WO 01/ 03909 PCT/ US(c)0/i 8769 Laser Joining Toothbrush Heads to Handles 5
Field of the Invention The present invention relates to toothbrushes and in
particul ar a woetdseed of manufacture of toothbrush bodies, WerRbiusrs
pre-fornmed 10 toothbrush heads and handl es are joined together to torm
conpl ete toothbrush bodies. Background of the Invention 15 Conventi onal

t oot hbrush bodi es conprise an eIon functions as a handl e,
joined to a' neck, which nay be gener y straEG%t or curved, which is
connected to a head havi ng Robtibiei 15e5HsOFb Tgar@iwai ch tufts of
bristles are fastened. Such toothbrush bodies are typically manufactured

i n one step by injection nolding;, wherein, a nolten thernoplastic materi al
is injected under high pressure into a steel nold. After the plastic
solidifies, the nold is opened and the fully formed toothbrush body is
renoved. 3Bich a conventional toofilawsithebibaditiofior med of one nateri al

| acks the desired different coloration and physical characteristics

possi ble with toothbrush bodi es havi ng heads and bodi es manuf act ured of
different materials. For exanple, it is desirable to have a rigid handle
for manipulating the toothbrush with a nore flexible, i.e. less rigid,
head that will @ praaent dnventibn gelatehite tohthlntishien gﬂuwélmt padthaulas soci at ed

wi th excess by Jof" £03909, PCT/ USQQ. 1876 u. S
Pat ent 2, 445, :@ﬂ i nglrgxé%gf c&@%{%b&eg%&%‘%)ﬂ%g ﬁ ey W oPT&IPRRET | ent
mat eri al , 1@ uctoaihbruslc drdarisdandbbendles eaer Piinéd topeiibdr e @r@s . conlplese

t oot hbrush bo ufactured in a nulti-step process, wherein the
heads and hangq g‘éb %’ﬁgﬁﬁam y produced and 5 subsequently cenented

t oget her. Such cenenting, or in general

Background of the Invention

15

Conventional toothbrush bodies comprise an elongated rod that
functions as a handle, joined to a'néck, which may be generally straight
or curved, which is connected to a head having a flattened section to

20 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

25 Dbody, 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
30 gingival trauma associated with excess brushing pressure by the user.



adhesi ve bondi.ng, takes significant surface preparation to provide an
adequat e/ strong seal and takes a significant tine interval for the
adhesi ve t 0 cwbHeu/ewet herwi se set, adversely effecting thepgg@g&%ﬁé of
mass production. 10 U. S. Patent 5,121,520, discloses a tooth rus(1 avi ng
twi n side-by- side brushing heads attached to the toothbrush handle at a
predet erni ned AU, Patdhe2RIBISSTEistDsES tocttbiash todiaHhensyhédds 60a i - e.

adhesi ve bondi ng,. or fusion, i.e. heating the head/ hand] e joint 15 surfaces
to a softened WG%QWHS@%@HQE' sich as vMiearyzed ralles isseerachitq pgik haggdipsact and

mai nt ai ni ng t hpjeseORcARbrish MR ok I RARALARRRC 80! 4 riﬁulti@%h?i %’ocﬁﬁﬁl | ke
gluing, requires no surface preparation and no |long set- up tine; however,
wi th fusion urbersin héhe heagse@nde handicsg ast wephratehe hesdiidedndind j oi nt

surfaces, ig I | X [ eqgr tion 20.0f the.plastic
t oot hbr ush §mts§}t%§ﬁ§&€é[§eé§q1§répe?0ft§ g%?‘r?g an%lg%l S C&PF?%ﬁg’ofor t"ﬁe%fﬁlg Ic, as
wel | as, excessihesivie behdingheakes signifieat strfade propadaltions fo provitiacdimr i ng

art for a neans, of _bpndin re-fo t oot hbrysh heads to handl| es of
di fferent mat ésrqegpg,te Sﬁ@r’é\?gﬂ’g 3&*‘# ggﬁ%‘hta gaiicant fimseinteelala dhe
coloration, imdhesiverd SRS ¥ALHAGHAR 851, advefsdip e PiiRg AL QBnbRRESSE and

w t hout any degradation, distortion, excessive flash, or other consuner
unaccept abl e éppggprodygetion. WO 01/ 03909 PCT/ USOQ 18769 Sunmary of the

I nvention 43 The present invention enconpasses a nmethod of joining
pre-fornmed toothbrush head and handl e conponents using | aser beans of two
particul ar wavdl.&nqdtentBgk2]l,5280¢ discipsdshaswotlalanisth kantg ¢wid rsadebyt ypi cal

thernoplastic 4ot P&slﬁiggmﬂe%rdgala&fchréﬁattot htiei nttoghunt?xlusjhm hnzghdlteo at a
predetermined angle. The heads may be joined to the handle by gluing,

L.e. adhesive bonding, or fusion, ie. heating the head/handle joint

15 surfaces to a softened thermoplastic state, bringing 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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10 wel d the part of the joint together, w thout significant absorption or
heati ng o&v E\(ﬂ mat eri al bei ng penetr at ed The transm ssi_on, w t hout
absorptio 3¥ch particul ar wavel ength ranges of Iaé’é?’qsf’%m”t hrough
typi cal toothbrush thernoplastic materials 15 of construction, hereinafter
"w ndow effect", is essential for the internal welding of toot hbrush
conponents of the present invention. This w ndow effect can be
denonstrated by the spectra of each such particular thernoplastic. The
spectra of each thernoplastic is the urement of the transm ssion
ability of a range of wavel , AL wavel enghts of particul ar
| asers, through the thernoplastic. The Atlas of Polyner and Plastic

Anal ysis, Vol. 1, Polynmers: Structures and Spectra, 2d Edition, by Dieter
0. Humm®l , publ i shed by Carl Hanser Verlag, Germany, 1982, (hereinafter
the Atlas c 2 1 ge from
25 the botto%ﬂfbp%ee% n rare eglegfﬂgagrggéné{%{ezhbﬁ' dit(;%#ﬂ; crorv%\gg range,
50 mi cr onete@othbrash sheach ansd thmdhlmp@rmtsa}lsmgom béamsr ehswbssi on

t hrough and_absorption for. .t an
t er epht hal B?gh hW?ﬁ%lﬁ Eﬂ’e%ﬁﬁ‘ﬁ?%s \?ﬁ eﬂ b"%ﬁ# Ef"}/bﬁ;{Fow. 30 -3
WO 01/ 0390@;&651/ Bl Z66c t&@thtu&hEhatﬁmlaﬁl neatTﬂie)ngﬂai-ﬁﬂsm iten

Wavel en t hs ol |l ene  And et h ene Ter ht hal ate Materi al
Transni S|8’Y‘F %&o&%ﬁﬂ?ﬁ%bﬁ%ﬁ er"%l 0 2PBaTRHOT O

Wavel engt hheg%gr&mg%mméﬁé@teﬁm crorret ers) Polypropylene' 2.5 to
3.22 NA 4.0 VA

The transmission, without absorption, of such particular wavelength
ranges of laser light through typical toothbrush thermoplastic materials

15  of construction, hereinafter “window effect”, is essential for the internal
welding of toothbrush components of the present invention. This
window 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,

20 such as the wavelenghts of particular lasers, through the
thermoplastic. The Atlas of Polymer and Plastic Analysis, Vol. 1,
Polvmers: Structures and Spectra, 274 Edition, by Dieter O. Hummel,
published by Carl Hanser Verlag, Germamy, 1982, (hereinafter the
Atlas} contains such spectra; for polymers in a wavelength range from

25 the bottom of the infrared, 2.5 micrometers, into the microwave range,

50 micrometers. As shown in the Atlas, the major bands of
transmission through and absorption for typical polypropylene and
polyethylene terephthalate toothbrush thermoplastics are shown in
Table 1, below.
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4.0 to 6.45 CO 5t06 6.45 and up CQ2,

10.6 Polyethylene 2.5 to 3.125 N A

terephthalate2 3.125 to 3.6 VA 3.6t06.0 CO, 5to6 5 and up CO2, 10.6 5

Not es:
Atl as,
| asers which
whi ch either
in Table 1.
dat a

1. At1WQU148¥es 6, Spectra 16,
page 232, Spectra 694. For conpari son,
10 wavel engths within the particul ar spectra ranges
or absorb energya
i n accordance to the present

have
transmt
Accordi ngly,

for pol y(propyl ene), PCTUS®aBics.
al so shown in Table 1 are

2.

I n the wavel ength ranges shown

i nventi on,

fromthe

hermopl ast i oo 1 oo etr Ent R AfebimAdr Ve clerBRRL B PbRERUIICR

"w ndow eff eg
within the n
within the i
PCT/ US00/ 187

of any mategial,

effect wave
conmponent co
absorbing su
wavel engt h |
abutting rel
generating s

The particul ar two wavel engt hAndli@b&thyﬂempébrqnﬂﬂnalaiand to provide thi s
L u I asSS |U|||quu +—+o—about mr\rnln'rnfnrr‘
ar . iV# ¢eﬁ#’g cm&ﬂf"ﬁﬁm‘ lBHt 4. HbSPELB éPBhC%}PlGrWE’ESe s
frared (I R) spephfouph BRAASH! NOBEUPT | SESwith il 3909
9 selecting @ first thernoglastic toothprush conporent|free
such as & Mwet@rs)dyefml@m@leés)o dbs@mmtgrsh nfow
B BfeSel CE DS 2215 otter—thermoptasti g —toothbrush
n_am_mrlal such as la pignent or {/}é capable of 5
th about 0.7 tc? about 2 0 or |{@22t04.0 tqNpaut 6.0 mcjoneter
ser—ehRefrgy—al H .. re—t-wg—coenponentsfinan—tightly
Ati onship to f )#ﬁ? Fo‘ﬁn edpasing the j|dtRt 5118 & | aser
ich a wavel ength beam by penﬁtg_@gbﬂgﬁlpe T¢O5110.6
Polyethylene 2.5 to 3.125 N/A
terephthalate?
8.125t0 8.6 |N/A
3.6t06.0 CO,5t06
5 and up COg, 10.6

5 Notes: 1. Atlas, pages 6, Spectra 186, for poly(propylene}, isotactic.
2. Atlas, page 232, Spectra 694.

15

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 CO: laser will not.

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

-4-



t her nopl astic conmponent; thereby nelting a surface |ayer of the 10
conponent containing the | aser absorbing material at the joint; with
concur r entWOEVBPg of the abutting surface |ayer of the FGIES008Ysponent ,
such that a weld is forned between the two conponents as the nelted

surface |ayers cool. 15 In an alternative enbodi nent of the nmethod of the
present i A¢ERtingna deh theamaplastic gopdahmish, FemRBARCR drefarfl @¥onponent s

are free Ohﬁ@ﬁfarﬂgérr\]i‘t{aktﬁé é%%ﬂéﬂ & dﬁasa%{me of PR Abg wihdow efalout 2.0

m cronmeters or out to about 6.0 mcronmeters  wavel ength | aser

energy. | nwavelengthsdiansht selectings the pothemgthensaeplasticf doathbmwsh t hese
conmponent s Q t e i . 0. a.laser. beam
havi ng a mé\f?%&’e(%%ﬂi °§?‘W§b§‘§t&%@7%§f‘ a%)%%blgﬁ%g%?gdr%ﬁﬁ?gagfe J(;')fr from
about 450 tbseibiug Such nzlsewimél2rio, abbat 20 bel abbowteldy0 niorabeuandunt  of
such wavel engt h absor bi terial is spread acrpss the abutting surface
of one of PRETUBAIS ERYLCRELlaser cnerayx phgnie HiF BHE ROmRORERIS BRFR The use
of such a kil ahttidg RhBonsHpUBifofth £ jtiit;V@yRIsadite fhaotduNdsamt eri al

provi des a joint between the conponents wherein the particul ar wavel ength

absor bi ng generating sychota r awavelsngtbnshearn o | demshatingd the | fiygd 01/ 03909
PCT/ USQO0/ | ' L L RO . NS 9. IS

| ongi t udi nﬁ%‘r’%‘é’%i \?gﬁﬁdé%&’s%\%}%%h:m%%bgugﬁrékgt haé'e&progsglrﬁ

i nvent i16n sbmponenit ocwgitainingatheakiser absotbingheatefial Fitgthe? joint;awith

-enl argenent_of a s nt ofc Fig. . showi.n e _detail t he scarf joint
ot weon  néofba Ry dERMa e HshmdR SRS 1V e Bl colghonRBRl | 101 0
an angl e ofsushaiiat I0weki i« famed betwesgietie twotdoenpbaighistagltii@imealteds, A - A

surface layers cool.

15 In an alternative embodiment of the method of the present
invention, both the abutting toothbrush heé.d 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
2.0 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
amount of such wavelength absorbing material provides a joint between
the components wherein the particular wavelength absorbing material

is not readily consumer noticeable.




Detai |l ed Description of the Invention 15 Referring nowto Fig. 1, a
perspective view of a toothbrush 10, manufactured by the nethod of the
present i nverWw@em3®vi ng a |ongitudinal axis A -A wherei RCT/P$1883t hbr ush
has a head 14, which 20 extends froma neck 16, which neck extends froma
handl e 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 |ocated wthyg.fPhRrsPREGKokof e SH8WnEs Fig. 2, an

enl argenent of the neck 16,—p0'r'ri77n"gr_l—‘|‘g_.T,"ﬂ1_wr_nLgsfwrf joint 20, is
formed by mating 25 chanfered or cutaway ends, one end fromthe head 14,
portion and one fromthe handle 18, portion. The chanfer or scarf angle
22, is 15 to 70 degrees in relation to the toothbrush |ongitudinal axis, A

-A Preferaply Fie 1s®ai lorqsigldinabpérspectidividwyshewing a toothdrush afdheni ze
the surface area of the scarf joint 20, tq incregse the.resulting weld
surface area tRTe%anH@niMé’sﬁ’a‘%W&ﬁ’?%d%?’n%gﬁof‘o reduce stress
concentrations -6 WO 01/03909 PCTNSOQO 18769 transverse to the

| ongi tudi nal axis, which may adversely effect the desired flexjbility of
the toot hbrush nEig 2L anehlargement of & aeginerﬁastf@’e&nl-zﬁi}owmt&t% ndi ng

fromthe head 44 HE YRkt BARS! BN b MIBO ol Qflet 0 any
particul ar br |é{él seca§'FE B’%f‘?’%‘?%t‘ﬂgl}?f’ er, while the bristles themselves
may be i nsH t esbarf joimtt tse ahemn dngle pofi sboud Jidegragst Witthasapect, ta dhehe
handle 18; it Jjs ref erred I nsert the bristles subsequent to the

j oi ni ng of theloﬂg&g‘gﬁfag a’?ﬁé&%andl es to facilitate the easy manipul ati on,
positioning and holding 10 of the head 14, In the intimte abutting

position. with the handle 18, during the |aser welding process. The
present invention conprises pre-formng the toothbrush thernoplastic head

14, and handl e 18, conponepetaileAD 6Alof 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
longitudinal 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 referred 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 angle 22, is 15 to 70
degrees in relation to the toothbrush longitudinal axis, 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



15 being free of any material, such as a pignent or dye, capable of :
absor bi ng fromabout 0.7 to about 2.0 micrometers within near-IR or from
about 4. OVPIIHAUt 6.0 micrometers within the IR wavel eRQT’HS‘F“él&'éP ener gy.

The conponents are bonded toget her by positioning the scarf joint surfaces

20, to be bonded to a .sequre, tti 20 relationship.
usi ng con\fﬁ?ﬁ‘?‘fﬁ?ﬁ? iﬁ tf"ﬁé‘?é sﬂﬁé‘l"?%énf%l VeFﬁgi efettotheeam

t hr ough t hfessRdPRaanBili Qﬁet&ﬂ-‘wﬁsﬁfne@mguch | aser absorbing material,
for about 1 second or lTess; the | aser beam having a wavelength within from

about 0.7 to about 2.0 mcroneters, or from about 4.0 to about 6.0

T OTRLS! S B Wil L e ok Whenhgactreaai bt gl S0 0

pr ef er &bl yhdwmurabhetpﬂﬁemiolmmnm iss not Timeited wor amf pal:rEichMebnMam i's

preferably el | ered _ er i,e gﬁ | ses, fromabout 0.5.to0 1.5
m I lisecony tc?ﬁ?at vg‘nit; E%ﬂ?ﬁ?ﬁ ?H?%Wﬁﬁ&&? foserhdht 150
pul ses perms@(thédle(dd?.)A “ﬁhﬁ:reumejo@ymigoﬂwmeﬁdnm W the ha@dtd 18;li6¢s My be
fromabout 0.5t about j ul e may be varied with the particular
t her nopl asR%e es 37‘11\?8‘1 enb %o e pammgeiheh orls &anpl e,

when bondigpg m&tdaeé antaaneatel thel éa r Bdtiba, at&,rﬁﬂg %ﬁcﬁﬁoldﬁ{?%ut 1

mllisecond, at about . Furt t'he powerl Wlthl n-eac e can be

vari ed0 nvafrthe head 141eineﬁposntﬂmatt¢ @btﬁhngmo%pn thﬁtﬁehandlmﬂét 0, wWithin
the limts \g[% Qﬁglgg&%&%“%ﬁm&ﬁ ze the weld time 5 i nteryal y\hl l e

avoi di ng exces I've power degrade the thernoplastic belng wel ded
and which may cause exce55|ve softening of the joint, which in turn may

a1 ixed, ot avic: BEFHTRG MbmLoRS Compritcs Che Rpking. SR MBS ose 1 he
wel d area; ﬂfempmhmheadnmsmﬂt hhndld 18, doedpesertspdiR! componeAt and to
oLl YS9 BLal Ly LOSMCLION Yool A°GRinolyy ol chasel, Bpam should
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 i_'reé 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, preférably 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-




cover the entire weld zone, which for a typical toothbrush neck of about 5
mmin dianeter is less than 1 cnR in area, considering the increased 15
area due to tvweommedee of the scarf joining. As di scussed aBEWES00/1876has been
found that particular |asers, having wavel enghts from about 0.7 to about
2.0 mcroneters within the near- IR or wavel engths from about 4.0 tq about

6.0 ni cronet erexamiplei Whemebonding, polyprepyiane. d/is Praferrd toose 3ipdse of

t oot hbrush matgrial. w SLONif] S%‘wﬁ&]ﬁ' : | Rht f.
Such wavel engt%qlgs%%@gs%#s&dwh\g?b%{élcgg?ol?%e W t%ir’]%ﬁgfm rom a%g?@% 71to
about 2.0 mcr t &am, be oaritd anverselyt to4the ¢xposiwe tinge of the meeld tsarfaces
wavel engt h abspnrmﬁi ng npterjal,. cf ntelgrit 1e% i thin. the. toaot hbt'i',lUSh .

t her mopl ast i ctgleﬁﬁtloud’f”ggmé Edﬁ@%ﬁt‘?‘#%ﬂ H"’Eﬁﬁnttg o o)A Yo eegvﬁé%itgPFy

bl ack. Laseys jdivhi, NGviSie havalanalexcBesify ehewed hwhader wilkadegradel thei n

this invention, include solid-state neodym um doped yttriumalum nu

garnet | aser s themmoplagtia keingaclded apd)whishgpaycgrgs SXarsieftiarag Aor

al um num gal I T g lt&g? (Jb%;s%fn%'f' L cdbpdselfBs@r S) - Lasers
emtting 30 suﬂcﬂl‘1é an trsgy\%gg'él?eng #%Z%[rh%euse ul 1 nﬁﬁ%(f(%bl nvgnt I on, include

carbon -8 WD 01/03909 PCT/USOQO 18769 nonoxide (CO |asers which emt at

about 5 to about, 6 m crongters in vel engt h. tJ sers

in the present ﬁh%m‘?{ ed 1o qpEate, er%“%%%vﬁ%’m%%#ﬁ%@ﬁgoggbu 1. 06
ni cr onet erg) angppbisede tbaaeseahaitiggnade Vaxesendid wakeareh; f toonpmdmet 0. 8

to about 0.95 mcroneters. Such_ diode, |l asers are agvail abl.e. from Hughes
Danbury Opti cafonsjstephdeating,pedyce prodyatinn %%Qaaﬂ 0 ﬁ‘ﬁ?ﬁ’lﬁféfu@ter PYr

M cr ophot oni CSproductiof8Fsteen. MacEiddglySunb 1686r | Bath Ssd@ldayetfesdly from
Lunmoni cs 10 Ozl?por gt i on,yl ndustrial Pr oguct s Division, Livonia, M

48152-1016, eaver thentireweld sonevekichfoy rrgpicattepthbruphsisck of ghawt
wavel engths | %%ﬁeif&iaw&ep?ﬁiésk %mwgmﬁfﬁoﬂea, 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 toothbrush 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 lasefs), 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



about 0.193 to about 0.351 mcroneters, are not recomended for use. 15 in
the present invention due to the fact that they tend to cross-link

t her nopol WaeH839%nd i ncrease the brittleness thereof. SURFI/BS0HE’T6Y | | nki ng
degradation will cause increased resistance to deformation, inpacting the
ability to the toothbrush to_yield during brushing and nmay result in the
t oot hbr us HupPeside&Qulasers which smitrahabant Shta abpyt & micremedersin of

t oot hbr ushy, &Pﬂ vémc.tlon useful in the present invention, that transmt

| aser energy ha g wavel engths from about 0.7 to about 2.0 microneters
and/or fromabout 4.0 to about 6.0 microneters, w thout absorbing any
signi ficant Ut 42 Jda8 e Yk el HIE ' a%t l.astics with
a flexural r%gﬁﬂ}im fusfg%lﬁ?a%ﬁ,qﬁogg? grgg%gt{ﬁgwg%xtg%g glﬁﬁé 5{%, ng no
forei g5 metigre alwa aifydut K06nikurietdgtdnd disdyylasBrchavingiy t he

t oot hbrush he , 1S rml ed from ar| |ess 30 rigid

t her mopl as‘f’?‘\‘,eai ramée of, d“b&’“ﬁ eb‘%ﬁd&%nﬁf“c\‘%wgb&}%‘m 100, 000
to about Z§8d000isRPd ; areC aVRARER rﬁtb%ngnﬁgh\-sal opiRal HRdems) V&

01/03909 PCT/USOOQ' 18769 W th excessive brushin pressure by the user. A
pref erred Panbury.giGl pOBIPrIHA ol Tomavadusbrial (Minrophatatien &+ porati on,

Longvi ew, 6&%’3 de n?&d]ﬁﬁ h a

fl exural n%%ﬁ?%s (? OT 1%8}%@%‘&p5| gher ess rigid, %é%lerm:éem ble, 5
mat er i1l s Qegdorhtibny Inkdestdak Mrodebtsh Ridisicn, Lindnise Mhet8iH2-4616¢

el astoners h ane (TPU), and ethylene vinyl acetate
(EVA). %%?%d&§aﬁge§@a§qﬂlb%?g§'r VE is available from Teknor Apex
Corrpany, Pawt ucket, Rhode Isl and 02861 sold under the trade designation

f -E 7A- T R..10 P th h le 1
?ml 32d S?Oa N %ﬁrgf thgvavreen Xsttﬂglo elbxregﬁ-Rr%g%eeﬁ' 8, can be

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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flexibly.resiljent materials nore rigid than that selected for the

t oot hbrush head 14. A suitable polypropylene, wth a flexural nodulus of
216, 000 psi bwoat®ibe est net hod D790, is avail abl e from Hurrcansno/ 83

Cor poration, Longview, Texas, 75603 under the trade-designation Huntsman
Pol ypr opyl ene P4G3Z-039. Anot her suitable polypropylene is '"available from
Anpco Pol yner swithnexceséivp anshiag pressugiecbp R0 A1se3914A, pecfertedridss ridid tr ade

designation 7635 with_a flexura dyl us aboyt 275, 000 psi.. A
t oot hbr ush han®® Pylens, 1§ 3yal ?‘E?n%?g}’éﬁ TPRER 'allb_oﬂgﬂewpr ovi de
enhanced ri gi dprdghs! T5B0B0MMASE thiS BFadeOddiibhfion PEMBRI0P dvitRH Bekata t he

position of the toothbrush head during brushing. Alternative "transparent”

t her nopl ast i csmedufus ¢fh abouked 70K . 140thers legs agidh empge fleblaie

o ear 1ol v sl G580 ERRLLP I, Srflod: SRBDAUBRLRE, oL

(PCTA) or styrelastomergl (FHE) i thermpphistc arethamei (TRU) dnd acthylemestrimdne

(ABS), pol ynet hyl b%? ryl ate P 0 | Lul o pl asti such as

cel | ul ose acet%‘%/eéa%;s @nat“e grefe%{%)shbg{%ﬁiaiﬁr ﬁ#@f);@tlg ?mepl i cs,
that transmt -palador | PEGtUEKE!] Bhode ISIaRldeers®l, skl wirleritRecol or,
or may contain a_ -10 WO 01/03909 PCT/ USQ0/ 18769Lpgi gnent or dye al so

"transparent " Tradedesignational §GE08GAHOSNT WAL CLEyr een and transl ucent

red. In am@lternative enbodi nent of the present invention, as nentioned 5
above, the pre-formed thernoplastic toothbrush head 14, and handle 18,

conponent s bei ndrefirably, ther todibbhush dmnslle 48y cam beimpldsdpefhaevasicty of
absorbi ng T rorg, t rgs&eﬁ?eﬁitg%?ﬁﬁ?l% QndieCt %gt ?h%nm%a’gr ALYyt fle 1O

about 6.0 m cronetérs wave asér ener Ver, a layer or ~Coating
of material cajpathlrush hésbili Ny satiablerpoigbromyiénd, asith acflengyl bibdiduspr ead

on one of the ofo &80 PR Py AT Soethod 178, s =9alabiE From Huntsman
15  Corporation, Longview, Texas, 75603 under the trade-designation
Huntsman Polypropylene P4G3Z-039. Another suitable polypropylene
is ‘available from Amoco Polymers, Inc., Alpharetta, 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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such that, the fromabout 0.7 to about 2.0 m croneters wavel ength, or from
about 4.0 to about 6.0 mcroneters wavel ength | aser beamw || penetrate
the ther nH9®@48899¢ and be absorbed by the coating | ayer, Pcraiseiisgest he
tenperature of the coating |ayer and by conduction and 15 radi ation heating
the abutting surfaces of the scarf I nt to nelting; to forma weld.
It has be S O% ﬁ%{? ﬁ'ﬁpﬁﬁaﬁﬁ! gﬁlﬁ"’c Wazelengtls, sueh @scpiidarf j oi nt

20, such agreehtdhd efanshhésntsead paper, i.e. 1200 grit, before applying the
| aser absorbing coating will provide joints with a cleaner appearance.

Further, it has been found that the armunt of 20 laser absorbing naterial

whi ch forﬁslh%%@ﬁk-hﬁﬂvé% el 9 ke HBLAne srdnkilg QLdLn@foahout 0.5

to about 3.0 m crograns an era 8% rogr ams
of car on apawsk thmmafamye@ﬂmérmqﬂhghdnetooﬂﬂnnshdh&d N4 aed\vefidlesuch as

nmet hanol ofgq€e aceta uch u of carbon black will not be
readily co{nss’ué!g%pg # Fmgpoa??cgra{eﬂg &k%ﬁﬁe ‘g’tﬁﬁﬁéﬁg terjal capghlecd. A

parti cul aralsorbig ﬁiomlabbaurN7 th CaBtxtUB. ©f licriofndtBfs, irefeft abBﬁ@QtOOn s
avail able fram Pl g)él col ors of Asht abula, Ohio 44005 under the

trade- de5|t8n%t P IRERTRIERVE @%Bklasenenﬁr%émmmdadaymerpr esent
i nvent i on, cdatirgs oPt{teriab aphBleSSCHb t f scar f
joint 20, i r? algls‘énmant and | ninti m%gﬁm%%h%%%%g%%@f%?ﬁ%%%mw
cont actO byis SATRgd0m jone,of the ofefhet eompehenteadrass, thmdcadhjtint 28;

t oget her tgucqpﬂg%g ge AN d;%t%)?olg)egﬁomsfﬂquﬁmfo tt%%gﬁpreier Ig{_ohas at

| east one expose naterra from
about 0.7 fr@maabqut 3; 0 toi aboue 60 snicvonietas whmlbngﬂﬂ liﬂarabeaﬁn wilb. O

mcrorreter ner such as PEA T ro . such that, the
t oot hbr us corrponen sq%lg %ﬁt’rcn??d be, Aser Eﬁ’ BhG coatng A Yehe
bondi ng prmdsing thﬁhltd:mpbhmjrastﬁ‘r tH:te&Bh %smet A H&ecbﬁaﬁéﬁéﬂ%hd
Coeronl%nt \%.a | tlh ss of ene rough the exposed
tion e abutting s aces 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 p_rovide joints with a:
cleaner appearance. Further, it has been found that the amount of
20 laser absorbing material which forms the c_oating 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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"transparent” side. The pressure applied by the fixture to align and 10
mai ntain the surfaces of the scarf joint 20, in intimte contact can range
from about 40 weoordsssat 70 kPa. In order to |ower the tine irtwusoaiis7’en wel d
the toothbrush head 14, to handle 18, and obtain better control of the
process; the fixture securing 15 the head 14, and handl e 18, can be heated
during the | aseentashdingising cefxtwe tchsaintainntbe headt14nandhandleal®ng

iy i o1 g any SRR Sprdltbiid oA Bibersy®, BAEh o Blelte Thpkelly, |

ot her than thehfasmt %Mmﬂ&emgmeﬂ:ﬁdéh;@%cﬂnzﬂ?;ﬁn?ﬁnﬁbﬁﬂmpwﬁnﬂ cer
rom a : :

nor gy, oan beto FRERARGETGr t AP 30 BFTaEiST B HEAD, FO B TR ng

di mensi onal 5 spaPmitiometRis WRivaRingth RecrB;, %'uchsasSPFR"L‘eﬂé‘ﬁ" encﬁaﬁabetﬁeeat ed

by conventional electrical heating neans. Dependi ng upon the partlcul ar
t her nopl asti ¢ keathbrask mnqmmg@anbb@mg@cmmd andalh sitdpsedugngthepei ng

bonded t oget he el r om

t enperature toﬁg Q%Egg)g Q gfees %eq{hy E{seﬁ- ypr opytlfoe%ggttg’o rrutr?s

heads and handbelslpantntq)ewﬁtlurmnmha&lbdu$s 85 tmergtaodhr@fglde@u@eexmedi us is
preferred; whilg for eads and handl t erat range is
preferably frolr?fr %?ﬁ% t8 erg?ﬁrgrqsgugﬁagggpgeéyéﬁé ag.}% aupon
the particupar manﬂtamsﬂﬁr sur&aey\caf&ueoa&m joEl 260 hﬁﬁ&%teT&mthﬁDtcbhr ush
head 14, and handl e_18, n;‘ponent qﬁppresent I nvention can be

pre- f or med by E%ﬁ*&eeﬁf’%ﬁ‘%‘i’ 49 e 8Htr?9 t echnol ogy, whi ch technol ogy
is well known in the art. For exanple, in 5 accordance with the present

i nvention, the head 14, and handl e 18, can each be i ébbctlon nmol ded in a

single step. Theln ewsianselewenthe timsintayval do waeld she daothbruph hegd:t Fbrigsh
head 14, 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 inventionn. 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 Dbeing 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 is preferably from room

30 temperature to 60 degrees Celsius, depending upon the particular
polyester.
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either before or after joining the heads to the handl es using either 10
typi cal echnol ogy or using nore nodern non-staple technol ogy as

di scl ose?’ﬁﬁbﬁg . Patents 4,635,313, 4,637,660, 4,954, WET/USW1§8% 567,
5,609, 890, 5,390,984, 5,533791, and 5, 823,633. Such non-staple technol ogy
i nvol ves processes wherein the bristle tufts 24, are fused into the

t oot hbrush head 14, by heating both the bristle tufts 15 24, and the

t oot hbr ush ldwedtdothbwhsle headel4,hand hrandiatl &, cgpenpenernts of tHeupresenpr ocess;
or, wherein the ends of,the bristl ufts 24, _are.pre- positiongd in the

i nj ecti on WSFRUEH; 21 PP hé"rFﬂ.?WBE‘gc orcBVeptional ob‘i‘Jﬁﬁaﬁ’é‘h Iﬂﬁﬁgﬁ"gal , whi ch

t oot hbr ushteehhelogy| witick toctaiplegy iy well laesig dnabeuirt! Foresigsmple, e bristle
tufts %i | ocki.ng the bristle tufts 20 24, in_place in the toothbrush head

14, in ZJanAeeerdagers vith the prrseat inventionthe headod4pend bendis 160 O ai ns
111111111%34&;%%%%&‘%@&@5%ﬁ%%%\gﬁgﬁi s claimed is: 5 1. A nethod

of welding a pre-fonned thernoplastic ush head and a pre-forned

t her mopl astic toothbrush handl e conprising, (a) selecting a toothbrush
head which i / i f. rbi.ng fFrom ut 0.7 to
nbout 2. 0 mineieePaBludBriRES k) nE Bibiaficl 1 HIGRRAG o BRAGIAL

wavel engt heitimar heforé bor aflee cloimiggathe dtdadsuth theahathdlesonsaighefthen from
about 7 to.aboyt 2.0 mcroneters, or about . 4.0 to abqut .0 mcroneters
wavel bt HBHE Benk. PRl pE PR mdp Tt Mo sPs Seghalpbe. ong
surfaces st schard amd U@\dl Bateats | 25635,3180N143637,6800 ql,@&i,gbg,form a

joint; (d) osing the joint_to a fromabout 1 t o about

m cr onet eré'f(a))‘(L yzq?'oﬁ_’r%% 04.%380. %o ub- B3I Vi gﬂ%ﬁé@@%sﬁﬁvel%@ h energy
| as egogteggﬁwstﬁglt?giﬁﬁgi;%@rmvavesmbss&f whRREh' fld BeistiRenPblor ush head
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 injection 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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wher eby, .the energy of the |laser beamis absorbed at the surface of the
t oot hbrush handle at the joint by the energy absorbing material 20 therein,

causi ng the t ¢@jdilsgesh head and handl e surfaces about the p&iEooiPegTe! t
and fuse together. 2. A nethod of welding a pre-forned thernoplastic

t oot hbrush head and a pre-forned thernopl astic toothbrush handl e
conprising, (a) 25 selecting a toothbrush handle whrch 1S freé of any

mat eri al capabl e of absorbing fromabout 0.7 to about ||1ﬂ|] ml [ or
from about 4.0 to about 6.0 nicroneterelai@®gel ength e m lﬂn g Hmu ng a
t oot hbrush head containing a fromabout 0.7 to about 2.0%m'erdnetfers, or
from about 4.0 to about 6.0 m croneters wavel ength energy absorbi ng 30
material ; (c) Wihagis dgimedis:espective end surfaces of the head and handl e
to closelyscontact each other to forma joint; (d) exposing the joint to a
-14 This Sheet Has $een Replaced I1lil!il 111111 11111 WO 01103909 |
I~L1"T T b~ indthod ' ofl weldihd/ oS pre-R6ahedSahetBdRstitr mothlmmsh Geddt o
about 2.0. mcrogeters, _or f abo 4.0t bouyt , 6.0 mcroneters

wavel engt h | as%‘f‘gg%ame‘m Bg]g Oglté'éﬁf’i Eoﬁgﬁgb‘flib lb?n‘ﬁﬁeﬁ%‘?lpﬁ’ﬁ% {ale

t oot hbrush hangdgctiiifl aCRIUtABISH) HeB8 WRidH is W 8DY¥ny fBer@ilecspaié dihe

| aser beamis absorbed at the surface of the 5 toot hbrush head at. the

joint by the edesasbingiemphgutf:eite abouka:Qimicromstersngr dran @henrif-Osh
head and dl ?ﬁ@g L0l { Siilsh3: A
met hod of h\Ff/\‘?el dtl?)n%ﬁ%&%?&s or rreg%et%ﬁ%?vhrrg%]]ga £l o T oot @;%%%1 Egaéiqglo anah
pre-formed thehapdleasnitaining aHiromsabdinQi7ctocamprti 20nmicromjeterse loraahong bot h
SRS h&%dtcaggo‘_l&agﬂ Eﬁér%%&etgfsewg%lgngﬁmegngrfgragysorbing material; (c)
aligning the respective end surfaces of the head and handle to closely

contact each other to form a joint; (d) exposing the joint to a from about

15 0.7 to about 2.0 micrometers, or from about 4.0 to about 6.0
micrometers wavelength energy laser beam, which laser beam is
capable of penetrating 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

20 therein, causing the toothbrush head and handle surfaces about the
joint to melt and fuse together.

2. A method of welding a pre-formed thermoplastic toothbrush head
and a pre-formed thermoplastic toothbrush handle comprising, (a)
25 selecting a toothbrush handle which is 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 energy; (b} selecting a toothbrush
head containing a from about 0.7 to about 2.0 micrometers, or from
about 4.0 to about 6.0 micrometers wavelength energy absorbing
30 material; (c) aligning the respective end surfaces of the head and handle
to closely contact each other to form a joint; {d) exposing the joint to a

14~ -_—
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mat eri al capabl e of absor 7 to about 2.0 mcroneters, or
from about p 4.0 to about almm,mmﬂmmmvel ength energy; (b) layering a
coating oVOLEL hout 0.7 to Abohit . G m+croneters, or PCOASWASHIoUt 4.0 to
about 6.0 m cronet ers wavel engt h energy absorbing materi ald on ;)neI of the
respecti ve. end C of, t ad or handl e t.o oi ne al i gni ng
theprespec %aﬁ ?figc ‘ll}f ﬁ?‘ﬁ?&ﬂm ﬁgﬂﬂl&e@%‘%ﬁ&@@%@%t act each
ot her for%mmmaaswemgﬂ&u&rtﬁ&mﬁm&lgeaﬂebﬁm&%&m@ of 10 about
2.0 mcroneters, or about- 4.0 to 20 about 6.0 m croneters wavel ength | aser

beam whi cPEREIERng dhe, togth: @a—}ﬁbhénéle padeeonfechng: the jrintt wherehwll e to
contact t higeC Qalek@P: off the WMECBY¥ald s ©QB5G A" atth‘EhéasQ‘&[f?}flaﬁ‘fn aabsorbed

by the energ absorbl ng material 1n the coating, causing and
handl e © su isipbead tatetlaeo;omt by thelenesgyl abseﬂamggmahﬁﬂal @ieréin, The

b
?ﬁé“ﬁgaﬁsan%*%‘*%&?% Floth B tead b "l HoAt GRLMBRL 00 15

degr ees r aneattiarel fuset togetlosrgi t udi nal axi s of the t oot hbr ush. 15_ Thi s Sheet
Has Been Replaced [IIEEEEEEEEEEEE FEE FEE LRI "02/03909 11222 H LLLELL 111
JI liki 1l 1111 PCT/US00/ 18769 C 5. The nethod as in any of clains 1, 2,

or 3, whersiA ieehb@i ot weRiifigth frelYE@RA! Nerhfs 1&:5&*168&1] f, Goadt ered b

a scarf_ angle of 30 degrees to 15 ‘'degrees reldtive to ongl t udi nal

axi s off t HAd oBreremaed themaplastiet fieetbbsush hendle comprising, 2(@) or 3,
wher ei n_t nggtfiibof WotootRbridif Hedi%in. mﬁ%mdgétﬂapg}@ AU @ Lo gpout 400

watts. 7. Th hod as I'n-any o erein %utput
pover of materiziaapablenf absering Sivontabohit b7 db cliov@ 3 Owaldremetérs,

or from about 4.0 to about 6.0 micrometers wavelength energy; (b)

layering a coating of from about 0.7 to about 2.0 micrometers, or from

15 about 4.0 to about 6.0 micrometers wavelength energy absorbing
material on one of the respective end surfaces of the head or handle to
be joined, (c) aligning the respective end surfaces of the head and
handle to closely contact each other forming a joint; (d) exposing the
joint to a from abc}ut 0.7 to about 2.0 micrometers, or about 4.0 to

20 about 6.0 microméfers wavelength laser beam, which laser beam is

capable of peneh'aﬁng the head or handle to contact the coating; (e)

whereby the energy of the laser beam is absorbed by the energy

absorbing material in the coating, causing the head and handle
surfaces about the joint to melt and fuse together.

25 ' _
4. The method as m any of claims 1, 2, or 3, wherem 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.
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8. The method as in any of clai r.3, wherein the output power of
the | aser beamis from abou} [ ’E J“BE&THEF watts. 9. The nethod as in any
of clains 1, WOMP3E where i 15 oper at ed | RCEFUS8T6S el d
node covering the entire area of the joint being welded. 10. The nethod as
in any of clainms 1, 2, or 3, wherein the laser is a neodynium doped
yttrium al um Sufilgpamethod asdn 2y of claiims Ive?howl 3awhemeimnthepjoint farmedi, 2,
or 3, wherein,the |as | sz a sen copduct Mt N | Li sepi di ode
Taser. 12, - TeREEHbdngs A A e 5, QBT U Rl B G o 1 D
a CO 25 | aserdegi¢bs tHNES depreed retatiot &b thélo: dihal a%ie df thetodthbiashbet ween
the pre- fornmed head and handl e i s snoot hed before applying the coating. 30
14. The method of claim3, wherein quantlty of energy absorbing materi al
in the coagi ng 18! IR Bhe

heet Has. Reod: ﬁ%lgp %pgggnfgm? deiaeyn, & o'S SIMIERTEe ohfatRbgeS
The met hod as Ofﬁha&gswmeenalsﬁoma@utcﬁoaoahmtéOﬂwaiés -energy absorbing
material is a pignment or a dye. 5 16. The nethod as in claim 15, wherein
the energy absorbing material is carbon black. 17. The method of claim 3,
wher ei n the eerfhe mietloscdbs gn rddyesfi Ahinis 1, Bher Goathergin the vapmudeswen a

sol vent . Th od as.in any o | aj nB 2 r 3, wherein the head
and handle bgrﬁﬁe&ﬁ?ai’&%bse?ﬂ@rgﬁ{g%fﬁg’bﬂuﬁiﬁgﬂﬁg&'fixture. 19. The

net hod asipn claim 18, wherein the heated fixture is heated to

8. The method as in any of claims 1, 2, or 3, wherein the output power
of the laser beam is from about 95 to about 120 watts.

9. The method as in any of claims 1, 2, or 3, wherein laser beam is
15 operated in a static weld mode covering the entire area of the joint
being welded.

10. The method as in any of claims 1, 2, or 3, wherein the laser is a
neodynium-doped yttrium aluminum gamet laser.

20 _
11. The method as in any of claims 1, 2, or 3, wherein the laser is a
semiconductor aluminum gallium arsenide diode laser.

12. The method as in any of claims 1, 2, or 3, wherein the laser is a CO
25 laser.

13. The method of claim 3, wherein the joint formed between the pre-
formed head and handle is smoothed before applying the coating.

30 14. The method of claim 3, wherein quantity of energy absorbing
material in the coating is from about 0.5 to about 3.0 micrograms.
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15 a tenperature of from about roomtenperature to about 95 degrees.

Cel sius. 20. The nethod as in any of clainms 1, 2, or 3, wherein the head
and handwe opa®nf different materials, which different POEUSNONBI63 have 20
different flexural nodulus. 21. The nethod as in claim20, wherein the

fl exural nodulus of the head is from about 100,000 to about 200, 000 psi
and the flexural nodulus of the handle is from about 200,000 to about

oot Bl DO B eB a7 0 et e 7 11

11! MS ﬁﬁbcﬁ‘bﬁi@ﬁatéﬁﬁlﬁ%plﬁﬂahﬂcﬁddylﬂ TUONCLELRti e b ~~~1 | I~~

5 16. The method as in claim 15, wherein the energy absorbing material

is carbon black.

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

10
18. The method as in any of claims 1, 2, or 3, wherein the head and
handle being bonded together are held in a heated fixture.

19. The method as in claim 18, wherein the heated fixture is heated to
15 a temperature of from about room temperature to about 95 degrees

Celsius.

20. The method as in any of claims 1, 2, or 3, wherein the head and
handle are of different materials, which different materials have
20 different flexural modulus. '

21. The method as in claim 20, wherein the flexural modulus of the
head is from about 100,000 to about 200,000 psi and the flexural
modulus of the handle is from about 200,000 to about 350,000 psi.

25
22. The method as in any of claims 1, 2, or 3, wherein the head and

handle are of different colors.
_
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