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Contents of metals in terrestrial cortex

Al 8.45%




Fig. 2: Comparison of the elastic moduli of different implant
materials.

Fig. 3: am showing applied stress versus number of
cydutn[mremthWﬁhlermﬂoffuﬂymmcdbaﬂmg
fatigue-tests for implant c.p. titanium and stainless steel.




Strength-to-Weight Ratio

Copper-nickel,  Stainless steel Stainless steel Aluminium alloy Titanium alloy
90/10 AlSi 316 AlSi 410
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Effect of alloying metals on strength of titanium

alloying metal, %
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The main types of the phase diagrams of the binary titanium systems
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METASTABLE PHASE DIAGRAM FOR BINARY TITANIUM ALLOYS
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Microstructure of industrial titanium alloys after quenching from beta-phase
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cooling

quenching

a-alloys non heat treatable, well weldable, medium strength and good toughness, high temperature creep
strength and oxidation resistence (contain about 5-6%Al, Sn, Zr and Si for silicite precipitation







THE TITANIUM GLOBAL MARKET
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Nomenclature of industrial titanium alloys

Alloy type

Russia alloys

American alloys

Common
name

Composition

Common Composition
name

alpha alloy

VT1-00
VTI1-0
VTS
VTS-1
4200

Unalloyed Ti
Unalloyed Ti
SAl
5Al-2,5Sn
0,2Pd

Grade 1 Commercially pure Ti

Grade 2 Commercially pure Ti
5Al-2,5Sn

5Al-5Zr-5Sn
| 8Al-1Mo-1V

near o-alloy

VT4
VT20

5Al-1,5Mn
6Al-2Zr-1Mo-1V

Ti-8Al-1Mo-1V
Ti-6Al-2Nb-1Ta-
0.8Mo

VT6C

VTé6
VT3-1

VT9

5Al-4V

6Al-4,5V
6Al-2,5Mo-2Cr-
0,3Si-0,5Fe
6Al-3,5Mo-2Zr-
0,3Fe-0,3Si
4,5A1-3Mo-1V
2,5Al1-5Mo-5V
5Al-5Mo-5V-1Fe-
1Cr
4,5A1-2Mo-4,5V-
0,6Fe-1Cr

3Al1-2,5V

| 6A1-2Sn-2Zr-2Mo-
2Cr

6Al-4V

6Al1-2Sn-4Zr-2Mo
6Al1-2Sn-4Zr-6Mo
6Al-6V-2Sn
6Al-7Nb
7Al1-4Mo

8Mn

near (-alloy

3Al-7Mo-11Cr

3Al-5Mo-6V-11Cr

3Al-8V-6Cr-4Mo-
47Zr _

| 10V-2Fe-3Al
11,5Mo-6Zr-4,5Sn
13V-11Cr-3Al

B - alloy

33,0Mo

Ti-3A1-13V-11Cr
Ti-3Al-10V-2Fe




Main types of structure of titanium alloys after different conditions
of deformation

I - deformation in a+f region (on 30-50°C below B-transus);
II- beginning of deformation in B-region, completion of deformation in a+p region;
I1I-deformation in B-region




Classification by Strength

The preceding classification of titanium alloys according to metallographic structures has been included
because a knowledge of the terminology is useful. A classification system more relevant to the designer,
however, is one based on tensile. The classification system is given in table, which does not provide a
complete list of titanium alloys but includes the more common ones in use in each of the strength ranges.

Table. Classification of titanium alloys by strength.

Category Min Strength omposition
(MPa)
Low Strength 500 ASTM grades 1,2,3,7 and 11
Moderate Strength |500-900 ASTM grades 4,5, and 9
Ti-2.5%Cu
Ti-8%Al-1%Mo-0.1%V
Medium Strength  900-1000 Ti-6%A1-2%Sn-4%Zr-2%Mo
Ti-5.5%A1-3.5%Sn-3%Zr-1%Nb-0.3%Mo-0.3%Si
High Strength 1000-1200 Ti-3%Al-8%V-6%Cr-4%Zr-4%Mo

Ti-4%A1-4%Mo-2%Sn-0.5%Si
Ti-6%Al1-6%V-2.5%Sn
Ti-5%A1-2%Sn-4%Mo-2%Zr-4%Cr
Ti-6%Al1-5%Zr-0.5%Mo-0.2%Si
Ti-6%Al1-2%Sn-4%Zr-6%Mo
Ti-5.8%A1-4%Sn-3.5%Zr-0.7%Nb-0.5%Mo-0.3%Si
Very High Strength (1200 Ti-10%V-2%Fe-3%Al
Ti-4%Al1-4%Mo-4%Sn-0.5%Si




Effect of ageing on strengths of titanium-base alloys

B- Stabilisers, %




Double melting
Press

Manufacture of .l Ingot
Titanium sponge electrodes 0L O

N *

Briquettes

Vacuum Arc Remelting
Furnace

Ingot dimensions:

Ingot
diameter: 1.275mm

Ingot
length: 3.760 mm

Ingot
weight: 30.716 kg

Material
Grades: Ti and
Alloys




urnace with lock valve

Sponge Electrode




VAR Skull

Melter L50 SM é .

Fast retraction system
Power cables
Electrode Feeder Ram

Power supplies
Consumable Electrode

Skull Crucible
Tundish Shield

(e e

Mold arrangement

Centrifugal Casting
System

10 Chamber Lid Carriage
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Electrode Inert-Gas
Atomization Plant

5 Prozessparameter

Frequenz

Strom / Spannung / Leistung
Rotationsgeschwindigkeit
Absenkgeschwindigkeit

Elektrodenabstand zur Spule




M Titanium parts

Engine for “Concord”

<1 8
‘lb\




Fig. 1. Front view of the all titanium SR-71 Blackbird.



Table 1

Candidate advanced titanium alloys for high speed aircraft structures

Alloy type

Alloy

Density
(zem™)

Chemistry

Raticnale

x/f

4.43
4.54

4.40

Ti-6Al-4V
Ti—-6Al-25n—47r
—2Mo—0.085]
Ti—4Al-4Mo
—28n-0.55n
Ti—641-1.7Fe
— 15
Ti—-6A1-28n-271
20— 2Mo—(Si)
Ti-5041-55Ma
—2Cr—1Hi-0. L
Ti-5Al1-258n

— 4 - 2Fr-2r
—1Fe
Ti—4.5A1-2Fe
=2M -3V
Ti—10V—-2Fe
—3al

Ti—15Mo-2.THb
—3Al-0.28
Ti—4. 5Fe-6.8Mo
—1.641
Ti-3Al-8V-6Cr
4 o4

Industry standard-baseline
Creep strength, tough, high temperature

Good SPF, toughness

High Modulus, sheet, plate-forgings
Good SPF, strength, toughness
Good strength, toughness

High strength, toughness-forgings

Lo temperature SPF, very tough
High strength, toughness-forgings

Heat treatable to a wide range of properties, readily
produced in strip, cold rellable, potentially low cost




