| NTERDENTAL BRUSH W RE AND | NTERDENTAL. BRUSH

BACK&sRIND

OF , THE'INVENTION- 1. Field of the Invention The present inwntion
relates to an interdental brush wre and an interdental brush which are
excellent in durability and manipul ation ease as well as ability of

I nsertion between teeth. 2. Description of the Related Art An

i nt er dent al

supporting this brush:.
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steel wire having a dianeter of 0.25 to 0.35 nm particularly,
a JI'S (Japanks& iglf oy the Ta¥aRki®) SUS304 stainl ess steel wire.
The interdental brush is used to renove plaque and tartar which accumul ate
bet ween teeth by pusHhegrreseptl inventidre pelates nterarndibbevdentakebiush

the wire nust be thin enough to be inserted between teeth and

hard not to vwiere mklaad interdehital pbshspuwiicloparatzxeel lentAiaodurahb ety

t he

and manipulation ease as well as ability of insertion between

teeth..

2. Description of the Related Art

An interdental brush is mainly composed of a brush and
a handle for supporting this brush. The brush is produced by

folding a single wire at an intermediate portion, sandwiching

bundles of filaments between folded portions of the wire and’

twisting the wire. As the wire is frequently used a stainless
steel wire having a diameter of 0.25 to 0.35 mm, particularly,
a JIS (Japanese Industrial Standard) Sﬁs304 stainless steel
wire.

The interdental brush is used to remove plague and
tartar which accumulate between teeth by pushing and pulling
the brush inserted between teeth. Therefore, the wire must be
thin enough to be inserted between teeth and hard not to be
buckled by this push-pull operation. Also, since the
interdental brush is positioned between teeth by bending the
base of the brush, it must be durable not to be broken by this

bending operation.
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interdental brush is positioned between teeth by bending the base of the
brush, 1t nust be durable not to be broken by this bending operation.

-' 42, 8.s s$ S Since the interdental brush of the
prior art is not sufficiently hard, a buckling phenonenon that the wire is
easily bent like a letter S easily occurs. Further, when the base of the

brush i's bent repea%ﬁ%{@é tie "Bt SPASROLENDIIERE Jff tie pPigECaie k0 not

i nsufficient durabilit | nprove t abi ity ertion between
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confirmed that the follomdng conditions are required for )
base of the brush is bent repeatedly, it may be broken while it

is in use due to insufficient durability. To:improve the
ability of insertion between teeth, a thin wire must be used.
However, when the diameter of the wire is reduced, the above
buckliﬁg phenomenon and break phenomena will become more
serious.

The inventor of the present invention has conducted
investigations on the requirements of an interdental brush wire
and confirmed that the following conditions are required for
the interdental brush wire.

(1) The wire must be chemically nontoxic to human body.

(2) The wire must not be sprung back and can be
twisted.

(3) The wire must not be broken even when it is bent
repeatedly.

(4) The wire must not be buckled by a brushing
operation along the axial direction of the wire.

An interdental brush which satisfies the above
requirements is proposed 1in Japanese Unexamined Patent
Publication No. 317123 of 1993. The present invention

discloses a wire which has a large flexural strength, that is,
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the interdental brush wre. (1) The wire nmust be chemcally

nont oxi ¢ to human body. (2) The wire nust not be sprung back and
can be tw sted. (3) The wire must not be broken even when it is
bent repeatedly. (4) The wire must not be buckled by a brushing
operation along the axial direction of the wre. An interdenta

b h whi ch
Cnexan ned Pardme HVHIE & lag e §B8Hy] STBghTLLS ?ég?;ﬁ‘ﬁfgvl?ﬂtﬂgﬁéfef%

t di scl h h I t t hat
DY ON G RTER bhh ek St st vEBE o vy e i cé‘qareea
of preventlzﬁa{he buckl ing and break of the wire and is coated W th

| ow el ti ng WiHd nBpl LR elng khrERoPdaphied LERAN sYhAGD | 2%t dyseds tEHPd

twisting to prevent a spring-back phenonenon. According to
the present saoMahitfigrated |afpessi Bwistdng to prevent a spring-back

phenomenon.

According to the present invention, it is possible to
improve the tensile strength and buckling strength of the wire
whilelihe wire is twisted as in the prior art because twisting
can prevent the spring-back phenomenon of the wire. However,
the technique of the present invention involves such problems
that the number of production steps increases because resin
coating to the wire and fusibn and solidification of the coated
resin are required and that the ability of insertion between
teeth deteriorates because of a substantial increase in the
diameter of the wire due to the presence of the coated resin.

As disclosed in Japanese Unexamined Patent Publication
No. 227315 of 1995 (Registration No.2538533), an interdental
brush which satisfies the above requirements and uses a cobalt-
based alloy wire without coating a resin on the wire has been
proposed. However, in the present invention, to improve the
tensile strength and buckling strength of the wire, the wire
must contain expensive cobalt in an amount of 30 to 60 wtg,
resﬁlting in an increase in the material costs of the wire,

thereby boosting the production costs of the interdental brush.
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I nprove the tensile strength and buckling strength of the wire while the
wire is twisted as in the prior art because twisting can prevent the
spring- back phenonenon of the wire. However, the technique of the present
i nvention involves such problens that the nunber of production steps

I ncreases because resin coating to the wire and fusion and solidification

of the coated resin are requi éﬁgﬂgﬂg 6£afgé 'ﬁl\f;ﬁm‘ﬁdﬁ’ of insertion between
teeth deteriorates because of i i n the dianmeter of
the wire due to the Eresence 0 LQE coiged resin. i scl osed i.n

I calt¥ orf
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Japanese Unexani ned*Pat EHEYpubti NE SrEaungcancrs: ( s AN

No. 2538533), an interdental brush which satisfies the above requirenents
and uses a &B¥gRtionphasgbgenoBader cand i HeereEorer nit alf A PRt hofnithe
has been proposed. However, in the present invention, to inprove the
tensil e strpngsen&ndnyeniliong tot peoytideoaant Hiatgundentdle byiush wirsg anshtadi n
expensi ve cobalt in an anount of 30 to 60 W% resulting in an increase in
t he mat eri aintestienthlt hbrushe,whidler ene baott i bgckiedpr oduthrater,os thavel
the interdental brush. - 3-

excellent durability and manipulation ease owing to a resilient

brush and are excellent in the ability of insertion between

teeth.

The present invention is intended to solve the above
problems by using an inexpensive material which is the most
suitable for use as an interdental brush wire. Basically, the
mechanical properties such as Young's modulus, proof stress and’
tensile strength of an interdental brush wire are improved by
adding nitrogen to stainless steel, particularly
conventionally wused SUS304-based stainless steel, and
controlling the proportion of ménganese.

The wires of the present invention are divided into a
first group of wires defined in a first aspect to a seventh
aspect of the present invention and a second group of wires
defined in an eighth aspect to an eleventh aspect of the
present invention according to the content of manganese. The
first group of wires defined in the first to seventh aspects of

the present invention has a manganese content of more than 2.50

wt$ and the second group of wires defined in the eighth to

—4-



SUMVARY COF THE | NVENTI ON In view of the above circunstances, the
present invention has been nade, and therefore, it is an object of the
present invention to provide an interdental brush wire and an interdental
brush which are not buckl ed or 'broken, have excellent durability and
mani pul ation ease owing to a resilient brush and are excellent.in the

abi ity of insert 'ftqha%e e%esnhatsegf e%g"ﬁ/e%es cr?é’-géﬁl hgsgggslmggtjt Zb e %%.

intended to S Bove pro €ensi ve

which is the nDst SU|E§§1e f S s an interde tab brush w

Basical ly, the nechf Il:ﬁ%’ﬁef' PeS1EI L IRSREHQ enBHﬁFﬁgt ‘b%Wth‘?‘P'ess
and tensile strength of an interdental brush wire are |nproved by addi ng
nitrogen therstif Mragidedian|inteydentalyhrush wdik s ighFIRPrises a
SUS304- based stainless steel, and controlling the proportion of
manganese. stainlessTis¢eslr wiref hatviéngrasdrmetereofi ®nlarko dl\d5den astand
first group of wires defined in a first aspect to a seventh-. aspect of the
present i nverdntiminoy aatscoeask glwoip, adhydniiasn, dedngmtesen afd en Dthidgers piact
to an el eventh aspect of the present invention according to the content of
manganese. Hfe dhdmdic4ll OdEmPds M isk, dRhkPedni A WARghnksle OMRAENIE not

aspects of the present invention has a manganese content of nore than 2.50
wt % and the R&cORY G 9UB O LW 58S 461 0Eshdd dR I nb? 1ess than 0.10
wt%.-

An interdental brush wire defined in the second aspéct
of the present invention, which is common to the first aspect
of the present invention in wire diameter and essential
elements and specifies the proportion of each element,
comprises a stainless steel wire having a diameter of 0.15 to
0.35 mm and containing at least iron, chromium, manganese and
nitrogen in the chemical composition, wherein a chromium
content is 12 to 32 wt%, a manganese content is 10 to 38 wt%,
and a nitrogen content is not less than 0.10 wt%.

An interdental brush wire defined in the third aspect
of the present invention, which further limits the preferred
range of the proportion of each element based on the
constitution defined in. the second aspect of the present
invention, comprises an austenite stainless steel wire having a

diameter of 0.15 to 0.35 mm and containing at least iron,

chromium, manganese and nitrogen in the chemical composition,

_5_



-4- . el eventh aspects has a nmanganese content of |ess than 2.50
wt % According to the first aspect of the present invention, . there
is provided an interdental brush wire which conprises a stainless steel
wire having a dianeter of 0.15 to 0.35 nmmas and containing at |east iron,
chrom um nenganese and nitrogen in the chemcal conposition, wherein a

manganese CQHE?BE‘Ln' § cRtomi 8fScdmeeEne. & W ¥“wand ﬁt@' té%ﬁg&ﬁé‘é@fﬂodt%diot
|l ess than 0.10 w% An interdental brush wire defined in the

second aspei% 197 toha Prasednd nyepit Py e%’hbSHtéﬁtCEz B! Qddie tfh!qr .65

aspect of the present invention in wr I amet er ssentlal ement’s
and speC|f|e§%the proportion of each elenent, conprises a stainless steel
wre haV|ng di aneter of 0.15 to 0.35 nm and containing at |east iron,

chrom um nenganese and_nitroge t he_chemi cal co 03|t|on wherein a
chromium content i&C¢9rgdng, SrantiHe: cRFPERE | 9T10 HhE 3PrRSKNL
and a nitrogen content is not Iess than 0.10 w % An, i nterdenta

brush wire #BVPREdORm thRSedi o aEhecconstitution defined 4n the first

aspect of the present invention, there is provided an
interdental brush wire further containing molybdenum and
nickel.

An interdental brush wire defined in the fourth aspect
of the present invention comprises a stainless steel wire
having a diameter of 0.15 to 0.35 mm and.containing at least
iron, chromium, manganese, molybdenum, nickel and nitrogen in -
the chemical composition, wherein a manganese content is not
less than 2.50 wt% and a nitrogen content is not less than 0.10
wt%.

Accor&ing to the fifth aspect of the present invention,
based on the constitution defined in the fourth aspect of the
present invention, there is provided an interdental brush,
which comprises a stainless steel wire having a diameter of
0.15 to 0.35 mm and containing at least iron, chromium,
manganese, molybdenum, nickel and nitrogen in the chemical
composition, wherein a thomium content is 12 to 32 wt%, a
manganese content is 10 to 38 wt%, a nickel content is not more

than 6 wt%, a molybdenum content is not more than 7 wt% and a
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of the present invention, which further linmts the preferred range of the
proportion of each elenent based on the constitution defined in the second
aspect of the present invention, conprises an austenite stainless steel
wire having a dianmeter of 0.15 to 0.35 mmand containing at |east iron,
chrom um nmanganese and nitrogen in the chem cal conposition,

wherein a chrom um content is 17 to, 19 % n ese content is 17 to
16 Wt 96 and P TEAISHL AR as, Gofigters dham T8 HER ¢ og Accor di ng
to the fourth aspect: of the present invention, based on the copstitution
defined in the firstACCRYERYI &° the HEELRMASHSREe L 5he PREFENESIDYRFHRI an
I nterdental brush wire further containing nolybdenum and ni ckel .

An interdentkases @h Wie cerdtidaition tdef inrd tin ddpaciourth tarperesehtthe

i nvention conprises a stainless steel wire having a dianeter of 0.15 to
0. 35 Mm and pregenthiinyaitienstthaerens pmowided) anaigbeedentadl phdshum re
ni ckel and nitrogen in the chem cal conposition, wherein a-manganese
content is ngiich eadmphapes. h Walbeamite Nsthogeaseotadl | ¥inet HakGng han

0.10
diameter of 0.15 to 0.35 mm and cohtaining at least iron,
chromium, manganese, molybdenum, nickel and nitrogen in the
chemiéal composition, wherein a chromium content is 17 to 19
wt%, a manganese content is 17 to 19 wt%, a nickel content is
less than 1.0 wt%, a molybdeﬁum content is 1.5 to 2.5 wt% and a
nitrogen content is not less than 0.65 wt%.

According to the seventh aspect of the present
invention, based on the constitution defined in the fourth
aspect of +the present invention, there 1is provided an
interdental brush wire which comprises an austenite stainless
steel wire having a diameter of 0.15 to 0.35 mm and containiﬁg
at least carbon in an amount of not more than 0.08 wt%, silicon
in an amount of not more than 1.00 wt%, manganese in an amount
of 17.00 fo 19.00 wt%, phosphorus in an amount of not more than
0.045 wt%, sulfur in an amount of not more than 0.030 wt%,
nickel in an amount of not more than 1.0 wt%, chromium in an
amount of 17.00 to 19.00 wt%, molybdenum in an amount of 1.5 to

2.5 wt% and nitrogen in an amount of not less than 0.65 wt% in

the chemical composition.



wt % According to the fifth aspect of the present invention, based
on the constitution defined in the fourth aspect of the present invention,
there is provided an interdental brush, which conprises a stainless steel
wire having a dianeter of 0.15 to 0.35,nn1and containing at |east iron,
chrom um manganese, nol ybdenum nickel and nitrogen in the chem ca

composi tion, wher ei BeBoshEQY UBFONIRNt &fgrldh ( Cadgellt® ct DNt

content is 10 to 38 w % cont ent s not than 6 Wt %

0,
ol o OLGES 2 W B PRyl A aRepoeprag prusn wize, i o
to the sixth asgect of the present invention, based on the constjitution

defined in FREP &ﬁﬁﬁha£bﬁ%¥ﬁtQﬁlqﬁu§ ﬁﬁQ%ﬁﬁﬁ st@ednt{idie haelng ia Hrangtrig
an interdental brush wire which conprises an austenite stainless steel

wi re havi ngod 0dilamdcer0 o¥5 oum sang QOBBahﬂiaﬂdcéﬁhﬁalﬁmngna@mgﬂﬁﬁ af gt
chrom um nmanganese, nol ybdenum nickel and nitrogen in the - chem cal
conposi ti onmowketban &.08r whkunsddnrent insad7anoud® of not more than 1.00

wt¥, manganese in an amount of not more than 2.50 wt%,
phosphorus in an amount of not more than 0.045 wt%, sulfur in an
amount'of not more than 0.030 wt3%, nickel in an amount of 7.00
to 10.50 wt%, chromium in an amount of 18.00 to 20.00 wt% and
nitrogen in an amount of 0.10 to 0.25 wt% in the chemical
composition.

An interdental brush wire defined in the ninth aspect
of the present invention specifies the type of steel available
on the market according to the eighth aspect of the present
invention. According to the ninth aspect of the present
invention, there is provided an interdental brush wire which
comprises: a wire having a diameter of 0.15 to 0.35 mm; and a
material defined by SUS304Nl1 stainless steel wire made from a
JIS G4303 stainless steel bar.

An interdental brush wire defined in the tenth aspéct
of the present invention is the same as one defined in the first
to eighth aspects of the present invention in that SUS304-based
stainless steel contains nitrogen, and the proportion of

manganese is controlled but is different in composition.
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wt % a manganese content is 17 to 19 wt% a nickel content is |ess than
1.0, wt% a nol ybdenum content is 1.5 to 2.5 ww%and a nitrogen content is
not | ess than 0.65 w % According to the seventh aspect of the
present invention, based on the constitution defined in the fourth aspect
of the present invention, there is provided an interdental brush wire

whi ch conprises an aNéé@ﬁdlﬁgStE@IﬁHé%%%ntht 86pedtSf RAE PFedchitaiBientebn,
0.15 to 0.35 mm and cont ai ni ng at | east carbon in an anount of not nore

than 0.08 Wt%he?él L8%¥rovaéd SOLY it fpﬁ] s 1 Bt RATel wBd ot %bm 'ﬂégeﬁﬁ
0

in an anount to 19.00 wt orus i n an anount of nor e

than 0. 045 %ggceﬁ%&u £l AT 0T 0L 80801037 o030 ot og.ggeko' n

an anount of nor e ha ront um- i anoun

19. 00 wt % denu n a amount of _1. .5 wt% and nitro i n
Avoont of ' noB - $agEn oAt 7T agesencarban thanemait o bot mdle
-7- Accordl ng.to the eighth aspect of the pfesent

i nvention, thBRR PsOBrwh} deRi BiCoRt BR dihtamowtu S Wote M@kiecfphan 1.00 wts,

manganese in an amount of not more than 2.50 wt%, phosphorus in
an amount of not more than 0.045 wt%, sulfur in an amount of not
more than 0.030 wt%$, nickel in an amount of 7.50 to 10.50 wt$,
chromium in an amount of 18.00 to 20.00 wt%, nitrogen in an
amount of 0.15 to 0.30 wt% and niobium in an amount of not more
than 0.15lwt% in the chemical composition.

An interdental brush wire defined in the eleventh-
aspect of the present invention specifies the type of steel
available on the market according.to the tenth aspect of the
present invention. According to the eleventh aspect of the
present invention, there is provided an interdental brush wire
which comprises: a wire having a diameter of 0.15 to 0.35 mm; "
and a material defined in SUS304N2 steel wire made from a JIS
G4303 stainless steel bar.

According to a twelfth aspect of the present invention,
based on the composition defined in the first to eleventh
aspects of the present invention, there is provided an
interdental bfush wire having such wire tensile properties as a

proof stress of not less than 40 kgf/mm’ and an elongation of
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conprises an austenite stainless steel wre having a dianeter of 0.15 to
0.35 mm and contai ning carbon in an anmount of not nore than 0.08 w %
silicon in an amount of not nore than 1.00 w % mnanganese in an anount of
not nore than 2.50 wt% phosphorus in an anmount of not nore than 0.045
wt% sulfur in an anmount of not nore than 0.030 w % nickel in an anount

i t7ogen i P40 nsHag IpHRAFLER QBEERRE: D1 Tl o ca Zoeﬁﬂpé“s?y‘% Fon.

An interdental brush wire. defined in the ninth aspect o pr esent

i nventi on specifiegA ‘f 2 Jf° staeelt%q aER e r‘?sﬁ Z:[h CacPSFEFRG to
the eighth aspect of the present_  invention, According to the ninth
aspect of tHVRELH ?ﬁ@@n??oﬁhetﬁ%mEoﬁétﬁ?Bv@EEHnﬁﬁ FHtéPUeﬁﬁﬁloﬁrGQH

wi re which conprlses a wre having a dianeter of 0.15 to 0.35 nm and a
mat eri al defivsd b9 SUSIEIMNDh seapertss oft ddie woresaatie invention) | snd4 808
stainl ess steel bar. An interdental brush wire defined in the tenth
aspect of ndmhgniseEht propertiies idefimedain dheonewdbfthedspectheofi the
to eighth aspects of the present invention in that SUS304-based stainless

steel contpident) invgetion Anthéfe ¥ QR@ided an imtRgdetRal Hraeht wekked
but is different in conposition. - 8-
having such wire tensile properties as a Young's modulus of not
less than 12,000 kgf/mm? before twisting .

According to a fourteenth aspect of the present
invention, there is provided an interdental brush prepared by
twisting thé interdental brush wire defined in the first to
thirteenth aspects of the present invention, sandwiching and -
fixing bundles of filaments between the twisted wires.

The interdental brush wire and interdental brush
according to the present invention have high mechanical
properties of the wire such as Young's modulus, proof stress
and tensile strength and are well balanced in terms of
hardness, spring properties and workability which are required
fqr an interdental brush wire since nitrogen is added to
stainless steel, particularly SUS304-based stainless steel and
the proportion of manganese is controlled. 1In addition, it is
possible to reduce the diameter of the wire while maintaining

characteristic features as a wire material of an interdental

brush.
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According to the tenth aspect of the present invention, there is provided
an.interdental brush wire whi:ch conprises an austenite stainless steel
wire having a dianeter of 0.15 to 0.35 nmand containing at |east carbon
in an anmount of not nore than 0.08 % silicon in an anmount of not nore
than 1.00 wt% nmanganese in an anmount of not nore than 2.50 wt %

phosphorus in an agpyRhedd ngh 28 D 04300 o $HLT Ubhidh 2Ry of
not nore than 0.030 mﬂ%f nicﬁelqﬁﬁﬁzn anﬁ%%t of 7.50 1o 10.50 wt % s

chromumin 1 0. W % nit.r in an amount of 0.15
to 0.30 wt %@ﬁﬁ%ﬁﬁ"u%?n‘%‘a‘ﬁp%‘?r%%ﬁ?°‘gﬁo°sn’o‘%ﬂ s RIES 0 15 weoin the
chem cal conposition. An i nterdental brush wr fined in the

e
el eventh aspect of the prEE;E# DEREHE TP !QE~m e RﬁﬂLN§§pe of steel
avai |l abl e on the market according to the tenth aspect of the present
i nvention. Accor di nFhe§et Radepéhex: pbigsse: apd anfpgesnt henprasent
there is provided an interdental brush wire which conprises: a wire having
a di aneter dnventiano Wilh begomandleamatyr itie déblbeding desgginRionealf
wire made froma JIS 4303 stainless steel bar. According to a
twel fth aspectefeirrndie gmbegkinientsy eift ithiez present invention with reference

to the accompanying drawings, wherein:

Figs. 1A and 1B are front views of an interdental brush
according to the present invention;

Figs. 2A and 2B are diagrams for explaining external
force applied to the brush while it is in use;

Fig. 3 is a diagram for explaining the procedure of -
twisting;

Figs. 4A and 4B are diagrams for explaining a fatigue
test under constant strain;

Figs. 5A and 5B are diagrams for explaining a high-
speed test in a vibrating fatique test;

Figs. 6A and 6B are diagrams for a low-speed test in a
vibrating fatigue test;

Figs. 7A and 7B are diagrams for explaining a buckling
strength test; and

Fig. 8 is a graph showing a stress-strain curve for
explaining prodf stress, elongation, tensile strength, and

Young's modulus.
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based on the conposition defined in the first to eleventh aspects of the
present invention, there is provided an interdental brush w re having such
wire tensile properties as a proof stress of not |ess than 40 kgf/m2 and
an el ongation of not |ess than 30% before tw sting.

According to a thirteenth aspect of the present invention, based on the
conposition defined in 0 first e t C f the

pr rergent i nventi on 2 Iﬁﬁg Ifﬁ%{ﬁ LF?N ,&Fnﬁim %ﬁthﬁiiﬁﬁ,ﬁuﬁﬁBf 'Lﬁ}'gnl fth
aspect of the present invention, there is provided an interdental brush
wire having such wrhe t diEe§Nr opEVENEdORs alFouPSSTHRAd usiBf fiatailess
than 12,000 kgf/mierr] before tw sting According to a fourteenth
aspect of therpisvader wiatbnreéberenterto ipygficgviateembedimeatdent al brush
prepared by twi sting the interdental brush wire defined in the first to
thirteenth aspects ®Bfigiha phesentn exaniplenofsandinterderered Hruwshogehich
bundl es of filanments between the tw sted wres. ' The .interdenta

brush wire gpe ipteyaipnt ahvbhtibn aAGCoAfia6té@ the preseerdenvrant ivrudiae
hi gh nechani cal '

include a throwaway type one in which a brush 1 is buried and

fixed in a short handle 2 as shown in Fig. 1A, one in which a
brush i buried and fixed in a short base 3 is attached to a long
holder 4 detachably as shown in Fig. 1B, one, not shown, in
which an end portion of a long holder 4 is bent, and one in
which a brush and a handle are separated and the brush is
attached to the handle upon use; The present invention can be -
applied to all of the interdental brushes.

To position an interdental brush between teeth, a
bending operation of the brush 1 is repeated with a base
portion of the brush as a fulcrum as shown in Fig. 2A and a
brushing operation, that is, pushing and pulling of the brush 1
along the axis of the wire la is repeated as shown in Fig. 2B.
The present invention is aimed to prevent the wire la from
being broken or buckled by these operations.

Fig; 3 shows schematically the production process of
the brush. The proéess comprises bending a single wire la at an
intermediate portion, sandwiching .bundles of filaments 1b

between folded portions of the wire la, twisting the wire la
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properties of the wire such as Young's nodul us, proof stress and tensile
strength and are well. balanced in terns of hardness, spring properties and
wor kability which are required for an interdental brush wire since
nitrogen is added to stainless steel, particularly SUS304-based stainl ess
steel and the proportion of nmanganese is controlled. In addition, it is

possibl e 10 JRAUEE; AiEng! BHE' 8196 ! NG Gulld s "L NERLNLAfe as in the

characterlstl TUreedas™a wite fat ent a brush

-10- her, an interdental br¥ﬁe W re m@|ch §§QIa|

7ol ybdenum r&@qm@a‘# BISRePLsiBYEREeOon. 1B presen
DESCRI PTI ON OF THE DRAW NGS These and ot her objects and advant ages
of the presekso aifast tonrhpVidsceonrkaki bbby hhathaakes pREAdPAEsERE RRAFE of

preferred enbodi nents of the present invention with reference to the
acconpanyi ngwlrstving s, arwhercsim: keep  formFi géithontanad 1$pnirgtback \afuer of
an interdental brush according to the present invention; .

twisting, that is, appropriate plastic deformation.

It is important to make the brush 1 thin in order to
improve the ability of insertion between teeth. 1In the present
invenﬁion, the thickness of each wire is set to the range of
0.15 to 0.35 mm which is thinner than a generally used range of
0.25 to 0.35 mm. To ensure that such a thin wire can exhibit
sufficient durability to be used as an interdental brush, the

- chemical composition is adjusted. To ciean the space narrower -
than the present state, the thickness of the wire is preferably
set to the range of 0.15 to 0.25 mm. Further, in consideration
of the balance between the brush's difficulty of being bent and
ability of insertion, the thickness of the wire is preferably
set to the range of 0.20 to 0.25 mm when importance is attached
to the difficulty of being bent.

A wire having special chemical composition is used to
make possible twisting and ensure that the wire is not broken
or buckled even when such a thin wire is used.

Wires used in the present invention are produced by

adding nitrogen to a stainless steel wire, particularly a JIS

SUS304-based stainless steel wire as a base and adjusting the

_13_.



Figs. 2A and 2B are diagranms for explaining external force applied to the

brush while it is in use; Fig. 3 is a diagramfor explaining the
procedure of tw sting; Figs. 4A and 4B are diagrans for
explaining a fatigue test under constant strain; Figs. 5A and 5B

are diagrans for explaining a high- speed test in a vibrating fatigue

test: Figs, 6A and 6B are di rans for a ed test in a .
vibrating f&0PR0E 9gsnfaanganese t°§? %%‘F and '?Eeaiié"&agér SRECigyo groups

expl ai ning a buckling strength test and Fi 8 is a graph
showi ng a s@feexdipgaite €Torox elXCp"FaWﬁ- ngopEeBE §}&r aaNJa@esey s dpre
tensile strength, and Young's nodul us. DETAI LED
DESCRI PTI ONtIDRn THES PREFERRED EMBODI MENTS The present invention is
described in detail hereinunder with reference to preferred enbodi nents.
Fig. 1 shows an exaFpkstofgasup st er dgrbap trISﬂSIWJSM’H$hhatvhmgpr&S@minganese
I nvention is directed to. I nt erdental brushes

content of more than 2.50 wt% 2

Second groups: a group of wires having a manganese
content of less than 2.50 wt$%

Wires having a manganese content of 2.50 wt% can be
considered to belong to any one of the groups.

A description is first given of the first group of
wires.

The starting material of the first group of wires is -
preferably a stainless steel-based alloy containing at least
iron, chromium, manganese and nitrogen in the chemical
composition and has a manganese content of not less than 2.50
wt$ and a nitrogen content of not less than 0.10 wts%.

Based on the above composition, the alloy more
preferably has a chromium content of 12 to 32 wt%, a manganese
content of 10 to 38 wt% and a nitrogen content of not less than
0.10 wts%. Stated more specifically, an austenite stainless
steel-based alloy having a chromium content of 17 to 19 wt%, a
manganese content of 17 to 19 wt% and a nitrogen content of not
less than 0.65 wt% can be used.

Further, alloys prepared by adding molybdenum and

-14-~



i nclude, a throwaway type one in which a brush 1 is buried and fixed in a
short handle 2 as shown in Fig. 1A one in which a brush 1 buried and
fixed in a short base 3 is attached to a long holder 4 detachably as shown
in Fig. 1B, one, not shown, in which an end portion of a long holder 4 is
bent, and one in which a brush and a handl e are separated and the brush is

e %“?bgt%ﬂ?aﬂhfb;fs A YU LM R Sl
1

por 1 on of ¢ feehAde ot ¢ ftyidestin TR Hfo FRES1RErbuRReRe 22"

operation, that is, pushl ng and pul I'i ng of the brush 1 _along the axis_of

the wire |la Fngé?ﬁé&Peor%%l%"?ﬁﬂﬁF1 n Ag. I9B. th%&%@%%h‘t:l?ﬂvé’r#u% ad Loy
ainmed to prevent the wire la from being broken or buckl ed by these

operations. containipgg mglyhdrnunchadaniickely tthe pwwﬁctlﬁnnpbﬁ?é@é%bly)f a

the brush. The process conprises bending a single wire la at-.an

i nt er medi at espariniless saheed chwinge bwoiites ndingf | Atmeleast b inteat we ehrbolideg

portions of the wire la, twisting the wire la

-12- manganese, molybdenum, nickel and nitrogen and having a
manganese content of not less than 2.50 wt% and a nitrogen
content of not less than 0.10 wts.

Based on the above composition, the alloy is more
preferably a stainless steel-based alloy having a chromium
content of 12 to 32 wt%, a manganese content of 10 to 38 wt%, a
nickel content of not more than 6 wt%, a molybdenum content of-
not more than 7 wt% and a nitrogen content of not less than 0.10
wt%. Stated more specifically, an austenite stainless steel-
based alloy having a chromium content of 2r7_to 19 wt%, a
manganese content of 17 to 19 wt%, a nickel content of less than
1.0 wt%, a molybdenum content of 1.5 to 2.5 wt% and a nitrogen
content of not less than 0.65 wt% can be used.

As for the more specific composition of the alloy, the
alloy is an austenite stainless steel-based alléy having at
least a carbon content of not more than 0.08 wt%, a silicon
content of not more than 1.00 wt%, a manganese content of 17.00

to 19.00 wt%, a phosphorus content of not more than 0.045 wt%, a

sulfur content of not more than 0.030 wt%, a nickel content of

_15._



and trimmng the hairs. This process is the sane as in the prior art and
the present invention. The present invention is also ained to provide

wor kabi lity that nakes possible the above tw sting and can keep form

W thout a spring-back after twisting, that is, appropriate plastic

def ormati on. It is inportant to nake the brush 1 thin in order to

i mprove the i hbiré BhahnNBed twied), ReknesnitfeédntbAtide 17 SFERL 10NBONGE DN,
the thickness of each wire is set to the range of 0.15 to 0.35 mmwhich is

t hi nner tha 0,2 : S t
such a ¢ hi n e ey EEPElY cBRECaE TR B to2im k0t an  i D R LER L hE ot
I nt erdent al brtuih tleﬁ cgegécaé% conposition is adjusted. To clean the
space nar r oRSt ERENCPAB Dr 82N State, the thickness of the wire is
preferably set to the range of 0.15 to 0.25 mm Furthei, i n consideration
of the bal ance bet wdd® t¥EE8S uSf tRE f PREAPHY FioURi HBCHBAR ATd aupFeRriyeof
insertion, the thickness of the wire is preferably set to the range of
0.20 to 0. 25taRnAess ShRRk afee ihavinhchaprrhon t¢rent | @ 9t groke| Hgan

bent . A wire having special chem cal conposition is used to nake
possi bl e t wilstighgwhhd ensaidicbnt admdentr eofs nodt mepkerthasr butll et ovea
when such a thin wire is used. Wres used in the present invention

‘?Irg pr oducethangaradti ngontenegert tnotd siozien| eansedlo wt®, parphesphotysa
content of not more than 0.045 wt%, a sulfur content of not more
than 0.030 wt%, a nickel content of 7.00 to 10.50 wtg%, a
chromium content of 18.00 to 20.00 wt% and a nitrogen content
of 0.10 to 0.25 wt% or an austenite stainless steel wire having
a carbon content of not more than 0.08 wt%, a silicon content of .
not more than 1.00 wtg%, a mangénese content of not more than
2.50 wt%, a phosphorus content of not more than 0.045 wt%, a
sulfur content of not more than 0.030 wt%, a nickel content of
7.50 to 10.50 wt%, a chromium content of 18.00 to 20.00 wt%, a
nitrogen content of 0.15 to 0.30 wt% and a niobium content of
‘not more than 0.15 wt%. The niobium is preferably contained in
an amount of 0.08+0.02%.

The former chemical composition is the same as one
known as SUS304N1 of a JIS G 4303 stainless steel bar and the
latter chemical composition is the same as one known as

SUS304N2 of a JIS G 4303 stainless steel bar. Table 1 shows the

chemical compositions of SUS304Nl1 and SUS304N2. One of the

_.1 6_.



SUS304- based stainless steel wire as a base and adjusting the

- 13- anount of nanganese to be added and are divided into two
groups according to whether or not the content of nmanganese is nore than
2.50 wt % First group: a group of wires having a nmanganese content
of nore than 2.50 wt % Second groups: a group of wires having a

manganese t of . 9 ' Vi ' n ese
content of ;ﬁ@éﬁ vr(}/ttt(’% ((:)afln%%% Eggﬂgfd‘g?ﬁ {% %%?%%%E%ég%ﬂ%hﬂer%e%@%%ndﬁﬁs.
A descriptign is fjrst giyv of the first group qQf wres. . The
starting naf@ri é‘lndlofo"teng’ff %ﬂ‘ﬁ BResus &St afi iq?%tﬁrewé'rra?ollf SFUSBHAHN oF
steel -based all oy containing at |east iron, chrom um nanganese and

ni trogen i nRikencRARCEZNC ¥bRBJSP+¢i on and has a manganese content of not

less than 2.50 wt% and a nitrogen content of not Iess than 0.10 w %
Based on the above Wdmessiofi bhe fhestl gogupopard the second group have the

following characteristics in mechanical propeﬁfies such as
proof stress, Young's modulus and elongation.

The proof stress indicates stress at the time when aﬁ
extreﬁely' small permanent set of 0.2% is produced and is
related to strength for keeping form against external force for
deforming a wire.

The elongation indicates how much the starting
material stretches before it is broken and is related to:
plastic deformation.

The Young's modulus indicates the difficulty of being
distorted and is related to the difficulty of being deformed
and hardness.

According to the study conducted by the inventor, an
interdental brush wire preferably has both larger proof stress
and elongation. If the elongation is small even when the proof
stress is large, it is difficult to twist a wire due to poor
plastic deformation properties though it has great capability
of preventing deformation to keep the present form against
deformation force. The Young's modulus needs to be large so

that the wire is not buckled when it is in use.

-17-



preferably has a chromumcontent of 12 to 32 wt% a nanganese content of
10.to 38 wt% and a nitrogen content of not less than 0.10 wt% Stated
nore specifically, an austenite stainless steel-based alloy having a
chromiumcontent of 17 to 19 wt% a nmanganese content of 17 to 19 wt % and
a nitrogen content of not |ess than 0. 65 W % can be used. - Furt her,

al | oys prepared by dd| s e 14-
nickel to the allo P(?Jﬁ *% %r\glge]‘?lj(?:‘%rrp((:)rsl‘—l=l ?%ﬁgrﬁ%§/:lgg u(s)gd th‘I'j'h wire

addi tion of nD bdenu contrlb tes to the i rove nt of r osi on
resi st ance.Mate&ld by g}? i SFEFEHf L8n agf We oh? aPRit ngl‘?ﬁﬁ yhRRuAPand
nickel, the wire |s preferably a stainless steel wre contalnln% at | east

iron, chrorfafdmn’nandabbecelonygbiem g adivelieh @ APLr bgeh han ngBY

manganese content of not |less than 2.50 wt% and a nitrogen content of not

| ess than Gsaiskging these nEadehisal requicemerdimpodn ilnterdeatalll byush

nore preferably a stainless steel-based alloy having a chrom um content

of 12 to 3Zritdcannmaopieeee regulieced efprlihd pBdpethes and- workability.
Further, appropriate hardness can be obtained by providing an
Young's modulus of not less than 12,000 kgf/mm®.

More preferably, the proof stress is adjusted to not
less than 60 kgf/mm?, the elongation to not less than 40% and
the Young's modulus to not less than 15,000 kgf/mm?. By
satisfying such mechanical requirements, an interdental brush
wire can achieve required hardness, spring properties and -
workability all of which are well balanced.

To define the feature of the wire of the first group in
terms of composition, Table 1 shows an example of the alloy
composition of the wire of the first group and comparison
between the chemical compoéition and the compositions of SUS304
conventionally known as an interdental brush wire and the
compositioﬁ of NAS604PH which is a cobalt-based alloy used in
Japanese Unexamined Patent Publication No. 227315 of 1995
(Registration No. 2538533) described as the prior art. Table 1
also shows the compositions of the chemical elements of

SUS304N1 and SUS304N2 of the second group. In Table 1, the

alloy of the example of the first group is expressed as "new

_18_



ni ckel .content of not nore than 6 wt% a nol ybdenum content of not nore
than 7 wt% and a nitrogen content of not less than 0.10 w% Stated nore
specifically, an austenite stainless steel- based alloy having a chrom um
content of 17 to 19 W% a manganese content of 17 to 19 w% a ni ckel
content of less than 1.0 wt% a nol ybdenum content of 1.5 to 2.5 wt% and a
ni trogen copygyt wof 'I?S.ts h8ss a1y fzo_%?ephémn tB 48 %escript ion B e The! M€
more specific conposition of thé al al I'oy 1s an aus entn

st ai nl ess steel sed l:o q%é% | east 2. carbon content of not nore
than 0.08 wb& €% ?F88ﬁ %’6 PL&F er%t IRSFBYR8A 1. 00 wt % a nanganese
content of 17.00 to 19.00 w% a phosphorus content of not nore than 0.045
w% a sulfur content of not nore than 0.030 wt% a ni ckel .content of

not nore than-1.0 wt% a chrom umcontent of 17.00 to 19.00 wt% a

nmol ybdenum content of 1.5 to 2.5 wt% and a nitrogen content of not |ess
than 0.65 w % The wires of the second group include an austenite
stainl ess steel wire having a carbon content of not nore than 0.08 wt% a -
silicon content of not nore than 1.00 wt% a

_1 g_



o
manganese content of FRoF—ore— T oI5 o pHo SO S content of not

more than 0. 045 wt % Gor e 030 wt % a ni ckel
content of 7.@0 to 1¢. 50 ngent ()f_'§18.0 to 20.00 w % and
a nitrogen cof§ent In@aust gngt e s ai nl ess steel
w re having & carbo npent pfenot mgretqalg 0.08 %t % f silicon content
of not nore an 1. t % a hanganase contlent of {not e than 2.50 w %
a phosphorus gpntent l|not nofe t hanl 0. 045 we% a| sul fuf content of not
. i Ve .
nmore than 0.03D w % i ¢kel tomt@ent| gf 7./58 go 10!50 W % a chroni um
content of 18,00 to )O' Wt % | & <ni tir dgen dogtent [of 0.1 to 0.30 wt % and
a ni obi um contGent of t norelthan 0. 15 wt% _ Thelni obi u Is preferably
contained in —an ano of, 0.0B0.02%| _ The {ormer ghem cal
conmposition i £the s as one :'T_(I’B) 1 a5538§$3(})4N1 of | G 4303 stainl ess
steel bar andf he | ir chen] cal egnposi fijo is {hé sang as one known as
SUS304N2 of a@IS G statffess—steet—bat—Fabt¢—3+—=sh the chem cal
conposi tions mlf SUS3 | gnd SUUS304NA. - (One off the . .
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products of the fornmer wire i s SUS304ES of R ken Electric Wre Co. and one
of the products of the latter wire is SUS304HN of Riken Electric Wre Co.
Wres of the first group and the second group have the follow ng
characteristics in nechanical properties such as proof stress, Young's
nodul us and el ongati on. The proof stress indicates stress at the
time when an extrenely small permanent set of 0.2%is produced and is
related to strength for keeping form against external force for deform ng

a wre. The ehengateeBehtdl CBEE@Sh MRVt eKh ¢l predrt)dnviditdondlis
stretches before it is broken and is related to plastic deformation.

The Young's Eggg%%?ieﬁ@eﬁatjsxs ggﬁﬁgqufz'bﬁ'ﬂhgﬁsgngg%i nggiél-%ts%r Gad A1¢rbSen

related to t ulty o or me har dn

According to_the d by | vsent or, ypterd al._br
wre preferaBF‘?nh%%t%a%&&r’oo%@tdﬁe%ésrhna&nas e %%%@%Tonsﬂ fl'lfa ?’egi&oy
el ongation is small even when the proof stress i rge, it--is.difficult
to twist a wiFErEEEPCHASFodP qﬂ}easﬁé)‘ée% cﬁ‘?ﬁﬁ‘f‘bn"%r%ﬁ@r PrES ePhodgiertiad
great capability of preventing deformation to keep the present form

agai nst def ShRUNi dR Takle TROVaMMe 2 il Lisapeeas o6 Bdckglge SHS30Kat

the wire is not buckled when it is in use.
SUS304N1 and SUS304N2 do not contain molybdenum whereas the new

alloy (corresponds to the seventh aspect of the present
invention) and NAS604PH contain molybdenum. This new alloy has
improved corrosion resistance because it contains a small
amount of molybdenum.

A description is subsequently given of various tests
which have been conducted to confirm the effects of the present
invention.

Stainless steel wires having chemical compositions
shown in Table 2 were measured for their mechanical propert_ies
and evaluated for their performance as a brush.

The mechanical properties were measured as follows. A
test sample was .fixed between 100 mm apart folded portions of a
holding tool and this test sample having a substantial length
of 100 mm was pulled at a speed of 30 mm/min to obtain a stress-
strain curve as shown in Fig. 8. The Young's modulus is
obtained from the inclination of a straight line A representing

the gradient of a rising portion of the curve from a starting

-21-



-17- X As for the tensile characteristics of the wre
material, the proof stress is adjusted to not |ess than 40 kgf/mierr] and
the elongation is adjusted to not less than 30% By satisfying these
mechani cal requirenents, an interdental brush wre can achieve required
spring properties and workability. Further, appropriate hardness can be
obt ai ned by  pr:ovi din Nf 5 ' Sy f s 2

kgf / m err] pB" 1% dn QIl\l/t%r glgﬁg gr ZJE) yﬁdﬁ? %rt(;{%g sstl‘raszggtti%gﬂae | Sgtglgdat‘(,)aln%?

| ess than 6Q kgf/ .el o 0 nQt % g.s
nmodul us to %dt %ggé@?ﬁéﬁﬁﬁnoﬁﬁgf{}@f }}ﬁ'tnt‘ﬁgr ?]?Jl&a%hé rs]::ﬁ |S§5T01yéi %ggseb‘%%ﬁ %/]%IH a
mechani cal requirenments, an_interdental brush wre can achieve requiregd
har dness,  sYARE i ofbr $RESELORES nor RAB| MRAFUREMSSE HREH b @R ghown 1in
bal anced. To define the feature of the wire of the first group in
terns of cofgddia iSomndrdie evadigtsiom sahdie are thow | By Talkpdbi t e of
the wire of the first group and conpari son between the chemn cal
conposi t i ontégknessc fpothe | sheebf wSug3tbed: ok ehit 2Dn@fl Lnkddamederan A
interdental brush wire and the

fatigue test under constant strain and a vibrating fatigue test

were conducted as follows and the buckling strength was
measured by the following method. It can be judged that the
greater the values the more excellent the interdental brush
wire is. The number of samples is 5 and average values are
given in the tables.

(fatiqgue test under constant strain)

As shown in Fig. 4A, an interdental brush wire la is
bent at 90° at a position near a base portion thereof and then
returned to the original position. Thereafter, as shown in
Fig. 4B, it is‘bent at 90° in an opposite direction and then
returned to the original position. This reciprocating movement
is counted two and the number of bending operations is counted
until the wire la is broken.

(vibrating fatigue test)

Both a high-speed test and a low-speed test were
conducted.

(1) high-speed test

As shown in Fig. 5A, a brush 1 having a length from a

_22_



conposition

of NAS604PH which is a cobalt-based alloy used in Japanese

Unexam ned Patent Publication No. 227315 of 1995 (Registration No.

2538533) des
of the chem
Table 1, the
alloy." This
aspect of th

cribed as the prior art. Table 1 also shows the conpositions

cal elements of SUS304N1 and SUS304N2 of the second group. In

all oy of the exanple of the first group i.s expressed as "new

BARY BokAoROLReRRONTP fd il 8258 L PLL Ol e P mn® YAy, a
slide plate 6 having a 2 mm-diameter through hole 5 10 mm above
the base portion of the wire is placed horizontally and moved
in right and left directions alternately from the original
position by 5 mm each while an end portion of the grush 1 is fit
in the through hole 5 as shown in Fig. 5B. The end portion of
the brush 1 is vibrated at an amplitude of 10 mm and a frequency
of 306:rpm and the number of movements is counted until the wire
la is broken.
(2) low-~speed test

As shown in Fig. 6A, a brush 1 having a length from a
base portion to an end portion of a wire la of 12 mm is used. A"
slide plate 6 having a 2 mm-diameter through hole 5 5 mm above
the base portion of the wire is placed horizontally and moved
in right and left directions alternately from the original
position by 6 mm each while an end portion of the brush 1 is fit
in the through hole 5 as shown in Fig. 6B. The end portion of
the brush 1 is vibrated at an amplitude of 12 mm and a frequency
of 60 rpm and the number of movements is counted until the wire
la is broken. |
(buckling strength test)

As shown in Fig. 7A, a pressure plate 7 is applied to a
tip of an interdental brush wire and the pressure force applied

to the pressure plate 7 increases gradually (pressure plate

_23_
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moved down 10 mm/min). The load is measured when the wire

buckles as shown in Fig. 7B.
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A description is subsequently given of various tests which have been
conducted to confirmthe effects of the present invention.

Stai nl ess steel wires haying chem cal conpositions shown in Table 2 were
measured for their mechanical properties and evaluated for their
performance as a brush. ' The nechani cal properties were neasured as
follows. A test sanple was fixed between 100 mm apart folded portions of a
hol ding tool and this test sanple having a substantial |length of 100 nm
was pulled at a speed of 30 Mmmn to obtain a stress- strain curve as

shown in Fig. 8. The Young's nodulus is obtained fromthe inclination of
a straight line Arepresenting the gradient of a rising portion of the
curve froma starting -21- point in

the figure. The proof stress is obtained froma value B, the elongation
froma value C and the tensile strength froma value Din the figure. The
nmeasurenent results are shown in Table 3 and the evaluation results are
shown in Table 4. The thickness of the steel wire used is 0.25 mmin
dianeter. A
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fatigue test under constant strain and a vibrating fatigue test were
conducted as follows and the buckling strength was neasured by the
following nethod. It can be judged that the greater the values the nore
excellent the interdental brush wre is. The nunber of sanples is 5 and
average values are given in the tables. (fatigue test under constant
strain) As shown in Fig. 4A, an interdental brush wire la is bent
at 90[err] at a position near a base portion thereof and then returned to
the original position. Thereafter, as showmn in Fig. 4B, it is bent at 90
in an opposite direction and then returned to the original position. This
reci procating novenent is counted two and the nunber of bendi ng operations

is counted unrl € Wre 'S brpken. | (vibfatijng fati gue test)
Bot h a hi gh-sgeed tlest gp%i%i ow speed tgst wefe jconfucted. (1)
hi gh-speed te hown ih Fig.l 5A brjlushj1 having a |l ength
froma o 8 o N 10 _22. _
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base portion to an end portion of a wire la of 12 mmis used. A slide
plate 6 having a 2 nmdi aneter through hole 5 10 nm above the base portion
of the wire is placed horizontally and noved in right and left directions
alternately fromthe original position by 5 nmeach while an end portion
of the brush 1 is fit in the through hole 5 as shown in Fig. 5B. The end

ti f the b 14 ' : | i f
requency of 300 1 BacaRe P RE G S Re" Ars SR g kA B 3 ang

la is broke?. (2) | ow- speed t est As shown in Fig. 6A, a brush
1 having a ["'éngth froma base portion to an end portion of a wire la of 12
mmis used. A slide plate 6 _having a 2 mndi aneter _.through hole 5 5 nm

above the base porZfohSotvidentthat &ha dateraentadnbPaprel undngotRe wine

right and left directions alternately fromthe original position by 6 nm
each while af the pbevewxamplacbrihsh firsd giroupi hashareatougrahives tthans
shown in Fig. 6B. The end portion of the brush 1 is vibrated at an
anpl i tude ofint2rdensad briisbgesensyingoSUSR04pnTEAHB04K2 andbRYS 4 NDViamsritls
is counted until the wire la is broken. (buckling strength test)

As shown inthiegitéfis axpepssthe peshdt7of sSth@pfdeigi® test iynddr afonstant
I nterdental brush wire and the pressure force applied
strain and is superior in mechanical strengths. The value of
proof‘stress of the interdental brush is worthy of special
mention and is greater than that of an interdental brush using
expensive NAS604PH. The proof stress is extremely important
for interdental brush wires. Therefore, it can be said that
the wire of the present invention having great proof stress is
the most suitable as an interdental brush wire. Incidentally,
since the wire of the present invention has great proof stress;
it must be twisted through plastic deformation at a lower speed
than a conventional austenite stainless steel wire so as to
prevent a spring-back phenomenon. By twisting at a lower speed
than the conventional austenite stainless steel wire, an
interdental brush having excellent durability and free from a
spring-back phenomenon can be obtained.
Further, although interdental brushes using SUS304HN
(SUS304N2) and SUS304ES (SUS304N1) are inferior to the

interdental brush of the above example of the first group in

mechanical properties, they are superior to the existing

...2'8_



to the pressure plate 7 increases gradually (pressure plate

-23-

noved down 10 mmmn). The load is neasured when the wire

buckl es as shown in Fig. 7B

interdental brush using SUS304 in all of Young's moduius, proof
stress and tensile strength. For example, compared with the
existing interdental brush using SUS304, the interdental brush
using SUS304HN. is improved by about 34.6% and that using
SUS304ES by about 15.4% in buckling strength, thé interdental
brush using SUS304HN is improved by abdut 69.8% and that using
SUS304ES by about 44.2% in the fatigue test under constant
strain, the interdental brush using SUS304HN is improved by
about 2.03 times and that using SUS304ES by about 1.49 times in
the high-speed test of the vibrating fatigue test, and the
interdental brush using SUS304HN is improved by apout 6.8% and
that using SUS304ES by about 3.4% in the low-speed test of the
vibrating fatigue test. Both of the interdental brushes were
rated high in all the buckling strength, fatigue test under
constant strain and vibrating fatigue test.

Next, the ©present 1inventor has conducted the
evaluation of the actual use of the wire of the above example
(defined in the seventh aspect of the present invention) and
the conventional SUS304 wire on 14 users. The evaluation items
total 11 consisting of presence or absence of resilient force
of each wire, like or dislike of resilient force of each wire,
difficulty of bending each wire, how many days elapsed before
each wire is bent, breakage of each wire, durability of each

wire, ability of insertion between teeth, touch of each wire

_29_
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with teeth and gum, cleaning effect, filament removal and

overall evaluation.

The results shown in Table 5 were obtained

when the respective wires were used every morning and night

reciprocally for 1 week.

The results are expressed as average

values and the figures within the parentheses show standard

deviations.

[Table 5]

Evaluation of actual use of interdental brush using new alloy wire of

the present invention and existing interdental brush using SUS304 (14

brushes of each type were used for 1 week)

Evaluation
item

Evaluation point

Interdental brush using
new alloy wire of the
present invention
average value
{standard deviation)

Interdental brush
using SUS304 wire
average value
(standard deviation)

Resilient force
of wire

2: high

1: slightly high
0: medium

~1: slightly low
-2: low

0.64 (0.50)

-1.21 (0.80)

Like or dislike
of resilient
force of wire

2: like

1: 1like a little

0: medium,

-1: dislike a little
-2: dislike

0.64 (0.74)

-1.21 (0.89)

Bénding of wire

2: hard to be bent
1: slightly hard to
be bent

0: medium

-1: slightly

-2: easy to be bent

0.50 (0.76)

~-1.29 (0.73)

Number of days
elapsed before
h it is bent

6.71 (1.90)

3.36 (2.71).
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0.79 (0.80)

Breakage of wire { 2: hard to be broken -0.36 (1.28)
1: slightly hard to
be broken
0: medium
~-1: slightly easy to
be broken
-2: easy to0 be
broken
Durability of 2: good 0.71 (0.73) ~1.07 (0.83)
wire 1: slightly good
0: medium j
1: slightly bad
2: bad
Ability of 2: easy to insert 0.64 (0.84) -0.71 (0.83)
insertion 1: slightly easy to
between teeth insert
- 0: medium
-1: slightly
difficult to insert
-2: difficult to
insert
Touch with tooth | 2: good 0.36 (0.74) 0.00 (0.78)
and gum 1: slightly good
: 0: medium
-1: slightly bad
-2: bad
Cleaning effect 2: feel that teeth 1.07 (0.62) 0.29 (0.83)
are well cleaned
1: feel that teeth
are cleaned
0: medium
-1: feel that teeth
are not so well
cleaned
-2: feel that teeth
are not cleaned
Filament removal { 2: hard to be 0.64 (0.84) 0.50 (0.94)
removed

1: slightly hard to
be removed

0: medium

-1: slightly easy to
be removed

-2: easy to be
removed




[err]

"i;verall

evaluation

2: the brush of the
present invention is

1.43
(0.85)

better

1: the brush of the
present invention is
slightly better

0: the brushes of
the present
invention and the
brush using SUS304
are the same

—-1: the brush using "
SUS304 is slightly
better

—-2: the brush using
SUS304 is better

As shown in Table 5, the interdental brush using the
wire of the present invention -was rated higher than the
existing interdental brush using SUS304 in all the items.

The inventor has conducted the evaluation of the actual
use-of the interdental brush of the above example (defined in
the seventh aspect of the present invention), an interdental
brush using NAS604PH and the existing interdental brush using
SUS304N2 on 11 users. The evaluation items total 8 consisting
of resilient force of each wire, like or dislike of resilient
force of each wire, bending of each wire, ability of insertion
between teeth, touch of each wire with teeth and gum, pain at
the time of insertion or use, cleaning effect and overall
evaluation. The results are shown in Table 6. The results are
expressed as aVerage values and the figures within the
parentheses show standard deviations.

[Table 6]
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[err] [err]

. The followi ng points are
understood from Tabl es 3 and 4.

Table 6

. Evaluation of actual use of interdental brush using new alloy wire of
the present invention, interdental brush using NAS604PH wire and
interdental brush using SUS304HN (SUS304N2) wire (11 brushes of each
type were used for 1 day)

Gvaluation Evaluation point Interdental { Interdental Interdental
item brush using new brush using brush using
alloy wire of NAS604PHwire SUS304N2
the present average value wire
invention (standard average value -
average value deviation) (standard
(standard deviation)
deviation)
Resilient| 2: high 0.57 (0.87) 0.19 (1.03) -0.19 (0.89)
force of wire 1: slightly high
0: medium
~1: slightly low
~-1: low
like or 2: like 0.43 (0.87) ~-0.05 {0.92) 0.05 {0.80)
dislike of 1: like a little '
resilient | 0: medium
force of wire -1: dislike a little
-2: dislike
bending of 2: hard to be bent 0.57 (0.81) 0.24 (1.09) 0.00 (0.83)
wire 1: slightly hard to :
(difficult to | be bent
use because 0:medium
it is bent) -1: slight easy to
be bent
—-2: easy to be bent
Ability of 2: easy to insert 0.29 (0.90) 0.10 (0.83) 0.24 (0.77)
insertion 1: slightly easy to
between teeth insert
O:medium
-1: slightly
difficult to insert
-2: difficult to
insert
Touch with - 2: good 0.05 (0.74) 0.00 (0.95) 0.14 (0.65)
tooth and gum 1: slightly good
. 0: medium
~1: slightly bad
-2: bad
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It

is evident that the interdental

brush using the wire

exanpl e of the first group has greater val ues than

usi ng SUS304, SUS304N2 and SU 304Nl in al

interdental b

of the above

rushes

the itens except the result of

the fatigue test under constant strain and is superior in nechanical
strengths. The value of proof stress of the interdental brush is worthy of
speci al Frenttom—andrrs—greater—thanm tthat—of—am T mterdentat—brustrostng
expensi | PaNASE4PH. | Theepl oofrasi ress [i s tex8 aéntdly ifnpdriant.-olfor{ 0.43 (0.75)
i nt er defpttdme lofush wi | és doTedrieebrse, itl can be said that the wire] of the
pr esent ||iingeriipd9Thay e BFidat pr oof %tress is the Jnost suitable as an
i nt er defit%® brush wi | 8: "PHki"dental Iy, | since the wirfe of the preskent
i nventi §n has great prbofesk #&d88ht it [nust be twisteld through plaktic
def ormafli on at a IowePaEpeed t han a donventional austenite stain]ess steel
wire sollas—to—prevehital8ehtR3 hack—fhenoreron—By—w-sting—at
AN S L o Rk SO By ST o
speed {haBadiig convept iresAknausdeRni t ¢ Steausl@ss)st eel ovag €o. 7an 0.43 (0.51)
i nt er defiteakedsr ush hayergwexiceldsged durfability and friee froma spfing-back
phenonefjon can be obf at #eell that teeth Fyrther, although interdental] brushes
usi ng SPS304HN (SUSB@ﬂNzyﬁmad SUSSO4ES (SUS304N1) afre inferior tp the
i nterdefital’ brush of} Pheedbove exanplg of the first [group in nechanical
propert {{es, they are| sbpéedlothatoteetk dxi sting
-28- - are not so well
cleaned
-2: feel that teeth
are not cleaned
Overall 1, 2 and 3 are given - 1.62 (0.74) 2.14 (0.65) 1.86 (0.85)
evaluation in the order from
the best one

As 1is evident from Table 6,

the interdental brush of

the above example (defined in the seventh aspect of the present
invention) is superior to the interdental brush using NAS604PH
in all the items and also to the interdental brush using
SUS304N2 in all the items except the touch of each wire with
teeth and gum and pain at the time of insertion and use. The
interdental brush of the above example (defined in the seventh
aspect of the present invention) is superior to the interdental
brush using SU304N2 which is sﬁperior to the interdental brush
using NAS604PH in overall evaluation.

The inventor has also conducted the simple evaluation
of the actual use of interdental brushes using SUS304N2
(SUS304HN) and SUS304N1 (SUS304ES) of the second group." This

evaluation was conducted on 15 users and the evaluation items
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I nterdental brush using SUS304 in all of Young's nodul us, proof stress and
tensile strength. For exanple, conpared with the existing interdental
brush using SUS304, the interdental brush using SUS304HN is inproved by
about 34.6% and that using SUS304ES by about 15.4% in buckling strength,
the interdental brush using SUS304HN is inproved by about 69.8% and t hat
using SUS30 y s dd; 2% | L g d t aj

t he interdenﬁgﬁa r%2€8ﬁi%%gl§gkgg4é£§?%ﬂ%%pggv%§§%§ggaﬁ%ugﬂgsggatFﬁgééa%g_
that using S AES 49 . tj\nEBS. | t i.gh- t t
vibrating fa ?‘g}geaigg, a]gir)\]gét ?1)5 C}ln%l(ragﬁéeenggl e@%&?%%usf%gguggﬁﬁl? S\%re,

| mproved by about 6, 8% apd. that using SUS304ES by .ghqut 3.4% in the

o speed 1 <SELEICRHEY OFbPEPAIGr Borgu ey SRR K | F0CH qente and
brushes were rated high in all the buckling strength, fatigue test under
constant straverahkl AVRIRATIPX-at | e t EgFpective wings i Werehdisqs eSEAYY

i nventor has conducted the evaluation of the actual use-of the wire of
t he above exmaphing (dafli mdghitn ndwiprecaitly abpecl weekhe Rheenesuhvenaren)
and the conventional SUS304 wire on 14 users. The evaluation itens total
11 consi sti nghown pireTabdeso7 ahdefice of resilient force

[Table 7]
Evaluation results of actual use of interdental brush using SUS304HN

(SUS304N2) wire and interdental brush using SUS304 wire.

Evaluation item Number of Number of Number of
respondents who respondents who | respondents who
answer that answer that both answer that
SUS304HN are the same SUS304 is better
(SUS304N2) is '
better
Presence or 13 2 0
absence of
resilient force
of wire
Like or dislike 13 2 0
of resilient
force of wire
Difficulty of 12 3 0
bending wire
]
Durability of 10 5 0
wire
Overall 14 1 o
evaluation
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of each,wire, like or dislike of resilient force of each wire, difficulty
of fbendi ng each wire, how many days el apsed before each wire is bent,
breakage of each wire, durability of each wre, ability of insertion

bet ween teeth, touch of each wre - 29-
wth teeth and gum <cleaning effect, filament renoval and
overal | |on The results shown in Table 5 were obtai ned when
t he. resd@ﬁ} I'vVe dnres wer e used everi nor ni ng and ni ght reC|procaII¥
for 1 wesialuptelaresiesules cobxprbyaddugs fedaferdental higish gp3ingSUS304ES
figures (vmtsm(mmh)eapm &ntl&eﬂ@taihbmshalmdmigl SUS304lawimd i ons. [Tabl e
5] Eval O OSITOS T g e8] l
L he Ere° e]@baun\ﬁﬁgbhomtémd exi 3NFmBe'rnéﬁrden aIE blf!\h'xﬁbeﬁsd)f'g SUS324 l\f\ﬂrﬂ)er of
rushes jlof eac ype werejuse Q va val u
point |interdental brush ugFﬁﬁondepﬁFég%% ¥e%P§€ﬁ ?Edvh° refpotident’s who
new alldy wire of the usingaBeBsgithete answer that both answer that
present InYentlon ( gVé&ageSU§3ﬁiEs are the same °| SUS304 is better
aver age {val ue st andal | .
(standanld devi ati on) ?Eﬁh?b4ﬁ?5 18
better
Presence or _ 10 3 2
absence of
resilient force
of wire
Like or dislike 9 4 2
of resilient
force of wire
Difficulty of 11 3 1
bending wire
Durability of 7 5 3
wire
Overall 11 4 0
evaluation

Further, as shown in Table 7, though the interdental
brush using SUS304HN could not exhibit such excellent
properties as the example of the first group, it was rated
higher thén the existing interdental brush using SUS304. Also,
as shown in Table 8, though the interdental brush using
SUS304ES is inferior to the interdental brush uéing SUS304HN,
it was rated higher than the existing interdental brush using

SUS304.
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Resilient force 2: high 0.64 (0.50) -1.21 (0.80)

of wre 1: slightly high 0: medi um

-1: slightly | ow -2: low Like or dislike 2: like
0.64 (0.74) -1.21 (0.89) of resilient 1: like alittle force
of wre 0: nmedi um -1: dIS|Ike alittle

-2: dislike Bendin?hgfiﬂkégdeﬁgalhgéﬁﬁh %@h.the 1négrégn€§i brush

-1.29 (0.73)

bent . 0: n&ﬂiunl ) . -1 sllg ¥

-2: easy to BECBEALNY NiRpeflsi @ppsent invention dre’ superigryite o)
3.36 (2.71). elapsed before it is bent

- 30- copyeRkigrabiyw kaown: shainlesse skerdn wire ing megchgnggpl
-0.36 (1.28) 1: slightly hard to be
br oken strengths such; asmdiemng's modulus, proof- stradghang tespile
be broken © -2: easy to be .. broken

Durability oétrengﬁh gadl can improve hardnes$), 7lsyfinig) propertles and
-1.07 (0.83)
workability required for an interdental brush wire in a well-
balanced manner as well as durability against buckling or
break. Therefore, a springy interdental brush having excellent
manipulation ease can be obtained. Since the diameter of the
wire can be reduced while retaining characteristic features as
the wire stem material of an interdental brush, the ability of
insertion between teeth can be improved without strain.
Further, when a small amount of molybdenum is added,
the corrosion resistance is improved in addition to the above

characteristic features and the toughness is enhanced by

changing the metal structure of a wire brush to austenite.
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wre | 1: slightly good ' 0: nedlum
1. slightly bad 2: bad Ablll ty—of easy to
i nsert 0.64 (0.84) -0.71 ( i nsertion

0.
Ty e S e (i,

difficult t QAT IS CLAIMEB 68:(insert Touch with todth* 2" good

0.36 (0.74) 0.78) and gum 1. slightly good
0: nmedium - 1. slight]y .bad . . -2: . bad
Ceaning effect 2:1fed™t ﬁﬂ&?&éﬁé&ai brush wyre qwhigh comprlses 0229
(0.83) are well cl eaned . feel that
t eet h stainless stegl wixe having a diameter of §. 1ﬁeﬁ?uﬂ135 mm and
-1: feel that teeth are not so well )
cl eaned containing at least cbfonp hsghremiym, manganese and nijregent in
cleaned Filanent renoval 2: hard to be 0.64 (0.84)
0.50 (0.94) the chemical composktibor¢d wherein a manganeske adntpnt yidandtto
be renoved 0: nmedium -1: slightly easy
to less than ke snef®eednd a nitrogen conten® isLadit llesBethan 0.10
renoved

wts.

2. An inferdental brush wire which comprises a
stainless steel wire having a diameter of 0.15 to 0.35 mm and
containing at least iron, chromium, manganese and nitrogen in
the chemical composition, wherein a chromium content is 12 to
32 wt%, a manganese content is 10 to 38 wt% and a nitrogen -
content is not less than 0.10 wt%.

3. An interdental brush wire which comprises an
austenite stainless steel wire having a diameter of 0.15 to
0.35 mm and containing at least iron, chromium, manganese and
nitrogen in the chemical composition, wherein a chromium
content is 17 to 19 wt%, a manganese content is 17 to 19 wt% and
a nitrogen content is not less than 0.65 wt%.

4. An interdental brush wire which comprises a
étainless steel wire having a diémeter 6f 0.15 to 0.35 mm and
containing at least iron, chromium, manganese, molybdenum,
nickel and nitrogen in the chemical composition, whérein a

manganese content is not less than 2.50 wt% and a nitrogen

— 3 8 —_
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Overal |, 2: the brush of the 1.43 eval uation

present invention is (0.85) TThbetter

1. the brush of the present invention

slighly better O e b uses o os ’fm"””'”ﬂlﬂﬂllfﬂﬂﬁﬁzt

same -1 Sin Sus304 i% Slightly
better content 14-%§{“;§§@E§§gﬂ 359?|Wt%° SUS304 is better

As sh Tabl 5,.th t th ] th t
et was Pateq Arorep"t RaReEHEncal s Fg R FAES: d¥RIER bFBE‘RrSrEEresen

SUS304 in all the_itens The |nventor has conducted t

eval uati on oFtﬁﬁélﬁéﬁuﬁFeel wigeohavingi At diaBater BLulhlsr tonl- ééo@@ and
exanpl e (defined in the seventh aspect of the present invention), an

i nt erdent al conbaishngsialy Neseb4PHamd chrominmy | MpNJARSIRNT ablybdehum,
usi ng SUS304N2 on 11 users. The evaluation itenms total 8 consisting

of resilientnfioked @ndkanhtmwpgen linkeclwy dhehi&elofcomgsidiitaen, wherein of
each wire, bending of each wire, ability of insertion bet ween teeth,

touch of eacbnhvomguid EBnteathigant? guen 3 Paite Ata marid¥hdd e caftdmsdist ilonter
use, cleaning effect and overall eval uation. The results are shown in

Table 6. Thezpequhtsaapgckelc¥bhesnedigdsnavensge ¥ahnes atd,t Benbigvaedum
within the parentheses show st andard devi ati ons.
content is not more than 7 wt% and a nitrogen content is not
less than 0.10 wt%.
6. An interdental brush wire which comprises an
austenite stainless steel wire having a diameter of 0.15 to
0.35 mm and containing at least iron, chromium, manganese, -
molybdenum, nickel and nitrogen in the chemical composition,
wherein a chromium content is 17 to 19 wt%, a manganese content
is 17 to 19 wt%, a nickel content is less than 1.0 wt%, a
molybdenum content is 1.5 to 2.5 wt% and a nitrogen content is
not less than 0.65 wt%.
7. An interdental brush wire which comprises an
austenite stainless steel wire having a diameter of 0.15 to
0.35 mm and containing at least carbon in an amount of not more
than 0.08 wt$%, siiicon in an amount of not more than 1.00 wt%,
manganese in an amount of 17.00 to 19.00 wt$%,.phosphorus in an
‘amount of not more than 0.045 wt%, sulfur in an amount of not
more than 0.030 wt%, nickel in an amount of not more than 1.0

e
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[ Tabl e 6] -32¥ ———————Tabl e 6

Eval uati on of actual use of interdental brush ) re of the
present invention, interdental brush using NAS 'Hﬁ%ﬁlﬁ;erdent al
brush using SUS304HN (SUS304N2) wire (11 brushe$ of eac re used for
1 day) Evaluation Evaluation point | nt er dent al I nt erdent a
Interdental s Mchromium in an amount of 17.00 to ﬁgqﬁﬁw%%'nﬂom9E6enﬁﬁU§ﬁ
usi ng brush usi ng al | oy
Wre of 4*“%%%&%#“5? 1. SH§394y2wt% and nitrogen in an amount of not

t he present vVer age vaI

i nvention . rage val ue s

aver age val J&SS th((Té\/ 2| off% in the 5?’5%5%‘% composition.

(standard devi_at i on)

deviation) Re s i §-i Ah dnterdgnggl brush wire whish (gogpyises @nig
(1.03) -0.19 (0.89) force of wire 1: slightly high -

0: medium austenite stainlesssptghil ywingyhaving a diameter. pf G5 tPke
or 2: like 0.43 (0.87) -0.05 (0.92) 0. 05
(0.80) disldJdd aim and conthiindng httléastresrboenin am:ammeohitumf hotceopé
Wre -1: dislike alittle -2: dislike bendi ng of .

2: hard to hsdiernt.o08 wts 0. HAiddBlin an anbuid OF @dk more €h8A {0083ywts,
wre 1: slightly hard to (difficult to be bent

manganese in an amount of not more than 2.50 wt%, phosphorus in
an amount of not more than 0.045 wt%, sulfur in an amount of not
more than 0.030 wt%, nickel in an amount of 7.00 to 10.50 wt%,
chromium in an amount of 18.00 to 20.00 wt% and nitrogen in an
amount of 0.10 to 0.25 wt% in the chemical composition.

9. An interdental brush wire which comprises: a wire
having a diameter of 0.15 to 0.35 mm; and a material defined in
SUS304N1 steel wire made from a JIS G4303 stainless steel bar.

10. An interdental brush wire which comprises an
austenite stainless steel wire having a diameter of 0.15 to
0.35 mm and containing at least carbon in an amount of not more
than 0.08 wt%, silicon in an amount of not more than 1.00 wt$%,
manganese in an amount of not more than 2.50 wt$%, phosphorus in
an amount of not more than 0.045 wt%, sulfur in an amount of not
more than 0.030 wt%, nickel in an amount of 7.50 to 10.50 wtg,
chromium in an amount of 18.00 to 20.00 wt%, nitrogen in an

amount of 0.15 to 0.30 wt$ and niobium in an amount of not more

~40- —
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use because O:medium it is bent) —-1l.—slighteasy—to

2:

be bent -2: easy to be bent Ability of 2: easy to

i nsert 0.29 (0.90 O 10 (0.8 7 [ ti

1: slightly easy to( bet \)Neen teeth (I nsﬁﬂl]“”"l"“iﬁ"llln)lm ) Ion?rgzn L%n

a;%f;|i?Pt|y difficult t& |ﬁ;e%t . 2 , : - 2:
ifficu . goo

0.05 (0.74) ‘than 8 (]58 YB%Q%’)‘ the Iclﬂ% szagog%g Stm(:)%t and gumg |: slightly

gggd 0: medium;; = an interdental bru¥h' @l wtflai%_tbé:_omprises: a "E.a:ﬁ-en

at the 2: feel no pain 0.1 1.08 .01 0.43 ., 75) .

time of  hevigg ﬁoSlPE‘?IteEooff e} 2% 005 Mifénapdi A Heteral adfiggd in

medi um . feel a slight ain - 2:
feel a pain S@Séé?mﬂ?gsteelzwur@ema dfirameat IS G@ng gerinless siesd parv4)
043 (051 12. An interdental brush wire as claimed:in any one of
claims 1 to 11, having such wire tensile prope_rties as a proof
stress of not less than 40 kgf/mm’* and an elongation of not less
than 30% before twisting.

13. An interdental brush wire as claimed in any one of
claims 1 to 12, having such wire tensile properties as a
Young's mbdulus of not 1less than 12,000 kgf/mm? before
twisting.

14. An interdental brush prepared by twisting the
interdental brush wire as claimed in any one of claims 1 to 13,

sandwiching and fixing bundles of filaments between the twisted

wires and using the wire as a core material of the brush.

——
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effect . are well cleaned : 1: feel that teeth

are cl eaned - 0: nmedium : -1: feel that teeth

are not so well cl eaned -2: feel that teeth

are not cleaned Overall 1, 2 and 3 are given 1.62 (0.74) 2.14
(0.65) 1.86 (0.85) evaluation in the order from t he best

one As is evi dentA é@ﬂ@?ﬁk@jﬁeﬁ]ﬂ b'i@c![. ks q;ent al brush of
t he above exanpl e (defined. Mmmﬁﬁm resent

i nvention) is superi h n i n,_all

t he |tems)and al go tlgﬂth'gltleﬁ?éapgféﬁt %eﬂi)r sl l%s% ng é gguNé;bq%@% agt | PERE h
itens except the touch of wire wth teeth and m and in at_the
Uime of i nedftigh SHG DOb, DRRELE O Gl haseroe LLRRC abby QuERBRRREY

(defined in the seventh aspect of the present invention) is superior to
the interderdid manipybatienngasesdaaotontea FBTiBEEr bERShoasheelht apdtheal
brush usi ng NAS604PH i n overall eval uation. The i nventor has
al so conductalli} ity sofipliesevilioat betweenofteeth athardcteeizdd | in etbleht dhe
brushes using SUS304N2 (SUS304HN) and SUS304N1 ( SUS304ES) of the second
group. This wire\a aaktainbdesscstdal twire®makbng ar diametelreo £Vl ktio00.35
itens - 34-

mm and containing nitrogen and a controlled amount of

manganese.
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total 5 consisting of presence or absence of elastic force of each

wre, like or dislike of elastic forcegff ?ach W re, difficulty of
bendi ng each wire, durability of each £2) and overal |l eval uation.
The respective wires were used every nor ni ng and ni ght reciprocally
for 1 week. The results are shown in Tables 7 and 8. [ Tabl e 7]

Eval uation results of actual use of interdental brush using SUS304HN
(SUS304N2) wire and interdental:-brush using SUS304 wire. Eval uation item

Nunber of Nunber of Fig.1Nunmber of respondents
who respondents who respondents who answer t hat
answer that both answer tﬂai) ( g SUS304HN are
t he sane SUS304 is better ? US304N2) is
better Presence or 13 2
absence of resilient force of wire Like or diski ke 13
2 0 of resilient force of wr fficulty of
12 3 0 bending w Durabidity of
10 5 0O wre Ove I 14
! 0 -~ -3
Fig.2
(a) (b
1a




eval uation - 35- (Tabl e 8]
Eval uation results of actual use of interdental brush using SUS304ES
(SUS304N1) and interdental brush using SUS304 wire. Evaluation item

Nunber of Nunber of akgggs of respondents
who respondents who respondents answer t hat
answer that both answer that SUS304ES are
t he sane SUS304 is better (SUS304N1) is

better Presence or 10 3 2
absence of resilient force of wre Li ke or dislike 9

4 2 of resilient force of wre Difficulty of

11 3 Fig.3 1 bending wire Durability of

7 5 3 wre Overal | 11

4 0 eval uation Further, as shown in Table 7,

t hough the interdental \"\\\\\\\\\\\\\\2\\\\\\\\\ .
1

3



brush ysi ng SUS304HN coul d not exhibit such excell ent properties as
the exanple of the first group, it was rated hi gher than the existing
i nterdental brush using SUS304. Al so, as shown in Table 8, though the
i nterdental brush using SUS304ES i §37Bferior to the interdental brush
usi ng SUS304HN, it was rated higher than the existing interdental
brush using SUS304. - 36-

The interdental brush wire and the interdental brush according to the
present invention are superior to a conventionally known stainless steel
-wWire in mechani cal strgngt%; such as Young's nodul us, proof stress and
tensile strength and c n8ifipr ove har dness, spring properties and

wor kability required for an interdental brush wire in a well- bal anced
manner as well as durabilit ?gainst buckling or break. Thgrefore, a
springy interdental brush hea#/ng excellent nmanipul ati on eas® can be
obt ai ned. Since the dianeter of the wre can be reduced while retaining

characteristic features,as ire stemmaterial of an _bhtefdental brush
the ability of inserti i eth can be inprov rt/hput /St rai n.
1a 2 g - —1a
T3 E—_"—* 3

Fig.5
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Further,, when a small anount of nolybdenumis added, the corrosion

resi stance is inproved in addition to the above characteristic features
and the toughness is enhanced by changing the netal structure of a wire
brush to austenite. _ - 37-
1. An interdental brush wire which conprises an austenite stainless steel
wire having a dianmeter of 0.15 to 0. 35{#fband containing at |east iron,
chrom um nanganese and nitrogen in

Fig.6

()
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»
E&
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7mm_|

5mm
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the chem cal conposition, wherein a chromumcontent is 17 to 19 wt% a
marganese content is 17 to 19 wt% and a nitrogen content is not |ess than
0.65 Wt % 2. An interdental brush wire which conprises an austenite
stainless steel wire having a dianet@/g¥ 0.15 to 0.35 nmand containing
at least iron, chromum nanganese, nnlybdenunl ni ckel and nitrogen in the
chem cal conposition, wherein a chromumcontent is 17 to 19 % a
manganese content imjgd/to 19 w% a nickel content is less than 1.0 wt%
a nol ybdenum content is 1.5 to 2.5 wt% and a nitrogen content is not |ess
than 0.65 wt % 3. An,ipterdental brush wre which c rises an
austenite stainless steeiiﬂjre having a dianeter of 0.1 o 0.35 mm and
containing at |east carbormrgn an anount of not nore than 0.08 wt% silicon
in an anount of not nore tlhan 1.00 wt % nanganese in an anmount of 17.00 to
19. 00 wt % phosphorus in gnjanount of not nore than 0.0469W % sulfur in
an amount of not nore tha 0.03¢ Wt % nickel in an anou ot nore than
1.0 % chromium in an_dmbunt/of 17.00 to 19.00 wt % umin an
anount of 1.5 to 2.5 wl%gndfnitrogen in an anount of not |l efs than 0.65
Wt % in the chemical conpogiftli on. 1 4. An interdental [ brush wi

conprises an austenite ;/// steel wre havnng\qbd afipter of 0.15 to
ast .carbon in an anount Of Ag

0.35 mmand containing 3 t nore than 0.08

Fig.8
A
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REPLACEMENT SHEET W% silicon is an anount of not nore th&A%4-HF"
W % nmanganese in an anount of not nore than 2.50 w % phosphorus in an
amount  of not nore than 0.045 W% sulfur in an anount of not nore than
0.030 wt% nickel in an amount of 7.00-t4210.50 wt% chromium in an anount
of 18.00 to 20.00 wt% and nitrogen in an anount of 0.10 to 0.25 W% in-the
cheni cal conposi tMﬁTRACT OF, DILSCLOSIRE | brush wi.re whi ch conprises an
austenlte st ai nl &3'd-54 B UPA , Nden g A0 WTERDENTAL, BRU .35 mm and-
cont ai ni ng ‘at | east car bon in an armunt of not nor e than 0,08 W% silicon
in an anount of not Abrénthndentad biritshmewineecaad i an aringesdentefl rwrusior e
than 2. 50 wt % phosphorus in an anmount of not nore than 0.045 wt % sul fur
in an anountwhifcodireonett hack18d089 Wirkeni, Clagle iexcel laamunin aduraaill 1ty
10.50 % chromium in an anount of 18.00 to 20.00 wt% nitrogen in an
anount of  Qunkb fah pBh i kb i WB Ithe s FrDAdy BiusPtadBiEl T had thd S

w% in the chem cal conposition. 6. An interdental brush wire as

cl aimed in afly; ONG oéfCieggfuanSbeB@aéﬂgtéueh Whagacdeyil R dP AP RHAE S s @

proof stress of
wire is a stainless steel wire having a diameter of 0.15 to 0.35

mm and containing nitrogen and a controlled amount of

manganese.

FIG.1l
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qreietx-9
not. | ess than.40 kgf/mferr] and an el ongation of not |ess than 30% be

TP
f'or e

twi'st i ng. - 7. An interdental brush w re whi gh—ee S S
steel wire having a dianeter - of 0.15 to 0.35 _“HJ“I'IIGET $ ﬁzgﬁ gg
irop, chromi um rogen in the che a 'Ef%f 0 9?5‘; T
wherein a manga @gmminﬂmﬂmt I ess than 2. 508 k% PO Yn@c%’i%f‘“’ it
is not |ess than 0 w o wher®in the re h 5ji|-@- & PRECH e

properties as a proof stress of not [|es5 than 0hk@fi¥»Wf errj! Liane-aif puged -

el ongation of not |ess than 30% before tw sting. REPLACENMENT
SHEET WHAB. IS\CLARMBRIcEB al brush wire whi hm@}sg&@w@aj plyay,
steel wire having a dianeter of 0.15 to 0.35 mmtamd—comta g~ at T east

i ron, chrom um ndémiésterdenhinl taxpsh wiretih ol GoRPTisesmpRAuSanite
wherein a chromumcontent is 12 to 32 ww% a nanganese content is 10
38 wt% and SRR samlew#rpshm%nm%s%f

has such wire tensi S_as roof stress_of not t han 40
kgf / rm{ err] %afﬂ‘i’éq Eﬂ:ggg Ot %af?aé'@‘?nﬁ&eo?ﬁdt élf

the chemical composition, wherein a chromium content is 17 to
19 wt%, a manganese content is 17 to 19wt¥and a nitrogen content
is not less than 0.65 wt%.

2. An interdental brush wiré which comprise_s an austenite
stainless steel wire having a diameter of 0.15 té 0.35 mm and
containing at least irdn, chrox_nium, manganese, molybdenum,
nickel and nitrogen in the chemical composition, wherein a
chromium content is 17 to 19 wt%, a manganese content is 17 to
‘19 wt¥%, a nickel content is less than 1.0 wt%, a molybdenum
content is 1.5 to 2.5 wt% 'and a nitrogen content is not less
than 0.65 wts. |

3. An interdental brush wire which comprises an austenite
stainless steel wire having a diameter of 0.15 to 0.35 mm and
containing at least carbon in an amount of not more than 0.08
/ ‘wt¥d, silicon in an émoﬁnt of not more than 1.00 wt%, mangane.ée

in an amount of 17.00 to 19.00 wt¥, phosphorus in an amount of
not more than 0.045 wt%, sulfur in an amount of mot more than
0.030 wt%, nickel in an amount of not more than 1.0 wt%, chromium
in an amount of 17.00 to 19.00 wt%, molybdenum in an amount 6f
1.5 to 2.5 wt% and nitrogen in an amount of not less than 0.65
wt% in the chemical composition. |

4. An interdental brush wire which comprises an austenite

teel wire havi . ]
REPLACEMENT SHEET steel wire having a diameter of 0.15 to 0.35 mm and

conta

g at least carbon in an amount of not more than 0.08
23 SEP 1999 ' "
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9. An i»nterdent al _brush wire which conprises a stainless steel-'w re"havi ng -

a di anet er - of aphd containing at least iron, chrom um
manganese, noljy EE!F‘MjéL'V@r“*‘?%I.ﬂ?'@ra d nitrogen in the chenical conposition,

wherei n” a manganese_ content fsinot less than 2.50 wt % and a ni trogen.
content is notf |l &3 SBRMY 1 % wherein the wi rﬁlmfmﬁmmm@mens. l e
properties asf{a{proof stress of fnot | ess _than 40 kg ngation
of not | ess than 30% before tw $ting. 39 10. An interdertal® bfush wire
whi ch corrprisé i sbdel wire having a dianeter of 0.15 to 0.35
nm and cont avt$ ngsikicdmredst anramunch o€maoin more ddhars & .. 00ovyH deranganesek el
and nitrogen in the chem cal conposition, wherein a chrom um content is

12 to 32 w %naammgsn@s@f ot mare| tham 2.5038t ¥ cBhosphoru& Lincantamaunts not

nore than 6 w% a ybdenum content is not nore than 7_wt % and a
ni trogen con®®mol §‘°ﬁ'8tth%9 PAgtd. spifur 1van aprupkcohinod Hﬁ%esq}’é@ wire

ol ongat | on 0t OB s Shlkal $popbamdnt Wk -0 €0 1034 Wik, Shnsiom
brush w1 g, oLl SEAAL ML o 26'86™Bed dRa AfMEOGex ED M 'S ©

of 0.10 to 0.25 wt% in the chemical composition.

5. An interdental brush wire which comprises an austenite
stainless steel wire having a diameter of 0.15 to 0.35 mm and
containing at least carbon‘ in an amount of not more than 0,08
wt%, silicon in an amount of not more than 1.00 wt%.. manganese
in an a_mount of not more than 2.50 wt%, phosphorus in an amount

- of not more than 0.045 wt¥, sulfur in an amount of not more than
'0.030 wt#, nickel in an amount of 7.50 to 10.50 wt%, chromium
in an amount of 18.00 to 20.00 wt%, nitrogen in ‘an amount of
0.15 to 0.30 wt% and niobium in an amount of not more than 0.15
wt% in the chemical composition. _

6. An_interde_rital brush wire as claimed in any one of cléims
1-5, having su;:h wire tensile properties as a proof stress of

W, ‘not less than 40 kgf/mm’ and an elongatioh of not less than 30%

before twisting. . | | |

7. An interdental brush wire which comprises a stainless

steel wire having a diameter of 0.15 to 0.35 mm and containing
at least iron, chromium, manganese and nitrogen in the chemical
compositiori . wherein a manganese content is not less than 2.50
wt¥ and nitrogen content .:I.s not less than 0.10 wt%, wherein the
wire has such wire tensile properties as a proof stress of not
less than 40 kg_f /mm’ and an elongation of not less than 30% before

twisting.



i nter

claimed in any o

41 nrnodul us of not lLess than 12,000 kgf/ m2 before twi sting. 12.
dental brughs AEI=Ia Msting the interdental brush wire as

‘ 11,] sandw ching and fixi-hg-bundles of

I rles and using the W|re 13. An int«

fil.aments betwee
brush pre
and fixing bundls

dent al

Wwre,

havi ng a di anet ekt
-chrom um manga8esd@dmidterdengas

I nter

Q.15 to 0 35 f{rm and containing at |east iron,

An

nt er

fﬁ?&?.mz; o e nterdental b T DM g

wherein sfid ‘ briush wi4®k conprises a stai nl'esd steef wire

brusheviae vhdgh cowppidsesi @rs.tainleﬂs;. An
dental brush prepared by twisting the interdental brush wire ,

sandwi chi ngsteeil Mixenhawing @ dismetar gfeft 150 Redd MRcARYI ARG and

using the wire, wherein said interdental brush wire conprises a stainless

st eel
i ron,

vvherel n a cf?
38 wt % and

dent al

SR RPN L 5 e Y sHich e s S TR

and fixing puod! 852070.10 wte, wherein the wire has such wire tensile

properties as a proof stress of not less than 40 kgf/mm® and
an elongation of not less than 30% before twisting.'

9. An interdental brush wire which comprises a stainless
steel wire having a diameter of 0.15 td 0.35 mm and' qontaining
at least iron, chromium, manganese, molybdenum, nickel and

nitrogen in the chemical composition, wherein a manganese

-content is hot less than 2.50 wt% and a _nitrogen content is not
i less than 0.10 wt%, wherein the wire has such wire tensile

. properties as a proof stress of not less than 40 kgf/mm’ and

an elongation of not less than 30% before twisting.

10. An interdental brizsh wire which comprises a stainless
steel wire having a diameter of 0.15 to 0.35 mm and containing
at least iron, chromium, manganese, molybdenum, nickel and
nitrogen in the chemical composition, wherein a chromium
content is 12 to 32 wt%, a manganese content is 10 to 38 wt3,
a nickel content is not more than 6 wt%, a molybdenum content
is not more than 7 wt$ and a nitrogen cbntent is not less than
0.10 wt%, wherein the wii'e has sﬁch wire tensile properties as
a proof stress of not less than 40 kgf/mm®> and an elongation
of not l_ess than 30% before twisting.

11. An interdental brush wire as claimed in any one of

wi re ShAGATS LEQR o FTOMIYM. aBIRRL PR @?Wﬁﬁﬁgﬁ’aﬁt"af:ﬁ?rﬂ‘%‘liqaéast

chrom u

PERO TR £ HReTSLd A  GfEdn mtcan R N

i nter
chi ng

claims 1-10, having such wire tensile properties as a Young's -



filaments betwe ' =-¢s and using the wire, wherein said
i nterdental bru hRE\Pt[Pé}EMENiSrSI'Eé§ stainl ess steel wre . having a dianet er
of 0.15 to 0. 35 mpramd—tomnrarn pgfat least iron, chromum rranganese

nmol.ybdenum ni cKel ki 1. n t he chemi cal a
manganese conterjt |i ailgéms Wy | ess than Zwam t‘ma}“!t ﬂmogen
content is not Ies.s_.t.ha,n—O—éL-O—-« 0 16. An inte et ush prepared
by twisting the} interdental brusi) wire ,1 sandwi chi.ng and fixi ng bundl es of
filaments betweer—tte—twsted Wres and using the wire, wherein said

| nt er dent a'm&i&'f&b VA £ En GO PSS Efhdn St ? dﬁ@slégéhﬁﬁ" W‘fb%e R@Y5R9ng . di anet er

of 0.15 to 0.35 nmand containing at [east 1ron, ch romum manganese,
nol ybdenum m ckel ang nihtegemdntall hﬁrﬁmmpﬁ.%ba%@ twmsthgraméa
chromumcontent is 12 to 32 w% a manganese content 1s 10 to 38 w% a
ni ckel contimterdentwl bmush twiare @s\claimed inpbdaguone oof erllaints o1 pre
than 7 wt% and a nitrogen content is not less than 0.10 w %

sandwiching and £ixing bundles of filaments between the tw:.sted

wires and using the wire.

13. An inter dental brush prepared by twisting the
interdental brush wire , sandwiching and fixing bundles of
filaments betwéen thé twisted wires and using the wire, wherein
said interdental brush wire comprises a stainless steel wire
hairing a diameter of 0.15 to 0.35 mm and containing at least
iron, chromium, manganese and nitrogen in the chemical
composition.

14. An' inter dental brush' prepared by twisting the
_j_.nterdent'al brush wire , sandwiching an.d fixing' bundles of
: filaﬁents between the twisted wir'eS and using the wire, wherein
said 'interdenfal brush wire comprises a stainleés steel wire
having a diameter of 0.15 to 0.35 mm and containing at least
iron, chroﬁ::l.um, manganese and nitrogen ‘ in the chemical
A, 'composiil:ion,. where:l.n a chromium content is 12 to 32 wt%, a

manganese content is 10 to 38 wt$ and a nitrogen content is not
less than 0.10 wt%.

15. An inter dental brush prepared by twisting the
interdental brush wire , ‘sandwiching and fixing bundles of
filaments between the twisted wires and using the wire, wherein
said interdental brush wire comprises a stainless steel wire
having a diameter of 0.15 to 0.35 mm and containing at least
iron, chromium. manganese, molybdenum, nickel and nitrogen in

the chemical composition, wherein a manganese content is not



_—

gy UITE

less than 2.50 wt% and a nitrogen content is not less than 0.10
wti.

16. An inter dental brush prepared by twisting the
interdental brush wire , sandwiching and fixing bundles of
filaments between the twisted wires and using the wire, wherein
said interdental brush wire comprises a stainless steel wire
having a diameter of 0.15 to 0.35 mm and containing at least
iron, chromium, manganese, molybdenum, nickel and nitrogen in
the chemical composition, wherein a chromium content is 12 to
32 wt%, a manganese content is io to 38 wt%, a nickel content
is not more than 6 wt%; a molybdemim content is not more than

" 7 wt% and a nitrogen content is not less than 0.10 wt%.
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