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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Part 8: Wrought cobalt-nickel-chromium-molybdenum-tungsten-iron alloy

Part 9: Wrought high nitrogen stainless steel

Wrought titanium 6-aluminium 7-niobium alloy

Wrought titanium 15-molybdenum 5-zirconium 3-aluminium alloy
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Introduction

No known surgical implant material has ever been shown to cause absolutely no adverse reactions in
the human body. However, long-term clinical experience of the use of the material referred to in this
part of ISO 5832 has shown that an acceptable level of biological response can be expected when the
material is used in appropriate applications.
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part of ISO 5832 specifies the characteristics of, and corresponding test methods for,
ium alloy known as titanium 6-aluminium 4-vanadium alloy (Ti 6-Al4-V alloy) for
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The mechanical properties of a sample obtained from a finished productimade of this 4
5sarily comply with the specifications given in this part of ISO 5832.
Normative references

following documents, in whole or in part, are normatiyély referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

£892-11), Metallic materials — Tensile testing — Part 1: Method of test at room temperatu
(438, Metallic materials — Bend test

0160, Implants for surgery — Metallic.materials — Classification of microstructures fon
ium alloy bars

B114-003, Aerospace series — (Test method — Microstructure of (a+f3) titanium all
ucts — Part 003: Microstructure.of plate
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4 Chemical composition

The heat/ingot analysis of a representative sample of the alloy when determined in accordance with
Clau

NOTE 1

se 6 shall comply with the chemical composition specified in Table 1.

Ingot analysis may be used for determining all chemical requirements except hydrogen.

The analysis of hydrogen shall be carried out after the final heat treatment and final surface treatment.

Requirements for the major and minor elemental constituents for titanium 6-aluminium 4-vanadium
alloy are listed in Table 1.

1) To be published. (Revision of ISO 6892-1:2009)
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Table 1 — Chemical composition

Element Compositional limits
% (m/m)
Aluminium 5,5t06,75
Vanadium 3,5to 4,5
Iron 0,3 max.
Oxygen 0,2 max.
Carbon 0,08 max.
Nitrogen 0,05 max.
Hydrogen 0,015 max.a
Titanium Balance
a  Except for billets, for which the maximum hydrogen
content shall be 0,010 % (m/m).
NOTE 2 Al grade with more restrictive limits of oxygen and iron is known under‘the term “extrd low
interstitials’{ (ELI). Commercially available ELI material can also be ordered using this-part of ISO 5832. For ¢xact
compositionfl limits of the ELI grade refer to ASTM F136 (UNS R54601) (www.astnhoeg).
5 Microptructure
The microsfructure, when examined as indicated in Table 3, shall*be alpha + beta globular and ghall
correspond|to photomicrographs A1 to A9 in ISO 20160 for round bars or 3T1 to 3T13 in EN 3114003
for sheet anld plates (annealed condition each).
6 Mechanical properties
6.1 Tensjle
The tensile| properties of the alloy, when. tested in accordance with Clause 7, shall comply with the
values specffied in Table 2.
Table 2 — Mechanical properties of wrought titanium 6-aluminium 4-vanadium alloy in
annealed condition
Form of alloy Tensilestrength Proof stress of Percentage Mandre
nonproportional elongation after diameter for
elongation fracturea bend tesk
Rm RpO,Z
min min A
MPa MPa min mm
Sheet and strip¢ 860 780 8 10 x tb
Barc 860 780 10 not applicable

b tisthe thickness of the sheet or strip.

¢ Maximum diameter or thickness is equal to 75 mm.

a  QOriginal gauge length Lo equal to (5,65 x \/So) or 50 mm, where Sy is the original cross-sectional area in square
millimetres. The original gauge length chosen for testing shall be reported with the test results.

NOTE

titanium 6-aluminium 4-vanadium Implant Material Standards, see Annex B.

For information on the Mechanical Properties Harmonization between ISO and ASTM wrought

Should any of the test pieces not meet the specified requirements, or should they break outside the gauge
limits, two further test pieces representative of the same batch shall be tested in the same manner. The
alloy shall be deemed to comply only if both additional test pieces meet the specified requirements.

2
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However, the manufacturer may re-heat-treat the material and resubmit it for testing in accordance
with this part of ISO 5832. In this case, all parts shall be heat-treated in the same fashion.

6.2 Bending

Titanium alloy sheet and strip, when tested in accordance with Clause 7, shall not show any cracking on

the outside surface of the test piece.

7 Test methods

The [test methods used in determining compliance with this part of ISO 5832 shall be th¢se given in

Tablp 3.

Repyesentative test pieces for the determination of mechanical properties shall’be j

accordance with the provisions of ISO 6892-1.

Table 3 — Test methods

repared in

Parameter Relevant clause Test method
Chemical composition 4 Recoghized analytical procedyres
(1SO methods where these exigt)
Micfostructure 5
Bqr ISO 20160
SHeet and strip EN 3114-003
Mechanical properties 6
Tensile strength ISO 6892-1
Prjoof stress of nonproportional ISO 6892-1
elpngation
Pdrcentage elongation ISO 6892-1
Bdnding ISO 7438

Bend the sheet or strip through an angle
of 105° around a mandrel of the diameter

specified in Table 2.

© ISO 2016 - All rights reserved
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Annex A
(normative)

Catalogues of metallographic micrographs of typical alpha+beta
titanium microstructures

In this ann
titanium alloy Ti 6Al 4V intended for the use of identification and classification of the microstragture
of a given [material. ISO 20160 is presenting microstructures in the transverse sectiph’at ¥200
magnificatipn. ISO 20160 applies to round bars up to a nominal diameter of 100 mm. It was/replgcing
ETTC 2 Edition 2.

Microstructures of flat rolled products, like sheet or plates, cannot be rated agcording to ETTC 2.
For this type of product, another microstructural catalogue was made available” ETTC 4 Editipn 2
is showing [microstructures in the transverse section at x100 and x500 magnification. Product §izes
of this catdlogue were limited to a range of thicknesses above 5 mm and below 30 mm. The Jame
microstrucfures are shown in EN 3114-003 but with different designations. Table A.1 showq the
correlation of the designations of the micrographs between ETTC 4 Edition 2 and EN 3114-003.

ETTC4 Editjon 2 is showing acceptable microstructures in the range.of P1 to P36 for Standard Aerospace
Quality (ST). For medical application, the range of acceptable mi€rostructures is intentionally limited
to P1 (3T1)|to P13 (3T13) at x100 magnification showing globular structures.

ETTC 4 Edftion 2 is considering only plates, i.e. produets over or equal 5 mm in thickness. [It is
recommended here to use the microstructural pictures.also for sizes equal to or below 5 mm.

Table [A.1 — Correlation between designations of micrographs ETTC 4 Edition 2 versus

EN-3114-003
ETTC 4 Edition 2 EN 3114-003
P1 3T1
P2 3T2
P3 3T3
P4 3T4
P5 3T5
P6 3Té6
P7 3T7
P8 3T8
P9 3T9
P10 3T10
P11 3T11
P12 3T12
P13 3T13
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Annex B
(informative)

3:2016(E)

Mechanical Properties Harmonization between ISO and ASTM
wrought titanium 6-aluminium 4-vanadium Implant Material

Standards

Itis
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Stan

Fecognized that material suppliers might intend to sell their products around the world
annex is intended to provide mechanical property information for those produects v
bquired to conform to the relevant wrought titanium 6-aluminium 4-vanadium Implg
dards from both ISO and ASTM.

Table B.1 — Mechanical Properties Harmonization fer ELI grade
(ISO 5832-3 and ASTM F136-13)

. Therefore,
Fhich might
nt Material

sl;f(:)c;ffzg;ril(;an Ms;ilt:;ieal Material size UTS YS A Z Benddtizitl;r;;r‘ldrel
mm MPa MPa % %

d<4,75 >860 >795 >10 — —

475<d<44,45 | 2860 | 2795 | 210 | 225 —

B 445 <d<635015860 | 2780 | 210 | 220 —

ISO 5832-3 63,50 <d<75> | 2860 | 2780 | 210 | =15 —
+ t<4,75 2860 | 2795 | 210 | — {oxt
IASTM F136-13 4,75 <6< 4,76 >860 >795 >10 >25 10 x ¢t

Shgterti;nd 4,76£t<4445 | 2860 | 2795 | 210 | 225 —

44)45<t<63,50 | 2860 | 2780 | =8 | 220 —

63,50<t<75a | 2860 | =780 | 28 | =215 —

Material diameter or thickness\irhit defined in this part of ISO 5832.

NOT
Barr
(ww]

[
»

Portions of thjs ‘table have been extracted from ASTM F136-13, copyright ASTM Inter
Harbor Drive, West\Genshohocken PA 19428. A copy of the complete standard can be obtaine

v.astm.org).

ational, 100
from ASTM
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