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Standard Specification for Wrought Titanium-6Aluminum-4Vanadium ELI (Extra ASTM

(GPIM) Low Interstitial) Alloy for Surgical Implant Applications (UNS R56401)1 )ﬂﬂ:‘ F
—ull SABHE YN F4BG8 8k-6A1-4V ELI GBARIRIBRD &4 Mt 136
KK (UNS R56401) 1 mum
-2008
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This standard is issued under the fixed designation F 136; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon ( ¢ ) indicates an editorial change since the last revision or reapproval.
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1 This specification is under the jurisdiction of ASTM Committee FO4 on Medical and Surgical Materials and Devices and is the direct
responsibility of Subcommittee F04.12 on Metallurgical Materials.

ML ABVEIEASTM FOASC T BSTAISMRIAT BT B R I IR TG, JEF04. 128 R i &M NAE W 2 I B 5T

1. Scope &

1.1 This specification covers the chemical, mechanical, and metallurgical requirements for
wrought annealed titanium-6aluminum-4vanadium ELI (extra low interstitial) alloy 01) to be
used in the manufacture of surgical implants.

LIAKTEE i TS MRHE A W) )3 (1 HE0E S8 K BR-640-4 8L ELT GEIRIF] B 54201 HIfL,

HUBBAIG 425K .

1.2 The values stated in inch-pounddinits are to be regarded s standard. The values given in
parentheses are mathematical onversionsitosS| units that are provided for information only re
not considered standard.

1.2B08] - BEERALFORINE ROV PR RIS 355 rh 4 R I (E R SR AL I B e 31, ARt

15 BAX BN g Se pr e«

2. Referenced DocumentsZ% ({4

2.1 ASTM Standards:2 Astmisies 2
2For referenced ASTM standards, visit the ASTM website, www.astm.org, or ontact ASTM Customer Service at service@astm.org. For
Annual Book of ASTM tandards volume information, refer to the standard’s Document Summary page on he ASTM website.
FERI2: F22% ASTMERAE, 35 15 I ASTMPR 3, www.astm.orgak 35 ZEASTM % 7 il %5service@astm.org. 43 XASTMARIEG A
LI R, TS ASTMIN S _E AR ) S5 5T
E 8/E 8M Test Methods for Tension Testing of Metallic Materials E 8/ E 8M&: @4 RH Bl i 77 12
E 29 Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications
E 295 AT Kt m i S B0 1 0 75 A T A A0
E 290 Test Methods for Bend Testing of Material for Ductility E 29044 K} % f& 1425 56 75 1=
E 539 Test Method for X-Ray Fluorescence Spectrometric Analysis of 6Al-4V Titanium Alloy
E 539 6AI-4VER & < X 265661 2 A vk
E 1409 Test Method for Determination of Oxygen and Nitrogen in Titanium and Titanium Alloys by
the Inert Gas Fusion Technique
E 140912 175 P AR Rl 5 BRI T2 BRATER B <8 v B S8 A U 8 7 2%
E 1447 Test Method for Determination of Hydrogen in Titanium and Titanium Alloys by the Inert Gas
Fusion Thermal Conductivity/Infrared Detection Method
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E 144731 P P S H R P 5 3R 2 AR DN DN 8 BRI AR & <8 Hp ) SR 2

E 1941 Test Method for Determination of Carbon in Refractory and Reactive Metals and Their Alloys
E 1941 € i K AN B S0 482 S8 S He 4 ik PR 7 vk

E 2371 Test Method for Analysis of Titanium and Titanium Alloys by Atomic Emission Plasma
Spectrometry  E 237 1id i J5 ¥ & 54 B AR GIEE 0 AT BN ER S e i U 92k

F 981 Practice for Assessment of Compatibility of Biomaterials for Surgical Implants with Respect to
Effect of Materials on Muscle and Bone

F 98LAMEME N A= ARk 54 A0 XaF JUL IR 0B 1) S M) 10 S 225 P PPl 2

2.2 1SO Standards:sisofzift: 3

3Available from American National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036, http://www.ansi.org.
YEBI3: ) A E bR 4 (ANSI) , 25W 43rd St., 4th Floor, New York, NY 10036, http://www.ahsi.org.

ISO 6892 Metallic Materials Tensile Testing at Ambient Temperature

ISO 68924 J@ MBI AR K T A A1 6

ISO 9001 Quality Management Systems Requirements

ISO 9001 fii & BiLAA F E5K

2.3 ASQ Standard: ASQ A/

ASQ C1 Specifications of General Requirements for a Quality Contrel Program4

ASQ CLit S+ TRl i — AR E SR e 4

4Available from American Society for Quality (ASQ), 600 N. Plankinton Ave., Milwaukee, W1 53203, http://www.asq.org.

ERI4: ) EEFEDS (ASQ) , 600 N. Plankinton Ave., ‘Milwaukee, ‘W1 53203, http://www.asq.org .

2.4 Aerospace Material Specifications: 47 A7 #I 41 #%e

AMS 2249 Chemical Check Analysis Limits, Titanium and Titanium Alloyss

AMS 22491b Ak B AT RR AR, BRAIEA S Sag®

s Available from Society of Automotive Engineers (SAE), 400 Commonwealth Dr., Warrendale, PA 15096-0001, http://www.sae.org.
TERIS: W] MR TAEM 4 (SAE) , 400 Commionwealth Dy Warrendale, PA 15096-0001, http: //www.sae.org.

3. TerminologyRiE

3.1 Definitions of Terms Specific to This Standard:

B UARRHERF E AR E X

3.1.1 beta transus,/n—the minimum temperature at which the alpha plus beta phase can transform to
100 %dbeta phase.

B.LIBELAR, moa ABIAH AT LA AL 91009 B AH B AR B o

3.1.2 lot,'n=-the total number of mill products produced from one heat under the same conditions at
essentially the same time.

312K, n-TEAH RIS fF N A b [RII A — YN AR 7= BT B 7= 4 ) S

4. Product Classificationf= g 4338

4.1 Strip—Any product under 0.1875 in. (4.76 mm) in thickness and under 24 in. (610 mm) wide.
ALRNE - ALFEEE/NT 0187558~ (4762K) , FifE/hT 2495 (6102K) K™ .
4.2 Sheet—Any product under 0.1875 in. (4.76 mm) in thickness and 24 in. (610 mm) or more in width.

A2 - JEREN0.18758) (4.76%2K) , TiFEN245e~) (610%2K) s LA _ERAEAT™ dho
4.3 Plate—Any product 0.1875 in. (4.76 mm) thick and over and 10 in. (254 mm) wide and over, with
widths greater than five times thickness. Plate up to 4.00 in. (101.60 mm), thick inclusive is covered by
this specification.
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4.3 - ATA775h0.1875 55~ (4.765%K) JERIL0% ) (2542K) B MU b, e KT RE
M TiRE . AT G Rik4.005~ (101.60=K) , AL4E B IR .

4.4 Bar—Round bars and flats from 0.1875 in. (4.76 mm) to 4.00 in. (101.60 mm) in diameter or
thickness (other sizes and shapes by special order).

4.4%F - BEAREEREN0.18755E~F (4.7622K) F4.0095F (101.6022K) HIBIFEAISF IR CRRZRIGT 13 R AR o

4.5 Forging Bar—Bar as described in 4.4, used for production of forgings, may be furnished in the hot
worked condition.

454 AFTR I BAE AL, TR R4, AT RAFE RN 254 T iRt .

4.6 Wire—Rounds, flats, or other shapes less than 0.1875 in. (4.76 mm) in diameter.

464 - [, ~Fms AR EAE/N 1018758 (4.76Z2K) HITEAR.

5. Ordering Informationi] & &

5.1 Include with inquiries and orders for material under this specification the following information:
5. LALFRR A RS N AR AR AT B LR E B

5.1.1 Quantity, ¥,

5.1.2 ASTM designation and date of issue,

5.1.2 ASTMARAERN K AT H 3,

5.1.3 Form (sheet, strip, plate, bar, forging bar, or wire),

513830 (Hbt, widf, Wb, #bt, BBOE MM B0,

5.1.4 Condition (See Section 3 and 6.3),

5.1.4% M (WLEE3F16.3%5) ,

5.1.5 Mechanical properties (if applicable, for special conditions),

5.1.50UkERE (& H TR SR

5.1.6 Finish (See 6.2),

5.1.65¢/ (H.6.2) ,

5.1.7 Applicable dimensions including size, thickness, width, length, or drawing number,
S5.L7EH RS ESERGY, B, wE, KESES,

5.1.8 Special tests, if any, and

5.1.8FrkiEe (gD

5.1.9 Other requirements.

5.1.9 MK,

6. Materials and Manufacturef L1 il i

6.1 The variousfitanium mill products covered in this specification normally are formed with the
conventional forging and rolling equipment found in primary ferrous and nonferrous plants. The alloy
is usually multiple melted in arc furnaces (including furnaces such as plasma arc and electron beam) of
a type conventionally used for reactive metals.

6. 1A RV IER 5 FA) 2% A R AL AL 7™ vt 88 A6 P AP s A L s % 72 B 0 PR o AN e i o
K. A e B AR TSR R R U CRLAE T 85 8 5 (4 B SIURT FE 73R
IOPEDRLLE A ¥eiii! B

6.2 Finish—The mill product may be furnished to the implant manufacturer as mechanically descaled
or pickled, abrasively blasted, chemically milled, ground, machined, peeled, polished, combinations of
these operations, or as specified by the purchaser. On billets, bars, plates, and forgings, it is permissible
to remove minor surface imperfections by grinding if the resultant area meets the dimensional and

Shaanxi huaxi titanium industry CO.LTD -3-



Dai-si-wei 2017/1/28 FEH R 5 AR Designation: F 136-08

surface finish requirements of this specification.

6.2410% - il it AT OB HUBER S SR, BERLTRY, A2, AITEE, HLINTL, B,
s, RERIEMAES, BRI HUE, SROALAMERRLER . EREL, #, R
WAt b, an SR e DX 3 a2 AN LY I RO MR DG VS B 2K, T se Vsl BT B Bk 5 B/ 3R
T R

6.3 Condition—Material shall be furnished in the annealed or cold-worked condition. Mechanical
properties for conditions other than those listed in Table 1 and Table 2 may be established by
agreement between the supplier and the purchaser.

6.355F - MOEHLMAER KB N LA MR ME . BRERLAZR2PT 51 2640 ) Ho At 2% A IR BT LA
PERE AT I8 I S R AR I 7 22 8] R E

TABLE 1 Annealed Mechanical Properties of Bar, Wire, and Forgings
Rl B, LMBIERIRKHLRIERE

Yield Elongation A in@D or 4Wsmin Reduction of Area 8 min
Nominal Diameter or DistanceBetween Tensile Strength
Strength(0.2 % R 4% WrH i 2, %
Parallel Sides min,
offset) miny L LT ST L LT ST
AREZSIERE, J5<F (mm) Hr i psi (MPa)
Jit BR 58 % psi (MPa)) R A -- - - -
<0.187%:5f (4.75mm) 125000 (860) 115000 (795) 10 -- -- - - -
=0.187 (4.75) ~1.75 (44.45) 125000 (860) 115000 (795) 10 -- -- 25 - -
=1.75 (44.45) ~2.50 (63.50) 120000 (825) 110000 (760) 8 -- -- 25 - -
=2.50 (63.50) ~4.00 (101.60) 120000 (825) 110000 (760) 8 8C 8C 15 15C 15C

A Elongation of material 0.063 in. (1.6 mm) or greaterin diameter (D) or width (W) shall be measured using a gage length of 2in. or 4 D
or 4 W. The gage length must be reported with the test résults. The‘method for determining elongation of material under 0.063 in. (1.6
mm) in diameter or thickness may be negotiated. Alternatively, a gage length corresponding to ISO 6892 may be used when agreed
upon between supplier and purchaser. (5.65 times'the square root of So, where So is the original cross sectional area.) Gage length
shall be reported with the elongation value. L= "longitudinal; LT = long transverse; ST = short transverse.

FEBA: MEERR (D) BUBEE (WOLH0.06355~] (1.6222K) BT KRR 22 BL A8 F 296 ~] BRA 95 ~] BRA ] [ K B
o THERE DAY SR WL E BARERIETE0.06305~) (Lemm) LA FRIM R KA L. B,
TEAR P R S 2 [A]ie=gi i), ) AR 82 T-1S0 6892111 1T i K. (JSolf1~F 77 fiI¥15.654 , Jrh So & R an ik IHi R .
PR P 2 SR K. D=2 LT =K i) ST =hbir.

s Appliés to bar and forgings only4L = longitudinal; LT = long transverse; ST = short transverse. For round bar, the long and short
transverse ase identical tests, therefore only one transverse is required.

ERIB: (CE R L =20, LT =Khfim; ST =R . xR, KBRS, Rk HE—A .

c Transverse requirements in Table 1 apply only to product from which a tensile specimen not less that 2.50 in. (63.5 mm) in length can
be obtained.

TERIC: R KB ) R AUE A T TSR BEAS /I T2.6038~) (63528 K) IIFLMHAE ™ il o

7. Chemical Requirements{t.22 5 3K

7.1 The heat analysis shall conform to the chemical composition specified in Table 3. Ingot analysis
may be used for reporting all chemical requirements, except hydrogen. Samples for hydrogen shall be
taken from the finished mill product. The supplier shall not ship material with chemistry outside the
requirements specified in Table 3.

71T BT A R 3T ALE A2 By o BERE M mT T T4 35 B S BAA B B A 5 it 5K
SRR S R B . BN AN Ia B HLA T RS E EOR LA
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TABLE 2 Annealed Mechanical Properties of Sheet, Strip, and Plate
®2, W, HRRFERAHINERE

Nominal Diameter or Tensile Yield Strength Elongation A in 4D or 4w min | Reduction of Area B min | Bend Test Mandrel Diameter C,D
DistanceBetween Parallel Strength min, min, HKE, % WA, % TR O ERR oo
Sides hLfB3 ¥ psi J& BR e psi L LT ST L LT ST <0.070 | 0.070~0.1875
AREREEE, J5F (mm) (MPa) (MPa) - - - - - - @7zemmy | @ ~as
<0.187#%5} (4.75mm) 125000 (860) | 115000 (795) 10 -- -- -- -- -- 9T 10T
=0.187 (4.75) ~1.75 (44.45) | 125000 (860) | 115000 (795) 10 - - 25 - - - -
=>1.75 (44.45) ~2.50 (63.50) | 120000 (825) | 110000 (760) 8 - - 20 - - - -
>2.50 (63.50) ~4.00 (101.60) | 120000 (825) | 110000 (760) 8 8E 8E 15 15E | 15€ - -

A Elongation of material 0.063 in. (1.6 mm) or greater width (W) shall be measured using a gage length of 2 in. or 4 W.:The gage length
must be reported with the test results. The method for determining elongation of material less than 0.063 in. (1.6 mm) in thickness may
be negotiated. Alternatively, a gage length corresponding to ISO 6892 may be used when agreed upon/etween'supplier and
purchaser. (5.65 times the square root of So, where So is the original cross sectional area.) Gage length shall be reported with the
elongation value. L = longitudinal; LT = long transverse; ST = short transverse.

VERIA: $1E10.06335~ (L.6ZEK) B RTERE (W) [ B {8 FH 235 ~F sl 8~ Mk Sk FE &, T KRR AU WA 45 21
AR . WL A E SR N T0.06335 ] (L.6mm) RIMPRMI M Z AT . a8, SAEALN A KR 2 A R
LA IR T1SO 68928 T+ A, (JESoRI P I7 iR 5,651, HrhSokt AR o Mz MK FEMERAKE. L
=g LT =R, ST =4 -

B Applies to plate only. L = longitudinal; LT = long transverse; ST = short transverse.

WEMIB: (UEMTH. L= LT =K, ST =R

c The bend test is applicable to sheet and strip products

VEBIC: 45 sk e i T A R A 7

o T equals the thickness of the bend test specimendRefer to Test Methods E 290. Bend tests are not applicable to material over 0.187
in. (4.75 mm) in thickness.

WD TETEHMBRERNERL. 2 WIKTEE 290,25 # sl ANE T T 5 i 0.1875¢ ) (4.7528K) KM K

e Transverse requirements in Table 2 apply, only to product from which a tensile specimen not less that 2.50 in. (63.5 mm) in length can

be obtained.

WEMIE: 2P AR EEOR A R AT K EEA /N T-2.5098~) (63.528K) HYRLHaUAE A7 i o

TABLE 3 Chemical Requirements®3{bZER

Element TTER Composition, (mass/mass)%ZH A, %6 (i &=/ &)
Nitrogen, max N <0.05
Carbon, max C <0.08
Hydrogen, max H <0.012 A
Iron, max Fe <0.25
Oxygen, max 0] <0.13
Aluminum Al <55 ~ 6.50
Vanadium \Y/ <35 ~ 45
Titanium B Ti A

AMaterial 0.032 in. (0.813 mm) and under may have hydrogen content up to 0.0150 %.
FEBIA: #1£10.03298+) (0.813mm) J LA R T E AT ik0.0150 %6 (4L £
8 The percentage of titanium is determined by difference and need not be determined or certified.
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FERIB: BRI E L ZE R e, AT sGEN .
TABLE 4 Product Analysis Tolerance A B4 AZE A

. Tolerance Under the Minimum or Over the Maximum Limit B
Element TR BN KRMAR, % (LRI
Nitrogen N <0.02
Carbon C <0.02
Hydrogen H <.0.0020
Iron Fe <0.10
Oxygen O <0.02
Aluminum Al <0.40
Vanadium \% <0.15

ASee AMS 2249.
BERIA: TLAMS 2249, .
8 Under minimum limit not applicable for elements where only a minimum percentage is indicated.

FEMIB: BRI EAEH TR IR E 2 2.

7.1.1 Requirements for the major and minor elemental constituents areilisted in Table 3. Also listed are
important residual elements. Analysis for elements not listed in Table 3 is‘not required to verify
compliance with this specification.

TLIEERRETCR AN ERYITRIP . WA T HEMER TR, ATRESFRIPA
T T AT 708, DAERAIE & R AT ASLTE «

7.2 Product Analysis: 7= 523 #7:

7.2.1 Product analysis tolerances do not broaden the specified heat analysis requirements but cover
variations between laboratories in the measurement of chemical content. The product analysis
tolerances shall conform to the product'tolerances in Table 4.

7.2 ST A ZEA PSR E BT 2K, HIRE 1S B SE g B 2 (A i 2 5 .
PRI T A ZE N B RAGH A

7.2.2 The product analysis is either for the purpose of verifying the composition of a heat or
manufacturing lot or«détermining variations in the composition within the heat.

7.2.27 i 208 AR B AE b O 2H Rl e A B A 2 I ) AR Ak

7.2.3¢Acceptanceror rejection of a heat or manufacturing lot of material may be made by the purchaser on the
basis of'this product analysis. Product analysis outside the tolerance limits allowed in Table 4 is cause for rejection
of the product:yA referee analysis may be used if agreed upon by the supplier and purchaser.

7.2 30K AR it 3 BT O BE A B PT DA 32 AR 20 P s R R RE . 7 i o0 BT R4
RO VR A ZE 0 B P A PR R . SR S R A S R, RT RASE P ) A
7.2.4 For referee purposes, use Test Methods E 539, E 1409, E 1447, E 1941, and E 2371 or other
analytical methods agreed upon between the purchaser and the supplier.

72407 %, HHIRJTVAE 539, E 1409, E 1447, E 1941F1E 23718k 3575 5 {1 B i 2 IA]
i 52 A AR B 7572

7.3 Samples for chemical analysis shall be representative of the material being tested. The utmost care
must be used in sampling titanium for chemical analysis because of its affinity for elements such as
oxygen, nitrogen, and hydrogen. In cutting samples for analysis, therefore, the operation should be
carried out insofar as possible in a dust-free atmosphere. Cutting tools should be clean and sharp.
Samples for analysis should be stored in suitable containers.
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7.3 TFALZE DT RE L ARG R AEXMRHEAT A A M, 2R /N
NHIE, BMESETTR AR Bk, EVHEHE TGS, NMIZET RIS
SR AT M T AR . UTEI NS, B T 20 M BORE il LA A7 A S I B A

8. Mechanical RequirementsHIRER

8.1 The material supplied under this specification shall conform to the mechanical property
requirements in Table 1 and Table 2.

8. LA KNGS AL AR RL AT & R LRI 27 AL IR e 23K

8.2 Specimens for tension tests shall be machined and tested in accordance with Test Methods E 8/E
8M. Tensile properties shall be determined using a strain rate of 0.003 to 0.007 in./in./min
(mm/mm/min) through yield and then the crosshead speed may be increased so as toqroduce fracture
in approximately one additional minute.

8.2 I A it N AZE 8/ E MR J7 VA BEATIN ARG . S I BE N {3 F10.003%
0.007in./in./min Cmm / mm / min) 83856 258 5 i Rk A, SR J5 LR+ SK0g 2 DA
TERLI F3A— b N P2 A 2R

8.2.1 Bar, Forging Bar, Shapes, and Wire—Test according to,Test Methoeds E 8/E'8M. Should
any test specimen not meet the specified requirements, test two additional test\pieces representative of
the same lot, in the same manner, for each failed test specimen. Theslot wilhbe considered in
compliance only if all additional test pieces meet the specified réquirements.

8.2. IARFE AT VAE 8 1 E 8MIFIHE, ik, FRMAR R0, i FAT AT A ANl 2 L 1Y
TR, R TR KRR, DM A A 75 sCIl A A R e R AN B niakee . R P
ARG RUE ER, SIS N S

8.2.2 Tensile tests results for which any Specimensfractures outside the gage length shall be considered
acceptable, if both the elongation and reduction of area meet the minimum requirements specified.
Refer to subsections 7.11.4 and 7.12.5 of Test Methods E 8/E 8M. If either the elongation or reduction
of area is less than the minimum regdirement, discard the test and retest. Retest one specimen for each
specimen that did not meet the minimum requirements.

8.2. 24 IG5 2R, SRIBIRER AF - R MW T AL 4 A 2 75 45 L E AR SR AR SR, R AR A A i
RO TR BAOA N R T 32 . 2 ILINAJTAE 8/ E BMINSE7.11.4/17.12.5/h5 . 4
SR TTAR PR A I N B INESKR U FE I BRI e AN A AR IR B SR R
sty BRI N

8.3 Forsheet and strip, the bend test specimen shall withstand being bent cold through an angle of 105
without fracture in the outside surface of the bent portion. The bend shall be made around a mandrel
which has a diameter equal to that shown in Table 2. Test conditions shall conform to Test Method E
290.

8.0 T A A, 5 e R4 521057 Ll A2, RS MR AR AR, 2
fth B AE AR A TR 2 s EAR ROl [l BEAT o 2% AT BEAF 5 I 7V E 290,

8.3.1 Sheet, Strip, and Plate—Test according to Test Methods E 8/E 8M. Perform at least one bend test
from each lot in both the longitudinal and transverse directions. Tests in the transverse direction need
be made only on product from which a specimen not less than 8.0 in. (200 mm) in length for sheet and
2.50 in. (64 mm) in length for plate can be taken. Should any of these test specimens not meet the
specified requirements, test two additional test pieces representative of the same lot, in the same
manner, for each failed test specimen. The lot will be considered in compliance only if all additional
test pieces meet the specified requirements.
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8.3. LIRAE MR J7VEE 8 1 E SMIFARMA, F M RIBRAA RS . BN IRTEN ) A ) b 3dEAT 22/
— WA IR . FERE A B IR A FE O AT, LA R USRS B K AN T
8.0%~) (200mm) FIHAL K 2,508 ~F (64mm) HIARE . SRk L 5RE A v R 4T
— AN A SR, TS TR AN R IR A, DA ] 5 A R A Rk vk e 794
ANGAMIMRREA . R FTAE SN S UE EDR, B A S8 A

9. Special RequirementsfFakE K

9.1 The microstructure shall be a fine dispersion of the alpha and beta phases resulting from processing
in the alpha plus beta field. There shall be no continuous alpha network at prior beta grain boundaries.
There shall be no coarse, elongated alpha platelets.

9. UL A5 B L o A1 B AR P AL 1 o AT B AHIRRE 40 70 5K . (ESRATH) B kil SR AR AE
BEEE a g% ARCERR, R o MR

9.2 Determine the beta transus temperature for each heat by a suitable method and report on‘the
material certification if required by the purchaser.

9.2i i G IE VAN E R R B AR, W R SK T EOR R A EHAE -

9.3 Alpha case is not permitted for products supplied with a machined, ground, or chemically milled

surface finish. For other products, there shall be no continuous layer of alpha case >0.001 in. when

examined at 100x magnification.

9.3%F TSR MU L, B& Ml Bl A 2 i F 38 T A BRA 7=, S FOVFE T o 0. 6T HoAth =
s FEL00 X URAEE MRS &R, AR SE o TH6LZ =0.00155F .

10. Significance of Numerical LimitsZU{E PR $ FIE X

10.1 The following applies to all specified numerical limits in this specification. To determine
conformance to these limits, an observed or calculated value shall be rounded to the nearest unit in the
last right hand digit used in expressing the specification limit, in accordance with the rounding method
of Practice E 29.

10100 F WA EH T ARTE H R FTE e E 8 R1E. N TR & iR(E, RIEEERE298) & N7,
WA BT AR P NS T 7 B IRAR (9 555 A F 30 R e (1 A

11. Certificationil ik

11.1 The'suppliershall provide a certification that the material was tested in accordance with this
specification. Afreport of the test results shall be furnished to the purchaser at the time of shipment.
11 1EE R 5 R AR BE AR R ARG HEAT MR AE o MRS R IR BITE RS MR A 27 .

12. Quality Program Requirements/ii =i &I E R
12.1 The producer shall maintain a quality program as defined in ASQ C1, ISO 9001, or similar quality
program.

12,1472 BRIFASQ C1, 1SO 9001ERR R &tk & X MR ETHXI.

13. Keywords>&4t
13.1 metals (for surgical implants); orthopedic medical devices; titanium alloys; titanium alloys (for
surgical implants)
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1B1&E (HTFEREANYD ; BFHRETHW,; Kee; hkes (HTFREAY
APPENDIXESH}3%
(Nonmandatory Information) (JEFEH]EEB)
X1. RATIONALEZ H
X1.1 The purpose of this specification is to characterize the chemical, physical, mechanical, and
metallurgical properties of wrought annealed titanium-6aluminum-4vanadium ELI (extra low
interstitial) alloy to be used in the manufacture of surgical implants.
XLAARFE Y H 2 R AL T H& SR HE A B 1R K R AR-65R-44LEL GRHIRIAIRR) &
S, W, HUANGEYERE.
X1.2 The microstructural requirements contained in this specification represent the current general
consensus of opinion with respect to optimization of mechanical properties for implant applications.
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X1.3 The minimum mechanical properties specified ensure a baseline of strength and ductility,for the
highly stressed devices for which this alloy is typically used.
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X2. BIOCOMPATIBILITY 4 ¥j5a s
X2.1 The alloy composition covered by this specification has been.emplayed successfully in human
implant applications in contact with soft tissue and bone for overa decade. Due to the
well-characterized level of biological response exhibited by this alloy, it has been used as a control
material in Practice F 981.
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X2.2 No known surgical implant material has ever been shown to be completely free from adverse
reactions in the human body. Long-term<clinical experience of the use of the material referred to in this
specification, however, has shown that an acceptable level of biological response can be expected, if
the material is used in appropriate applications.
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SUMMARY OF CHANGESZS B i 2
Committee FO4 has identified the location of selected changes to this standard since the last issue
(F 136 — 02a) that may impact the use of this standard. (Approved Nov. 1, 2008.)
FO4Z: 4> Ol e B IORAT (F 136 - 02a) LASK AT e sz A b ik 1) A A A A ik
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(1) Section 2, Referenced Documents, was updated.
(D %29, ZHEFEEH.
(2) Section 6 and subsections 6.1, 6.2, and 6.3 were updated.
(2) ZE67TANEE6.1,6.2016.377 CLHHT.
(3) Test Methods E 539, E 1941, and E 2371 were added to 7.2.4.
(3) #RIJ7ILE 539, E 1941F1E 23710 AEI7.2.4+,
(4) Section 8.4 was deleted, and relevant information was moved to subsections 8.2 and 8.3.

(4) MIBR T 2658.475, KA EFEE5H8.2F18.3/M i
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(5) Mechanical Properties have been split into Table 1 for Bar, Wire, and Forgings and Table 2 for
Sheet, Strip, and Plate.
(5) MUBRIERE 7> JBERS, ZMAIBRATIRL, Fbf, s AiRor 2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned in this
standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk of
infringement of such rights, are entirely their own responsibility.
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and if not
revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additienal standards and
should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meetingiof the
responsible technical committee, which you may attend. If you feel that your comments have not received a faifhearing you'should
make your views known to the ASTM Committee on Standards, at the address shown below:
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This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies)-of this standard'may be obtained by contacting ASTM at the above address
or at 610-832-9585 (phone), 610-832-9555 (fax), or service @astmiorg (e-mail); or through the ASTM website (www.astm.org).
AARHEREUEASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken,
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610-832-9585 (Hii%) , 610-83249555 (f£H.) Hiservice@astm.org (e- WRfF) ; BiEILIASTM
Mk (www.astm.org) .
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