
Designation: F 1108 – 97a

Standard Specification for
Titanium-6 Aluminum-4 Vanadium Alloy Castings for
Surgical Implants (UNS R56406) 1

This standard is issued under the fixed designation F 1108; 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 (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification provides material requirements for
titanium-6 aluminum-4 vanadium alloy castings to be used in
the manufacture of surgical implants.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

2. Referenced Documents

2.1 ASTM Standards:
B 367 Specification for Titanium and Titanium Alloy Cast-

ings2

B 381 Specification for Titanium and Titanium Alloy Forg-
ings2

B 600 Practice for Descaling and Cleaning Titanium and
Titanium Alloy Surfaces2

E 8 Test Methods of Tension Testing of Metallic Materials3

E 120 Test Methods for Chemical Analysis of Titanium and
Titanium Alloys4

E 1409 Test Method for Determination of Oxygen in Tita-
nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique4

E 1447 Test Method for Determination Hydrogen in Tita-
nium and Titanium Alloys by the Inert Gas Fusion Thermal
Conductivity Method5

F 136 Specification for Wrought Titanium 6A1-4V ELI
Alloy for Surgical Implant Applications6

F 601 Practice for Fluorescent Penetrant Inspection of Me-
tallic Surgical Implants6

F 629 Practice for Radiography of Cast Metallic Surgical
Implants6

2.2 ASQC Standard:

C1 Specification of General Requirements for a Quality
Control Program7

3. Materials and Manufacture

3.1 Parts conforming to this specification shall be produced
by vacuum investment casting.

3.2 Parts covered by this specification shall be an annealed
condition in the hot isostatically pressed condition.

NOTE 1—While hot isostatic processing (HIP) may enhance mechanical
properties of Ti6A14V castings, it has also been shown to reduce the
scatter in mechanical properties and therefore increases the confidence in
reliability of castings.

3.3 Surface defects may be repaired by welding.
3.3.1 Weld repair shall be carefully executed as per written

procedures by individuals qualified to perform those proce-
dures.

3.3.2 ELI weld rod conforming to Specification F 136 shall
be used where filler metal is needed.

3.3.3 Weld repairs shall be performed prior to final thermal
processing.

NOTE 2—Under certain circumstances, a weld repair will act as a stress
riser. Therefore, care should be exercised in the location and extent of
weld repair as it relates to regions of the implant where significant stresses
might be incurred.

NOTE 3—While not covered by this specification, there are other
thermal processes which meet specific needs of the implant manufacturer.
These thermal treatments may be mutually agreed upon by the casting
vendor and the implant manufacturer.

3.4 All alpha case shall be removed by suitable means such
as chemical milling or machining prior to HIP processing.

3.5 Parts shall be furnished in the descaled and cleaned
condition in accordance with B 600.

4. Chemical Composition

4.1 The analysis for chemical composition of the castings
shall conform to the requirements prescribed in Table 1.
Chemical analysis shall be performed on a representative
specimen cast from each heat using the same general proce-
dures used in casting implants.

4.1.1 Requirements for the major and minor elemental
constituents are listed in Table 1. Also listed are important
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residual elements. Analysis for elements not listed in Table 1 is
not required to verify compliance with this specification.

4.2 Check analysis chemical requirements for samples taken
from castings shall conform to the tolerances prescribed in
Table 2.

4.2.1 Product Analysis—Product analysis tolerances do not
broaden the specified heat analysis requirements, but cover
variations between laboratories in the measurement of chemi-
cal content. The manufacturer shall not ship material that is
outside the limits specified in Table 1.

4.3 For referee purposes, Test Methods E 120, E 1409, and
E 1447 shall be used.

NOTE 4—Use care in sampling titanium for chemical analysis because
of its affinity for elements such as oxygen, nitrogen, and hydrogen.
Therefore, in cutting samples for analysis, carry out the operation, insofar
as possible, in a dust free atmosphere. Collect the sample from clean metal
and use clean and sharp tools. Store samples for analysis in suitable
containers.

5. Mechanical Requirements

5.1 Material supplied under this specification shall conform
to the mechanical property requirements prescribed in Table 3.

5.2 Specimens for tension tests shall conform to the me-
chanical property requirements prescribed in Table 3.

5.3 Specimens for tension tests shall be machined and tested
in accordance with the methods in Test Methods E 8 using a
strain rate of 0.003 to 0.007 in./in. min. (mm/mm min.) through
the specified yield range and then the crosshead speed shall be
increased so as to produce fracture in approximately one
additional minute.

5.4 Mechanical test specimens shall be produced by the
same general procedures used in casting surgical implants and
shall be tested in accordance with Test Methods E 8 which may
have a ground finish on the reduced section. Alternatively, test
specimens may be machined from surgical implant castings.

5.5 A minimum of two test specimens per heat shall be
tested. If one specimen fails below the specified mechanical
requirements or breaks outside the gage limits, two additional
specimens shall be tested and both must pass.

6. Quality Program Requirements

6.1 The producer shall maintain a quality program such as,
for example, is defined in ASQC C1, or equivalent.

6.2 The manufacturer of surgical implants or medical appli-
ances shall be assured of and may audit the producer’s quality
program for conformance to the intent of ASQC C1 or other
recognized program.

7. Nondestructive Examination

7.1 Liquid Penetrant Examination—Each individual part
shall be subject to liquid penetrant examination in accordance
with Practice F 601.

7.2 Radiographic Examination—Each individual part shall
be subject to radiographic examination in accordance with
Specification B 367, Section S1.

7.3 Other additional methods of nondestructive inspection
may be used as mutually agreed upon by vendor and implant
manufacturer.

8. Certification and Rejection

8.1 Certification and rejection shall be as specified in
Specification B 367 and Specification B 381.

9. Packaging and Package Marking

9.1 Marking and packaging shall be as specified in Speci-
fication B 367 and Specification B 381.

10. Keywords

10.1 castings-surgical; orthopaedic medical devices-
titanium/titanium alloy; titanium/titanium alloys (for surgical
implants)

TABLE 1 Chemical Composition

Element Composition, Weight %

Nitrogen 0.05 max
Carbon 0.10 max
Hydrogen 0.015 max
Iron 0.30 max
Oxygen 0.20 max
Aluminum 5.5 to 6.75
Vanadium 3.5 to 4.5
Titanium BalanceA

A The remainder of the percent of titanium is determined by the difference.
Residual metallic element tolerance levels will be agreed upon between producer
and manufacturer.

TABLE 2 Product Analysis Tolerances

Nitrogen 0.02
Carbon 0.02
Hydrogen 0.0030
Iron 0.08
Oxygen 0.04
Aluminum 0.40
Vanadium 0.15

TABLE 3 Mechanical Requirements A

Ultimate Tensile Strength 125 000 psi (860 MPa) min
Yield Strength (0.2 % offset) 110 000 psi (758 MPa) min
ElongationB 8 % min
Reduction of Area 14 % min

A In the cast, HIP, and annealed condition.
B Gage length = 4 3 diameter.
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APPENDIXES

(Nonmandatory Information)

X1. RATIONALE

X1.1 This specification is intended to provide general
guidelines for material requirements for Ti6A14V castings for
use in surgical implants. It is in no way intended to usurp the
role of the design engineer in the development and manufac-
ture of a functionally sound implant. For example, this speci-
fication does not preclude the use of ELI grade titanium; and

the weld repair of defects. The engineer needs to be aware of
the ramifications of such processing, though, on the safety and
efficacy of the implant for its intended use.

X1.2 The UNS designation has been added for clarification,
and a biocompatibility section has been added as an appendix.

X2. BIOCOMPATIBILITY

X2.1 The material compositions covered by this specifica-
tion have been employed successfully in human implant
application in contact with soft tissue and bone for over a
decade.

X2.2 No known surgical implant material has ever been
shown to be completely free of adverse reactions in the human

body. However, long term clinical experience has shown an
acceptable level of biological response can be expected, if
these materials are used in appropriate applications (1,2,3,4).8
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