Titanium & Titanium Alloy
for Medical Applications
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ILLUSTRATED DESCRIPTION ABOUT TITANIUM & TITANIUM ALLOY FOR MEDICAL APPLICATIONS
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Going For Future of Titanium
— Exploring the Features/of Medigal Implant Devices

DAIDO STEEL CO., LTD. has always challenged in its development of new $pecialty steels and has even
established a leading position in the manufacture of titanium. In particulaf, DAIDO STEEL has devoted
research and development to pure titanium and titanium alloys foy medical prosthetic devices.

It is predicted that the number of patients using such deyices will ipgrease inthis ageing society coming
upon us. There are already several hupdred thodisénd casesq using prosthetic devices,

and in Japan the implant markei fok orthopedics is steadily expanding.

DAIDO STEEL has succeeded in manufacturing the biocorppatible vangdium-fiee ASTMF 1295 titanium
for prosthetic productg, thus ptilizing one of titanium's key features.

DAIDO STEEL will continue to contribute to further developments in the|medica\ field by making use of

its khow-how and skls in thé specialty steel field.
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Applying Dream Metal Titanium to the Medical Front Line—— DAIDO STEEL

ZwT )LD 1 /28 WSS TEWLLE. B & Titanium has many useful features including low specific gravity, half that of nickel, excellent
NreelERE. SVWEFES M. ZUTIE - k . corrosion resistance and strength, high biocompatibility, and non-magnetic properties. With these
B, CNOSDBEEZOFIVIE. T&CA y '\____ e advantageous features, titanium is an optimum material for medical

prosthetic devices. In recent years it is the leading new material substituting for stainless steel

VTSN ERLET RERBEICRBEIER

< k"t and cobalt chrome alloy. In practice, demand of titanium and titanium alloy for medical use is
MTIIEFERTVUAHRI/NILNZOLSE r increasing annually in Europe and the USA. DAIDO STEEL is also steadily expanding its product
T DBDHFHFEMELT. tHRDORIEIREREIC share in those countries.

FEHINTVET ., ERICHKETIEERF i To accommodate the wide range of increasing needs, DAIDO STEEL has established a
“4 manufacture-logistics streaming system from raw material procurement to sales and distribution

~/. ~ ;A == » A2
ted 919/.\:.%’\0)$LED\EQEJ{DL,\ St i which is available for multiple products and small-lot. DAIDO STEEL will continue to meet the
BHERMZRDICERICY 7 ZMELTVE world's medical needs through high quality and immediate response.
ER
ZC CRENRFMClIE. SEREITETIaEDE EAFY B EEHTS Domestic Demand of Titanium Materials
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Titanium Application for State-of-the-art Maedical Prosthetic Devices

KENFHMADRIL I DEBRRAF Y- FY VAR ERADEBA—H—ICLDT Titanium and titanium alloy provided by DAIDO STEEL for medical care are reborn in the latest medical
B OEE-EUAREACETNEDDE T ZOENERE EBNEEICED. and welfare equipment by medical manufacturers in Japan and other countries. Because of assured

quality and excellent characteristics, titanium and titanium alloy equipment is fully useful in the practical

BRNF y 3, ERIEE DRITimA % CHA; o IS . . . . . - :
RTE IS UH MBS, B L ORSTimaRORE CHERHTY sites of cutting-edge medical care including vascular surgery and dentistry as well as orthopedics.

N A 5=
E3fS] Dentistry Fitg Surgery
BRESEVSENFEICKD. TUyIM. BEM (v Used for implant of bridge material, fixing material BB EDEYMR DSV, INEIIRER I Uy Selected for superior surgical instruments such as \@
L FIIER)IFEDA VTS UNEDNTLD, (Ni-Ti alloy), etc. due to excellent synostosis property. TZIFUs. BEITABEIFMAESREEUTHLSNTLS, cerebral aneurysm clip due to biocompatibility. ; ..‘
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Dentition fixation splint Artificial dental root Fracture surgery bolts Catheter guide wire CIACTIYIENT (C10), (LT}
~ —_
A5k Implant
EREGHEICKD. NTRRBEEZ U AL MEFEDRHERREELCTHERATINS. Used for state-of-the-art medical equipment such as artificial knee joint and artificial heart valve due to biocompatibility.
j .
p—
SREERIL—~ REEHRA UV ATRREEEI (YT AT L) REHRAA POSKIS BIEERAIU1— RECHRAA TR AT D REHRAA PO
Fracture fixation plate EIREILLYX EL, L) Artificial hip joint (cup. stem) GACIAIENIT €10l LT} Fracture fixation screw GHOLLYX GO, L) Artificial heart CIACTISIENT (C10l, LT}
PINTS UL Body Supplements K4 B FHTIR
R . \ ] o o Classification Parts Name Material
DI:A#VZI\;;Eb‘%'ﬁ%&ﬁﬁﬂk@?’:i‘/ﬁ%%ﬁ%%%iﬁo LeviCast method for titanium investment-castings in TR TN AF A ANE. F A B E !'
HEEER. BUODFORREICEHMUL TS, complex shape, contributing to prosthetic development in Artificial hip joint Stem, cup Pure titanium round bar, titanium alloy round bar .
the social, medical, and welfare fields. A THSEaES WF 2L HE FaEe NS
Artificial knee joint Pure titanium round bar, titanium alloy round bar L |
1>TI0h | BIREER TU—M R~ | fF 2N F2EEAE F LG ¥
Implant Osteosynthesis material Plate, screw Pure titanium round bar, titanium alloy round bar, titanium alloy wire rod l
ATOHE NG =X | fF A HAE
Artificial heart Housing, case Pure titanium round bar
AL DEES TL—L FRaRIE
Artificial heart valve Frame Titanium alloy round bar |
AR FaLERAE
Artificial dental root Titanium alloy round bar
[E3pes AE NRE—Z WhF a2 ALEE
Dentistry Jig Handpiece Pure titanium round bar
e EE A 2T b ST IVFaL & &R
Dentition fixation Splint Ni-Ti alloy wire rod
EF SRR BoiEh A2 A )97 FaEEAE
Parts for artificial hands, arms, and legs Cerebral aneurysm Clip Titanium alloy round bar
EEss FELAERAE 1
Fiff Brace Titanium alloy round bar |"\
Surgery | AF—FIVEHAIRTAY— oy VF A iR J
Catheter guide wire Ni-Ti alloy wire rod
BNFMH RIVNEE T 2 AR
Fracture surgery Bolts Pure titanium wire rod -
TINTIN | BF-HERABS FHAEEHEMR
Body Sup. | Parts for artificial arms/hands/legs Titanium investment-castings 6
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Pursuing for Possibilities and Feasibility
— Research and Development

B DIRZFFEFEICIE, SDDATYITDHDET 55 1 ERFEDFM OREEIt ZilE T 517

BNEBCCVEFT,

BB ZRT T & > PIiEM ERIDE LTcRFEZT o TLVD,
R&D Div : Devoted to development of titanium and new
materials.

DAIDO STEEL implements research and development at three steps.
The first stage is material R&D for improving the functionality of
materials. The second stage is establishment of a manufacturing
method. The third stage is pursuit of a minimum cost in the
manufacture process.

Any product with however high value added cannot be
commercialized by an enterprise if the cost and manufacturing are
not worth for. The study theme for commercialization covers
material procurement to manufacture, including reduced cost
manufacturing methods and material control.

As a result of the 3-step R&D, DAIDO STEEL succeeded in
ASTMF1295(Ti-6AI-7Nb) volume manufacturing which was highly
regarded in Japan and many other countries.

Titanium with Infinite Possibilities— DAIDO STEEL will expand to
feasible products.

Tensile Strength (MPa)

Released Titanium irons (mgm-2)
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M EEREX CTHERBENDIFFREED T,

ZOFEREL T, ASTMF 1295(Ti-6Al-7Nb) DHG-EEFE(LICHEUL TIFEAADSHULFE
iz e lEEE Ule, BRADAREMZEMDcF Iy —HtlE TNERBEMDSHHR

ASTMF1295(Ti-6Al-7Nb) DERIAEADEA
ASTMF1295(Ti-6Al-7Nb) Application to Dentistry

B CREY

ASTMF 12953 8RAMEIELTEL TS,
Excellent casting and polishing capability
ASTMF1295 is well suited for dental materials.
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Establishing Reliability and Safety
—— Manufacture and Sales

TSAXEEREF
Plasma Progressive Casting Furnace

LIFE
Levitation Induction Furnace

RIE¥E  Product Classification

ERICED RV RmZRH TS L TR
BlLR . BETREERLEHI EREME
TY . ZCHU TR AERDAINYIFF
ZERE BB U RICEZE Y — U BiE(T37
EOHIC. RISy TEERULREDTSX
NBEFPPC)SLUI—ILRIIL—2 T
FEBBECTHDLET—aVBHEIE(LIF)
PR HETEOIRN DY ERERTE
[CKRELHBBMULE U, Ffe. mEEIE TS, i
ZERM B DORIE THDAMS263 1 (CHTI
UTcBERRIGREZRNE. IRFTE TH. I\
Ovh- @iz k1R g ERAM I DTERER
FICLWBELHDBTEE, SEHRDIEFEE
——ALCBBALTVET,

A key point for providing medical related materials
and products is sophisticated quality control and
ensured stable supply. Thus, DAIDO STEEL has
developed its original melting method with a plasma
furnace (Plasma Progressive Casting: PPC)and Cold
Crucible Induction Furnace (Levitation Induction
Furnace : LIF), greatly contributing to process cost
reduction and stable supply, whereas the
conventional method is vacuum are melting of
compressed/welded sponge titanium. In addition,
DAIDO STEEL has responded to customer
reliability requirements by implementing the
quality control through ultra soninc inspection
with AMS2631 as specification for aerospace
material. And by direct stock sales of medical
materials realizing small-lot and short lead time.

Relative growth rate of L9289 cells

FEARAIMERE (*1)
ASTMF 1295 SHi&ERETRRE S ZE89 D,
Mechanical properties (*1)
ASTMF1295 has high strength and toughness in the cast
state.

AR (2)
ASTMF1295[%. 1%ZLEHTTi-6AI-4VKIDMEMEDKL.
Immersion Test(*2)
ASTMF 1295 has better corrosion resistance than
Ti-BAl-4V in 1% lactic acid.

ERESHE3)
ASTMF 1295 BELVZZFTEWL DA VTS VREICEL
fEREINTLD.
Biocompatibility (*3)
ASTMF 1295 without toxic vanadium(V) is widely used
for implants.
*1 E.Kobayashi et al:J.Dental Materials and Devices

Vol.14,No.4(1995)p.406
*2 H.Hamanaka et al:J.Materials Science:Materials in
Medicine 9(1998)p.570

*3 M.Okazaki et al:Mechanical Eng.Lab.Bulltin.

RE.EAADX—A—HH EOERNHERATOI IO K2 FFIHFKES. H3RE
EDTIV—THRIEENEITH.

Numerous research projects are currently in progress;national joint venture
projects with domestic and overseas manufacturers,and group research with
universities, specialty institutions, and independent researchers.

MEZ ES57% 5|5R®R & EETE J22Be
Material Name | Main Composition | Tensile Strength Characteristics Application
@F 2 DHTHRK. £ EEMEIRET NARE=R HT—FTIVAAAIRT( Y —,
WhFsa QXS Ve BEARELEFTICER ANTI/DRE. 2D E R
ASTMF67 Commercially-pure =345MPa @Composed of pure titanium only,thus highly Handpiece,catheter guide wire,
titanium biocompatible Artificial heart and other medical
@Soft - used for pieces without hight strength required | equipment
) . QFE N\ -HREN DELEATEIER TL—h R 21— AT LAy T
ASTMF136 Ti-BAL-4V(ELT") =860MPa OV(/\F I L) AND It EREA IR PE S HF—FIVEHAR 714
@Hard - used for artificial bones requiring high strength | IXEIARIE ) 7%
. @Hard - used for artificial bones requiring high strength | Plate, screw, stem, cup, Catheter guide
ASTMF1472 Ti-6AL-4V =895MPa biocompatibility wire,Cerebral aneurysm clip, etc.
@ASTMF136ERIFNEE
) OVI)-DizpEFEEMEICEND AR
ASTMF1295 Ti-6AI-7Nb =900MPa @Has strength equivalent to ASTMF136 Artificial dental root
@V -free-excellent biocompatibility
[ JinpsxeN i%iﬁé"lﬁt:@h 3
>690MPa @EMERAE C LGP h TR S RIF
(B8 Annealed) Q@HMIBIC L VEBEEEILT B Z &N ATEE 2
ASTMF2066 Ti-15Mo @Excellent corrosion resistance and good Nails. etc
=1150MPa biocompatibility S
((a+B)Annealed | @Low young's modulus, flexible and good formability
+Aged) | @Tensile strength is able to change by heat treatment
XELI = EXTRA LOW INTERSTITIALS (#&-FREITIHRA /)N 850 TA4H B/ \DEE)
ELI = EXTRA LOW INTERSTITIALS (abbreviation for extra low impurities turned from extra low interstitial elements)
ShEOJREEEE] Manufacture Capability Range
HEH fR41 =57 $HiE
Material Name Wire rod Round bars Casting
F1 (d_|ameter) $6~18mm $5~250mm
Size
Jeed. KZHIV) gt £ 2L XHEE [¢5~16mm] E=3
annealed, shaved and polished Annealed and centerless ground Various types
5. BOE(E—12Y)[¢18~90mm]
AR EE Annealed and smooth turned (peeled)

Delivery State

P58 #4IN T [¢100~250mm]
Annealed and rough turned (machined)
KEDMTZ b N—HELERRETT

Flat bars can also be manufactured.

KMEB(ICL->TEDYET (Size variation depends on material)
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DAIDO STEEL Titanium and Titanium Alloy Producing

{EE 4% Chemical Components

Chemical composition (wt.%)

Daido CorrTgnggﬁlding . oi 1 (A=
e standard N c H Fe | O Al v 20t et AL [
JIS CLASS 1 =0.03 | =0.08 | =0.013 | =0.20 | =0.15 - - =0.10 | =0.40 Bal.
DT1 ASTMF67 GRADE 1 =0.03 | =0.08 | =0.015| =0.20 | =0.18 - - Bal.
1ISO5832-2 GRADE 1 | =0.03 | =0.10 |=0.0125| =0.20 | =0.18 - - Bal.
JIS CLASS 2 =0.03 | =0.08 | =0.013| =0.25 | =0.20 - =0.10 | =0.40 Bal.
DT2 ASTMF67 GRADE 2 | =0.03 | =0.08 | =0.015| =0.30 | =0.25 - - - Bal.
1ISO5832-2 GRADE 2 | =0.03 | =0.10 |=0.0125| =0.30 | =0.25 - - - Bal.
JIS CLASS 3 =0.05 | =0.08 | =0.013 | =0.30 | =0.30 - - =0.10 | =0.40 Bal.
DT3 ASTMF67 GRADE 3 | =0.03 | =0.08 | =0.015| =0.30 | =0.35 - - Bal.
1SO5832-2 GRADE 3 | =0.05 | =0.10 |=0.0125| =0.30 | =0.35 - - - Bal.
JIS CLASS 4 =0.05 | =0.08 |=0.013 | =0.50 | =0.40 - - - =0.10 | =0.40 Bal.
DT4 ASTMF67 GRADE 4 | =0.03 | =0.08 | =0.015| =0.50 | =0.40 - - Bal.
1ISO5832-2 GRADE 4 | =0.05 | =0.10 |=0.0125| =0.50 | =0.40 - - Bal.
JIS CLASS 60E =0.03 | =0.08 |=0.0125| =0.25 | =0.13 |5.50~6.50|3.50~4.50 - =0.10 | =0.40 Bal.
DATS5E ASTMF136 =0.05 | =0.08 | =0.012| =0.25 | =0.13 |55~6.50| 3.5~4.5 - - Bal.
1ISO5832-3 =0.05 | =0.08 | =0.015| =03 =0.2 |55~6.75| 3.5~45 - - Bal.
DAT5 ASTMF1472 =0.05 | =0.08 | =0.015| =0.30 | =0.20 |55~6.75| 35~45 Y : =0.005 - Bal.
S ASTMF1295 =0.05 | =0.08 | =0.009 | =0.25 | =0.20 |5.50~6.50 - Nb : 6.50~7.50. Ta : =0.50 - Bal.
1ISO5832-11 =0.05 | =0.08 | =0.009 | =0.25 | =0.20 |5.5~6.5 - Nb : 6.5~7.5, Ta: =0.50 - Bal.
DAT15MO ASTMF2066 =0.05 | =0.10 | =0.015| =0.10 | =0.20 Mo : 14.00-16.00 - Bal.
XZDMMETFE Other trace elements
BB TEEE Mechanical properties
Daido c or:zs%gﬁ:jin g Tensile Strength | 0.2%Yield Strength Elongation Reduction of area Hardness Heat treatment
Brand SEIEG (N/mm?) (N/mmg) (%) (%) (HB) (annealing)
JIS CLASS 1 270~410 =165 =27 =100 O
DT1 ASTMF67 GRADE 1 =240 =170 =24 =30 O
1SO5832-2 GRADE 1 =240 =170 =24 O
JIS CLASS 2 340~510 =215 =23 =110 O
DT2 ASTMF67 GRADE 2 =345 =275 =20 =30 O
1ISO5832-2 GRADE 2 =345 =275 =20 O
JIS CLASS 3 480~620 =345 =18 =150 O
DT3 ASTMF67 GRADE 3 =450 =380 =18 =30 O
1ISO5832-2 GRADE 3 =450 =380 =18 O
JIS CLASS 4 550~750 =485 =15 =180 O
DT4 ASTMF67 GRADE 4 =550 =483 =15 =25 O
1ISO5832-2 GRADE 4 =550 =483 =15 @]
JIS CLASS 60E =825 =755 =10 =25 O
DAT5E ASTMF136 =860 =795 =10 =25 O
1ISO5832-3 =860 =780 =10 O
DAT5 ASTMF1472 =895 =825 =10 =15 - O
T ASTMF1295 =900 =800 =10 =25 (@)
1ISO5832-11 =900 =800 =10 =25 O
=690 =483 =20 =60 - B Annealed
D’:AT(; 5 ASTMF2066 =900 =800 =10 =25 - (a+B) Annealed
=1150 =1050 =10 =25 - (a+B) Annealed+aged

5 ERABR DRI I E T A FRICE) B EVET O THMBISHIE BBV ED RS,
Mechanical properties vary depending on product size, heat treatment conditions and service temperature.

FICHBIFDRVMBEEZEE_—X [CRHRTIKEDF I -FIVGE

High Quality for Diversified Needs in Medical Fields

KIOKALLOY

{29 EFIREIEEE  Chemical Composition and Shape-recovery temperature

1EE It Chemical composition (wt.%) HAREERE
e Ni Ti Co Cu Shape-recovery temperature
Ni-Ti& £ (KIOKALLOY-R) - . an
Ni-Ti alloy (KIOKALLOY-R) 54~56 7% Residual Bal. - 20~80TC
Ni-Ti-Co& % (KIOKALLOY-S) - . - .
Ni-Ti-Co alloy (KIOKALLOY-S) 53~55 5% Residual Bal. 1~3 -30~30C
Ni-Ti-Cu& % (KIOKALLOY-T) - . . - 7O
Ni-Ti-Cu alloy (KIOKALLOY-T) 47~50 7% Residual Bal. - 5~9 40~70C
FOIREERE ST &M BB ICL)EDYET,
Shape-recovery temperature varies depending on forming and heat treatment conditions.
EEHREE  Mechanical properties
=[] Taies] Ni-Tid & Ni-Ti-CoA & Ni-Ti-Cud £
ltem o Ni-Ti alloy Ni-Ti-Co alloy Ni-Ti-Cu  alloy
5|5RAES MPa 1175~1370 1370~1570 1175~1765
Tensile strength (kgf/mm2) (120~140) (140~160) (120~180)
[EAVNERS MPa ~196 ~294 68~98
2L ME (MAR) Yield strength (kgf/mm2) (~20) (~30) (7~10)
Martensitic phase N
SU . (%) ~50 ~50 ~20
ongation
HEREMEIRER MPa 7845~9800 9800~13730 0~4900
Horizontal modulus of elasticity (kgf/mm2) (800~1000) (1000~1400) (0~500)
5|aRAEE MPa 1075~1175 1275~1370 1175~1765
Tensile strength (kgf/mm2) (110~120) (130~140) (120~180)
[EVE S MPa 390~785 490~980 390~785
F—27F(ME(A4E) | Yield strength (kgf/mm2) (40~80) (50~100) (40~80)
Austenitic phase e
Elongation (%) ~20 ~20 ~20
TERE MR ER MPa 17650~21575 19600~24500 19615~27460
Horizontal modulus of elasticity (kgf/mm2) (1800~2200) (2000~2500) (2000~2800)
WA MBS TG, #E FEREBE LS TEDIET,
Mechanical properties vary depending on forming, heat treatment conditions and service temperature.
YRR EDHE Comparison of properties
e = B e bk nEE S
Metal Density Melting Point coefficient Specific heat Thermal Conductivity Specific electric
Gl (8/cm?) (c) P (J/ (kg'K)) (W/(m-K)) resistance (Qm)
(x10°%/K)
Ni_Ti <7r_z.7__.j—'ﬂ\*ﬁ) 6.5 1250~1280 10 440 121 80~100
Ni-Ti (austenitic phase)
Ni-Ti-Co(+—ZF71MA) -
Ni-Ti-Co alloy (austenitic phase) 65 1250~1280 ) 470 12.7 )
Ni-Ti-Cu& £ (F—27F M) -
Ni-Ti-Cu alloy (austenitic phase) 64 1280~1270 ) 460 135 )
Titanium 4.5 1668 8.4 520 171 55
Nickel 8.9 1453 15 460 92.0 9.5
Iron 7.9 1530 12 460 62.8 9.7
SUS304 7.7 1400~1420 17 500 16.3 72
Copper 8.89 1083 17 380 385.0 1.724

Ni-TIE£DMBNMEE I ZE . SR 2REFEEICSEDIET,
Physical properties, except for density and melting point of Ni-Ti alloy vary depending on temperature.

RIEAZIK Products
4 ERB KLU LR (310%F) DEEZR{T>THDFT . CNSIFCELEICHU T BREE BB EBTUVET . . TOMSERIRICOEFLTE
CHRRLIEE LY,
DAIDO STEEL fabricates wire, flat wire, and other formed products (springs, etc.). Special treatment for specific shape-recovery
temperatures is also available upon request. Please don't hesitate to contact us regarding any shape requirements you may have.

10
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R R A 1 T108-8478 RRFLEXEBHE—T H6&EISS (KAL)
FHVEEE TEL(03)5495-1285 FAX(03)5495-6748
@ H & TEL(03)6731-2019

Y DAIDO STEEL

Tokyo Head office
Daido Shinagawa Blds.,
6-35, 1-chome, Konan, Minato-ku, Tokyo, 108-8478, Japan

TITANIUM SECT. EXPORT BUSINESS SECT.

Tel.81(Japan)3-5495-1285 GLOBAL MARKETING AND SALES DEPT.

Fax.81(Japan)3-5495-6748 Tel.81(Japan)3-6731-2019

www.daido.co.jp

TERESREN

AERUCEEE SN HEMTER I HRBORRNWEIFMEDIEREZESBA T 2/cbDBDTHD. [#RHE] DREBEEL THEELICEDLINFRIZEKR T DD TIFHOEFE s
FEBHERE SN TV DIBERDIROIAEA. KT FNEYHERAEFICRDEUBEICDEFLCF BEEZEVHNRE T DTS TEALEE .
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Notice

The technical information in this document is to explain the representative characteristics and performance of the products, but does not guarantee other than those clarified as
the standard specifications.

DAIDO STEEL is not liable for any damage caused by incorrect or improper use of the information in this document.

The technical information is subuject to change without prior notice. For the latest information, contact our division in charge of the respective products.

Any information in this document may not be transferred or duplicated in any form without written consent.
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