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FOREWORD

This report was prepared by Southern Research institute under USAF
Contract No, AF 33-(615)-2266 on a program to evaluate the mechanical and
thermal properties of high-{emperature titanium alloys. This contract was
initiated under Project No. 7381, '"Materials Applications'', Task No. 738106,
""Materials Information Development', The work was administered by the Air
Force Materials Laboratory, Research and Technology Division, Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio, Lt. D. C. LaGrone
and Mr, D, C., Watson ware the project engineers, The period covered by this
report is December 1, 1964, through August 31, 1966. The manuscript was re-
leased by the author in December, 1966, for publication as an RTD Technical
Report,

The mechanical-property evaluations were performed by the Metallurgy
Department of Southern Research Institute under the direction of Clifford L.
Dotson, Head of the Metals Evaluation Section. Assistance was provided by
P, C. Jenkins, P, G, Adams, O. V, Rogers, J. K. Legg and L. F. Ferguson
of the Metals Evaluation Section, The thermal property determinations were
performed by D. J. Thornburgh of the Thermodynamics Secticn under C. M.
Pyron, Head.

This technical report has been reviewed and is approved.

Mf——
D. A. Shinn
Chief, Materials Information Branch

Materials Application Division
AF Materials Laboratory
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ABSTRACT

The purpose of this program was to obtain preliminary mechanical-
and thermal-property design data on some of the newer %itanium alloys. Three
sheet alloys {Ti-5A1-5Sn-5Zr, Ti-5A1-5Sn-5Zr-1Mo-1V, and Ti-6A1-2Sn-4Zr-
2Mo) and twe bar ailoys (Ti-5A1-5Sn-5Zr and Ti-679) were studied. Tests were
performed to obtain data on the following properties: tensile, compression,
bearing, shear, thermal exposure, creep, axial fatigue, fracture toughness,
stress corrosion, impact, dynamic modulus, thermal conductivity, thermal
expansion, and specific heat. In general these properties were determined
over the temperature range from 70 to 1000° F, with most propertizs being
measured at 70, 400, 600, 800 and 1000° F,

Results of the tests show that the new Ti-6A1-2Sn-4Zr-2Mo sheet al-
loy has well-balanced properties; with short-time strength at all temperatures
comparable to or higher than those of other alpha-beta alloys and higher long-
time strength ‘creep) than other alpha-beta alloys to which it was compared.
The Ti-679 bar alloy also exhibited generally high strength over thc tempera-
ture range at which properties were studied.

This abstract is subject to special export controls and each trans-
mittal to foreign governments or foreign nationals may be made only with
prior approval of the AF Materials Laboratory (MAAM), Research and
Technology Division, Wright-~Patterson AFB, Ohio 45433.
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MECHANICAL AND THERMAL PROPERTIES OF
HIGH- TEMPERATURE TITANIUM ALLOYS

INTRODUCTION

Recent titanium-alloy development programs have resulted in several
alloys that seem to have superior properties at elevated temperatures to
other titanium alloys that have been commercially available in recent years,
The potential of these new alloys for airframe and engine applications needs
to be more thoroughly evaluated by determinations of mechanical and thermal
properties over the temperature range of potential applications, Such evalua-
tion programs will further establish the limiting time-temperature conditions
and provide design data for maximum utilization of the alloys. As a step to-
ward accomplishment of these objectives, the Air Force initiated a program
at Southern Research Institute to evaluate the mechanical and thermal proper-
ties uv» to 1000° F for three titanium alloys in sheet form and two alloys in bar
form,

SCOPE
The alloys that were selected for evaluation in sheet and bar form

are shown in Table 1, The considerations involved in the selection of each
of these alloys will be discussed in a subsequent section of this report.

Table 1

Alloys and Product Forms Evaluated

Bar Sheet
Ti-5A1-5Sn-5Zr  Ti-5Al1-5Sn-5Zr
Ti-679 Ti-5A1-55n-5Zr-1Mo-1V

Ti-6Al1-2Sn-4Zr-2Mo

The experimental program was designed for a comprehensive evaluation of
properties from one heat of each alloy-product form combination and for

1




evaluatior of the tensile properties from an additicnai heat of each alloy-
proauc: form, Tabie 2 summarizes the evaluations that were performed
on the sheet and bar forms of the alloys.

Table 2

Summary of Evaluations for Sheet and Bar

Property

Product Form

Temperatures, ° F

Tensile
Compressicn

Shear
Exposure-tensile
Exposure-shear
Over exposure-tensile
Creep

Axial fatigue
Dynamic modulus
Fracture toughness
Impact

Stress corrosion
Thermal conductivity
Thermal expansion
Specific heat

Sheet and Rar

Sheet and Bar
Sheet and Bar
Sheet and Har
Sheet

Sheet and Bar
Sheet and Bar
Sheet and Bar
Sheet and Bar
Sheet and Bar
Bar

Steet

Sheet and Bar
Sheet and Bar
Sheet and Bar

2T to 100G

RT to 1000

RT to 1000

€00, 800, 1000
600, 800, 1000
1100, 1150,a 1200
600 to 1050
RT, 400, 800

RT to 1000

RT, -119, 40C
'‘RT, 400, 600, 800
500 io 900

RT to 1000

RT to 1000

RT to 1000

a. Determined at different temperatures for different alloys.
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Tables 107 and 108, in Appendix IIl, give additional details of the me-
chanical-property evaluations for the sheet and bar alloys respectively, Table
109, also in Appendix III, shows a summary of the thermal properties that were
determined. These tables show the orientations evaluated, additional details
concerning the test conditions, and the number of specimens evaluated at dif-
ferent temperatures and under different conditions. .




EXPERIMENTAL ALLOYS -

Selection

Since the primary interest of this program was in titanium alloys for
applications at high temperatures, only the super-alpha alloys were considered
for the program., The original choice of alloys for evaluation was as follows:

(1) Ti-5Al-5Sn-5Zr

(2) Ti-5A1-5Sn-5Zr-1Mo-1V
- (3) Ti-679
with all three allov:: scheduled for evaluation in sheet form and the Ti-5Al-5Sn-
5Zr and Ti-679 a® ys additionally scheduled for evaluation in bar form.

Although the Ti-5Al-8Sn-3Zr alioy has been evaluated in previous in-
vestigations, there was a twofold purpose for including this alloy in the pre-
sent program, First, since the alloy is established as a good high-temperature
alloy, inclusion of the alloy in this program provided reference properties
against which the properties of the new alloys could be compared in the same
product form and under the same experimental conditions., Second, although
data have been obtained on the tensile and creep properties of the Ti-5A1-5Sn-
8Zr alloy, many of the other properties that were studied in this program had
not been determined for the alloy.

The third sheet alloy originally scheduled for evaluation was the
Ti-679 alloy. This alloy was introduced by Imperial Metal Industries, Ltd.,
in Britain as IMI 679, Its nominal composition is 2.2% Al, 119 Sn, 5% Zr,
1% Mo and 0. 2% Si. The microstructure contains a dispersion of titanium-
silicide particles after solution annealing at 1650° F and aging at 930° F, which
is thought to contribute to the high strength of the alloy. The principal use of
the alloy in Britain has been for forgings. Titaniura Metals Corporation of
America (TMCA) obtained a license for producing the alloy in this country and
have continued its development, Prelimina:y data showed that the alloy also
had good high-temperature strength in sheet form, which was the primary rea-
son for including it in the original selection of sheet alloys for this program.
Additicnal data that became available 2t the time the alloys were being
selected showed that the Ti-679 alloy had relatively poor fracture toughness
in sheet form. For this reason the Ti-679 sheet was eliminated from the
program. The alloy selected to replace the sheet form of Ti-679 was a very
new composition which TMCA suggested after a preliminary evaluation, The
nominal composition of the replacement alloy was Ti-6A1-2Sn-4Zr-2Mo. The
preliminary data showed that the Ti-6Al1-2Sn-4Zr-2Mo had comparable tensile
strength to the Ti-5Al1-5Sn-5Zr-1Mo-1V alloy from room temperature to
1000° F which, at all temperatures, is significantly higher than the tensile
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strength of the basic Ti-5Al-5Sn-5Zr composition. Also, from preliminary
tests the Ti-6A1-2Sn-4Zr-2Mo composition seemed to have creep strength
comparable to the high creep strength of the Ti-5A1-5Sn-5Zr alloy. Tensile
tests at room temperature on specimens which were exposed at 800, 1000,

and 1100° F for 150 hr in creep tests in the early evaluations suggested that
the alloy had good thermal stability.

In the original program schedule, experimental materials of each alloy
and product form were to be procured from two producers. However, most of
the alloys were not available from more than one producer except from small
ingots that would have to be produced especially for the program. After con-
sidering the cost for these sf)“ecial heats and the undesirability of using material

from small ingots in the program, we recommended that the material represent-

ing two heats of each alloy-form be procured from a single producer, Titanium
Metals Corporation of America.

Processing

The processing sequence for each experimental material is summarized
in the following paragraphs.

A. Ti-5A1-5Sn-5Zr Sheet (Heats D-8060 and D-1793)

1. Ingots were press forged 16-in, square from 2050° F and to 3 x 12-in.
sheet bars from 1950° F, The slabs were conditioned and ultrasonically
inspected.

2.

Sheet bars were cut and rolled to intermediate size from 1880 - 13800° F,
descaled, acid pickled, and the surfaces conditioned to remove defects,

3. The material was finish rolled from 1750° F, descaled and acid
pickled, anneal-flattened at 1350° F (8 hr), and rough ground.

4, Sheets were final annealed at 1650° F (1/2 hr) A.C., descaled, finish
ground, acid pickled, and tested as 0.040-in. gage.

B. Ti-5A1-55n-5Zr-1Mo-1V Sheet (Heats V-2957 and V-1991)

1. Ingots were press forged to 7 x 11-inch sections from 2050° F and to

3 x 12-inch slabs from 1950° F, conditioned, and ultrasonically in-
spected,

2. Sheet bars were cut and rolled to intermediate size from 1860° F, de-
scaled, acid pickled, and the surfaces conditioned toc remove defects,

4
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3. The material was finish rolled from 1700° F, descaled and acid
pickled, anneal-flattened at 1350° F (8 hr), and rough ground,

4, Sheets were annealed at 1550° F (1/2 hr) A.C,, descaled and rough
ground, annealed at 1400° F, (1/4 hr) A.C,, descaled, finish ground,
acid pickled, and tested at 0. 040-inch gage.

C. Ti-6A1-2Sn-4Zr-2Mo Sheet (Heats V-3016 and V-3076)

1. Ingots were press forged to 7 x 11-inch section (V-3016) or directly
to 3 x 12-inch slab (V-3076) from 2050° F, and in the case of V-3016
to 3 x 12-inch slab from 1950° F, conditioned, and ultrasonically in-
spected, )

2. Sheet bars were cut and rolled tn intermediate size from 1790 -
1800° F, descaled, acid pickled, and the surfaces conditioned to
remove defects.,

3. The material wzs finish rolled from 1750° F, descaled and acid
pickled, anneal-flattened at 1350° F (8 hr), and rough ground,

4, Sheets were annealed at 1650° F {(1/2 hr) A.C., descaled and rough
ground, annealed at 1450° F (1/4 hr), A. C., descaled, finish ground,
acid pickled, and tested at 0. 040-inch gage.

D. Ti-5A1-5Sn-5Zr Bar (Heats D-8060 and D-1793)

1. Ingots were press forged 16-inch square from 2050° F, and to 4-inch
square billets from 1950° F.

2. Billets were thoroughly conditioned and ultrasonically inspected,

3. Billets (4-inch square) re-cogged to 2-1/2-inch square from 1950° F
(2" x 6" x 16" pieces of D-1793 pressed slab were hammer forged to
2-1/2-inch square from 1950° F), conditioned, rolled to 1/2 x 1-1/8-
inch bars from 1925° F, and descaled.

4, Rolled bars were annealed-straightened at 1650° F, 2 hr, A.C.,
descaled, and tested.

E. Ti-679 Bar (Heats D-7274 and D-8427)

1. Billet stock (D-7274 - 8" round and D-8427 - 12" octagon) were
press forged to 4-inch square billets from 1675° F, conditioned,
and ultrasonically inspected.




2. Billets (4-inch square) were re-cogged to 2-1/2-inch square from
1675 - 1700° F, conditioned, rolled to 1/2 x 1-1/8-inch bars from
1675° F, and descaled.

3. Rolled bars were annealed-straigﬁened at 1650°F, 2 hr, A.C, +
930° F, 24 hr, A.C., descaled, and tested,

Heat Treatment

The selection of the final heat treating cycle for each sheet and bar alloy
was based primarily on récommendations by TMCA. These recommendations
were made on the basis of production experience with some of the alloys and on
preliminary laboratory data for other alloys. Table 3 shows a summary of the
final heat treatmerits for all the experimental materials,

Table 3

Summary of Heat Treatments for the Experimental Alloys

Alloy __ Form Heat Treatment
Ti-5A1-5Sn-5Zr Sheet 1650° F, 1/2 Hr, A.C.
Ti-5A1-5Sn-5Zr-1Mo-1V Sheet 1550° F, 1/2 Hr, A.C. + 1400° F, 1/4

Hr, A.C.
Ti-6A1-2Sn-4Zr-2Mo Sheet 1650° F, 1/2 Hr, A.C. + 1450° F, 1/4
Hr, A.C.
Ti-bAl1-5Sn-5Zr Bar 1650° F, 2 Hr, A.C,.
Ti-679 Bar 1650° F, 2 Hr, A.C. + 930° F

As this table shows, the all-alpha alloy, Ti-5Al1-5Sn-5Zr, was evaluated
in the solution-annealed condition. Of the alpha-beta alloys, the two sheet ma-
terials were solution-annealed and then held for 1/4 hr at 1400° F (Ti-5A1-5Sn-
5Zr-1Mo-1V) or 1450° F (Ti-6A1-2Sn-4Zr-2Mo). This final treatment was to
simulate the hot-sizing operation that is usually used in forming titanium-alloy-
sheet-parts to achieve the final dimensions of the part. it is recognized that
higher strength could be achieved by aging the Ti-5/41-5Sn-5Zr-1Mo-1V and
Ti-6Al-2Sn-4Zr-2Mo alloys at about 1100° F after either the solution-anneal or
after the hot-sizing thermal treatments (1/4 hr at 1400-1450° F), as may be
seen from nreliminary data supplied by TMCA?® and shown in Figures 1 and 2.
The two alpha-beta alloy sheet materials were evaluated in the annealed + hot
sizing treated condition because it was &nticipated that this would be the condi-
tion in which most of the sheet would be: used.

1 . . . .
Superscript figures indicate references.
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