b

DENTAL CARE MATERI AL AND MANUFACTURI NG METHCD - é,ﬁ l %q -

BACKGROUND OF THE | NVENTI ON 1. Field of the I nvent | on

The present invention is concerned with a dental care materfidb a rret hod
for producing the material. It is especially concerned with a mat r| aI
suited for - - ort hodonti c appliances and dental inplantation.

Description of Related Art Anmong the materials used |n a
human nouth are wire and brackets for 10 orthodontics and dent al

i mpl ant ati on. Dependi ng on the use, plastics, ceramcs, and stai nl ess
steel, etc., have tradi DENRAL CAREMATERIY. ANR MANMIFABRURBINGSMETHRR eri al s. I n
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whi ch types of se a re serious than allergies is the
carci nogeni ¢ n&ture of Dswhtvmfeﬂe!at@sAml and Cr. The use of Ni-Cr system

alloys on a 20  |iving,aHgaRe %Qéhals use¥ S aoﬁﬁ’fnérphxtoﬁﬁil hid WRE BN YridKelsChor
Wth each of the dental care materi al s mentioned above there are problens,

such as mahan?rEhgdoptins, and: demtal iimplantations d (Repensiinacess the, usep Blagligsy icgiamigs. 3Rd

material into temless steel b@d)h.av&&ﬂﬂk’ﬁdaﬁl} hdehYthavimbo bt dom«ﬂdm/ Gdea éRdrialsC I somer
exanpl e, plasti
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expensi ve; st a‘f%?%g%}lzgY%'i‘asrt?Eﬁ Mage Pﬁ%fhﬂéyﬁﬁ@ﬁﬁ‘é‘isu&i Stem alloys, and FeNictr

system alloys. However, there is an increasing number of patients who suffer from

metal allergies, caused by a particular metal touching and irritating the skin and causing
15 roughness or inflammation. Among such metal allergies are skin allergies caused by ear-

rings, necklaces, and other accessories, and allergies caused in the mouth by the metals

used in dental care. No one metal is the cause of the allergies, and individuals differ in

regard to which types of metal cause allergies. More serious than allergies is the

carcinogenic nature of such metals as Ni and Cr. The use of Ni-Cr system alloys on a
20 living human body is even prohibited in some countries.

With each of the dental care materials mentioned above there are problems,
such as mechanical characteristics, production costs, the elution of the material into the
body, compatibility with living tissues, etc. For example, plastics may break due to lack
of strength; ceramics are too expensive; stainless steel results in too much elution,

25 which, like the alloys mentioned above, may cause problems such as allergies and
cancer.

In addition, from the molding material perspective, brackets and dental
implantation have traditionally been produced by the casting method and mechanical
processing. With the casting method, the problem of breakage during use often occurs

30 due to defective casting, especially due to the formationl of casting pockets. [n addition,
the creation of complicated shapes is difficult in casting due to the problem of running
liquid. For example, the shape of the surface of a bracket to be bonded to teeth, or the
shape of the screw component for an implant materiai, is too complicated to be produced
exactly as designed. Thus, in the case of the bracket, there is insufficient bonding

s strength. In regard to the dental implantation, after implanting an implant material, the



25 which, like the alloys nentioned above, may cause probl ens such as
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The present invention aims to solve the above problems by providing dental

15 care materials, such as bracket and dental implant materials made of titanium, which are
harmiess to the human body, yet easily and inexpensively form moids of delicate and
complicated shapes.

A further object of embodiments of the present invention is to produce a
material having the strength and ductility required for dental care materiais in addition to

20 having an exterior appearance desirabie for dental care materials, such as a desirable
color.

The dental care material of embodiments of the present invention comprises
a sintered body wherein the body is a molded mixture of titanium material and an organic
T binder, which is sintered after removing the binder {de-binding).

25 in a preferred embodiment of the present invention, the sintered body has a
carbon content of no more than 0.5% by weight and/or an oxygen content of no more
than 0.8% by weight, and/or the combined carbon and oxygen content of the sintered
body is no more than 1.0% by weight, and/or the titanium sintered body is molded with
titanium powder having an average granule size of no more than 40 ym,

30 In any of the above embodiments, a colored layer may be formed on the
surface of the sintered body. The colored layer may be formed by an ion plating method,
an anodic oxidation methaod, a heat treatment method, or a heat spraying method.
Preferably the ion plating method is used.

Furthermore, a gold layer or a gold-palladium alloy layer may be formed on

3s top of the colored layer.



SUMVARY OF THE | NVENTI ON The present invention ains to
sol ve the above problens by providing dental 15 care materials, such as
bracket and dental inplant materials nmade of titanium which are
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being the preferred method.
In this instance, a gold layer or a gold-palladium alloy layer may be formed
15 on top of the colored layer. —

In forming a colored layer using a heat spraying method, the colored layer
may be formed by spraying Al,O, or TiO, powder.

Embodiments of the present invention can provide a practical, high quality
dental care material wherein there are fewer incidents of damage caused by breakage

20 and chipping, which occurs easily in materials formed by traditional casting methods, and
wherein delicate and complicated shapes can be formed easily, and precise shapes can
be created at low cost, which has been impossible to accomplish with traditional
mechanical processing methods.

Materials with a high degree of strength and ductility are formed as a resuit

25 of reducing the carbon or oxygen content below a specified amount.

A decline in breakage strength is prevented by raising the density of the
titanium sintered body to no less than 95% by using titanium powder having an average
granule diameter of no more than 40 ym, thus preventing poor coupling. By "density"
the application means the opposite of "porosity,” i.e., a density of 100% means there

30 are no pores.

The ductility of a sintered body can be raised by regulating the granule
diameter of titanium powder as well as the carbon and oxygen content, thus producing a
dental care material with a high level of strength.

A colared layer with a high dagree of banding strength can be obtained by

35 an ion plating method, thus resulting in the formation of a highly durable and long-lasting

colored layer.



Accordi ng to enbodi nents of the present invention, the sintered body may

be nol ded as a bracket or as a dental inplant material, for exanple.

Next, regarding the nethod for producing the dental care nmaterial, titanium
powder and an organic binder are mxed to forman injection nolding
conpound, which is 5 mol ded to produce-4&-nol ded body. After renoval of
the binder fromthe nol ded body, a titani um sintered body is produced
by sintering. In an enbodi ment of the present invention,
the titani um powder used has a . carbon content of ng npre than 0.3% by
wei ght and an oxygen corR'&stcopesrapdingiatvpespf metal candbegafitaiged Ry fpiming\g Patah
average granul &ilfli giedpest ik cBRredsRr.t hafiodlcdi®$ kb8 tolthe desired color, including a
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met hod, an anodic oxi dation nmethod, a heat treatnment nmethod, or a
heat spraying nethod, with ion pisgd BEscripTi | A& gPr ef erred net hod.
In this instance, a gold layer o - y layer nmay be

formed 15 on top of t hEhedavegtieniwillheadescribed in conjunction with the folipwing @rayyings in
colored layer UghigWiile Bfefdnce RuAYrhE FeslBridtfle diddntOdnd vitérdidy er may be
formed by spraying Al[err]err] or TIrO2 powder. . .
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Figure 8 is a graph showing the refationship between the sum of carbon
content and oxygen content of the titanium sintered body and the maximum %

25 elongation of the titanium sintered body.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The dental care material and the method of producing the material according

to the present invention are described in detail hereafter with reference to the drawings.
30 The material formed according to the present invention may be used as a bracket or as
dental implant materials, for example. Moreover, in the present invention, titanium may
be used as a raw material or as a component part. Titanium, being inert to the human
body in its pure form or in alloy form, can be used widely as a medical material such as a
support or prosthesis for a broken bone.
35 Figure 1 shows the process of manufacturing the material according to an

embodiment of the present invention. The process begins with forming the injection
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Col ors corresponding to types of netal can be obtained by formng a netal
filmon top of the colored |ayer. Various colors close to the desired

color, including a white color close to that of the human tooth, can
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el ongation of the titaniumsintered Figure 6 is a
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titanium powder. On the other hand, oxygen may enter the sintered body during each of
the heating steps explained below. Thus, the oxygen content of the sintered body is
determined by adding the amount of entering oxygen to the oxygen contained in the
titanium powder. However, the amount of oxygen can be reduced by preventing oxygen
15 from entering into the sinte-red body during the production process. With the
establishment of a production process in which the amount of oxygen entering the body
is relatively small, the amount of oxygen in the final sintered body can be sufficiently iow
if the amount of oxygen initially contained in the original titanium powder is smail.
For the organip binder, a binder system having at least two binder
20 components ig used. Preferéblv, a substance whose main components are thermoplastic
resin and wax is used with the addition of a plastic agent, a lubricant, a binder removal
promotion agent, a mold release agent, and a surfactant, as needed. The amount of
organic binder should be determined properly according to the material, but, in general, it
is 9% = 1% by weight.
25 Next, injection molding is performed on the compound with an injection
molding machine. Metal molds for molding are manufactured to form a bracket for a
orthodontic appliance shown in Figures 2A-2C and for the dental implantation shown in
Figure 4.
The bracket 1 for orthodontics shown in Figures 2A-2C is provided with a
30 vertical pair of engagement components 11, 11, on the front side of the base component
10, an insertion groove 12 being provided between the pair of engagement components
11, 11. A lattice groove formation 13 is formed on the back side of the base 10, which
is bonded to the surface of the tooth D shown in Figure 3. In some cases, numerous
dimples, in place of a lattice groove formation, are provided on the back side of the base
35 10, but a lattice groove formation works best, considering bonding strength. After

bonding the bracket 1 to the surface of each of more than one tooth D using a bonding
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at least two of the binder componcc)ents have different melting tgiz)eratures, the binder
may be removed by raising the temperature of the molded body above the intermediate

15 temperature at which the binder system flows, which is between the melting point of the
various components. Binder will exude from the molded body wherefrom it can be
removed. Since only the binder with the lowest melting temperature is initially removed,
the intermediate temperature at which the binder system flows will increase. Therefore,
it may be necessary to continually increase the temperature ensuring that it remains

20 below the temperature of the highest melting point of a binder component. Alternatively,
a specific solvent (liquid or gas) may be used to remove only a specific component in the
binder.

Next, sintering takes place in the vacuum heating furnace. During the
sintering process, a non-oxidation atmosphere or a vacuum atmosphere or both can be

25 used.

The bracket and the dental implant material comprising titanium sintered
bodies thus created reduce the problems of defective casting and running liquid of the
traditional casting method. Hence the delicate and complicated shapes shown in Figures
2A-2C and in Figure 4 can be easily realized. Furthermore, the desired strength is

30 obtained by providing the binder removal and sintering processes. For example, the
formation of a lattice groove formation on the back side of base 10 is not possible with
the conventional casting method, which can at best provide relatively large dimples. To
create small dimples or a lattice groove formation, conventionally a further cutting
process or bonding to the unit is required after the casting or cutting process. Further,

35 even if such a process is possible, the processing cost becomes extremely high. With
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surface of eac rt]en%}cle rtTlParteresturl]tzsinwt%ﬂesungtteD to augklarpg%ugn pe%p Tﬂg values representing the
20 relationship between the carbon content and the amount of elongation shown in Figure 5
are determined from the average values obtained using titanium powder with an oxygen
content of 0.3% to 0.5% by weight. In Figure 5, the solid curve represents the carbon
content in the titanium sintered body, while the dotted curve represents the carbon
content in raw titanium powder used to form the sintered titanium body. On the other
25 hand, the values representing the reiationship between the oxygen content and the
amount of elongation shown in Figure 6 are determined from average values obtained
using titanium powder with a carbon content of 0.1% to 0.3% by weight. In Figure 6,
the solid curve represents the oxygen content in the titanium sintered body while the
dotted curve represents the oxygen content in raw titanium powder used to form the
30 sintered titanium body.

The elongation of materials used for dental care materials, especially for
orthodontic or dental implant materials, should be around 2%, preferably 4% or more. If
the elongation is below 2%, breakage or chipping occurs during treatment. Therefore, as
the graphs indicate, the carbon content and the oxygen content of the raw titanium

35 powder preferably should be held to no more than 0.3% and 0.6% by weight,

respectively. Preferably, the total amount of carbon and oxygen should be no more than



-6 - agent, a wire 14 is inserted in the insert groove 12 and

pressure is applied so that the teeth D Iline up straight.

The dental inplant material 2 in Figure 4 conprises a nale screw unit

havi ng a head 21, a nmale screw conponent 22, and a female screw unit
23 having a female 5 screw conponent, whas-ch is anchored securely by
screwi ng the nal e screw conponent into the female screw unit 23
provided in a mandi bula. Al of elements 21, 22 and 23 may be nmade

fromthe inplant material of the present invention. At the sane tine, the
crown D, whi chaboyt 8% by excbighm irtbadi pdwddrs Ongbeiptber tiandptha cerbon content and the

The mol ded bodi &&gErhH&t%t%ttﬁéjnfa%mt%ﬁenﬁﬁ%@&ﬁr‘e%ﬁ‘ab%ﬂ?ﬁ% tiéioetosr?d“ﬁ\oieothén 10

decorrpr ession heating furnace where I's removed fromt bodi es as

shown in é‘uﬁ%ﬂ 9.8%hky ivyeight. Hesnsctivebt: apd Hisveambined cagen aﬁé@meg PNt ed

W thin a non- oxéskfk istered body p’i‘éf@r’@@l?'@ﬁ&ﬁd Bé héld Giﬁ?d)rme‘iﬁaﬁi &duf 1 .08 by Waighem
at nosphere or both to renove bi nde east two of the hinder

conmponent s have differ efifani P?‘f‘iﬁe't“é?ﬂ)@’é?"u?eé'?' °?’ﬁé“36?'ﬁlfe‘?f the presentgvegtion
renoved by rai scomguiishenifiuterpatonihtsr & eirbdnhendTokyden] &0 dyplaidav sbdvbe The titanium

di 15 th . Lch.i
s o e A e L hawdsP Wl Bl ankfbhy Buloh fodlh el lre BYRHAP b8 Sma WRblifyabi
exude fromthe m«m’q@u ihgegentiearsfthe wsé pf titaniunealioy as anriegrd matkrialSfon ke bwhgn

the binder w thydd)qs ifeVeasihg Maubh Bitbys, esrggﬁragt 10F Exdmpld, Ti-BARAY ¥uJye£H&\fﬁfilno alloy,
the internediate tenperature at which the bi nder. systemflows W |

i ncrease. Ther €988ralso be used ferimaiding the deptabease, Materigls phine ipRREaNY 'QVQ"HE’I‘ ease t he

tenperature ensuring thede ielaubmmu' beiwééh the digiumvdibhisted emr@rt&amma pbfwdehend
hi ghest nmeltin bi nder, co ter

specific sol ve%‘f'g(%lﬂr‘%ﬁlo% tg‘? sigteesd Wynﬁ nent tQH'er gg%g%ﬁ?{‘{/ °§th§p%'t‘?’f’f’ body

conponent i n t halis sharply kiheal @fe granule diameter exceeds 40 MeX (Thergfond, @hé Bgerégekgranule

place in the vg@;ﬂ{é&b@% g%vié:‘éF prdferably ?ﬂ u'u{1 F.J‘ﬁmre 4%’%?{)%@5% 8btaihce, °

non- oxi dati on nospher e re or sed.
The brackets anoblmth@dd@nvadnth Apslensity ‘Pfa@@hlfalh'!ﬂ'@ﬁpﬁ éechlge in densityiieredentas shadp

bodi es thus cr %%:Jneﬁxuﬁﬁ E{]bg:r RioRiBbieFes Qle ‘i@ pB6&r bd(ﬁh&a%thﬂg?h@néintﬁ}éanﬁdw

liquid of the traditi casting nethod., Hence the delicate and
conpl i cated sheFBEUHBRATOGh Hfeghpnekin dec‘easeQA“%@Vand in Figure 4 can be

easily realized. Furt heFigies sHohe tHe seistomsisd bew@bm theScombined carbon and oxygen
content of the titanium sintered body and the amount of elongation. As explained above,
20 both the carbon content and the oxygen content affect the ductility of the material, and
it appears that the ductility is increased by reducing the total carbon and oxygen content.
The present invention allows for the formation of a dental care material with high rigidity,
when the carbon content and the oxygen content of the titanium powder are maintained
between about 0.05% and about 0.1% by weight and at about 0.1% by weight,
25 respectively, and when the carbon content and the oxygen content of the titanium
sintered body are controlled at about 0.15% and about 0.3% by weight, respectively.
Preferably, the combined carbon and oxygen of the titanium powder is nc more than
about 0.5% by weight and the combined carbon and oxygen content of the sintered
body is no more than about 1.0% by weight.' The results of tests establishing the above

30 characteristics in actual dental care materials will be described in detail hereafter.
The material and process of the present invention can be used for dental
care materials other than orthodontic appliances and dental implantation. For example,
the material and process can be used to make a connecting member, e.g., a hinge, for a
removable artificial tooth, denture or bridge. These dental care materials differ from
35 dental implantation as shown in Figure 4 in that they are easy to remove, for cleaning,

etc.



30 obt ai ned by providing the binder renoval and sintering processes. For

exanpl e, the formation of a lattice groove formation on the back side
of base 10 is not possible with t he conventional casting mnethod,
whi ch can at best provide relatively l|arge dinples. To create smal |

dinmples or a lattice groove formation, conventionally a further cutting
process or bonding to the unit is required after the casting or cutting
process. Further, 35 even if such a process is possible, the processing
cost beconmes extrenely high. Wth

-7 - t he dent aA aodared raméremayabe fainet ve the sadare of thesintered badw eThe
fine lattice gr df C ' or

resulting in su€&¥ant|%%%g\%@ nfmsmed by &P:&E?}lﬂft@ﬁ rﬁgeg%%yé%n%HBd'E oQﬂLﬁJFFmethod, @
Bot h t he br ackeleastrdatmest chsmoa,l Orlamlaasnravm eethad.s nenti oned above

comprising titanium si “P@F&&Bl\f’ﬁﬁ'nﬁﬁgl@ﬁrﬁ; Mg fs%s@&‘chp{he uS’n BEﬁﬁ&nﬁ%Hrﬁédns

requiring a 5 certain |eve rength (rigid herefore, hardness
and ductilify (UPSRERRHiUAAST Tersgmprgssion at"“’é%h%?ﬂdr‘b!’? of '(5'8 Subgjangeds ionized to

manuf act uri ng pﬂi@ﬁ@‘éﬁzed in the gas. An electnc fieldTib Gplibdtol thy iodk t& héteRF€l ahBorftsard N
preferred enbodj nent

[ t I
Dy the | evel  of MATAT? PlosBReEPRa e R oA Bvan st PF pacaral P Grafed
the titani um simetbedsiuseddy vamride thersubstantelinclciar s arecen fimited tmen glieatrom heaemt |,

and 10 the denﬁelarnxg FHhethdte 4 'h'aﬁtlé% %:'amoﬂ% Eiﬁscpﬁg L Phasmz Bedtrof] !ge%aﬁ{ Rbthon, | dhdt BE

amount of carbon an I'n nirum si ntered can change
t he har dned% arﬁPuéfa(t'!Q Vapoyizing nteltr@d The ionizing @?ewdborw}udemehamh@tézmmom

carbon i ncr easegigw Hidehrhé hdtHddThigR kB4 dbRy bﬁv@&:?&ﬁ&%dmrcrowavemhgﬁﬁ TahJi othér

decli nes and hardness i ncreases. Moreover, whe anount of

i ncreases, ductfi#GhegEedEEPiRacthe dagt ﬂ&“rtﬂ’i'?eg‘gthPﬁ’rc?héaﬁé@g°" cdheamt 89@0141 §@’ othef he
amount of sol i dodizationSb#ibdOh MhicHedédt®ns are supplied and bombardEd Gton® ad dutside

Figure 6 show ts%%rcreel ationshi p between the carbon content and
15 For example, the sintered body is attached to the cathode within the system
and titanium is vaporized by a hollow cathode discharging plasma electron beam in a
nitrogen atmosphere of about 0.0001 torr (ca. 13 mPa) to ionize titanium with the
nitrogen gas and deposit titanium nitride on the surface of the sintered body. In this
manner, the sintered body can be colored gold, red, etc. For example, the various colors
20 can be obtained by varying the amount and pressure of the gas flowing into the system.
Furthermore, a gold layer or a gold-palladium alloy layer may be formed on top of the
colored layer to form additional colors.
In the anaodic oxidation method, a sintered body is attached to an anode and
voltage is impressed within a boric acid electrolytic solution to form an oxidation film on
25 the surface of the sintered body. Colors of yellow, green and red, etc., can be produced
using the oxidation film.
In the heat treatment method, various colors are obtained by heating a
sintered body to a specific temperature in various atmospheres.
In the heat spraying method, various colors are produced by coating the
30 surfaces of a sintered body with various metal oxides and nitrate powders using a
sprayer. The colored layer may be formed by spraying Al,O; or TiO, powder.
EXAMPLES
Examples 1 - 6
Titanium powders A-F in Table 1 are used to form brackets in Examples 1-6,
s respectively. As the organic binder, PBMA (polybutyimethacryrate}, EVA (ethylene vinyl

acetic acid copolymer), wax, and DBP (dibutylphtarate) are used. The organic binder is



t he oxygen contént, respectively, in the titaniumsintered body and the
maxi mum anount of elongation. The ductility of the material is
determ ned by the anount of el ongation tensile that results when
subjected to a elongation test. The val ues representing the 20

rel ati onshi p between the carbon content andi¢he anount of el ongati on shown

in Figure 5 are determ ned fromthe average val ues obtai ned using
titani um powder with an oxygen content of 0.3%to 0.5% by weight. In
Figure 5, the solid curve represents the carbon content in the

titani um sint er sike@ay knagded with e derivmdopdemesingaynressarst kneades feraidminutes at
content in raw .’96 io m%ﬁﬂn,ééﬁﬁﬁmmufg%mpbm ﬁﬁ,gfxﬁh%léshé ﬁ'HeHH?n#HaQM thQn

t he other 25 e val ues representing ationsh bet ween t he
oxygen cont ent %smpquﬁ% with an injagHien Moidig @P@W{j’éﬁ’ .f'em' & brairet PﬁF'W’gﬁ 28-% fipwing

determined from ay@rfme%mﬁ m&mh@dmﬁd The condltléﬁé fo rﬂdldiﬁg”\érﬂfﬁb POIOABE rMbIdiRg &
carbon content of

3 | he,sol | d
curve repr e§ent§"¥pﬁé”t"5§<§/" 1%’0 é’nf’é“ﬂ"gl ‘ﬂeﬁsﬂ'@ e gﬂliﬁﬁf’gl Ifee PSHNERY): Wd Med he
dotted curve rempvdzempaatules -o2¢YEn content in raw titani um powder used to
formthe 30 sintered titani um body. The el ongation of

. ; TABLE 1 . .
materials used for dental care materials, especially for ort hodonti c
or dental inplant jmaterials} should be arfound 2% prefler abl nofe. |f
the el ongation is fbel ow 2% |br ea{; ge, or dhi ppj nt .
Therefore, as the grap ﬁ?vgtt‘%) t @p iarf oxygen
content of the ra\ﬂ—t-b—t-a-nku-még——pemde et o]
nore than 0.3% and 0.8% by wei ght2 res@est i vel Prefegably, tghe
total anmount of cgrbon_and pxXygen. snoul d[pbe no_npre tnan
-8 - 10 abdut 0850 by wei 6intHe Ti QYééder I the Bther hagd,

t he carbon content} andct he 0.P¥Kygen jcont e@goof tde titangum sint ¢red
body preferably Sh’[}uid be—tngtd—to—ToTrorg—ttam

D 0.12 0.25 63

E 0.05 0.20 30

F 0.05 0.15 70

15
The molded bodies are then sent to a decompression heating furnace where
the binder is removed. In order to remove the binder from the molded bodies, the
pressure is set at 0.1 torr (ca. 13 Pa) with a2 maximum heating temperature of 400°C,
the maintenance time being one hour.

20 Next, sintering takes place in the vacuum heating furnace. Pressure is set at
0.1 to 0.0001 torr {ca. 13 mPa} with a maximum heating temperature of 1250°C, the
maintenance time being three hours to obtain a titanium sintered body. The titanium
sintered bodies have a Vickers hardness of 180 to 220 Hv, have sufficient anti-wear
characteristics, and have enough hardness to secure a smooth contact with wire.

25 Density measurement, strength testing, bonding strength testing, and elution
testing are conducted for the produced brackets. The strength test is conducted by
placing the bracket, with the back surface facing down, on a steel sheet, and by forcing
displacement and deformation from above to determine the existence of breakage.

For the bonding strength test, one bracket is bonded to each of two teeth

30 adjacent to each other and the two adjacent brackets are tightened by wire wrapped
around the brackets. The bonding strength is evaluated by whether the brackets are
separated from the teeth by tightening the wire.

The measurement of elution, or the amount of dissoived bracket entering the

body, is performed by soaking the bracket in a 1% lactose solution for three days. The



‘0. 5% and 0. 8% by wei ght, respectively, and the conbi ned carbon and oxygen

cont ent of the sintered body preferably should be held to no nore

t han about 1.0% by weight. 5 Ti t ani um powder used for the
dental care materials of the present invention contains mnute
anounts of carbon and oxygen, as expl ai ned- &bove. The titani um powder
is generally pure and any other inpurities are generally m nute and

unavoi dabl e. However, in recent years, the use of titaniumalloy as
an inert material for the human body is increasing. Such alloys, such

as, for exanpl efesuifs a§Ahe meagrenasntsthys PPtaimad ae|shywn T ableckrwhiehs eretsempared to or
mol di ng t he denggdsufciients ol @Bh%rﬁtlﬁf ExafBlelr, @¥hidhthak Wiﬁﬂeoéhape SUS316L bracket

The rel ati onshi yeen t he tanl um powder and
The denet tyof Dot Hiiaece 85 Ssecil o b1oR PRAClERALY A O PHBRETEy of f he
si ntered body falls sharply when th®AgLEhUl e di arret er exceeds 40

[err]m Theref ;
preferably sho Id be no nore errfmin ord
sintered body with a density|ofPo@dét of Mectghiesl. A d
a sharp expansi on in the Tend ty] Semgonents d
within the sint
decreased ductijl
bet ween t he cor
sintered body drekaipr znount

br to obtain ja MHution
p@ldhesivel N densi AynodALIS§S
| Strexgthoor ¢
ody, resul INn a notgh efrfect and In
e'f’i‘*?“’e f A N%E?jﬁ'ﬁ?% sh )\Ng tf}e rel atfi onSH%
contehfR3faU%Rs i tlanium

of @& ongagregiage As expl albned above,| 20g.2g00t It

t he carbon contlent and the oxygen content affect theegdestiohl ity |of the

material, and | T_ appeajs that tjhe CLaCIIII[y ST NCreased by Treducrt mg
the total carbdrP8M®eokygen ¢ont &nt. | Breakagene prek E’ﬁt |nvent| dn” aPi ior
the formation di—a—dental cale materilal with high [ !IDQ vhen t e

carbon content |andmblees oxygen copt ent g@agaE@ titan NH‘ povvder arje npiag ai ned
bet ween about Q. 05% and abouf 0.1% by wei ght and a s@;ﬁm&,no 1%jby wei ght,

25 respectiv iEy, AN WeTT {TTe—Tar Do ConMtent —and{ t e oxXyygen gont et of
the titani ¢ xamplerft er ed body Ear e |céhbieakaged at | BB Saparations o land CeSout
0. 3% by wei ght, |ver Hr ly, thg cgrbo nd
oxygen of the téxEﬁ\BfECé BevwEe inne ’s% La.ﬁ:g.r Né%r&u.ﬂ% by Q"z'%"“*
and the conbi ngdCawraeaiveand pxygen cgmiiebleakabet he [ Sedaestivd ba)dss i s{no
nore than about] Exafebly wei ght. The rlesults of tesfs establishijng the abpve
30 characteristics 1n actual dental care materials wll be described I n

detail her ?ﬁf ter. Exémples 1 and Eh?her@lta@l(e'téalforﬁg dBrchﬁ%e %mytd?&:l&ﬁg%?nt

i nventi on can be used for care materi a
orthodonti c appgPeafde dreghanierl frangth rAsH diending strengtiyr ‘E)@ﬁ‘blEéamp'e ! and (e the

mat eri al and prtﬁ’é‘ék%ﬁs H‘a@@ pRsbidAsOWittt QreH@QS dée @&ﬂ@tﬁﬁ&ér{ignémamé‘él 1str€nd3h,1 alﬁqough
hi nge, for a able artificial tooth, denture or ese

dental care nat®@t} é‘la'ée GF‘P atory bpieg strepth ol PP I EFfSatdEH! %§pg??6?/9n tq fhave
Figure 4 in thaletdriofifedddi® ©aRY exc@ssiveBardn coentCh EREhME 2 and the extbssive oxygen

20 content in Example 3. Moreover, Examples 4 and 6 appear to have breakage problems

due to numerous pores in the material resulting from a low sintering density caused by

the use of coarse granules. Furthermore, in Comparative Example 1, the shape of the

dimples on the surface contacting the tooth are not the specified shape, because they

were produced by the lost wax process. This results in the separation of the bracket
25 from the tooth due to weak bonding strength.

Regarding the elution test, all the brackets in Examples 1-6 resuit in
sufficiently fow values and are not inferior to titanium processed products produced by
conventional mechanical manufacturing. However, the amount of elution of the stainless
steel product in Comparative Example 1 produced by the lost wax process is substantial-

30 ly larger than the amount in Examples 1-6.



‘-9 - A colored layer may be forned on the surface of

the sintered body. The colored |l ayer may be fornmed by an ion plating
met hod, an anodi c oxidati on nethod, a heat treatnment method, or a
heat sprayi ng nethod. Preferably the ion platlng met hod
is used. In the ion plating nethod, gas is-1%- di scharged under a
deconpressi on atnosphere and a part of the substance is ionized to be
vaporized in the gas. An electric field is applied to the ions to

accel erate and bgnba;d themonto the surface of a material to forma

colored |l ayer o rial. The heating met hods used to vapori ze

t he substance i nclude, Nakt aieemhet dompodreidoft titanian pelveert arahocrdgesienbinder used in
heati ng met hod, ge. di. r | as, : t nd
210 "sput rer B ke Ak T yBSR A 80 TCHEr WIEARATR Hi 27
not limted to, The resu!tmggmgldsohrsohmeg@tqmmmdentalhnwmrreefee'ﬁc«}f fxaraples 7-12,

di scharge, gicr Fb‘éﬁ!ﬁv&l* & e thﬁt tnﬁder and smtcﬂhi%h@t{r(}ﬁe Thé QBditidriaCashha!
el ectron net hod ectraon eam nmet hod - | onl zati on

met hods in whi cAPoye Examelas 1:6 e2seestively.ed and bombar ded from an out si de

souL cg. 15 ) ) Eeﬁswxamhﬁanehﬁe streljte testinh 0 Idtibrd tthlh@,Cbﬁ.d afm')gr&ﬁu%s
cathode within the s titaniumis, v e

cat hode .di schar 1y %F&g °Eﬁdé’(‘,‘firt%re5\é|§rﬂ'? ﬁ”’%f“a“zegpof?f’fe :gd%'ﬁdh?' f)’H@/@rs the ¢
about 0.0001 t ouénu(mmplaﬂﬁmﬁﬁaal dfCCantparatiee EkdnsplésUnand Bhwiharin a pure titadivraged

gas and dEHQSI tar&d L% tLJI rgg rg%e% rYS lelveréa% a&h&atyht% c#a%r? ﬁlgthga %E \L&e
this nner, e s n be colore P d, or
exanpl e, the vamra@m@tﬁt:tb\leépl&wape efafﬁg\be“@titaa’nmmlw Dtﬂ&?-’;ﬂ aitpr ana-m)unt and
pressure of the gas flowng into the systeggEe3 Furthernore, a gold

| ayer or a gold-palladiumalloy laver may be forned on top of the

colored | ayer to form addi ti gnal col ofs. Airti In the apadic
. . ghtness u
oxi dation nethad, a sintered|bggdwgbs am@,%%g, to @n anode and Amgmtt%ge
is inpressed within a boric 4cigygd ecl spbaged C sol ytion to form ap gyjcdat ijon
filmon
Example 7 A No No leakage 0.26
breakage
15 Example 8 B Breakage No leakage 0.29
Example 9 C Breakage No leakage 0.28
Example 10 D Breakage No leakage 0.27
Example 11 E No Breakage No Leakage 0.27
Example 12 F Breakage No Leakage 0.28
20 Comparative - Breakage Leakage 0.29
Example 2
Comparative - No Leakage 1.55
Example 3 breakage
25 In the strength test, both ends of the material are securely anchored and

force is applied vertically on the central component to give displacement {2mm), and the
material is then examined for the existence of cracks.
In the airtightness test, a hole is drilled in a mandibula in which the dental
implant material is to be screwed. Then a titanium {this embodiment) or a stainless steel
30 (Comparative Examples) tube is inserted in the hole. After screwing the screw
component into the mandibula, air with a pressure of 10 atmospheres is blown through
the tube to check for air leakage from the screw component.
With Examples 7 and 11, as was the case with Examples 1 and 5, there are

no problems whatsoever. Exampie 8 and Example 9 have problems with breakage due to



'25 the surface of the sintered body. Colors of yellow, green and red,
etc., can be produced using the oxidation film I n
the heat treatnment nethod, various colors are obtained by heating a
sintered body to a speC|f|c tenperature in various atnospheres.

In the heat spraying method, various col orstdre produced by coating the 30
surfaces of a sintered body with various netal oxides and nitrate powdlers
using a sprayer. The colored | ayer may be formed by spraying
élx,[qﬁ/{DrL]Eg err] of LH;SZ cg@;or andboxygen content like Example Zﬂ“PaFﬁ?'UWF;?o"W%‘F SEﬁmr_plqs 10
Tabl e 1 are usenhdti@ disy havermolieaths with bieakagel des td iy sidering degspecdsi was the case

e, organt o o1 s c. BB TRl TEABRENCEBhY Ak SRS iy

organi ¢ bi nder With breakage due to lack of strength and problems with air leakage due to poor _

10- s M gtEdsig thél Sﬁb‘é@&ﬂéﬂ stch.-wt hmoiebmwmamw Bkarkisié Bhad pRIRARUEN
kneader for 30 m nutes at 30[err]C gro uce an I njection nolding
conpound. | nj ecii leakagd ped H@el@‘%éﬁf‘ﬁﬁh‘ﬂ&" 6?1‘3% stainless §8pfnound with an

injection nolding machi Agoldind & BxamplisaCk2tlabVe, &l deHtal BardAnaterial hﬂV‘h@giellcate
averyflnelattlce roov forr‘rlﬁ{‘lon The condi tions for, nol di are as

fol | ows: nol di rf}d pe’f s are. imaossible PP Profige HFige d‘PB‘é%‘dP’éa' cas'ft"‘boo
kgf/cnferr] (cametBodd ki angchbanida) ; prodedsime inwlthods, can el fdrbeihpdthas Lhighs level of

20[err] C - N , g( -
Aver age 10 precision by first injection molding a %?an'rlqggrrl]d formed by amﬁlu é/fgtgﬁmum powder
G anul e and an organic binder, and theChwtferming(the tiggnium elpterasithody\through a binder

Di aneter ([ err]@hoval process and a sintering process. Moreover, the titanium sintered body has suffi-
cient hardness and ductility to insure the required strength for a dental care material as
well as a low level of elution, thus realizing a material with higher capabiiities than

15 conventional products.
Examples 13-22
Next, Examples 13-22 will be explained wherein a desired color is added by
forming a color layer on the surface of the dental care material. In each Example,
explained hereafter, the titanium sintered body is produced in the same manner as
20 Examples 1-6 above using titanium powder with the carbon content, oxygen content and
average granule diameter presented in Table 4. After the titanium sintered bodies are
produced, color layers are formed on the surface of the sintered bodies using various

methods as presented in Figure 1.

TABLE 4
25 Powder Carbon Oxygen Average
Type Content (wt%) Content (wt%) Granule
Diameter
()
Gas
Atomize 0.12 0.25 29
Powder

30
in Examples 13-15, an ion plating method is used to form a colored layer.
The bracket is attached to the cathode within the system and titanium is vaporized by a
hollow cathode discharging plasma electron beam in a nitrogen atmosphere of about
0.0001 torr {ca. 13 mPa} to ionize titanium with the nitrogen gas and deposit titanium

35 nitride on the surface of the sintered body.
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0.12 0.25 29 10
0. 36 0. 22 31
0.11 0.90 27
0.12 0.25 63

0. 05 0. 20 -14 - 30

0. 05 0.15 70 15

The nol ded bodi es are then sent to a deconpression heating furnace where
the binder is removed. In order to renove the binder fromthe nol ded
bodi es, the pr esdmExample 334 thamit®gen gas flow isadius®d Ba)that the partinenressura

heating tenper gk Witkogeh FASGE @k fabSut 0.00001 Tt&?? (&H'ﬂi FIHANQRd lthd ReriSdr1GreOBE the
hour. 20 Next, sintering takes place 1 n the vacuum heati ng

furnace. Pressdrgemds sgt 3%1?00"5 withpa processiracis of 8bqut @08.hovs fised '%PF'hﬂ!?
nmaxi mum heat i NQuifsae it sifiredfbody KtoRirdd dink. t he mai nt enance tinme being
three hours to obtain i um si nt ered bod The titani red
bodi es havé a Vickers %ﬁfth‘ﬁ §§ eygrofpe g5'%2 loyﬁﬁwﬂg‘gﬁfu@%ﬂ?m "H'H P%\g
c_har acteri sti cpalladivch batep efthagitardiam ditmesiat/a \sieiC a theatatesweatune ©6B002C and tah
wre. 25 I;.?rocessm tlrflp%l?q'stM:n%@swﬁ{xﬁgtcdoﬁ 5{1% Gb{aﬁ\g&' NH EthrRngr K dub(,ye q

strength testi are conduc
brackets. The yemnvgg lgoldean tqpsofc,tbmﬁtf@tueﬁmmde layer, a goigxcof rYg"QWrelhb? é&:mmew th

the back surf a@rﬁE:faﬁ?:lé‘ﬂs %%por&ihg&hé b&@bal&ﬁﬁﬁ#alla@@c&i&f of Qiivel-Rdlite is obtained.
di spl acenent and d OI’ITB.tIOI’l from above determ ne the _existence of

br eakage. 1° Each of the, mategigls 9f) ﬁﬁwssﬁ%ﬂf H°i"€§ in a d thagipsa salitions
bgnded tobeaCEfd?fthﬁeWa{rﬁfbtéka%e th@SuBET Rite febulBaF WHhh#é cahﬁheaheﬁu@s The
adj acent brackets, are Yy

The bondi ng st ‘?ﬁﬁ?tﬁ " §x E %Vé?suﬁfég ab%%\m%f%Bgég?sffes”ﬁt‘c‘fé'ﬁ@[‘%'a‘étf“émcs rotuRed For®
separ at ed fr omat hehddeetit maeribl. i dracker in Gemparative Example 4 was produced by €asting
measur enent of stgl #’EEQ{LB' or the anount of dissolved bracket entering the
body, is perforined by soaking the bracket in a 1% | actose solution for

t hree daysts The TABLES
Elution
Production Surface Amount
Method Color mg/em?
Ti sintered
Exampie 13 form Pink 0.24
Ti sintered
20 Example 14 form Gold 0.25
Ti sintered
Example 15 form Silver White 0.24
Comparative Stainless
Example 4 Casting No Color 1.23
25

Colored layers are formed by the anodic oxidation method in Examples 16-

18. A bracket is attached to an anode and voltage is impressed within a boric acid elec-

trolytic solution to form an oxidation film on the surface of the sintered body. In

Examples 16, yellow is obtained with an impression voltage of 10 voits. in Example 17,

30 light blue is obtained with an impression voitage of 40 voits. in Example 18, light green

is obtained with an impression voltage of 65 volts. The results of elution measurements

of the brackets of Examples 16-18 are summarized in Table 6. The brackets in these

Examples are found to possess sufficient characteristics required for orthodontic
materials.
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results of the
conpared to

same shape SUS316L bracket

measurenents thus obtained are shown in Table 2, which are
nmeasurenments for Conparative Exanple 1, which has the
but has dinples on the back side of the

base produced by a | ost wax process.

TABLE 2

El ution
Anmount
ng/ cni err]
0. 25
Exanple 2
separation
0. 27

Exanpl e 4
separati on
separation
No separation
Separation

5

10

15

20

25

30

10 |

-15 -
Powder Mechani cal Adhesi ve
Type Strength Strength
Example 1 A No breakage No
TABLE 6 separation
B Breafcage —No 2
Exanpl e 3 C Br eak Blytion Amount  No
Surface Color mg/cm® separ ati on
Example 1 Br eakq&%w E J\\E b 0.26 I\Ino. 26
Example 17 ExanpLightthlue Boezskage
0. 76 arartve No—break
Example 18- Light green 0.26

Colored layers are formed by a heat treatment method in Examples 19 and
20. Heat treatment is conducted on a bracket under atmospheric pressure. In Example_
19, the color of yellow-green is obtained with 10 minutes of heat treatment at 500°C,
but the layer is thin with interference color appearing. in Example 20, 10 minutes of
heat treatment at 1050°C results in the formation of TiO, film an the -surface of the
titanium sintered material, which has a color of yellow-white or white. In this case, the
layer is thick and the color of the TiO, itself appears. The amounts of elution measured
in Examples 19 and 20 are presented in Table 7. The bréckets in these embodiments are

found to possess sufficient characteristics required for orthodontic materials.

TABLE 7
Temperature of Elution
Heat Treatment Surface Amount
(°C) Color mg/em?
Example 19 500 Yellow green 0.26
Example 20 1050 White 0.25

Colored layers are formed by a heat spraying method in Examples 21 and
22. The spraying of white Al,O; (Example 21) powder or white TiO, (Example 22)
powder results in a white surface on the sintered bodies. The amounts of elution
measured in Examples 21 and 22 are presented in Table 8. The brackets in these

Examples are found to possess sufficient characteristics required for orthodontic

materials.
TABLE 8
Elution
Spray Surface Amount
Material Color mg/cm?
Example 21 Al,O, White 0.24
Example 22 TiO, White 0.26
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’Exarrpl e 1 15 In Exanples 1 and 5, the brackets fornmed do

not have any problens in regard to nmechanical strength and bondi ng
strength. In both Exanple 2 and 3, the brackets have problens with
breakage due to insufficient nmechanical strength, although bot h have

satisfactory bonding strength. In both cases6-ductility appeared to have
deteriorated due to the excessive carbon content in Exanple 2 and the
excessi ve oxygen 20 content in Exanple 3. Mreover, Exanples 4 and 6
appear to have breakage probl ens due to numerous pores in the
material resulting fronfa PYalvatipmtwas mpdeeeasicenping achtacattqsigtics of cqlered ylgeersf
coarse granul esinciGiihg ¥R f9abfly dfr}nge&aaﬂféwﬁmﬁwmo%r; thé fasnoﬁﬁhaaeenaih $itRe

di npl es on the surface contacti n%b?/f e tooth are not the specified shape,

because they  colorediavers,thg fyrabl tf'?\§°'1”6§faV9ﬁxa'}5'rR5€‘B‘§§°" PRt TRRTERYISS are)

the separation gresénfd inratlecs. Rbthe Tabigddch @vil@aioh iflakRighed valads roNel HGvith 5
strength. el ution tes he brackets I n

| |
Exanpl es 1-& r eBfifftingthe most E%Uftg? Q&e‘ﬁ?‘f‘?“?'bwsvsaf’%@glﬁﬂ%aﬁ? YWY nferi or

to titanium processed pr oducts produced bVABLES conventional nechani cal

manuf act uri ng. [Hewever—t+hRe—aRBtit—ef—ehti-+on—of—the—sta-pless st-eq|
product in ConpaCeloninge ExarBaborl producédwpy th=Cbtost wax| payecess | Sost
substantial - 30 Methgd| ar gerf t han the anduldiori n Fayepl es 1} Bura-
-12- Bxanpl es 7- 12 NeBondindhe | itk conpound of
titani um powder| and organi ¢ binder used|in Streegthbove Exanpl gs 1-6 ils
I njection nol ded'o;t‘glalilorm tha3 shapes 111 Lsg rat ed 5N Fi gure %
10 Anodic 5 Bright 5 3 3 4
Oxidation Color
Heating 5 | Color 5 2 2 5
close
to human
tooth
Spraying 5 Color 5 2 2 5
close
to human
tooth
15 " Evaluation: Good = 5-4-3-2-1 = Poor

As indicated in the table, although the resulting types of colors formed by
the ion plating method are not necessarily the most desirable for dental care materials,
the ion plating method produces a layer with a high level of colored layer bonding
strength and a high degree of durability, making layers formed by the ion plating method

20 the best overall colored dental care material. The anodic oxidation method produces the
most colorful layers with bonding strength and production costs rating fair. Layers
formed by the heat treatment method and the spraying method show slightly poorer
bonding strength and durability, but they were superior in producing colors closest to the
real tooth.

25 While this invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, the preferred embodiments of
the invention as set forth herein are intended to be illustrative, not limiting. Various
changes may be made without departing from the spirit and scope of the invention as

30 defined in the following claims.



The resulting nolds are made into the dental inplant material of Exanples
7-12, 5 respectively, after renoving the binder and sintering under the
sanme conditions as the above Exanpl es 1-6, respectlvely

Density measurenents, strength testing, elution testing,” and alrtlghtness
testing are conduct ed and the results are summrari zed WB‘@Q&&@awﬂnReﬂ%mhso
I ncl udes the dental inplant material of Conparativ nd 3,
wherein a pure titaniumrod 10 and a stainless steel Euﬂ“ﬂ Iy,
were created by the casting nethod and were screM/shape
of Figure 4 by &.AM$iani cal process after casting.

TABLE 3

Airtight ness El ution Powder

Mechani cal Anmount

Type Strength 1. A dental care material comprising a sifirédbédy dbtainable by a ppoaégs! e
Er eakage 1 g 'e‘vhg?é% F\Li\})lggre of titanium powder agp ar|\ g%lér?igsier}\gﬁraia énade into aomﬁ%ged body

| eakage that is sifte@@ after binder réiremapl e 9 C Br eakage
No | eakage 0. 28 Exanpl e 10 D Br eakage
No | eakage 0.27 Exanpl e 11 No

Br eakage No Leak a&e The dental care matgrigl according to cl%hpqvgerg_ng the sintered body |
Br eakage has d\Barb&k@@déht of no more than 0(5928y wafght. Conparative

Br eakage Leakage Exanpl e 2

Cbnparatlve No Leakage 1
ﬁS Exarrpl e g h3 Tge del;tal care material d&écﬁ’&h@@@claim?5lor 2, whﬁrem (tjhe suateﬂeﬂ

the strength test Qth ends o e, mat er i ecurely anchored an

force is appli e§°%ﬁs, 9‘*“ confﬂeo‘::'é‘)n’t"?%?ltﬁan %%’neyn‘fve? "gi ve displ acenent

(2mm, and the
4, A dental care material comprising a sintered body including titanium

15 powder and an organic binder, said sintered body having a carbon content of no more

than 0.5% by weight and an oxygen content of no more than 0.8% by weight.

5. The dental care material according to any of the preceding claims,
wherein the sintered body has a combined carbon and oxygen content of no more than
20 1.0% by weight.

6. The dental care material according to any of the preceding claims,
wherein the sintered body comprises titanium powder having an average granule size of

no more than 40 ym in diameter.

25
7. The dental care material according to any of the preceding claims, further
comprising a colored layer formed on a surface of the sintered body.
8. The dental care material according to claim 7, further comprising a gold
30 layer or a gold-palladium alloy layer formed over the colored layer.
9. The dental care material according to any of the preceding claims,
wherein the sintered body is molded as a bracket.
3s 10. The dental cars material according to any of claims 1 to 8, wherein the

sintered body is molded as dental implant material.
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material is then exam ned for the existence of cracks. ___. .~~~ In
the airtightness test, a hole is drilled in a mandibula in which the dental

inplant material is to be screwed. Then a titani um (thi sThisBlostt HesiBdenRepRiced

stainless steel 30 (Conpar ative Exanples) tube is insert I

After screwing the screw conmponent i nti@ -t he mandi bul ] L '
ir

pressure of 10 atnospheres is bl own through the tube to ¢

| eakage fromthe screw conponent. Wth Exanples 7 and 11,
as was the case with Exanples 1 and 5, there are no probl ens

what soever. Exanpl e 8 and.Pxeethoe f@ forming pdenitdl ears mtérial, womakisigethd ustedsof:

- 13 - the hig a;nlgg}{’b : t 1.KQ. . I nd: . .
Exanpl e 3 above. Exanpl ggplo %q'gﬁ‘ﬁé‘%&gf@g ﬂégggg%@gﬁgpvfﬁ"ﬁ agr'e’aeré%%"e
due to | ow si nt P38 BRMARIUY, as was the case with Exanples 4 and 6

above. Conparative Exanpbe mbididgthe Gijétaas moRihg ddmpodidOle! {6/ a molded bdky,h
br eakage dues to lack of (strenqq,th a&% &;Ot,%)e?m égrth ai r | eakage due to poor
5 precisicon in the pr'dcERIVNg e pm the BE\ged dodyoAfthr ati ve Exanple 3 has

problens with ai r (Heasgieg shetmoldedysoda i tonina tithnierh Wint@ed bedysed by
stainl ess steel. According to Exanples 1-12 above, a
dental care material having delicate and conpl ex shapes, which are

i npossi bl e to produce usiZaghe awthedtacenrding tageimntl, wherein thettitardem mowder has an
mechani cal procgeshdtdgraRbIE Uikinetérdst REMbR' (HEAl 49 dJn?, ?cgvggrg ;L)ﬁt\éﬁ% ofnflo %%6? than

precision by first 1njection rmldl_ngacorrpoun or e a mxture .
titani um pofider 0-3% of the, gowerghv,waight. ;3nd @a oxvegaronteat obh o mearerthag Q.G of the

titani um sint er pewberhy wéigeugh a bi nder renoval process and a
sintering process. Mreover, the titanium sintered body has suffi-

cient hardness and ductility to insure the required strength for a dental
care material as V8l Mhamethodaacdrdiug lto olhinell Utor dQ, furthes cone@singi fogmiag a

material wth highgl lQ\,aePatm bighhER §N80 thenium Cs%é’r@&'tbbgynﬂkmg ro%guo(%ta%' ion plating
15 method, an anodic oxidation method, a heat treatment method and a heat spraying
method.

14. The method according to claim 13, further comprising forming a gold or
gold-palladium alloy layer aver the colored layer.
20
15. The method according to claim 13, wherein the colored layer is formed

by spraying Al,O; or TiO, powder by using a heat spraying method.

16. The method of any of claims 13 to 15, wherein the titanium sintered
25 body has a carbon content of no more than 0.5% by weight and an oxygen content of
no more than 0.8% by weight.

17. The method of any of claims 13 to 16, wherein said dental care material
is molded as a bracket.
30
18. The method of any of claims 13 to 16, wherein said dental care material

is molded as an dental implant material.

THIS SHEET HAS BEEN
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Exanpl es 13-22 Next, Exanples 13-22 will be explai ned
wherein a desired color is added by formng a color |ayer on the
surface of the dental care material. In each Exanple, expl ai ned
hereafter, the titaniumsintered body is produced in the sane manner as 20
Exanpl es 1-6 above using titanium powder w t$h t he carbon content, oxygen

content and average granule dianeter presented in Table 4. After the

titanium sintered bodies are produced, color |ayers are fornmed on the
surface of the sintered bodies using various met hods as presented in

Fi gure 1. ABSTRACT OF THE DISCLOSURE {Fig. 1}: TABLE 4 25

Powder Car bon xygen Aver age

Type Cont enﬁeﬂ)ﬁ&\%ﬁ WATERIAL ANDQ&R&SPKCM&%%MQ'HOD Granule

D anet er -Gas

0. 25 29 Powder 30 I n Exanpl es 13-15,
an ion platyng nethod i se o] col ored..| l IS
attached to; t he cat hode‘év(# Pﬁ?ﬁgrf’ Hjéa?érg's B and atf'ttag"ﬁ%usr'ﬁ‘ ﬁe?dvbé’gg:ﬁlgszgéqﬁéﬁ_ él’l
hol | ow cat hode affestsinarthe hympi bedveand|easily pordubrszntedugtsawith coropficated shanep haviag of

about 0. QDRdh 1961 of Sfr@ngth3 ATRBuré Bf @MUk PolabAdHd LR Mbdric biRGer ¥ infeeda
gas and deposit tlal:t'aeni uom ggng nitri dué onlt he ?Srface of %elsilnt eredlr body.
-14 - molded and subjected to binder removal and sintering processes to form a bracket for

orthodontic or dental implant materials. Pure titanium powder, with an average granule
10 diameter of no more than 40 um, a carbon content by weight of no more than 0.3%, and
an oxygen content by weight of no more than 0.6%, preferably is used to produce a
titanium sintered body of combined carbon and oxygen content by weight of no more
than 1.0%. Colored fayers can be formed on the surface of the titanium sintered body

using various methods as needed.



In Exanple 13, the nitrogen gas flowis adjusted so that the parti al
pressure of nitrogen gas is at about 0.00001 torr (ca. 1.3 nPa) and
the tenperature of the systemis set at 300[err]C with a processing
time of about one hour. As a result, the surface of the sintered body
is colored pink. 5 Furt her, by evaporating gold or an all oy
consisting of 85%gold and 15% 4471 adi um on top of the titanium
nitride layer with a heat tenperature of 300[err]C and a processi ng
time of 15 mnutes, additional colors can be obtained. In Exanple 14, by
vaporizing gold on top of the titaniumnitride |ayer, a color of

yel low-white i s obtained. I n Exanpl e 15, by vapori zi ng the

gol d-pal | adi um al l oy, a color of silverPBMAjeb ,obf}gﬂﬁed. D%P

Each of the material ol es 13-15 ar in al %I actose

sol ution for trreer-days to examne the elutidn, the results of which

. . 1 .
are conpiled in Tabl br acket anfpl es 13-15 are found to
possess sufficient Cﬁao?%w-lp_gﬁ qtics require Bh@?&( an orthodontic
material. The bracket] i n Conpgrative Exanpl e 4 was {produced by casting

stainless steel. 15 TABLE 5
El ution Producti op Surface
Anount Met hod Col or
ng/ cni err] PRESSURE Ti siptered Exanpl e 13
form Pin 0.2
Ti sintered 20 14 KNEAD?{@! el ’ , ol d
0. 25 Ti sintered Exanpl e 15
form Silver ) 4 Conmparative
St ai nl ess Exanple 4 VWIWNG/KNE&@ I'ng No Col or
1.23 25 Col ored layers are forned by the anodi c oxidation
met hod i n Exanpl es 1lé: 18 A hracket is attadhed to an anode and
voltage is inpressed within a boricjacid el ec-
INJECTION
MOLDING
1 MACHINE
INJECTION
MOLDING
DECOMPRESSION
HEATING
Y FURNACE
BINDER
REMOVAL
VACUUM COLOR LAYER
- | HEATING FORMATION
1 FURNACE SYSTEM
COLOR
SINTERING =1 LAYER
FORMATION

FIG. 1



" trolytic solution to forman oxidation filmon the surface of the sintered

body. 1In Exanpl es 16, yellow is obtained with an inpression voltage
of 10 volts. In Exanple 17, 30 light blue is obtained with an inpression
vol tage of 40 volts. In Exanple 18, light green - i's obtained with an

| npression voltage of 65 volts. The results of elution nmeasurenents
of the brackets of Exanples 16-18 are sunmarized in Table 6. The brackets

in these Exanpl es are found to posg&ess sufficient characteristics
required for orthodontic materials. 35
- 15- 11 13 TABLE 6 11
El uti on Anount — Sur face Col or
ng/ cni err] e 16 el | ow
0. 26 ' il ue
0. 25 5 ureen
0. 26 oIored Ia ers arfg ed by a heat
met hod i n Exanpl es™1 -nt i s conduc
bracket under eressure
12 13
10
11 10
D
1 1
m @ (U7}
o L Py i f — 3




19, the color of yellowgreen is obtained with 10 m nutes of heat treatnent
at 500[err]C, 10 but the layer is thin with interference col or appeari ng.

I n Exanple 20, 10 m nutes of heat treatnment at 1050[err]C results in
the formation of TidJerr] filmon the surface of the titani um
sintered material, which has a color of yellowwhite or white. In this
case, the Iayer is thick and the colorzgf the Tigerr] itself
appears. The anounts of el ution neasured ‘. es 19 and 20 are
presented in Table 7. The brgckets in these -.,&n:&\ 15 found to
possess sufficient characteristycs requi -.\. ort hodon [t eri al s.
TABLE 7 " Tenper Q. e of \

El ution yal Heat Tre{ ment 29 Sur f ade

Anount / ([err] O Col or

ng/ cnf err] ExanV‘I e 19 500 / YaNpw gr een
0. 26 Exanpl e 20, 1 i t e \

0.25 20 Col or¢d |l ayers a leh heat h hyi ng

met hod in ExarrpIeB—E-ﬂ:ah 22. The s A eAI[er err]
(Exanmpl e 21) powder or te Ti2 ( arrpl 22) powder reg *b S in a
white surface on the sinteged bodie The punt & of el ution \\ gsured

in Exanples 21 and 22 are pkesent eQ1| n Ta 8. 2he bracket sxNyt hese®2
Exanpl es are found to possess’ sufficient ct eristics r ed for

ort hodontic mat eri al s. R \
NN

TABLE 8

El ution Spr ay Sur face

Anount Mat eri al Col or

ng/ cnferr] Exampl e 21 @[er ]derr] Wi te
0.24 30 Exanpl e 22 Ti& l . Wiite

0. 26

MAXIMUM % ELONGATION

0 C1 62 03 04 05 06 07 08 09
CARBON CONTENT wt %

FI1G. 3



- 16- An eval uati on was nmade concerning
characteristics of colored | ayers including the usability of the
color, the multiplicity of colors, the bonding strength of the

colored |l ayers, the durability of the colored |ayers, and production costs.
The results are presented in Table 9. In the Table, each eval uation
is assigned values of 1 to 5 with5 5 4yg;di cating the nost desirable

(for production cogts;—destTabtre TTEans T oW COSt)™
TABLE 9 Cql oring Col or Type Col or
Layer Cost Met hod Col or
Layer Dur20 A
Bondi ng bi l'itly
Strength - 18Hon Pl ating 3 55 5
5 3 10 Anod|j ¢ 5 Bright 5 3
3 4 155~ Oxi dati on : Col or Heat i ng
5 Color = . 2 2 5
cl ose - A A to human
toot h }-ép?rayi ng AN 5 Col or 5 2
2 e N cl ose
to human = 121 N t oot h
3
10 -
2 g
3
= 9
>
<< 4 -
=
2 A
O T T T T T T T T J‘f 7
0 01 02 03 04 05 06 07 08 0.9
OXYGEN CONTENT wt %
100
99 -
98 -
_ -~ 971
S 96
»n 96
=
w .
o 95 ,
4
3 941 !
I
93 i
921 i
91 - |
90 i :

10 20 30 40 50
POWDERED AVERAGE GRANULE DIAMETER pm
FIG 7



15 Eval uation: Good = 5-4-3-2-1 Poor
As indicated in the table, although the resulting types of colors fornmed by
the ion plating method are not necessarily the nost desirable for dental
care material s, the ion plating nmethod produces a layer with a high
| evel of colored | ayer bonding strength and a high degree of
durability, making |ayers forned by the ion plating nethod 20 t he best
overall colored dental care material. The anodi c oxidation nmethod produces

t he nost colorful layers with bogg'ng strength and production costs
rating fair. Layers formed by the™heat treatnent nmethod and the
sprayi ng net hod show slightly poorer bondi ng strength and durability,
but they were superior in producing colors closest to the real tooth.
25 While this invention has been described in conjunction
with specific enbodi nents thereof, it is evident that many
alternatives, nodifications and variations w Il be apparent to those
skilled in the art. Acdordingly, the preferred enbodi nents of the
invention as set forthjherein are intended to be illustrative, not
limting. Various changes may be made w t hout departing fromthe
spirit and scope of 20a invention as 30 defined in the foll ow ng claing.
REPLACEMENT SHEET 17 CLAIMS 1. A

dental care nenber c rising a sintered body wherein a m xture of
titani um powder and an{organic b nder is nade into a nol ded body t hat

is sintered after bifBl¢r renoval}l wherein said sintered body has a carbon
content of greater thap 0.1% by ight and is nolded as an orthodontic
bracket or as a%%entqui npl ant maieri al .

12 1

o

MAXIMUM % ELONGATI

© N s ooy @

0 02 04 06 08 1.0 1.2 1.4 16 1.8
COMBINED CARBON AND OXYGEN CONTENT w t %

FIG. 8



2.° 'ﬁ'\e dental care nenber according to claim1, wherein the sintered body

I's nol ded as dental inplant material. 3. The dental care nenber
according to claim?2, wherein the sintered body ent
of no nore than 0.5% by wei ght. 4. The dental cay ing to
claim2, wherein the sintered body has an oxyg re
than 0.8% by wei ght. 5. The dental care nenber 2,
wherein the sintered body has a conbf ned carbon t of
no nnrengg§@4§.0@6by wei ght . 6. The dent al i ng
to clai ; erein the sintered body conpri ses )avi ng
an average granule size of no nore than 40 pmin dianeter. 7. The

dental ‘care meaeﬁtap@eﬁ@rﬂ%ﬁgbézoc&h@kf@iﬁ% of $intERId BOAP W 1Pdrdin & mixtureCott or ed
| ayer formed on a surface of the sintered body. 8. The dental care

menber accor ditagium pbwider and antdrganio bnder rsgmadgaindo a molieg dodyr that
gol d-pal I adi li'én s?rlltle(lj'gdla?%’e%'rb{nca’eﬁ%n?gv%&, %vl?leergi%l (s)arli%dsiln%glgerd body has a carbon
content of greater than 0.1% by weight and is molded as an orthodontic

bracket or as a dental implant material.

2.  The dental care member according to claim 1, wherein the sintered body

is molded as dental implant material.

3. The dental care member according to claim 2, wherein the sintered body

has a carbon content of no more than 0.5% by weight.

4. The dental care member according to claim 2, wherein the sintered body

has an oxygen content of no more than 0.8% by weight.

S. The dental care member according to claim 2, wherein the sintered body
has a combined carbon and oxygen content of no more than 1.0% by

weight.
6. The dental care member according to claim 2, wherein the sintered body

comprises titanium powder having an average granule size of no more

than 40 pm in diameter.

7. The dental care member according to claim 2, further comprising a

colored layer formed on a surface of the sintered body.

8. The dental care member according to claim 7, further comprising a gold

layer or a gold-palladium alloy layer formed over the colored layer.

wm



18 9. A dental care nmenber conprising a sintered body wherein a mxture

of titani um powder and an organi ¢ binder is nadeptmt Mmﬁ%boc{y

t hat is sintered after binder renpval, wherein t heRER y has a
car bon content of. greater than 0.1% by wei ght an¢l {s nol ded as an }

ort hodontic bracket . 10. The dental care nmenbej accppidiifig ¥ claim
9, wherein the sintered body has a carbon contentf ¢f no nore than 0.5%
by wei ght. 11. The dental care menber l&&cording to dl at ; erein the

si ntered body has an oxygen content of no nore than 0.8%Db i ght.}

12. The dental care nenber according to claim9, whereln e sintered body

has a corbi n@addeRfdl Ware HHemEdesbraphisdid aXinb@redObEdy Rateréi ¥ Pixture of
wei ght . 13. The dental care nenber according to claim9, wherein the

si ntered bodfitaniumcpewdes end anorganipbinitsr isaviadg iato ammoided podythatsi ze

accor ding. t ol PEIFE: AT HoRek GspiqaT g breint the iafe RE bR IS SEUBER .
surface of thensérk 6f gebieflyhan 0.3% bhav¢ight and iy olded el &t optbdehtie
claim14, further conprising a gold ayer or a gol d-palladium all oy

| ayer fornedbsaeket.he col ored | ayer.

10. The dental care member according to claim 9, wherein the sintered body

has a carbon content of no more than 0.5% by weight.

11. The dental care member according to claim 9, wherein the sintered body

has an oxygen content of no more than 0.8% by weight.

12. The dental care member according to claim 9, wherein the sintered body
has a combined carbon and oxygen content of no more than 1.0% by

weight.
13. The dental care member according to claim 9, wherein the sintered body
comprises titanium powder having an average granule size of no more

than 40pm in diameter.

14, The dental care member according to claim 9, further comprising a

colored layer formed on a surface of the sintered body.

15. The dental care member according to claim 14, further comprising a gold

layer or a gold-palladium alloy layer formed over the colored layer.

16. A dental care member comprising a sintered body including titanium

powder and an organic binder, said sintered body being molded as an

s



16. A dental care nember conprising a sintered bod
powder and an organi ¢ binder, said sintered body bgi
19 orthodontic bracket or a dental inplant matjefi ah:
car bon content of fromgreater than 0.1%to n D
wei ght and an oxygen content of no nore than
dental care nenber of claim 16, wherein the sinter
conbi ned carbon and oxygen content of nd9nore than "t
The dental c r r
aver age gran%lrtg gl&gﬁea% n%{% lrtrg)!rr(reg é%%éﬁgg&lﬁg% rt ]L“-Hgtetrié&l arre ng c:ﬂ%%
content of from greater than 0.1% to no more than 0. 5% by weight and

IRIEEI.ME@Tt $Hﬁﬁi | ‘Jm

an oxygen content of no more than 0.8% by weight.

17. The dental care member of claim 16, wherein the sintered body has a

combined carbon and oxygen content of no more than 1.0% by weight.

18. The dental care member of claim 16, wherein the titanium powder has an

average granule size of no more than 40 pm in diameter.
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