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application clains priority fromU. S. provisional

patent application Serial No. 60/436, 466, which is

entitled "Fiber Reinforced Conposite Product wth

FI exi bl e Longi tudi nal Geonetry," filed Decenber 27,

2002, and is incorporated herein by reference. FIELD
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such conposites. BACKGROUND OF THE | NVENTI ON [ 0003]

Fi ber reinforced conposites (FRC e ful, for
exarBROSS S REIRENCE T oo Foh TERAPPLEATIENS . AT ber
reinforced plastic wire can have strength conparable
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steel wires do. They are therefore good repl acenents

with Fexible Wanditwdined Georelry,| filed AAraember 2t oADd is

inchfiflr 'atﬁere[nogg?'%fefﬁngew res can be produced by
pultrusion. I'n ypi cal, pultrusion process, a

continuous reinforcenent is first inpregnated with
curable resin and then pulled through a rigid die
havi hiELd QmhdE IMMBNHCQNsi red cross-section. The
resulting long wwre has a fiber inner core and a
conposite cover |ayer. The conposite is cured in the
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'ﬁ?&fs material is hardened as
m%hem c%ﬁ%nmgg%cﬁgcgrg@ng%betmen at ons and/ or

nol ecul es, which may occur for exanple under

radi ati on. For exanﬂg:e, nmononers nmay be cured to
pr odBAE KSRGS O HE INENHPN n the die, WO
2004/ 058475 PCT/ S&2003/000291 the resulting wire will

retain a cross-section siml EE{ in size a}nfd shape, to
[QQ0H ofFiber reinforced composites (FRC) are useful, for example, as

substitutes for metal materials. A fiber reinforced plastic wire can have strength
comparable to a steel wire but only a fraction of the weight thereof. Fiber
reinforced plastic wires can also be made more aesthetically pleasing to the eyes
than steel wires do. They are therefore good replacements of metal wires used,

for instance, in orthodontic treatments.

[0004] FRC wires can be produced by pultrusion. In a typical pultrusion
process, a continuous reinforcement is first impregnated with curable resin and
then pulled through a rigid die having a tunnel with a desired cross-section. The
resulting long wire has a fiber inner core and a composite cover layer. The
composite is cured in the die so that the wire can retain its cross-sectional shape.
When cured, a soft material is hardened as chemical bonds are formed between
atoms and/or molecules, which may occur for example under radiation. For

example, monomers may be cured to produce polymers. After curing in the die,



the die tunnel. [0005] If desirable, the wire is
subject to further processing such as |ongitudina

wa@ bapiossy7and further curing. Post-pultrusi on pPOCLREHI0BI00291
is comonly referred to as "beta-staging."” Under
known approaches, to shape a wire longitudinally, the
conposite is only partially cured in the die,
separated fromthe die, longitudinally shaped, and
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content of which is incorporated herein by reference.
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produce very thin wires as it is difficult to insert
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easy to break, either during or after the pul trusion
Wieft issigcorreaigr PefEY by IRIF'€ES- a need for i nproved
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CRERIN ARVERFHKBel OF @XaiPRiec BRIYIGHEER KPEWNRPRRRREHES: fiber
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and resin placed inh the die can be conpressed by
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longitudinally. 1t is also difficult to produce very thin wires as it is difficult to insert
resins into a very small opening of the die. Further, pulling a fiber through a very
thin tunnel may induce high stress in the fiber. A highly stressed fiber is easy to

break, either during or after the pultrusion process.

[0008] Thus, there is a need for improved fiber reinforced composites and

improved methods of ferming fiber reinforced composites.

SUMMARY OF THE INVENTION

[0009] There is provided a process for forming a fiber reinforced composite in
which a shrinkable die is used, so that a composite of fiber and resin placed in
the die can be compressed by shrinking the die to form a desired transverse

cross-section.



[0010] In accordance with an aspect of the present
invention, there is provided a nethod of formng a

WO 2iwe58425 nf or ced conposite. The net hod i ncl ude&T/SG2003/000291
pl acing a conposite of fiber and resin in an el ongate
tunnel of a shrinkable die; shrinking the die to
-reduce the transversal cross-section of the tunne
along a longitudinal extent of the tunnel so as to
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description of specific enbodlnents of the invention
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comyesiié.on, [0015] FI G | is aflowhart illustrating
a process of formng a fiber reinforced conposite;

0Q16] _EIGS. .2 to all |IIustratea rocess
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ortao@oﬁﬁ@ﬁéawtl onal view of a f| ber reinforced

.plastic wire produced by the process illustrated in

and [0018] FIG 6 is a graph conparin
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agpdent B9 HJkeF¥ GraiRaty SR APBICAPE8dn review of the following

description of specific embodiments of the invention in conjunction with the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the figures, which illustrate exemplary embodiments of the invention,

[6015] FIG.1isa ﬂowg:hart iflustrating a process of forming a fiber reinforced
composite;

[0016] FIGS. 2 to 4 schematically illustrate a process incorporating the
processes of FIG. 1;

[0017] FIG. 5 is a cross-sectional view of a fiber reinforced plastic wire
produced by the process illustrated in FIGS. 2 to 4; and

[0018] FIG. 6 is a graph comparing the properties of a composite wire with a
metal wire.



DETAI LED DESCRI PTI ON [ 0019] A flow di agram of an
exenpl ary process S100 for formng a fiber reinforced
weomwposidre is illustrated in FIG 1. In procesBCBHIGHN3/600291
conposite of fiber and resin is placed in an el ongate
tunnel of a shrinkable die (S102); the die is shrunk
to reduce the transversal cross-section of the tunne
of the die along a Iongitudinal extent of the tunne
onposite in the tunnel S104) ;
and?ﬁﬁtg%%ﬁggéggé? en cured (S108). The conéosité
may be fully or partlally cured in the die so that it
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theali@prheciiahry deystaupk Bsmnlesﬂtly It edmprestsnhe &pmpoisite into a pre-
process S100, the tunn the di e does not have to
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even when the desired cross-section of the conposite
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t he d
cwapéété’{ﬁmadn@é‘i&e)s'egp% Grcuns s oo OppaLT ¥ die coula be

ﬁﬁﬁﬁ\ﬁ% b@fo?etsﬁﬁnl‘éﬁﬁ'(S‘?M) SiREESh SthGhrpRg @ithbending can
I'nly radial gressures the stress in the

be @@uﬂormag beferedautingi the sernositE PRl @Ne CUTIRGSTEME TEMTER-
.of the shrunk die can have a size substantially
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resins dieinitially even if t
transversal cross-section of the final product

[mll Aq oD2BE AppCsiatediy &P@Eﬁ@é‘rﬁ@”e@dﬂlt‘}e ar UstP&PéS S$100,
o YRIETRL A BB TR pCE RO Bl BenRsbrSicts bation
m‘ﬂ@iyr edels Mmmhd deisipe cross-section of the composite wire is’'small. The
composite of fiber and resin can therefore be placed in the die with an initially
large tunnel cross-section. Since the composite is compressed into the desired
cross-sectional shape under mainly radial pressures, the stress in the resulting

product is small. Further, since the tunnel of the shrunk die can have a size
substantially smaller than its pre-shrunk size, it is easier to insert resins into the

die initially even if the transversal cross-section of the final product is small.

[0023] FIGS. 2 to 4 schematically illustrate an exemplary physical
embodiment of process S$100 for producing a fiber reinforced composite wire

having a desired size and shape.

[0024] As illustrated in FIG. 2 a section of composite fiber 12 impregnated



[0024] As illustrated in FIG 2 a section of conposite
fiber 12 inpregnated 4 WO 2004/058475

weFOnA8EA03/ 000291 with uncured resins is pl apedSGIN® 000291
an el ongate tunnel (not shown) of a shrinkable and

flexible die 14 (S102). Inpregnated fiber 12 includes
a bundle of fiber strands (yarns) and resins

i npregnated thereon. The fibers may be i npregnated
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I npregnated before or after it is placed into the
thoeamseddn caneentipnakphitivsipsr ProgesiRssi t es, fibers nmay be
shorter than the tunnel of die 14. [0026] | mpr egnat ed
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coigenos, SIpTsasePONiE Sn it e, FagSxgBRle Sutgble tiber materials
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resins may be used. Exenplary suita L
process, such as improving the bonding between the resin and the fibers. Fibers
can be chosen depending on the intended purpose for the final product. For
example, for producing aesthetic composite product such as orthodontic wire,

glass fiber may be preferable.

[0027] The resins used may include any suitable resins used in conventional
pultrusion processes. Monomer resins may be used. Exemplary suitable
monomer materials include acrylic monomer, acrylate monomer, epoxy
monomer, carbonate monomer, or any combination thereof. The resins may
contain a suitable polymerization initiator. For producing orthodontic wires, Bis-
GMA based dental resins, such as Metafil FLo™ supplied by Sun Medical, may

be used. These resins have been commonly used in dentistry and are



nmonomer materials include acrylic nononer, acrylate
nononer, epoxy mononer, carbonate nononer, or any
w@eoobiossars on t hereof . The resins may contai n BCT/SG2003/000291
sui tabl e polynerization initiator. For producing
orthodontic wres, Bis- GVA based dental resins, such
as Metafil FLOTM supplied by Sun Medical, may be
used. These resins have been conmonly used in
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may be ot herw se di sposed. The vertical orientation is
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tunnel fornmed therein. As well, die may be fornmed of

the Wneti al that nay be bent or flexed along its

I ength. The shrinkable and/or flexible materials
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flexible materials suitable for formation of die 14 are known to persons skilled in

the art and are readily available. For example, the die may be formed with
temperature sensitive material that shrinks in response to heat. One suitable
material for such a die is polyolefin. An example of a suitable die material is the
heat-shrinkable tubes available under the tradename SUMITUBE™. Other
suitable polymers include polytetrafluoroethylene (PTFE), perﬂuordalkoxy (PFA),
fluorinated ethylene polymer (FEP), polyvinydene Fluoride (PVDF), and
polyethylene terephthalate (PET).

[0032] Fiber 12 may be pulled into and through the tunnel of die 14, such as is
done in conventlonal pultrusion processes. Fiber 12 may then be cut into a

desired length. A portion of fiber 12 is exposed at each end of die 14. Each



material for such a die is polyolefin. An exanple of a
suitable die material is the heat-shrinkable tubes
w@e@ishosdare under the tradenane SUM TUBETM O he€T/SG2003/000291
sui tabl e polynmers include pol ytetrafl uoroethyl ene
(PTFE), perfluoroal koxy (PFA), fluorinated ethylene
pol ynmer (FEP), polyvinydene Fluoride (PVDF), and
- pol yet hyl ene terepht hal ate (PET). [0032] Fiber 12 may
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[0036] Optionally, impregnated fiber 12 and die 14 can be placed under
vacuum together after a section of die 14 has been shrunk to remove any gas
entrapped inside the tunnel before completely shrinking die 14. For example, the
top 10% of die 14 may be shrunk first before vacuuming and further heating.

[0037] As illustrated in FIG. 4, after die 14 is completely shrunk to the desired
size a section 22 can be cut out from the die and the impregnated fiber assembly
(8104). Section 22, including die 14 can then be bent along its length into a

desired profile 24 (8106), for example, with an arch-shaped mould. Profile 24 can
then be curedina curmg chamber 26 (S108). Profile 24 can be cured in manners
known toa person skilled in the art, such as by radiation. For example, profile 24
may be cured with UV-light for about 90 seconds. After profile 24 is cured, die 14



[0036] Optionally, inpregnated fiber 12 and die 14 can

be pl aced under vacuumtogether after a section of
waele@4/084hBs been shrunk to renove any gas entPEppezdO3/000291

i nside the tunnel before conpletely shrinking die 14.

For exanple, the top 10% of die 14 may be shrunk

first before vacuum ng and further heating. [0037] As

illustrated in FIG 4, after die 14 is conpletely

shrunk, t
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nodi fi cations thereof. Copol yners include bl ock,:

[O04f]t , Depdadingruth the input fiber and resin, the resulting polymer product
can be wholly or partially absorbable, non-absorbable, dissolvable, or

biodegradable.

[0042] Test results show that fiber reinforced composite orthodontic wires
produced with process $100 can meet the specifications of international
standards such as the ASTM D 790 standard. The fiber reinforced composite
orthodontic wires have similar or improved mechanical properties in comparison
with conventional metal orthodontic wires such as Ni-Ti wires sold under the
tradename Reflex™ by TP Orthodontlcs lnc As shown in FIG. 6, a composite
wire can withstand higher load than a SImllarIy suzed Ni-Ti wire havmg 0.45 mm

(0.018 inch) diameter. The composite wire was formed of a Bis-GMA matrix



alternating copolyners. The polyners may have vari ous
structures, such as 1isotactic, syndiotactic and

w0 a0vdosa4mdl ecul ar confi gurati ons, whi ch can beP&Il/sGE03/000291
| inear or cross-linked. [0041] Dependi ng on the input
fiber and resin, the resulting polyner product can be
whol Iy or partially absorbabl e, non-absorbabl e,
di ssol vabl e, or biodegradable. [0042] Test results

b%?%%’ S%E%tl ﬁ%iﬁ,el{/lefaeﬁil Pf O%%groq’x‘? %ﬂ%%&cﬁfﬁehﬁg P'vﬁtﬁ’\‘a hEhdle of

[ _ rocess can nee e specifications
s@ferahEeglnas flbexayarnsteuuﬂmdﬁamu@zmﬂbereﬁlm“émgtﬁ@tﬁlament

A e R e RIIEA I8 st ol hrelohan: S6p TBPbHSR T kdction
wad AIRAY, %ml?\ﬁ@ilg!? o Wﬁﬂ%‘v@é@b 5W?rha|Asoéérhl§’éi§Béh Cthe

Wres suc wires sold under the tradenane
cRalplositd Miteyalsp stoweddinedi resovenidiPoRsIie@tingi n FI G 6,
a conposite wre can withstand higher |oad than a

ol ar . Ny
(R "5 Vot SR NHE O A ) BPrave a e
nEhal %Ebﬁs—ﬁﬁtl}ldn( JaT a/\cesmon/ iOe87® IRCHM S@ﬂ@@? @ubeesin into the
as ental re tafi B12 ' I
tynn fa&d 58 S\Melsﬁs"léﬂtﬁl rgeglfltm%gr\eg} lgllseElO f%ﬁg §%o%ﬁe and
réAbREL oﬁﬂ@'@v@@ﬁérﬁibélm@@p \/fer@ﬂ’ﬂn cbhpwené wifdshean thus be
ilanment dianeter = itica GI ass Fi bsg

fqrar@dw Furthers mHBtpl%ilr@'h%S @frfﬁq,etncaﬁ be,gey H?iﬁoﬂéﬁ he formed
hﬂj&%ﬁt@rtrﬂfs imnFoy s% ﬁﬂsé/‘ﬁl%cﬁalgloo dpr%%eﬂ%’% Heh&BMpdshte. When a

tewr howed recovery upon
ﬂewibdmdlenlg usedo gy dipdaarhebeidsIsharaithe camﬁﬁltﬂ Nist leefore the

t';eelg g%g%eg ﬁo%% dl‘ea@n’Wr?e c?hd@ 4€ lé rl?-:qur%l:i to form an arched

a resu I'nsert
Vﬁreber and reel ninto the tunnel and the stress in the
fiber resulting frominsertion of the corrposi te and

val  of .t h d :
rhEARDS: vEeP e e M A PRE e ek BliBed apeve pre
sk ﬁﬂ@semllﬁbd)&hd@amdd@r&i/amﬂmcm@d by lpetsmha gkiltduein the art.
formed conposite, thus inproving the mechani cal

{Ragg]er t l=8|$ e%\m}a e, dﬁao 8§’n %'homgﬂta?ly arranged instead of vertically.
Die 14, with fiber and resin in it, may be shrunk first then shaped longitudinally or
shaped longitudinally first then shrunk. Die 14 can aiso be shrunk in other
manners. Heat gun 20 may be replaced by other heating devices, such as those
using electromagnetic radiations. The whole assembly of impregnated fiber 12
and die 14 may be placed in a heating chamber.

[0046] The fiber content may vary depending on the desired mechanical
properties, as will be understood by persons skilled in the art. Generally,
increasing fiber content can increase the mechanical strength and stiffness of the
fihal wire. Braided fibers may be used as the reinforcement fiber. Similarly, Short
fibers or particulate reinforcement can also be used and inserted into die 14.
Pigments may be added to the resin before shrinking die 14, to, for example, give
the final product a desired colour.



flexible die is used, the die can be bent to shape the
conposite wire before the wre is separated fromthe
wole@4/068337y one curing step is required to fornmPErsSG2003/000291
arched wre. [0044] Modifications to the exenplary
enbodi nent descri bed above are possible, as will be
under st ood and appreci ated by persons skilled in the
art [ 0045] For exanple, die 14 can be horizontally
nge e
ATty BBl R QpimeRtoritle Mol jRfe been
dbenm&djdb@m lthoser sklkkéthpetﬂ\el arhyilk nedi rh;alapprerclats tthatheany
shr.un so be shrunk in_other e
e ioRS e hag SOl Mok muite, Y ke Rlafder, TRDRidaass ai
sEi§ afidRpavitia iteGcopeCis asRENEDLY the adingd.i ons. The
whol e assenbly of inpregnated fiber 12 and die 14 may
be placed in a heating chanber. [0046] The fi ber
content may vary dependi ng on the desired nechani ca
properties, as will be understood by persons skilled
inthe art. Generally, increasing fiber content can
i ncrease the nmechanical strength and stiffness of the
final wire. Braided fibers may be used as the
reinforcenent fiber. Simlarly, Short fibers or
particul ate-rei nforcenent can al so be used and
inserted into die 14. Pignents may be added to the
resin before shrinking die 14, to, for exanple, give
the final product a desired colour. 9 WO 2004/ 058475
PCT/ S&003/ 000291 [0047] Al though only exenpl ary
enbodi nents of this invention have been described
above, those skilled in the art will readily
appreci ate that many nodifications are possible. The
invention, rather, is intended to enconpass all such
nodi fication within its scope, as defined by the
clainms. 10 WD 2004/ 058475 PCT/ S&2003/ 000291 What is
clainmed is:
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1. A nmethod of formng a fiber reinforced conposite,
conprising: placing a conposite of fiber and resin in
wa@eooelossagat e t unnel of a shrinkabl e die; shriPKi/aG2008@00291
die to reduce the transversal cross-section of the

tunnel along a longitudinal extent of the tunnel so

as to conpress the conposite of fiber and resin in

the tunnel; and curing the conposite of fiber and

.resin. 2. The nethod of claim11, wherein the shrinking

0 i .inking the die sufficiently to conpress
Vit e i

e of fiber and resin into a pre-

et B0 o SRS gt R BRIERE ERBaRhe AP cos

curing the conposite fiber and resin in the die so
that PlRcindAFesIResiterof fibBEANGFRFIR #LAR elengate dynpel of as
shape .gaf; ptyil.s separated fromthe die. 4. The

nmet hogﬂéb%br%éhééﬁe of clains 1 to 3, wherein the die is

bendaEhﬁpkihg@ﬁé O RfredfiBd i ibRSlerCAROLS LA BYunnel
the dire I'engthwi se so as to shape the conposite o
fi ber atondy a &migituidinal leatedit of the. tulhel sreah tnlcampodssi thred

wherei n the.curi. is,per.forped after the shrinkin

and bERAIARGS 8T RREARAFERA P BEEand, 5, wherei

t he bendi ng conpri ses ? ding,the die to shape the
conpo§PFng?eFP SE%& ﬁg i?ﬁqFﬁﬁgLan arched wire
suitable for wuse in an orthodontic treatnment. 7. The
2met Hoel nesthash pf slaémd, vdiedeinghe shgnlgngisenulrisesisdripkiag the die
for . ) 1 - i .

r c< PO B IR P Bl ool ¥ fer e dRiMEEEp Il

t hedélieemiriet V¥ R@0<H | CsdE/SediCnABERAR3/ 000291 8. The
nmet hod of any one of clains 1 to 7 wherein the fiber

3(?0”%('3 T56th8d of claim 1 or 2 wherein the curing comprises curing the
composite fiber and resin in the die so that the composite of fiber and resin

can retain its shape after it is separated from the die.

4. The method of any one of claims 1 to 3, wherein the die is bendable
lengthwise, and further comprising bending the die lengthwise so as to

shape the composite of fiber and resin in the die.

5. The method of claim 4 wherein the curing is performed after the shrinking

and bending.

6. The method of claim 4 or 5, wherein the bending comprises bending the die
to shape the composite of fiber and resin into an arched wire suitable for

use in an orthodontic treatment.

7. The method of any one of claims 1 to 6 wherein the die is formed of a heat-
_ sensitive material that shrinks in response to heat and the shrinking

comprises heating the die.
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plurality of elongated strands each having a | ength

| onger than the length of the tunnel 9. The method of
web@is875 wherei n the placing conprises pul | i nBCT/B€2003/000291

plurality of strands into and through the tunnel of

the die. 10. The nethod of claim9, further conprising

pul I ing each one of the plurality of strands at both

ends so as to straighten the fibers in the die. 11.

d of I t
8. hihﬁlrﬂ?tgﬂ t(&j g1fy‘% r%(?facrl] s hch? %ﬁf@%@?hﬁ%b‘r&e?’g?ﬁﬁ%‘éé 21s)
pupluraiity of glorbatedretraods eéch:ihamng alengthrlom@er than the Iength of
corrprl sin after the pulling, adding additional

efigtine he tunnel of the die so as to further fill
the tunnel. 13. The nethod of any one of clainms | to

0.8, T%%éﬂh@dscﬁlc%lmmérém thé pmcﬁtgidomprlssapdlhdg thebglurality of
pac:lngthe i ber mthetunnqi of . the die, and
t hetreads #rto gundi thgpuahebeduppeldidhe dignel . 14. The met hod

of any one of clains 1 to 13, further conprising

100" *‘r%'é%@@mo*dhﬁ cléihﬁg Sertﬁ&aéonﬁ;hﬁsl dcypnmhg leaich @nkiaf athé plurality of
di sposed. rei nforced conposite forned in
ac @tradaa@ébwt ﬁncﬂeh@o ﬁ’e‘tm@ua@ht%mghe figes gt t %ﬁ Ifns 1 to

14. 16. A fiber reinforced conposite wire for use in

rt
1! tTE\%?IﬁE{HOCd %F %%?rf@nfurﬂﬁ%ﬁgo rlgﬁwgrlﬁr;?@egﬁhtﬁfﬁtﬁégun@ﬁty of
strands with the resin prior to the pulling.

12. The method of claim 11, further comprising, after the pulling, adding

additional resin in the tunnel of the die so as to further fill the tunnel.

13. The method of any one of claims 1 to 8, wherein said composite is placed in
said die by placing the fiber in the tunnel of the die, and thereafter adding

resin in the tunnel.

14. The method of any one of claims 1 to 13, further comprising orienting the

die so that the tunnel is vertically disposed.

15. A fiber reinforced composite formed in accordance with the method of any

one of claims 1 to 14.

16. A fiber reinforced composite wire for use in orthodontic treatment that is

formed in accordance with the method of any one of claims 1 to 14.
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