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FOREWORD

This handbook is the first of a series intended to cover all metals and alloys that are available inter-
nationally.

The overall objective is to provide reference books to establish the chemical composition and simi-
larities of the wide variety of alioy dusignations for metals and alloys in use throughout the modemn
world. Through the use of an alphanumeric alloy index, the user may quickly locate a specific
alloy composition and other relevant property data for this material, or he may scarch for a general
or particular alloy system,

The handbook is organized in a manner to clearly show the relationship of alloys and standards of
one country with similar alloys and standards of other countries. The information presented is for
guidance purposes only. This handbook is not intended to be used as a reference in purchase
specifications, nor should it be used to supersede any standards or specifications. Under no circum-
stances should this handbook be taken as an authority to use material in licu of the designers
specifications. [t may, however, aid in selecting alternative materials,

The prevalent use of the English units system in the U.S. and the metric units system in Europe
necessitates the use of both systems in this edition. It is hoped the the U.S. conversion to the
(SI) International System of Units3® in the metric system will be rapid. The conversion to Si
is progressing rapidly in Europe.
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HANDBOOK OF INTERNATIONAL ALLOY COMPOSITIONS AND DESIGNATIONS

VOLUME { - TITANIUM

ABSTRACT

This handbook was compiled trom data collected from many sources in an effort to bridge the
nomenclature gap on titanium materials produced and used in various countries of the world. Its
primary purpose and emphasis is to conveniently interrelate the alloy designations and standards of
onc country with the alloy designations, compositions, and standards of other countries for
titanium materials.

In addition to equating chemical compositions of the world’s titanium alloys, the handbook relates
compositions to product forms, standards, producing companies, alloy types, common names, and
applications, and it also lists some basic physical and mechanical properties for the better-known
alloys.

INTRODUCTION

Increasing commercial trade, military cooperation, and technical exchange between countries in
recent years has made it imperative to be able to use metallic products produced in different
countries interchangeably. Unfortunately, it 1s often extremely difficult to determine which alloys
produced in one country are equivalent to or approximately equivalent to alloys produced in
another country. This information. where avaitlable, is often located in separate documents which
are difficult to obtain. Hence, direcy alloy compansons on an international level usually entail

a considerable effort. To bndge this information gap, the Metals and Ceramics Information Center
(MCIC) plans to prepare and publish a series of international handbooks each devoted to one or
more of the world’s major metals.

As a starting point for this international allcy handbook sesies, MCIC selected titanium and titanium
alloys as representing a relatively new metal for which relatively few references are available as refer-
encesto for pertinent compositions, applicable standards, and specifications on an internationl basis.

Another reason for selecting titanium and its alloys was to capitalize on the excellent recent work
by the 1975 European Technical Committee on titanium materials. This group, consisting of four
leading European titanium producers, was organized to discuss available knowledge and experience
among themselves with the aim of formulating joint standardization proposals. The four member
companies are: Contimet, Titanium Division of Thyssen Edelstahlwerke AG, Krefeld, Germany;
Fried. Krupp GmbH, Krupp Metail-und Sciymicdewerke, Essen, Germany; Imperial Metal Industries
Ltd. (Kynoch), New Metals Division, Birmingham, England; and Pechiney Ugine Kuhlman (PUG),
Ugine Aciers, Paris, France.




The results of the European technical committee work are found in a trilingual publication,
“Technical Supply Conditions for Semi-fabricated Products of Titanium and Titanium Alloys”.(})
Their report was compiled with the object of providing European producers and users with a
generally valid basis and guidelines for everyday work with titanium and its alloys. The report
includes product definitions and heat-treatment conditions together with type and frequency of
chemical analysis, mechanical property tests, and ultrasonic tests.

To supplement the coordinated start by the European prime titanium producers Technical
Committee, MCIC visualized a still broader need for a cross index of worldwide titanium alloy
designations with their respective chemical composition and equivalents. A preliminary MCIC
feasibility and market study confirmed the need for an alloy composition reference book(s)
covering all metals.® The result of this effort is this International Titanium Alloy Handbook.

GENERAL CONSIDERATIONS OF TITANIUM AND TITANIUM ALLOYS

Physical and Metallurgical Characteristics

Table A5 compares some selected physical properties of pure titanium with those of four other
pure metals (aluminum, iron, magnesium, and copper).

Titanium is about 40 percent lighter than steel. However, certain titanium alloys can be equated
on a strength-to-weight basis to steels having yield-strength levels of about 300 ksi (2,068 MN/m?).
Titanium alloys are 60 percent heavier than aluminum and are much stronger, useful to much
higher temperatures, show higher fatigue strengths, and greater hardness than aluminum alloys.

A wide range of physical and mechanical properties are available from titanium and its alloys.

Titanium and titanium alloys are used in engineering design primarily for their excellent combi-
nation of mechanical properties, corrosion resistance, and low density, Other advantages of
titanium for specific applications include low magnetic permeability, good toughness characteristics,
and low hardening temperatures in heat treating. Alloying improves the properties of commer-
ciaily pure titanijum, and many titanjum alloys can be further strengthened by heat treatment.

Each element that might combine with titanium either intentionally or unintentionally, results in
some change in the basic crystal structure. In this sense, even the commercial unalloyed grades
cf titanium are alloys, since each of the grades contains various quantities of impurity elements.
Examples of the impurity or alloying quantities permitted in the various unalloyed grades of
titanium per public specifications in the U.S. are shown below.

Maximum or Range, ppm

Grade C 0, N, H, Fe
1 300 1000 120 50 1000
2 500 1000 200 80 2000
3 500 1000-1500 200 80 2000
4 500 1500-2500 200 80 3000
2
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These impurity levels control the strength of the unalloyed grades which varies from 25 to 70 ksi
(172 to 483 MN/m?) minimum yield strength in Grades 1 to . In addition, one U.S. producer
(TMCA) makes another grade with higher impurity content and a still higher tensile yield strength.

A second important alloying effect is the change induced in the polymorphous transformation
temperature of the crystal structure. For pure titanium, the transformation temperature is about
1625 F (885 C). Below this temperature the metal atoms occupy a hexagonal-close-packed (hcp)
structure which is designated as the ajpha phase. Above this temperature the alpha phase changes
to a body-centered-cubic (bcc) structure which is called the beta phase.

The interstitial elements, carbon, oxygen, and nitrogen, and the metal aluminum, are examples
of elements that raise the transformation temperature (so called alpha-phase stabilizers); all other
elements lower it in varying amounts (beta stabilizers). Iron, vanadium, chromium, molybdenum,
and manganese are elements that markedly lower the transformation temperature. Zirconium and
tin lower it only slightly. The amount of the elements added to titanium also affects the extent
of change. The ability of elements to distort the crystal structure of titanium to cause strength-
ening or changes in the phase transformation behavior varies from element to element and is the
basis of titanium alloy metallurgy.

The alpha- and beta-phase stabilizing elements for titanium, when added either singly or in any
combination, tend to strengthen the base structure and to promote other mechanical, physical,
and metallurgical characteristics as well as to control basic microstructure. Alloys may be selected
for applications based on the combinations of desired characteristics. For example, an alpha alloy
might be selected for its high creep strength at elevated temperatures. One would not choose a
beta alloy for this requirement. A beta alloy might be selected for ease of fabricability in manu-
facturing a part with a complex contour. Generally, alpha + beta alloys are a good choice when
combinations of properties are desired.

The mechanical properties of a given alpha + beta alloy are quitc dependent on the relative
amounts of cach of the phases present. This, in turn, is a function of temperature as well as
composition. Thus, the properties of titanium alloys in general, and of alpha + beta and beta
alloys in particular, are dependent on their thermal history and heat treatments. The inter-
relationship of mechanical properties with variables in composition and structure is very complex
and is regarded as outside the scope of this handbook. Accordingly, no attempt has been made
to discuss any details of heat treatment for titanium and its alloys.

Availability and Designations of Titanium Alloys

More than 100 titanium alloys have been offered commercially since the start of the titanium
industry. The substitution of modified compositions for some of the earlier alloys, the elimination
of a few. and the continual introduction of new alloys has tended to maintain the compositions
available to users somewhat lower than 100. For example, about 30 compositions are available
commercially from U.S. producers, 40 in the U.S.S.R., about a dozen in the UK., and 5 or 6
from French, German, and Japanese producers. The totals include various grades of unalloyed
titanium and selected alloys. Also, several basic compositions (e.g., Ti-5Al-2.55n and Ti-6Al-4V)
are common to more than one country. Although a wide variety of alloys is available, some
compositions are rarely used even though they are offered.

A few compositions offered constitute the most used titanium alloys and grades. Those most used
in the United States for more than a decade arc apparent from the following shipments tabulation.
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Percent of Total Shipments in U.S.

Composition 1961 1971 1973
Ti-6A1-4V 45 56 57
Unalloyed Ti grades 16 19 22
Ti-5Al-2.5Sn 15 7 6
Ti-6Al-6V-2Sn 2 7 9
Ti-8Mn 10 2 1
Ti-13V-11Cr-3Al 10 1 <1
Ti-8Al-1Mo-1V 1 3 2
Ti-6A1-2Sn-4Zr-2Mo N/A 3 2
Other 2 3 <1

Foreign use patterns are unknown (shipments), but it is strongly believed that the Ti-6Al-4V alloy
would be one of the most used. The dominance of the Ti-6Al4V alloy in U.S. applications is
obvious from the above data. Each of the other producing countries makes the Ti-6Al-4V grade--
designated IMI-318 in the U.K.; as VT6 in the U.S.S.R.; T-A6V in France; and Contimet AIV 64,
Krupp Tikrutan LT 31, LW 3.7164, and DIN 3.7165 in Germany. This alloy is also widely used
in nonproducing countries as well. The continued dominance of the Ti-6Al-4V alloy and the
several grades of unalloyed titanium is expected. The Ti-6Al-4V is a versatile and dependable alloy
and, perhaps most importantly, a vast data base is available for this composition in a wide variety
of conditions and circumstances. These conditions tend to persuade prior users of the material to
continue using it, and new users to select it.

The compositions offered commercially are of three basic metallurgical types. Classification of
alloys in terms of the predominant crystal structure, alpha, alpha + beta, and beta is commonly
used for alloy typing. There are variations of the predominant crystal structures (e.g., alpha-
dispersoid structure), but the alpha or the beta forms are found separately or mixed in each
commercial titanium base alloy. Generally, each alloy has some unique property or combination of
properties to permit its continued offering and application.

The titanium alloys offered by the U.S. producers are listed in Table 1E (page 82) with an alloy-type
classification name according to the above system. A common name is also shown for most of the
compositions. The product forms available for these alloys are also shown in Table 1E. The
company designation for thuse materials frequently includes a company identification symbol or
name; for example, Armco Ti-6Al-4V for the Armco Steel Corporation brand of this alloy or
Rm-6Al-4V for the RM Company product, and MMA-9744 for the Martin Marietta Aluminum
Company brand of Ti-6Al-2Sn-4Zr-2Mo alloy. Other producers use meaningful symbols for designa-
tions; e.g., Crucible uses the prefix A for alpha, B for beta, C for alpha-beta, plus a number repre-
senting a minimum tensile yield strength and a suffix for kind of alloy addition; thus, A-110AT for
Ti-5A1-2.58n and C-120AV for Ti-6Al-4V. The largest U.S. titanium producer, Titanium Metals
Corporation of America (TMCA), uses only the nominal composition to designate their products.
The scheme of the designation system for U.S. alloys by companics is apparent from the listings
of Table IE.1. This table also reveals which alloys are offered by some of the major companies,
although it should be recognized that this is an incomplete listing. Designations for U.S. titanium
welding rods and electrodes are shown in Table 1E.2, the welding rod and electrode compositions
are specified by the American Welding Society.
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The designation systems used by non-U.S. companies for titanium materials seem to be somewhat
similar to those used in the U.S., knowledge of alloys and designations from several foreign sources
is still incomplete. For example, the IMI prefix to the designations of alloys offered in the U.K.
consists of the initials of the producer, Imperial Metal Industries Ltd. Similarly, the designation
prefixes of Soviet compositions refer to the institute that developed the alloys. For example,

VT 20 refers to VIAM-developed titanium alloy (VIAM is the acronym for the All Union
Institute of Aviation Materials). Table 1F.1 gives the U.,K. or British designations, Table 1F.2

the French Designations, 1F.3 the German designations, 1F.4 the Soviet designations, 1F.5 the
Czechoslovakian designations, 1F.6 the Japanese designations, 1F.7 the Spanish (proposed) designa-
tions, and 1F.8 the ISO (International Standards Organization) (proposed) designations.

Less information is available from some of the other countries dealing in titanium products. It is
known, however, that the bulk of the Japanese titanium business is in unalloyed titanium grades
and that the grade designations reflect their purity and, therefore, strength level. For example,
Kobe Steel Company titanium grades are- designated KS-50 and KS-70 while Sumitomo Light
Metal Industries (later Nippon Stainless Steel Company) grades were ST-40, ST-50, ST-60, ST-70,
and ST-80. Numbers in these designations refer to tensile yield strength minimums and, therefore,
indirectly to purity level. Japan markets titanium alloys and sponge on a wide international basis.

The French designation system is based on a letter and number coding plan that gives the major
constituents and their quantity in the alloys, but ignores quantifying minor elements. For example,
T-ASE is the designation for Ti-5Al-2.5Sn. Other French designations are as follows:

Composition Designation Composition Designation
Ti-8Al-1Mo-1V T-A8DV Ti-13V-11Cr-3Al T-V13CA
Ti-4Al-4Mn T-A4M Ti-6Al2Sn-4Zr-2Mo T-A6Zr4DE
Ti-4Al-3Mo-1V T-A4D3V Ti-6ALk5Zr-1W-0,2Si T-AGAZSW
Ti-6Al1-4V T-A6V Ti-6ARSZr-0.5M0-0.2Si T-A6Z1rSD
Ti-7Al-4Mo T-A7D Ti-6A1-4V-3Co T-A6V4K3

Unalloyed titanium grades, e.g., T-35, T-40, T-50, and T-60, indicate yield strength in the same way
that several other countries designate unalloyed grades. The Germans and French usually express
the nominal compositions with quantity following the element symbol. This is the reverse of the
U.S. and U.K. practice where the quantity precedes the element symbol; for example:

U.S. Format German Format
Ti-6Al-4V Ti-Al6-V4
Ti-6Al-6V-28n Ti-Al6-V6-Sn2
Ti-4Al-4Mo-25n Ti-Al4-Mo4-Sn2
Ti-8Al-1Mo-1V Ti-A18-Mo1-V1
Ti-2Cu Ti-Cu2
Ti-5A1-2.5Sn Ti-Al5-Sn2.5
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STRUCTURE AND FORMAT OF THE TITANIUM ALLOY HANDBOOK

Data Acquisition

Data for this handbook were obtained from 89 references which are listed on pages 129-138. In addi-
tion to the usual publications and standards available in the MCIC files and the Battelle-Columbus
library, MCIC relied on personal contacts with select:d producers and users, both in the

U.S. and Europe. to obtain some of the special documents used in this data compilation.

Computerized Format of Nominal Compositions

A computer and a special alphanumeric nomenclature were used as aids in methodically sorting and
classifying alloy compositions. To familiarize the user, the computerized alphanumeric format is
compared with the more conventional alloy format in Table 1A (page 60).

Note that in the computerized format the elements are arranged in a descending order of their
alloying importance in titanium; e.g., Al, V, Mo, Sn, Zr, Mn, Cr, Fe, Cu, Pd, Cb/Nb, and others.
The quantity of the element follows the element symbol instead of preceding it. When the
quantity of an element is 10 percent or greater a blank space is left after the element symbol so
the computer can order it into the 10, 20, or 30 range, etc. This change in nominal composition
format permits a methodical approach to bringing all alloys of similar composition together by
mechanical computer sorting, and thus provides a common denominator for alloys of any country.
For proper sorting it is essential that the nominal formats always be consistent.

To cope with the controversially different names and symbols used for one elem:nt, e.g., Cb for

columbium and Nb for niobium, the combined symbol (Cb/Nb) is used in the computerized
format.

Handbook Structure

The handbook is structured so that the user can readily obtain information about titanium
alloys in a number of ways. The various tables and appendixes are shown in the Table of
Contents. A synopsis is given in the paragraphs which follow.

Detailed Chemical Composition

Table 1 is the basic table of the handbook wherein the detailed chemical composition of each alloy
designation is given. It also indicates company, country, alloy type, forms available, and some
alloy applications. Table 1 is arranged so that alloys of similar composition are grouped together.

Alloy Index
The entry or “key”” to Table 1 is the Alloy Index found following the Appendixes. This index,

arranged alphanumerically, shows the specific line (index number) where the alloy is listed in
Table 1.




Physical and Mechanical Properties and Equivalent Alloys Standards

Most of the nominal compositions in the total collection reduce to 112,shown in Tables 1B, IC,
and 1D. The minimum physical properties of some of these 112 alloys are given in Table 1B in
English and SI units, and the minimum mechanical properties are given in Table 1C. The same
112 alloys are correlated with pertinent national standards, alloy equivalents, and UNS (Unified
Numbering System) designations in Table 1D. Where possible, the U.S., British, French, German
and other national standards, and selected applications of the alloy, are shown.

Typical U.S. Titanium Alloys

The typical alloys used in the U.S. are given in Table 1E. The correlation of typical U.S. titanium
alloys by company(#5:57) are shown in Table 1E.2.

Typical Non-U.S. Titanium Alloys E

The typical non-U.S. alloys of commercial interest are shown in Table 1F. The following subtables
show the titanium alloys for United Kingdom, France, Germany, U.S.S.R., Czechoslavakia, Japan,
Spain, and ISO, International Standards Organization Alloys.

Table 1F.1 United Kingdom alloys
Table 1F.2 French alloys

Table 1F.3 German alloys

Table 1F.4 Soviet alloys

Table 1F.5 Czechoslovakian alloys
Table 1F.6 Japanese alloys

Table 1F.7 Spanish ailoys (proposed)
Table 1F.8 ISO alloys (proposed)

Current U.S. Titanium Standards and Specifications

Listing of current U.S. Titanium Standards or specifications, Aerospace Material Specifications,
American Society for Testing and Materials Standard Specifications, U.S. Military Standards, and

American Welding Society Standards are given in Tables 1G, 11, 1K, and IM.
Table 1G Skows the current AMS standards
Table 11 Shows the current ASTM standards
Table 1K Shows the current U.S. Military standards
Table 1M Shows the American Welding Society standards. i
1
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Correlation of U.S. Alloy Standards

Table 1H Correlation of AMS compositions with AMS product form
specifications

Table 1J Correlation of ASTM standards specifications with titanium
alloy compositions

Table 1K Current U.S. Military specifications covering titanium and titanium
alloys

Table 1L Correlation of U.S. Military specifications, forms with titanium

alloy compositions

Titanium Sponge Characteristics

The titanium sponge compositions are shown in Table LN, Availability, economics, and usage of
titanium sponge are discussed in detaif in “The Titanium Industry in the Mid-70’s"G7,

Foreign Titanium Standards

Foreign Current Titanium Standards numbers and titles of titanium alloys are listed in the following tables:

Table 10 British standards

Table 1P French standards and AECMA standards
Table 1Q German standards

Table IR Soviet standards

Table 1S Czechoslovakian standards

Table 1T Japanese standards

Table 1U ISO standards (proposed)

Table 1V Spanish standards (proposed)

Table 1W Other current U.S. standards.

The current standards of these various countries are compared by national standards and cor}lposi~
tion in Appendixes 7 and 8, respectively. Older standards are listed in Appendix 6, names and
addresses of organizations generating these standards are shown in Appendix 5.

Company and Country Codes

The Country Code relationships are shown in Appendix 1. The Company Code numerical relation-
ship is shown in Appendix 2, and the Company Code alphabetical order is shown in Appendix 3.

Foreign Current Titanium Standards numbers and titles of titanium alloys are listed in the following
Unified Numbering System

The Unified Numbering System (UNS) is being developed jointly by the U.S. Society of Automotive
Engineers (SAE) and the American Society for Testing and Materials (ASTM). Ultimately, UNS is
intended to provide a means of ‘‘correlating manyv nationally (North America) used numbering
systems currently administercd by societies, trade associations, and individual users and producers

of metals and alloys”®4, In its publication, the UNS has established a schematic system for 15
series of numbers representing 15 groups of metals and alloys. Each UNS number consists of a
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single letter prefix followed by five digits. For example, the UNS Number AXXXXX designates
a group consisting of aluminum and aluminum alloys.

In this initial compilation, titanjum and its alloys were not identified as a specific group but rather
were included under UNS Number RXXXXX which designates an alloy group consisting of
“Reactive and Refractory Metals and Alloys”. Subsequently, the Chairman of the UNS Joint
Committee has furnished MCIC with the UNS titanium numbers that will be included in the next
edition of the Unified Numbering System catalog for metals and alloys. The UNS numbers presently
assigned titanium and titanium alloys are showa in Appendix 4. Note that relatively few
commercial alloys have been assigned UNS numbers. The titanium alloys and unalloyed titanium
selected for numbering are given three numbers depending upon the hydrogen level.

British Titanium Data

Appendixes 9, 9.1, and 9.2 were compiled and furnished by Imperial Metal Industries Ltd., New
Metals Division (Kynoch), Birmingham, England.

Appendix 9 correlates the British Standards (Aerospace Series) and DTD (Ministry of Defence)
with the respective IMI alloy numbers,(® with the nominal composition, forms available, and perti-
nent mechanical properties.

Appendix 9.1 correlates IMI alloy numbers(” with numerous international standards and specifi-
cations. The correlation includes the following standards: British Standards (Aerospace Series)

and British Standards (Codes of Practice Series), DTD (Ministry of Defence Specifications);
European AEMCA (Association European Constructeurs de Material Aerospace); French AIR
(Reglements AIR); German LW, B.W.B. or LN (Luftfahrt Werkstoffe Specifications); DIN (Deutsche
Norman); TUV (Vereinigung der Technischer Uberwachungs Vereine EV); United States AMS
(Aerospace Material Specifications); US Military Specifications; and ASTM (American Society for
Testing and Materials). The f.rms covered by the specifications are also indicated in this
correlation,

Appendix 9.2 summarizes application and usage patterns for various British IMI titanium and
titanium alloys in four sections:

Section A relates to the general chemical plant corrosion situations as well as
environments, type of plant, and reasons for alloy usage,

Section B relates to generai and engineering applications of commercially
pure titanium,

Section C indicates some applications for titanium alloys (IMI numbers)
and reasons for alloy usage,

Section D indicatc~ various applications for titanium and titanium alloys
(IMI numbers) in Aerospace Engineering.

German Titanium Data

The Appendixes 10, 10.1, and 10.2 were compiled and furnished by Fried. Krupp GmbH, Krupp
Metall-und Schmiedewerke, Essen, West Germany.

r—
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Appendix 10 correlates the Krupp Tikrutan titanium and titanium alloy designations with various
international standards and alloy designations including U.S., West Germany, England, France,
European, Soviet, and East Germany.(?1) The second portion of Appendix 10 relates the Krupp
Tikrutan alloy designations with the Germar: brief alloy designations, aircraft material standards,
AECMA standards, shaping methods and dimensions.(23

Appendix 10.]1 includes a number of Krupp tables. Table | shows the chemical composition of
the commercially pure titanium designations; Krupp Table 4 shows the chemical composition of the
Tikrutan alloy designations. Table 2 shows the physical properties of commercially pure titanium;
Table 5 shows the physical properties of Tikrutan alloys. Table 3 shows the mechanical properties
of commercially pure titanium; Table 6 shows the mechanical properties of Tikrutan alloys.(20)

Appendixes 11 and 11.1 were compiled by Contimet Titanium Division of Thyssen Edelstahlwerke
AG, Krefeld, West Germany. Appendix 11.1 correlates the Contimet titanium alloy number
(Contimet Table 2) with various international standards and alloy numbers including West German
standards and specifications, Great Britain standards and specifications, French standards and
specifications, European standards, and U.S. standards. Table 1 shows their mill processing and
forms available by alloys; Table 3 shows their alloy chemical compositions; Table 4 shows the
physical properties of Contimet alloys; and Tables 5, 6, and 7 show the mechanical properties of
Contimet brand alloys.(18)

Appendix 12 and its subdivision 12.1 were compiled and furnished by the Otto Fuchs Metallwerke,
West Germany. Appendix 12 correlates the Fuchs brand titanium alloy with German, French, and
British standards as well as with Contimet, IMI, and Krupp alloy numbers. Appendix 12.1 summa-
rizes physical and mechanical properties of the Fuchs titanium alloys.(25)

Soviet Titanium Data

Appendixes 13 and 13.1, compilations from the 1975 Soviet book, “The Use of Titanium in the
National Economy”,(85) shows the chemical compositions of 21 wrought titanium and titanium
alloys as well as six titanium and titanium alloy casting materials. The book also shows nine
designations and compositions of Soviet titanium sponge.

Appendix 13.1 indicates that the Soviet book(85) contains six extensive tables showing the inter-
relationship of wrought and cast titanium alloys with the various Soviet technical standards.
This information has been utilized in preparing Table 1, Table 1D, Table 1F.4, Table IR, and
Appendixes 6, 7, and 8.
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