available from Plasticolors of
Ashtabula, Ohio 44005, under the trade-designation Arilux New Moon

Black.

30 In the method of the present invention, it is preferable to securely

hold the surfaces of the scarf joint 20, in alignment and in intimate
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1.5 to about. 2,.0 micrograms of carbon black, which may preffpgalAN Q&{M
suspended in a soI vent, such as nethanol or ethyl acetate. Such, a snall

amount. of carbon black will not be readi | y consumer apparent after the

vel di ng preggssobs conplete. Al particular carbon black fouRET/US/EESUsef ul
inth.e present invention is available fromPlasticolors of Ashtabul a,
Chi 0 44005, under the trade-designation Arilux New Mbon Black. In the

met hod of E,p%‘ %ﬁzgfﬁ/%{ﬁe  td tmirstapn effer disteal tlst, sabdr blﬁ»yldlehb@d the
sur faces ofc e sc

nt 20, in alignnment and inti
2004! WO Dith @&@mgmm Ih%an d@@@?%a%‘: Wg i%e%glglﬁ
t he head 14and handl e 18 together, thr k88 aPrBeeEpHazeel” a
fixture pr &tasr ablgast ORREXROSFE auge g%eﬁg%g&s&er tdglsgg%n%nuf actured of a -

Thout 4 f t bréezbpot oo abenbre®dosaloput r om
about 4. .0 tpg{](;% ?Bg‘c(g) Y0 of 5888200 tmbbr

m croneters, wavel ength ener uch FA Tefl on;
-such that g bheici@attsushvelmhamagyasusd 857 rﬁ%%@éﬂ e?]-i‘g?. tglaF -EE?
dur | ng the bonding process, while the_l aser_ beamiass L9 dfifng th
t oot hbr ush tooﬂnbnm%ht@%?ﬁeﬁ i GPat @E‘ﬂ%f éfﬁ@d ?ﬁr%ﬁg e f he exﬁ’ose;(il
"transparent' side Qzﬁﬂ eﬂ?q? gd lpé/axhh 539@@1@&1 dhealtbgthlangs
mai nt ai n tﬁ%@ré%@é@cg%? t car qjhgl nts 20. g?n intimte cqQntact can

range from &Qﬁpbnéﬁtst qrighoutnidfinkPalodn of denergy [LHRERERhetn | %’POSCC‘
interval to we

d the toot hbnrsh | ead 14. ]
better contitodnspirarid pifeceddic THESFYHE @J}Fglesdg?ﬂgltﬁgﬂ%% hggdﬁ%ﬁ
handl e 18, can _be he St i B0, Phogeasatd ¢d51etqmtesm1t,
i nvent |1b ﬁ:‘f‘ n%’gﬁraf:%g %it];ﬁ\}%gi a snoot h
range from about 40 to about 70 kPa.

In order to lower the time interval to weld the toothbrush head 14, to

handle 18, and obtain better control of the process; the fixture securing

15 the head 14, and handle 18, can be heated during the laser bonding

process of the present invention. This heating helps provide a smooth

surface finish about the scarf joint 20, i.e. minimizing any flash

thereabout. To facilitate this heating, the fixture other than the one

side “transparent” to from about 0.7 to about 2.0 micrometers or from

20 about 4.0 to about 6.0 micrometers wavelength laser energy, can be

machined of metal to easily conduct heat while providing dimensional

stability.  Preferably the metal is steel, which can be heated by

conventional electrical heating means. Depending upon the particular

thermoplastic materials of the toothbrush head 14, and handle 18,

25 being bonded together; the temperature of the fixture can be from

about room temperature to about 95 degrees Celsius. For

polypropylene toothbrush heads and handles a temperature of about

85 to about 95 degrees Celsius is preferred; while for polyester heads

and handles the temperature range 1is preferably from room

30 temperature to 60 degrees Celsius, depending upon the particular
polyesier.
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surface: finish about. the scarf joint 20, ie. mnimzing an?bél ash '
thereabout. To facilitate this heating. be fixture other thaW héANA04si de
"transpar gv%'bllgﬁogrom about 0.7 to about 2.0 m croneters orpffeepaies 4.0
t o about m<croneters, wavel ength | aser energy can be machined of netal
to easily conduct heat while providing dinensional stability. Preferably
the netal is steel, which can be heated by conventional electrical heating
nmeans. Dependi ng upon the. particular thernoplastic nmaterials of the

t oot hbrush hepgle t4ottaneNahdae 18, aribihzndlebbhdedmpsgearter of the present
tenperature of the. f xt.unt can be from about room e%gr ture i‘ﬂ about

. 95 degr emwegdlosi usanrdee  FIEHOBRHISY | E¥e ?%Y?Wl?la . Hnt Pes a
temperat Ur & ot aaod, whi-th fe @it Sl hnesguiPhotie oie. A6 exhagilcn | e

for pol yest enperature range 1s preferably fromroom
t enper abur e,¢Qy 80206485 thel gfé&ntdﬁ@@dﬁﬁi@ﬂ, whenhehd pér tarcditzandle 18,

pol yester. -12 Nr'OO01'"(39 89 1 0 9 JAN 24 PCT/USO t'3 S i 9.' The
t oot hbr ush tmaeath benmjehtiogl moided dnpoAErgle YEPt he present invention can
be pre-formed by conventional injection nolding technol ogy, which
technology is well known in the art.For exanple,in accordance with the

present invengy ﬂ%&@?ﬁn&ﬂes%gh@@di@léﬁted ¢artheachthbrishdetadn4,
nol ded in_a, ni;ll%g % step. The toothbrush bristles my be ! npl anted i _the

t oot hbr ush éithdr Mefoi¢ her afefrojansng athehgasdsitagtiaehABAIRS (WSingecHRRE es

using either typjcal staple technol ogy or i 1 0 3{@

t echnoll&yy B&ig §F%§8&qchlﬁ.@b&reﬂgéié@%%5%§% ﬁé&g‘gs{%%ﬁo& ,U@&%%,
as disclosed in U.S. Patents 4,635,313, 4,637,660, 4,954,305,
5.045,267, 5,609,890, 5,390,984, 5,533791, and 5,823,633. Such

non-staple technology involves processes wherein the bristle tufts 24,
are fused into the toothbrush head 14, by heating both the bristle tufts
15 24, and the toothbrush head 14, which are then brought together in a
fusion process; or, wherein the ends of the bristle tufts 24, are pre-
positioned in the inj‘ection mold prior to the introduction of the
toothbrush material, which toothbrush material is subsequently
injected about the ends of the bristle tufts 24, locking the bristle tufts

20 24, in place in the toothbrush head 14, in another non-staple process.
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5, 0452677 5, 609. 890, 1; 5, 390,9284,. 5,533 791, and 5 823, 653. Such, -
non- st apl e technol ogy invol ves; processes wherein the bristle t tgAﬁ4

are fused jnto the toothbrush head 14, by heating; both the bris ?W@
24 and the toot hbrush head" 1'4, which are then brought together in a

fusi on process; or,. -wherein the ends of the bristle tufts 24, are pre-
positioned , in the injection nold prior to the introduction of the

t oot hbrush: material, which toothbrush nmaterial is subsequently injected
about the ends of the bristle tufts 24s5iQeking the bristle tufts 24, in
place in the toothbrush head 14 in an6ﬁﬁ€r"non stapl e process. 09 JAN 2004
What is clained is: 1. A nethod of welding a pre-forned thernoplastic

t oot hbrush head and a pre- forned thernopl astic toothbrush handl e
conprising, (a)selecting a toothbrush head which transmts from4.0 to 6: 0
m croneters iwavel ength energy therethrough (b) selecting a tootle br h,
ha-ndl containing, a from4.0 to. 6.0. mcroneters wavel ength, ' energy
absor bi ng. %ﬁéﬁ‘é@'mqqzﬁ@al igning the respective end surfaces of the head
nd handl e to cl osely;contact each other to forma. joint; (d)exposing the
joint td a from4.0v to 6 0: mcroneters wavel ength energy |aser beam of
from{ 60 to 400 watts output pale in a series of pulses of from 0.5 1to

Lhe oot hbr e Rl o R B P P12 o
| aser beaﬁPFEe%HﬁFﬁﬁgaéﬁ%Q&MPg'&b@ fidle GarapRising @%EW@A%%Q@B%@#‘ tint

by the endismd whishritinsgnite tiemn 410 tch@Denicromatess nEvelrnatb @8EUsh head and
handl e —surg gfe? 1 n@g”{rﬂt étmgné Idd?hﬁn‘%llﬁg 1ad h'éﬁta‘rﬂﬂ?bhﬁimzl?o fo gEg hod of

wel di ng a pr stiot f or.med
t her m%pasfm@r@msﬁmmﬁ andth |9@B&Bﬁﬁb$%' g mafer@@ (sgilﬁ%“%ttﬁ) ERSRSR
handl e whi adnd sfsBstf.the Headnandthéndle Go Rlosiely congaet sackevitiee tyfdtm ener gy

joint; (d) exposing the joint to a from 4.0 o 6.0 micrometers wavelength energy
laser beam of from 50 10 400 watls output power in a series of pulses of from
0.5 to 1.5 milliseconds in duration, which laser beam is capable of penetrating

15 the toothbrush head and contacting the joint; whereby, the energy of the laser
beam is absorbed at the surface of the toothbrush handle at the joint by the
energy absorbing material therein, causing the toothbrush head and handle
surfaces about the joint to melt and fuse together.

20 2 A method of welding a p'r:a—formed thermoplastic toothbrush head and a pre-
formed thermoplastic toothbrush handle comprising, (a) selecting a toothbrush
handle which fransmits from 4.0 fo 6.0 micrometers wavelength energy
therethrough; (b) selecting a toothbrush head containing a from 4.0 to 6.0
micrometers wavelength enei'gy absorbing material; (c) aligning the respective

25 end surfaces of the head and handle to closely contact each other to form a
joint; (d) exposing the joint to a from 4.0 to 6.0 micrometers wavslength laser
beam of from 50 to 400 watis ocutput power in a series of pulses of from 0.5 to
1.5 miliiseconds in duration, which faser beam is capable of penefrating the
toothbrush handie and contacting the joint; whereby, the energy of the laser

30 beam is absorbsd at the surface of the toothbrush head at the joint by the
energy absorbing material therein, causing the foothbrush head and handie
surfaces about the joini to melt and fuse together.

14
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t heret hrough, (b) selecting a toothbrush head contai ni ng a from 4. [?
m conet ers wavel ength energy absorbing material; (c) aligning, tgqejb;N 20 k
respective end surf cos of the head and) handle: to closely, con tact each

other to form a, joint; (d) exposing the joint to from4.0 to O ,
m croneter; wavel ength |laser beamof-fromu to 400 watt out put power in:C
series of putties of fro' 0,5 to 1.5 mlliseconds in duration, which |aser

beats is capable of penetrating. the to thbi-ush handle. and contacting
the: joint; whereby:, the energy of the: laser, beamis absorbed at the
surface of the toothbrr- sh head at the Joint by t he energy absorbi ng
material thepeinpthcthobivefdinhe pesfored thermioplestic taothbnasid headsand poes

mei hod of BRI, ARATPREOHTELS | BTBOCNBy (e TRad e PR s

formed they Jﬁ é@@hﬂbﬁéﬁd\eflﬁ@@b%ﬁ?@mhﬁi flom €A 166 ociiargrimies a
toothbrush ea handl e that both transmt from4.0 cro ters

5 wavel@ngwnveiﬁegﬁyeﬂw@yéhﬁraibmuwr ) lexgdng ﬁgc%t'é‘sé%flfﬁﬁ“o?mm 8 about
4.0 to abo t ﬁd?l?% [ one
of the p%@?‘?‘vih @9@%& ar%e“\ég)cl) éﬁ;m %&3@3? %c an ?@F Qﬁ gﬁ?;&‘?ﬂgﬂ tHél(wc)

al i gni ng ti‘% e&ﬁ@@wfﬁl yeriaces sﬂ'ttﬁ@mdgér hhad!beuﬁbaﬁdmwndc)a att@mogo&@ y
contact each otter or t

(0 5.0 m cewRecivs g switAsRs el i b Bhale R sioPst EaMastadh 8L ot
power in g S %mPU'(é)e%xﬁBsﬁ‘abOmé) j8int GolaSfri 14. se@md@ friicrdiegison,

whi ch Iaser eam | S cap of penetratl ng the head or handl e to, contact

the coli nﬂBVQ@PQ%MPQ&H@ ofliramg0 de 440hwatigseiipHb JRWES 18R Sehied t he
energy abs Q%Q%h%}ﬁb' {o '1'5 ﬁppsefogﬁ%' iR Gur &icg-ﬁ'\mcﬁ %é%%fhrﬁ”@ cbéaﬂiee
0

surfaces a ol n fuse together. 4. The nethod as
in any of of aenstmtmgz therh@d wirehandiet ioe cpuiant ﬂﬁ%rmlﬂﬁét(ﬁbé\fhﬁrﬁbw'@@d and

handie 1s chal*difei9edt SE8H s MHoRodl of hd THRES abBorbing! FRHtEAS in the
coating, causing the head and handie surfaces about the joint to melt and fuse
15 together.

4, Thehethod as in any of claims 1, 2, or 8, whergin the joint formed between
the head and handle is chamfered to a scarf angle of 70 degrees to 15 degrees
relative to the longitudinal axis of the toothbrush.

20
5. The method as in any of claims 1, 2, ot 3, wherein the joint formed between
the head and handie is chamfered to a scarf angle of 30 degrees to 15 degrees
relative to the longitudinal axis of the toothbrush.

25 8. The method as in any of claims 1, 2, or 3, wherein the output powsr of the
laser beam is from about 80 to about 250 watts.
7. The msthod a8 in any of claims 1, 2, or 3, wherein the output power of the
laser beam is from about 95 o about 120 watls.

30
8. The method az in any of claims 1, 2, or 3, wherein laser beam is operated in
a static weld mode covering the entire arsa of the joint being welded,

18
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relative to the |l ongitudinal axis of the toothbrush. 20 5, The th in
any of clains 1, 2, or 3, wherein the joint forned between thgqﬁe&@eéﬁﬁ4
handl e is chanfered to a scarf angle of 30 degress to 15 degrees relative
to the longitudinal axis of the toothbrush. 6. The nmethod as in any of
claims 1, 2, or 3, wherein the output power of the |aser beamis from about
90 to about 250 watts. 7. The nethod as.in any of clainms 1, 2, or 3,
wherein the output power of the |aser beamis from about 95 to about 120
watts. 30 8. The nethod as in any clains 1, 2, or 3, wherein |laser beamis

operated in a_stati I d node coverjing the_.entife area.of, the joint being
el dod: | PNCRBEDISEET 4 o JARY Z00R TS The ZntnBa WATElT R R E 8. 2
or S, whergimicbAuti@e slurhifiufh galfEiH SRBAIEIGGAIdegknum gal | um arseni de_di ode
| aser. 10. The malil od as 1n any clainms 1, 2, or 3, wherein the laser is a

CO | aser, The method of claim 3, wherein quantity of energy absorbing

e in Gy B TRErRERbA%S hp ¥ ighot | 2 s, MO0 Rdassin i oRlRSerT) i o

pigment or a dye. 1i3;. The nethod as in claim 12, wherein the energy
absorbing material is ,carbon black. .15 14, The nethod of, claim 3. wherein
the ener gyl 1ab§§5‘ﬁbﬁ“ﬁ§‘%?€?‘%’éﬂ‘ 'nwﬁﬁ@'%(%‘laf‘% Pl eReOY FRRADING E‘r%%rll'@}éﬂt .

- the coating is from 0.5 to 3.0 micrograms.

10 12, The method as in any of claims 1, 2, or 3, wherein the energy ébsorbin
material is a pigment or a dye.

43, The methad as in claim 12, wherein the éﬂergy absorbing matsrial is
carbon black,

15
14. The method of claim 3, wherein the energy absorbing material in the
coating is suspended in a solvent. |

15. The method as in any of claims 1, 2, or 3, wherein the head and handle
20 being bonded together are held in a heated fixture.

16. The method as in claim 15, wherein the heated fixture is heated to a
temperrature of from room temperature to 85 degrees Celsius,

25 17. The method as in any of claims 1, 2, or 3, wherein the head and handie
are of different materials, which different materials have different fiexural
modulus, ‘ .

18. The method as in ¢laim 17, wherein the flexural madulus of the head is
30 from 100,000 to 200,000 psi and the flexural modulus of the handle is from
200,000 to 350,000 psi.

16
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15. The nmethod as in any of clainms 1, 2, or 3, wherein the head and handl e
20 being bended together are held in a heated fixture. 16. The fnft J?‘(N B;M n
claim 15, wherein the heated fixture is heated to a tenperature of from
roomtenperature to 95 degrees Cel sius, 25 17. The nmethod as in any of
claims 1, 2, or 3, wherein the head and handle are of different mat erials,
which different materials have different flexural nedulus. 18. The nethod
as in claim17, wherein the flexural nodulus of the head is from 100, 000

to 200, 00 and .t h L exur of th han fr 000 to
350, 000 pg? IR 6 e of o %D’Egj‘A 362! Mgl e nbad %%%Fqgf cl ai s
1, 2, or ge @hmrémtdmﬁgead and handle are of different colors. 2004
AMENDED SHEET
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