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OVERVIEW OF TITANIUM AND THE TITANIUM INDUSTRY

Common grades of titanium

The multi billion dollar titanium metal United fr—

. . . ASTM Numbering composition, Crystal
morket is exomlned from 1-he perspechve Grade System wt. % Description ~ structure Uses
One half of the High Purity Alpha Uses include experimentation and research, and
of 1-he e nﬁ re VG I u e C hc i n oxygen content of Titanium applications requiring very low interstitial or other
. ASTM Grade 1 impurities.
1 R50250 Unalloyed; limit 0.18 Commercially Alpha Applications where low iron and interstitial content
0, 0.20 Fe, 0.03 N, Pure (CP) provide resistance to highly oxidising, mildly reducing
0.10C environments; resistant to chlorides; maximum
formability.
2 R50400 U yed; limit 0.25 Co i Alpha Most common CP grade; used in corrosion and
0, 0.30Fe, 0.03N, Pure (CP) oxidation resistance applications requiring higher
0.10C strength and lower cost than Grade 1.
3 R50550 Unalloyed; limit 0.35 Commercially  Alpha. Applications similar to Grade 2 but requiring higher
0, 0.30 Fe, 0.05 N, Pure (CP) strength.
010C
R50700 Unalloyed; limit 0.40 Commercially ~ Alpha Nearly interchangeable with Grade 3, but slightly
0, 0.5Fe, 0.05N, Pure (CP) higher strength and lower corrosion resistance.
01C
R56400; Ti-6Al-4V Alpha/Beta Most widely used alloy; high strength and good
R46401 corrosion resistance.
(ELI)
R54520; Ti-5Al-2.55n Alpha Excellent weldability with moderate strength.
R54521
(ELI)
R52400 Unalloyed, with 0.12 Alpha Comparable to Grade 2 in strength, but better crevice
to 0.25 Pd corrosion at low pH and high temperature.
R56320 Ti-3Al-2.5V Near Alpha, cold ility; used for tubing.
Alpha-Beta
R52250 Unalloyed, with 0.12 Alpha Comparable to Grade 1 in strength, but better crevice
t00.25Pd corrosion at low pH and high temperature.
R53400 Ti-0.3Mo-0.8Ni Alpha Stronger than unalloyed grades, less expensive than
Grades 7 & 11; crevice corrosion resistance good but
less than Pd grades at low pH.
Ti-0.5Ni-0.05Ru; 0.1 Alpha Comparable to Grade 1 in strength but better crevice
0,0.2Fe, 0.03N corrosion at low pH and in hot brine; lower cost than
Pd containing grades.
Ti-0.5Ni-0.05Ru; 0.15 Alpha Comparable to Grade 2 in strength but better crevice
0, 0.3Fe, 0.03N corrosion at low pH and in hot brine; lower cost than
Pd containing grades.
Ti-0.5Ni-0.05Ru; 0.25 Alpha Comparable to Grade 3 in strength but better crevice
0,0.3Fe, 0.05N corrosion at low pH and in hot brine; lower cost than
Pd containing grades.
Ti; 0.04t00.08 Pd, LeanPdgrade Alpha Comparable to Grade 2 in strength but with crevice
0.250,0.3Fe corrosion benefits similar to Grades 7 and 11.
Ti; 0.04t00.08 Pd, LeanPdgrade Alpha Comparable to Grade 1 in strength but with crevice
0.180,0.2 Fe corrosion benefits similar to Grades 7 and 11.
Ti-3Al-2.5V; 0.04 to Pd containing version of Grade 9 with improved crevice
0.08 Pd corrosion resistance.
R58640  Ti-3AI-8V-6Cr-4Zr- Beta C Beta Cold drawable and rollable; mainly used for springs
4Mo
20 Ti-3A1-8V-6Cr-4Zr- Beta Crevice corrosion resistant version of Grade 19.
4Mo; 0.04 - 0.08 Pd
21 R58210  Ti-15Mo-3Al-2.7Nb- TiMetal® 21S, Beta High strength, oxidation and creep resistant; high
5Si Beta 21S. temperature aerospace applications.
23 R56401  Ti-6Al-4V; extra low . Alpha-Beta. High ductility and damage tolerance version of Grade 5
interstitials
24 Ti-6Al-4V; 0.04 — 0.08 Alpha-Beta Crevice corrosion resistant version of Grade 5.
25 Ti-6Al-4V; 0.3 - 0.8 Alpha-Beta General and crevice corrosion resistant version of
Ni, 0.04 - 0.08 Pd Grade 5.
26 Unalloyed, with 0.08 Alpha Comparable to Grade 2 in strength, but better crevice
—0.14Ru; 0.25 0, corrosion at low pH and high temperature. Lower cost
0.3 Fe than Grade 7.
27 Unalloyed, with 0.08 Alpha Comparable to Grade 1 in strength, but better crevice
—0.14Ru; 0.18 O, corrosion at low pH and high temperature. Lower cost
0.2 Fe than Grade 11.
28 Ti-3A1-2.5V; 0.08 — Near Alpha, Improved crevice corrosion version of Grade 9 at lower
0.14 Ru Alpha-Beta cost than Grade 9.
U S 1 l 0 3 I I A 29 Ti-6Al-4V; extra low Alpha-Beta Comparable to Grade 23 in mechanical properties, but
I I I I I 0 n interstitials; 0.08 — improved crevice corrosion resistance.
0.14 Ru
t | t anium 30 Ti, 0.20 - 0.80 Co; Alpha Higher strength version of Grade 16.

0.04 - 0.08 Pd; 0.03
N, 0.250

feed S t 0 C k U S$5 4 1 b I I I I O n 31 Ti, 0.20 — 0.80 Co; Alpha Higher strength but lower ductility version of Grade 30

0.04-0.08 Pd; 0.05

market :
l l I I I I e d 32 Ti-5A1-1Sn-1Zr-1V- Primarily developed for toughness, weldability &
0.8Mo seawater stress corrosion cracking resistance in naval

applications, with the popular designation of Ti-5111.

p r O d u C t S 33 Ti, 0.4 Ni, 0.015 Pd, Alpha Improved general and crevice corrosion resistance
0.025 Ru, 0.15 Cr;

0.03N, 0.250
m a k et 34 Ti, 0.4 Ni, 0.015 Pd, Alpha

Improved general and crevice corrosion resistance;

0.025 Ru, 0.15 Cr; higher strength and lower ductility than Grade 33.
0.05N,0.350
US$2.94 billion s e
. 0.5Fe-0.3Si

H H 36 R58450 Ti-45Nb ‘Burn Resistant’ alloy of moderate strength and very
t I tan I U I I I low elastic modulus

37 Ti-1.5A1 Imp! d oxidation resi: version of Cc
S p O n g e Pure Ti; auto exhaust applications
38 Ti-4Al-2.5V-1.5Fe Strength and saltwater corrosion resistance

comparable to Grade 5; hot and cold workable.

m a,r k et ©TZMI 2013 NOT FOR REPRODUCTION

Note: there are no grades 10 and 22
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Titanium milled products demand in commercial aerospace in 2012
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Close to 90% of manufactured titanium sponge is

used in the manufacture of titanium and titanium
alloy products for commercial aerospace, industrial
applications, defence and emerging applications.
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Ownership

Address

Tel:
Website:

Key personnel

Background

Carpenter Technology Corporation

Publicly listed on the New York Stock Exchange

2 Meridian Boulevard
Wyomissing Pennsylvania 19610-1339
us

SAMPLE

PROFILE

+1 800 237 9655; +1 724 228 1000
www.cartech.com

William A Wulfsohn - President and

Timothy R Armstrong - Vice Presiden
Commercialization

James D Dee - Vice President, Gener
Carol R Jackson - Vice President - B:
Robert C Martens - Vice President an|
Stephen Peskosky - Vice President -
Russell E Reber Jr - Vice President - Q)
John L Rice - Vice President - Humai
David L Strobel - Senior Vice Preside|
Tony R Thene - Senior Vice President]
Sunil Y Widge - Senior Vice President

Andrew T Ziolkowski - Senior Vice Pr]
Alloy Operations and Latrobe Operati

Carpenter Technology Corporation (!
James Carpenter as the Carpenter
entity in 1937.

In 1928, Carpenter announced the

steel, Type 416 which is still used tod
nickel free machining stainless steel in|
new products improved tool life and p
became synonymous with stainless s

The company is now a leader in de
distribution of cast / wrought and powd
alloys. Its specialty materials are
aerospace and defence industries a:
medical markets.

APPENDIX 1

Carpenter Technology Corporation

Operations

Recent
developments

Carpenter's subsidiaries and activities are organised under two business
groups:

- Special Alloy Operations and
- Performance Engineered Products.

The Special Alloy Operations produce cast-wrought stainless steels, high-
temperature alloys, high-strength steels (nickel-, iron- and cobalt-based),
alloy steels, magnetic and controlled expansion alloys, tool and die steels,
and special-purpose alloys including solid stainless reinforcing bar.

Performance Engineered Products include:
- Dynamet Incorporated, the company's titanium business unit,

- Carpenter Powder, which manufactures spherical gas-atomised power
alloys, and

- Amega West Services, which manufactures and rents downhole drilling
tools and components. The company was acquired in January 2011.

In February 2012, Carpenter acquired Latrobe Speciality Metals, a
manufacturer and distributor of high-performance, remelted materials for
aerospace, defence, energy and other industrial applications. Operations
are located in North America, Europe and Asia.

In November 2012, Carpenter and Sandvik Materials Technology announced
that they will dissolve their joint ventures Powdernet AB and Carpenter
Powder Products AB, both located in Sweden. Instead the two companies
agreed that the growth of their respective powder metal businesses would
be better served by a supply agreement by which Carpenter will supply
Sandvik.

In April 2013, Carpenter entered a supply agreement that will provide
Rolls-Royce with advanced technology materials used in the manufacture
of jet engines components. The five-year agreement runs until 2017 and
is valued at approximately US$75 million.

Carpenter reported first quarter 2013 net income of US$33 million from net
sales of US$582 million. Revenues increased in the aerospace and defense
markets by 20% to US$215 million, and in the energy market by 24% to
US$71 million year on year. Other markets such as transportation, and
industrial and consumer applications remained flat. Revenues in medical
applications declined by 26% to US$25 million from Q1 2012 to Q1 2013.
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Titanium milled products demand in aerospace: 2010-2014
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Industrial applications

Approximately half of the total demand for titanium milled products is consumed by the industrial
sector. Titanium is used extensively in a wide range of industries, primarily due to its corrosion
and chemical resistance across a wide range of aggressive applications.

The main industries that use titanium include:
* chemical processing plants,

* power generation for cooling water applications,

oil and gas for a variety of seawater and storage applications,

marine uses, particularly for cooling water system using seawater,

desalination for industrial and drinking water, and

the non-ferrous metallurgical sector.

The largest industrial application for titanium milled products is in the chemical sub-sector, which
accounted for 52%, or 36,300 tonnes of the 69,500 tonnes total industrial demand in 2012.
Power applications were the second largest segment, accounting for 11,800 tonnes, followed by
desalination (6,400 tonnes), ships (4,400 tonnes) and metallurgical applications (4,100 tonnes).

The next most common use of milled titanium in the industrial sector is in heat exchangers, pipes,
vessels and valves for the chemical, power and water treatment sectors.

TZMI forecast global demand for titanium milled products in the industrial sector to grow from
58,600 tonnes in 2010 to 86,600 tonnes by 2014, a 10.3% CAGR.
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Global demand for industrial applications by end-use sector in 2012
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China is the largest consumer of titanium for the industrial sector. In 2012, China consumed almost
half of the demand for titanium milled products in the industrial sector. Within this sector, 75% of
China’s demand came from the chemical sub-sector.

China’s demand for titanium milled products in the industrial sector is forecast to grow by 12%
CAGR from 2010 to 2014, estimated to consume 41,100 tonnes of product by 2014.

The following figure presents the forecast for global titanium demand in the industrial sector, by
location, from 2010 to 2014.

Global industrial sector titanium demand by location: 2010-2014
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