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"The information in this report came from many sources, and the
original langnage may 've been extensively quoted,
should credit the original authors and the originating agency.
Where patent questions appear to be involved, the usual preliminary
search is advised before making use of the material, and where copy-
righted material is used, permission should be obtained for its

The Defense Metals Information Center was established at
Battelle Memorial Institute at the request of the Office of the
Director of Defense Research and Engineering to provide Govern-
ment contractors and their suppliers technical assistance and
information on titanium, beryllium, magnesium, refractory metals,
high-strength alloys for high-temperature service, corrosion- and
oxidation-resistant coatings, and thermal-protection systems. Its
functions, under the direction of the Office of the Secretary of

Defense, are as follows:

1,

To collect, store, and disseminate technical in-
formation on the current status of research and
development of the above materials.

To supplement established Service activities in
providing technical advisory services to prod-
ucers, melters, and fabricators of the above
materials, and to designers and fabricators of
military equipment containing these materials.

To assist the Government agencies and their con-
tractors in developing technical data required for
preparation of specifications for the above ma-
terials.

On assignment, to conduct surveys, or laboratory
research investigations, mainly of a short-range
nature, as required, to ascertain causes of trou-
bles encountered by fabricators, or to fill minor
gaps in established research programs.

Contract No. AF 33(616)-7747
Project No. 2(8-8975)

further publication.”
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BINARY PHASE DIAGRAMS

Identification
Code

(5)-63 Columbium-Aluminum System
(5-1)-63 Columbium -~Bismuth System
(7)-63 Columbium-Carbon System
(10)-63 Columbium -Cobalt System
(10-1)~63 Columbium~Copper System
(10-2)~63 . Columbium=-Gold System
(14-1)~63 Columbium~Manganese System
(16)-63 Columbium-Nickel System
(17)-63 Columbium-Nitrogen System
(18-1)-63 Columbium~Palladium System
(18-2)~63 Columbium-~Platinum System
(22-1)~63 Columbium -Tellurium Systern
(24)-63 Columbium~Tin System
(28-1)-63 Columbium-Yttrium System
(37)-63 Molybdenum-Hafnium System
(43)-63 Molybdenum-~Osmium System
(49)~63 Molybdenum~Rhodium System
(49-1)-63 Molybdenum-Ruthenium System
(55)-63 Molybdenum-~Vanadium System
(55-1)-63 Molybdenum~Yttrium System
(57-1)-63 Tantalum-Aluminum System
(60)-63 Tantalum-Chromium System
(61)-63 Tantalum-Cobalt System
(61-1)-63 Tantalum-Gold System
(63~1)-63 Tantalum-Iridium System
(64-1)-63 Tantalum-Manganese System
(66)-63 Tantalum-Nitrogen System
(68-1)-63 Tantalum-Platinum System
(70-1)-63 Tantalum-Rhodium System
(73-1)-63 Tantalum-Thorium System
(77-1)-63 Tantalum-Yttrium System
(78)-63 Tantalum-~Zirconium System
(80)-63 Tungsten-Boron System
(81)-63 Tungsten-Carbon System
(84-1)-63 Tungsten-Iridium System
(85-1)-63 Tungsten-Lead System
(89)-63 Tungsten-Oxygen System
(89-1)-63 Tungsten-Palladium System
(92-1)-63 Tungsten-Rhodium System
(98-1)-63 Tungsten-Yttrium System

TERNARY PHASE DIAGRAMS

(99-1)-63 Columbium~Aluminum-Nickel System (NizAl-Ni3zCbh System}
(99-2)-63 Columbium~Aluminum-~Silicon System (1400 C)
(99-3)-63 Columbium-Aluminum-~Titanium. System (20 C)
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(99-4)-63
(99-5)-63
(99-6)-63

(99-7)-63

(99-8)-63

(99-9)-63

(99-10)-63
(99-11)-63
(99-12)-63
(99-13)-63
{102-1)-63
(102-2)-63
(102-3)-63
(102-4)-63
(105-1)-63
(105-2)-63
(105-3)-63
(105-4)-63
(107-1)-63
(107-2)-63
(107-3)-63
(107-4)-63
(116-1)-63
{118-1)-63
(122-1)-63
(123-1)-63
(123-2)-63
(123-3)-63
(123-4)-63
(123-5)-63
(123-6)-63
{129-1)-63
(130-1)-63
(130-2)-63
{148-1)-63
(148-2)-63
(148-3)-63
(149-1)-63
(149-2)-63
(155-1)-63
(155-2)-63
(157-1)-63
(157-2)-63
(157-3)-63
(162-1)-63
(162-2)-63
(164-1)-63
(167-1)-63
(167-2)-63
(167-3)-63
(167-4)-63
(167-5)-63
(167-6)-63
(167-7)-63
(168-1)-63

TABLE OF CONTENTS
(Continued)

Columbium -Aluminum-Titanium System (1200 C)
Columbium-Boron-Silicon System (1600 C)
Columbium Carbide-Hafnium Carbide-Uranium Carbide
System (2050 C)
Columbium Carbide-Hafnium: Carbide-Vanadium Carbide
System (2050 C)
Columbium-Carbon-Uranium System (1700 C)
Columbium-Chromium=-Nickel System (1100 C)
Columbium -Chromium-Silicon System (1000 C)
Columbium-Chromium-Silicon System (Melting Temperatures, C)
Columbium ~Chromium-~Vanadium System (1450 C)
Columbium-~Iron~Phosphorus System (Roomm Temperature)
Columbium-Molybdenum~Carbon System (1900 C)
Columbium -Molybdenum~-Chromium System (1000 C)
Columbium-Molybdenum~Chromium System (1200 C)
Columbium -Molybdenum=-Chromium System {ILigquidus Isotherms)
Columbium-Molybdenum~-Uranium System (700 C, 800 C, 900 C)
Columbium~Molybdenum-Uranium System (1100 C)
Columbium -Molybdenum-Uranium System (1200 C)
Columbium-Molybdenum-Uranium System (1300 C)
Columbium-~Nitrogen-Oxygen System (1500 C)
Columbium-Oxygen-Titanium System (1500 C)
Columbium-Oxygen-Zirconium System (1500 C)
Columbium-Silicon-Vanadium System (Schematic)
Columbium -Titanium-Zirconium System (Melting Temperatures, C)
Columbium-Uranium~Zirconium System (1000 C)
Columbium-Tungsten~-Silicon System (Room Temperature)
Columbium-Tungsten-Zirconium System (1100 C)
Columbium-~Tungsten-Zirconium System (1600 C)
Columbium-~Tungsten-Zirconium System (1800 C)
Columbium-Tungsten-Zirconium System (2000 C)
Molybdenum-Aluminum-Nickel System (1175 C)
Molybdenum-~Aluminum-Silicon System (1600 C)
Molybdenum-Boron-Nickel System (1000 C)
Molybdenum-~Boron=-Titanium System (1200 C)
Molybdenum-~-Boron-Titanium System (1700 C)
Molybdenum-Hafnium-Rhenium System (1600 C)
Molybdenum-Hafnium-Rhenium System (2000 C)
Molybdenum-Hafnium-Rhenium System (2400 C)
Molybdenum-Iron-Phosphorus System {(Room Temperature)
Molybdenum-~Iron~Silicon System (20 C)

. Molybdenum-~Nickel-Silicon System (1100 C)

Molybdenum~Nickel-Titanium System (1175 Cj
Molybdenum-Oxygen-Titanium System (1500 C)
Molybdenum-Oxygen-Zirconium System (1500 C)
Molybdenum-Silicon~Vanadium System (800 C)
Molybdenum-Titanium-Vanadium System (Room Temperature)
Molybdenum-Titanium~Zirconium System (1500 C)
Molybdenum-Tungsten- Chromium System (1800 C)
Molybdenum-Tungsten-Silicon System (1900 C)
Molybdenum-~Uranium=~Vanadium System (500 C)
Molybdenum~Uranium-~Vanadium System (600 C)
Molybdenum-~Uranium-Vanadium System (1000 C)
Molybdenum~Uranium- Zirconium System (1000 C)
Tantalum-~Aluminum-Silicon System (1400 C)
Tantalum-Boron-Nickel System (TaB,-Ni)
Tantalum Carbide-Hafnium Carbide-Uranium Carbide
System (2050 C)
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Identification
Code

(168-2)-63

(169-1)-63
(169-2)~63
(173-1)-63
(173-2)-63
{178-1)-63
(178-2)~63
(186-1)-63
(187-1)-63
(187-2)-63
(187-3)-63
(188~1)-63
(194-1)-63
(195-1)-63
(195-2)-63
(195-3)-63
(202-1)-63
(203-1)-63
(203-2)-63
(203-3)-63
(206-1)-63
(209-1)-63
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Tantalum Carbide-Hafnium Carbide~Vanadium Carbide
System (2050 C)
Tantalum~-Carbon-Uranium System (1700 C)
Tantalum.~Chromium=~Nickel System (Solidus Temperature)
Tantalum-Cobalt-Iron System (20 C)
Tantalum-Cobalt-Iron System (1390 C)
Tantalum-Silicon-Titanium System (TaSi,-TiSi,)
Tantalum-~-Silicon~-Vanadium System (Schematic)
Tantalum~Tungsten-Silicon System (TaSi,~WSi,)
Tungsteri~- Aluminum-~Nickel System {800 C)
Tungsten-Aluminum-Nickel System {1200 C)
Tungsten-Aluminum-Silicon System (1500 C)
Tungsten- Boron-Thorium System (1800 C)
Tungsten-Carbon-Thorium System (1500 C)
Tungsten-Carbon-Uranium System (1000 and 1500 C)
Tungsten-Carbon-~Vanadium System (1500 and 1800 C)
Tungsten- Chromium-Cobalt System (Room Temperature)
Tungsten-Chromium~Silicon System (1500 C)
Tungsten-Cobalt-Iron System (20 C)
Tungsten-Cobalt-Iron System (1400 C)
Tungsten-Germanium-Silicon System (1000 C)
Tungsten-Iron-Sulfur System (Room Temperature)
Tungsten-Silicon-Titanium System (TiSi,~WSi, Schematic)
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BINARY AND TERNARY PHASE DIAGRAMS OF COLUMBIUM,
MOLYBDENUM, TANTALUM, AND TUNGSTEN

SUMMARY

This report supplements DMIC Report 152 which is a compilation of binary and
ternary phase diagrams of columbium, molybdenum, tantalum, and tungsten. Forty
new binary and 80 new ternary diagrams are included, some of these being revised
versions of the previously published diagrams. Included with each binary diagram and
with some ternary diagrams is a short discussion listing terminal solubilities and
crystal structures of intermediate phases. Many of the diagrams are tentative and are
subject to revision as additional data become available.
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INTRODUCTION

Increased interest in the refractory metals columbium, molybdenum, tantalum,
and tungsten is reflected in the growing number of phase diagrams that are being de~-
termined for alloys of these metals. In DMIC Report 152, phase diagrams of alloy
systems based on the four metals were assembled. Occasional supplements to DMIC
Report 152 have been planned in order that up-to-date information on phase relationships
in the refractory-metal-alloy systems will be available to those who need it. Data on
approximately 70 additional systems have been collected by DMIC since the publication
of Report 152. They are presented here along with new data on systems already re-
ported on in DMIC 152.

It is hoped that the users of this report will supply the Defense Metals Information

Center with additional phase-diagram information as it becomes available and also with
any literature references that might have been inadvertently overlooked.

ORGANIZATION OF THE REPORT

The phase diagrams in this report are presented in two sections — one on binary
and the other for ternary phase diagrams. Within each section, the diagrams are sub-
divided into four groups according to base-metal system — columbium, molybdenum,
tantalum, and tungsten. The systems are then arranged in alphabetical order in these
groups according to the spelling of the second element in the system. When two re-
fractory metals occur in the same ternary system, they are listed first. For example,
the columbium-molybdenum-carbon system is not listed as the columbium-carbon-
molybdenum system.

Each diagram is printed on a separate page and has a code number at the lower
left corner of the page to assist in relating this report with DMIC Report 152, which it
supplements. As an example of the use of this code, the revised columbium-aluminum
system has been given the designation (5)-63. The (5) refers to the number in the
lower corner of the now out-dated columbium=-aluminum system found in DMIC
Report 152. The columbium-manganese system, coded (14-1)-63 is a completely new
system and follows the columbium-~-lanthanum system, coded (14) in DMIC Report 152.

Reference numbers in this report are a continuation of the references in the
bibliography of DMIC Report 152. Thus any reference of lower number than 234 (the
first reference in this report) will be found in the bibliography section of DMIC
Report 152.

NOTES ON DIAGRAMS IN DEFENSE METALS
INFORMATION CENTER REPORT 152

The following notes refer to the phase diagrams which appeared in DMIC
Report 152, April, 1961; there are no new diagrams to accompany them in this report.

e



Molybdenum-~Aluminum System:
The compound Al;Mo has been identified by Claire(322). Al;Mo
has a monoclinic structure witha =5.12A, b = 13.0A, ¢ = 13.5A, and

B = 95 degrees. A peritectic reaction occurs at 706 % 3 C where Al7Mo
reacts with liquid to form Alj;Mo.

Tantalum-Chromium System.:

The sclubility of tantalum in chromium was reported to increase
from 1.5 weight per cent at 1200 C to 8 weight per cent at 1600 C. (323)

Tantalum-Ruthenium System:
The . phase is based on a CsCl B~2 type structure at 30 atomic

per cen. ruthenium, transforming to a distorted CsCl structure at 40
and 45 atomic per cent ruthenium. (324)

Tungsten-Hafnium System:

The previously reported value for the transformation of hafnium

of 1875 £ 20 C has been observed to occur at 1750 £ 20 C by Deardorf(325),

Giessen{32) has verified the new value in more recent studies.
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COLUMBIUM-ALUMINUM SYSTEM
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CbgAl has a cubic, B-tungsten type structure with a = 5,187 4.(1) CbgAlls tetragonal (0 -phase) with a = 5,438 A,
c=8.601A, and c/a = 1,582.( ) CboAl has been reported to form by a peritectic reaction at 1890 C(234) ingtead of melting
congruently, as shown above.(23%) The columbium~rich boundary of the ChoAl region was reported to be near 16 weight per
cent aluminum (41 atomic per cent) at 1250 C.(236) Aluminum is soluble in columbium up to 6 weight per cent at 2120 C,
decreasing to 4.5 per cent at room temperature, (234)

(5)-63



Temperature, C

The solubility of columbium inliquid bismuth (mp = 271 C) is shown above.(237) There was no indication of the forma-~

COLUMBIUM-BISMUTH SYSTEM

Atomic Per Cent Columbium
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] i I
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800 +
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tion of intermetallic compounds in the system.

(5-1)-63

Temperature, F
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COLUMBIUM-CARBON SYSTEM

Weight Per Cent Carbon
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CboC has a hexagonal structure with the single -phase region ranging from CbCp, gg at the eutectic temperature to a
maximum of CbC_ 59 at the peritectic temperature.(238) CbC is face-centered cubic with a = 4,470 at 25 G.(8, 9, 238) 1y,
maximum melting point of CbC occurs at a composition of CbCg, gg. Beyond the maximum melting point, the solidus drops
to meet the CbC-G eutectic at 3300 C and 60,5 atomiic per cent carbon.(239) The maximum solubility of carbon incolum-
bium is 0.7 to 0. 8 weight per cent, (10, 239)

(1-63
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COLUMBIUM-COBALT SYSTEM
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Weight Per Cent Cobalt

CbCog is believed to exist in two modifications. One is at 33.3 atomic per cent columbium, and has a cubic MgCug
(C15) type of structure with a = 6,758 A; the second structure exists around 27 atomic per cent columbium and has the MgNiy
(C36) type of structure with a = 4.738 A, ¢ = 15.46 A, and c/2a = 1. 631,(14,15,16) Ty, additional phases were reported to
exist at 1100 G, CbgCog and GbCog.(241) The solubility of columbium in cobalt is about 5 weight per cent at 1100 C. (240)

(10)-63 .



Temperature, C

(10-1)-63

COLUMBIUM-COPPER SYSTEM

2600 1200 —~—
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No intermetallic compounds are found in the columbium-copper system.(%l)

Temperature, F
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COLUMBIUM-GOLD SYSTEM

Cb3AU

Cb3AU2
I Cb,,Aug

CbAu,
|
|‘
|
|

|

Cb 10 20

CbgAu is a cubic CrgO-type compound with a = 5.20 kX, CbgAug has a Dig-lél/mm structure with a = 3.37 kX and
c=5-3.03 kX. CbjjAug possesses a (3-mangancse structure with a = 7.04 kX, The structure of CbAug is of the BoAl type

with a = 4,60 kX and ¢ = 2,71 kxX.(242)

(10-2)-63
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CbMng has a hexagonal MgZng-type structure with a = 4,881 kX, ¢ = 7.958 kX, and ¢/a = 1.629. Alloys containing
less than 2 weight per cent columbium transform from y-manganese to §-manganese by a peritectic reaction near the melting

COLUMBIUM-MANGANESE SYSTEM

2000 — — 3600
1800 }— 3000
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1600 }— g
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point,(299)

(14-1)-63

Weight Per Cent Manganese

Temperature, F
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Temperature, C

CbNig has an orthorhombic TiCug-type structure with lattice parameters: a = 5,10 kX, b =4.55 kX, and ¢ = 4.25 kx.(29)
The solubility of columbiuin in nickel is approximately 15 weight per cent at 1250 C, The solubility of nickel in columbium is

COLUMBIUM-NICKEL SYSTEM
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I000—

l
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NijCb +L

1455

900
Cb

10

20

30

40 50 60 70
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2800

2600

1800

Temperature, F

less than § weight per cent.(24) The diagram was constructed from the data prepared by Pogodin and Selekmann,(25)

(16)-83



COLUMBIUM~NITROGEN SYSTEM

Atomic Per Cent Nifrogen
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CboN is a close-packed -hexagonal structure, with the lattice parameters varying between a = 3,057 A, c = 4.957 A
(c/a=1,622) and a = 3,050 A, ¢ = 5,006 A (c/a=1, 641).(21' 243) The high-temperature structure of CbN is face~-centered
cubic with a = 4,386 to 4.394 A.(243) The low-temperature structure of CbN is hexagonal, with the lattice parameters vary-
ing between a = 2,953 A, ¢ = 11,243 A (c/a = 3.804) and a = 2.953 A, c = 11,257 A (c/a = 3.813).(22,243) The solubility
of nitrogen in columbium is 0,25 weight per cent at 1200 C and 2,5 weight per cent at 2400 C.

(17)-83
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COLUMBIUM-PALLADIUM SYSTEM
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One 1menmecdiate phase having a tetragonal o-phase structure, witha =9.89 A, ¢ =5.11 A, c¢/a = 0,52, was re~

ported.{39) An ordered structure is possibly present at the CbgPd composition,{244)
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COLUMBIUM-PLATINUM SYSTEM
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Weight Per Cent Platinum

PtCbg has a f-tungsten type structure with its lattice parameters increasing from 5.137 to 5,186 kX with increasing
columbium content, PtCbg has a tetragonal lattice and forms a eutectic with 3 at 55 atomic per cent platinum, Columbium
is soluble in platinum up to 36 atomic per cent (21 weight per cent), The solubility limit of platinum in columbium is less
than 1 atomic per cent. PtgCb forms a superlattice near 1800 c.(245
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COLUMBIUM-TELLURIUM SYSTEM

Atomic Per Cent Tellurium
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Weight Per Cent Tellurium

The above phase relationships are for 20 c.(246)
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COLUMBIUM-TIN SYSTEM

2600

Weight Per Cent Tin

—

CbgSn is a B -tungsten type structure with a = 5. 29 A.(38,39) Agafonova, et al,, determined the solid solubility of tin
in columbium as 9.7 weight per cent at room temperature, increasing to 14 per cent at 2000 C, The solubility of columbium
in tin is less than 0.1 weight per cent at the melting point of tin.(38) L. L. Wyman, et al., identified three additional phases
in the system, CbySn, CboSn, and CbgSng. A slightly higher solid solubility of tin in columbium was also indicated. The
modified diagram was suggested by Wyman, et al,(304)
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COLUMBIUM-YTTRIUM SYSTEM

Weight Per Cent Yttrium
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The maximum solubility of yttrium in columbium is less than 0,1 weight per cent, and the maximum solubility of
columbium in yterium is 0.2 # 0,1 weight per cent,(247 248,249) Aq inverse peritectic reaction in the yttrium-rich region is
postuiated for this system, (249)
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MOLYBDENUM-HAFNIUM SYSTEM
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* Weight Per Cent Hafnium

90 Hf

Temperature, F

€q (MogHf) is a hexagonal Laves phase of the C36-MgNiog type, with a = 5,341 A, ¢ =17.347 A, and c/a = 3.248.
Between 1850 and 1816 C, ¢ changes to €9 which is intermediate between the C36-MgNig and C14-MgZng structures; the
lattice parameters are a = 5.849 A, ¢ =17.490 A, and c¢/a = 3.270, Upon annealing at 17562 C, € transforms to the cubic
C15-MgCug modification 7 with 2 = 7.560 A. Annealing MogHf at 700 C for 2 weeks and quenching transforms the structure
to the original C86-MgNig structure of the ¢; high-temperature phase.(78’ 250)
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MOLYBDENUM~-OSMIUM SYSTEM
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The (3-MogOs phase has a2 [B-tungsten A15 type structure with the lattice parameters ranging from 4.971 A at 24.5
atomic per cent osmium to 4.969 A at 25 atomic per cent. The o-phase is typical of oFeCe which has the atomic arrange -
ment of tetragonal B-uranium; the lattice parameters decrease with the addition of csmium from a = 9,632 A and ¢ = 4,950 A
at 30 atomic per cent osmium (46 weight per cent) to a = 9,613 and ¢ = 4.934 A at 37.5 atomic per cent osmium (55 weight
per cent). Osmium is soluble in molybdenum up to 19.5 atomic per cent (32.5 weight per cent) at 2380 C, decreasing to 7.0
atomic per cent (14 weight per cent) at 1000 C. Molybdenum dissolves in osmium up to 52 atomic per cent (35. 5 weight per
cent) at 2430 C, decreasing to 40 atomic per cent (25 weight per cent) at 1100 C.(250)
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MOLYBDENUM-RHODIUM SYSTEM

Weight Per Cent Rhodium
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The ¢-phase is close-packed hexagonal with a = 2,740 kX, c =4.8380 kX, and c/a = 1,5999 at 60 weight per cent
thodium, (9% 92} The maximum melting point for € corresponds to the approximate composition MoRhg. Rhodium is soluble
in molybdenum up to 21 weight per cent at 1340 C, decreasing to less than 3 weight per cent at 1100 C. (90) Rhodium can
dissolve about 14 weight per cent (15 atomic per cent) molybdenum near 2000 C.(307)
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Temperature, C

The o-phase forms by a peritectoid reaction at 1920 C; the lattice parameters are a = 9.538 kX, ¢ = 4,925 kX, and
c¢/a =0,516. The composition MosRug is included in the composition range of the o-phase, The solubility of ruthenium. in

2800

MOLYBDENUM-RUTHENIUM SYSTEM
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80
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0
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molybdenum decreases rapidly from 31 weight per cent at 1945 C to 14 weight per cent at 1500 c.(281)
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Temperature, C
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MOLYBDENUM-VANADIUM SYSTEM
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The molybdenum-vanadium system forms a continuous series of solid solutions,(311)

Temperature, F



Temperature, C
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MOLYBDENUM-YTTRIUM SYSTEM
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Terminal solubilities are probably less than 1 atomic per cent, (247, 248)

Temperature, F
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TANTALUM-ALUMINUM SYSTEM
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Weight Per Cent Aluminum

Three intermetallic compounds are present in the tantalum-aluminum system. TaAlg is isomorphorus to CbAlg, having
a tetragonal structure with a = 5,42 kX and ¢ = 8.52 kX. A compound in the vicinity of 65 atomic per cent aluminum, pos-
sibly TaAlg, exhibits a structure similar to the ZrAlg or Z1Sig.(286) TagAl is a tetragonal o ~type phase with a = 9.828 A,
¢ =5.2324, and c/a = 0,532.(%67) The above intermediate phase boundaries are for 1400 G.(266) The solubility of tantalum
in aluminum was determined by Glazov,(310)
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Duwez and Martens(123) reported that TaCrg has a polymorphic transformation between 1375 and 1590 C from the low-
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3200

TANTALUM-CHROMIUM SYSTEM

Weight Per Cent Chromium

temperature cubic structure (MgCug-type with a = 6.961 A} to the high-temperature hexagonal structure (a = 4,925 A,
c=8.062 A, c/a =1.687). Ellott considers the compound isomorphous with MgZng at all temperatures from 600 to

1200 C.(124) Grigor'ev et al.(233) states that TaCrg undergoes a polymorphic transformation at 1805 C. They report that the
solubility of chromium in tantalum is about 5 weight per cent at 1800 C, and the solubility of tantalum in chromium is about
10 weight per cent at 1700 C. Grigor‘ev,(300) et al., reported five structural modifications in the chromium-rich region.

The ¢ solid -olution has a body -centered cubic lattice whose parameters can be extrapolated to a-chromium. Alloys in the
region of the y solid solution have a similar lattice. Alloys with 5 weight per cent tantalum quenched from 1550 C contained
body ~centered cubic € and a second phase 8 which has a hexagonal lattice with a = 2,841 kX, ¢ = 4,786 kX, and c/a = 1.685.
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TANTALUM-COBALT SYSTEM
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Two Laves phases were identified in a 39.4 weight per cent cobalt alloy.(305) a-TaCog, a hexagonal MgZng -type
structure with a = 4,797 A, ¢ = 7.827 4, and c/a = 1,632 was present in the as-cast microstructure., Aging at 1100 and 1200 C
transformed a-TaCog to a cubic MgCug-type phase 8-TaCog with a = 6.778. Elliot also observed both structures, (124)
¥ -TaCog is also a Laves phase of the hexagonal MgNiy type with a = 4,700 A, ¢ = 15.42 A, and c¢/a = 3. 281.(120, 305)

B -TaCog is hexagonal with a = 9,411 4, c = 15.50 A, and c/a = 1.647.(305) A metastable ordered cubic phase (a = 3.647 A)
of the AuCug type was also reported.(305) Contributions to the above diagram were made by Késter and Mulfinged{121) and
by Hoschimoto(122),
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TANTALUM-GOLD SYSTEM
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TagAu has a cubic CrgO-type structure with a8 = §.21 kX. TagAu is a tetragonal o ~type phase with a = 10. 04 kX and
c/a = 0.520, TaAu has a tetragonal structure with a = 8,37 kX and c¢/a = 0,902. The solubility of tantalum in gold is 10
weight per cent at 1000 C, decreasing to 8.7 weight per cent at 800 C.(252)
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TANTALUM-~IRIDIUM SYSTEM

Weight Per Cent Iridium
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Sigma has a tetragonal o(FeCr) structure with a = 9,938 A and ¢ = 5. 172 A at 25 atomic per cent (26 weight per cent)
iridium.(253) g, has a structure similar to the a; phase in the tantalum-rhodium system.(254) ag has a tetragonal AuCu
structure with a = 8,991 A, ¢ = 3,856 A, and ¢/a =0, 966.(25%) The structure of Talrg is 2 cubic, AuCug type with
a = 3.889 A.(255) a -tantalum has a maximum solubility of 7.2 atomic per cent (7.6 weight per cent) iridium at 2475 C.(254)
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Temperature, C

TaMng has a hexagonal MgZng Laves~phase-type structure with a = 4.864 A, ¢ = 7.947 A, and c/a = 1.634.(124) This
compound has a melting point above 1670 C.(298) At 1070 C, the

TANTALUM-MANGANESE SYSTEM
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8-manganese ==y -manganese transformation is a peritectic reaction and occurs near the melting point.(zgs)
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TANTALUM-NITROGEN SYSTEM
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Two intermetallic compounds are definitely established for the tantalum-nitrogen system. TaN is close -packed hexagonal
with a = 5,181 kX, ¢ =2.905 kX, and ¢/a = 0.561.(132) TagN is also close-packed hexagonal with a = 3. 042 kX,
¢ =4.909 kX, and ¢/a = 1,614.(132,133) The melting point of TaN has been given as 2890 C(134) and 3090 C(135), Chiotti
has shown that TaN dissociates at high temperatures, forming the lower nitride, TagN, and nitrogen.(136) The phase diagram
was obtained from Reference (256).
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TANTALUM-PLATINUM SYSTEM

Weight Per Cent Platinum
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Four intermediate phases were observed between 50 and 100 per cent platinum, The o-phase has a complex tetragonal
structure with 30 atoms per unit cell;{257) cell dimensions are a = 9.95 A, c = 5.16 A, and c/a = 0. 52.(30) TaPty is stable
above 1000 C and has an tetragonal structure with a = 8,68 A, ¢ = 10.60 A, and c/a =1.24, TaPtgis tetragonal with
a=6,454, ¢c=6.984A, and ¢c/a =1.08. The TaPtg phase was not clearly established by the X-ray results. The solubility of
tantalum in platinum is about 10 atomic per cent (9 weight per cent) at 1500 C and 20 atomic per cent (19 weight per cent) at
1000-C. The exact phase boundaries and reaction isotherms were not determined in this investigation by Browning.(257)
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TANTALUM-RHODIUM SYSTEM
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Five intermediate phases occur in the system. Sigma has a tetragonal o (FeCr) type structure with a = 9,754 A,
¢ =5,058 A, and c/a = 0. 518 at the rhodium-rich side,(91) aq is orthorhombic, similar to VCog, with a =5.62 A,
b=9.48 A, and ¢ = 13.61 A.(254) @ is orthorhombic and probably isomorphous with CooSi with a =5.454, b = 8.15 4,
and c = 4.01 A.(254) The structure of ag is unknown.(254) TaRhg has a cubic AuCug-type structure with a = 3,86 A.(255)
The maximum solubility of thodium in tantalum is 16 + 1 atomic per cent (10 weight per cent) at 2110 C; tantalum is soluble
in thodium up to 15 & 0. 5 atomic per cent (23.5 weight per cent) at 1990 C.(254)
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TANTALUM-THORIUM SYSTEM
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The solubility of thorium in tantalum is less than 0,2 weight per cent at the eutectic temperature, The solubility of
tantalum in thorium at the eutectic temperatute is about 0.4 weight per cent, and below 1340 C, is less than 0,2 weight per
cent, No evidence of intermediate phases was. found.{306)
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TANTALUM~-YTTRIUM SYSTEM
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Terminal solubilities are about 0,1 weight per cent,

(248, 249)

Temperature, F



TANTALUM~ZIRCONIUM SYSTEM
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pease, et al., (258) Jocate the eutectic temperature at 1485 C with the eutectic composition at 58 weight per cent
(73 atomic per cent) zirconium. The eutectoid composition was given as 91 weight per cent (95,5 + 1 atomic per cent)
zirconium at 785 £ 10 C, the temperature agreeing with Emilyanov, et al.{160) possible oxygen contamination could have
"’ affected Pease's results,
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TUNGSTEN-BORON SYSTEM

Atomic Per Cent Boron
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WoB is tetragonal of the CuAly (C16) type with a = 5.564 A, ¢ =4.740 A, and ¢/a = 0.852.(58) A low-temperature
form of WB, stable below 1850 C, is tetragonal (MoB type) with a = 3,115 A, ¢ = 16,93 A, and ¢/a = 5.44.(58) The high-
temperature modification, corresponding to 8-MoB, is orthothombic (CiB type) with a = 3,19 A, b = 8.40 A, ¢ = 3.07 A.(164)
WoBg has a hexagonal defect structure with a =2.982 A, ¢ = 13.87 A, and c/a = 4. 65.(164) The W-WoB eutectic temperature
in 2600 C at 28 atomic per cent boron, (259)
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TUNGSTEN-CARBON SYS

TEM

Weight Per Cent Carbon
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—1 4400
2400} i | | | | |
w 3 4 5 6 7 8 10

-

[ e §

1 e

Three intermediate phases were identified by Dolloff, WoC, @ -WC, and B-WC.(%O) Only one crystal modification of
WoC was found by Dolloff in contrast to Becker’s(165) and Goldschmidt®s (259) results of two structures — the low-temperature
modification being hexagonal with a = 2.994 A, ¢ =4.724 A, and ¢c/a = 1.578, and the high-temperature W9C modification
having a face-centered cubic structure with a = 4.16 A. A newly reported phase, B-WG, has a face-centered cubic structure
with a = 4,125 A for the composition WCq, 82.(260) Hexagonal a-WC is essentially a line compound with a = 2.906 A,
¢ =2.837 A, and c¢/a = 0,976.(165) Goldsmith reported the solubility of carbon in tungsten as 0. 30 atomic per cent near
2400 C, decreasing to 0,05 atomic per cent near 2000 C.and to insignificant amounts at lower temperatures. (259)

(81)-63

i, Py e b

- ~swemamact}



(] et

el T oy

— — -2 ]

TUNGSTEN-IRIDIUM SYSTEM

Weight Per Cent Iridium

3400
3200 —-\-\ —1s800
3000 »—_\ Liqud -
\ @ \ 5400
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© w
5 2600 4600 &
5 5
g 5
& 2400 5
2200 -
3800
2000
3400
1800 5
‘[ —43000
1600 ‘
a+e€ € +-B —32600
1400 H~
1200 | | 1 ||l | | 2200
W 10 20 30 40 50 60 70 80 Ir

oy —

¢ has been identified as a close-packed-hexagonal structure with a = 2,736 A and ¢/a = 1,602 at the iridium side and
a=2,764 A and ¢/a = 1,611 at the tungsten side of the homogeneity range.(%l)‘ The solubility of iridium in tungsten is about
11 weight per cent (~10 atomic per cent) at 2540 C, decreasing to about § weight per cent (~4 atomic per cent) at 1810 C.
Tungsten is soluble in iridium up to 18 weight per cent (~19 atomic per cent) at 2305 c.(262)
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Temperature, C

TUNGSTEN-LEAD SYSTEM

1200
— 2000
1000}—
Liqud —]1600
800
—
Liquid+W —] 1200
600 ++—
—{800
400 328
200}— —Ja00
Pb+W
o 1 | | | I
Pb 5 10 15 20 25 30

Weight Per Cent Tungsten

No intermetallic compounds exist in the system.(263)
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TUNGSTEN-OXYGEN SYSTEM

000 " Wig Ogg W0 Osg
+ + — 1800
W0 Ogg| WO3
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59_’ 500 F—— W l 20 VY58 ,E.’
- 484
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W, 0 :—
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300 l WO, WO, — 600
| —+
| —}ao0
200 | WO,
00— { — 200
I 1 T N T N O O
W 2 4 6 8 10 12 14 6 I8 20 22 =24

Weight Per Cent Oxygen

WOg has 2 monoclinic structure isomorphous with MoOg, with a = 5,560 A, b =4.884 A, c = 5.546 4, B =118.98°,
and 12 atoms per unit cell,(199) W1g04g has a monoclinic structure with 2 = 18.32 A, b=3.79 A, C=11.04 4,
B =115°2", and 67 atoms per unit cell.(200) The structure of WoqOjgg is closely related to monoclinic ReOg (DOg type)
WOg is reported to have three structural modifications, The
room temperature form is monoclinic with a = 7,285 A, b= 7.517T A, ¢ =3.835 A, and B=90. 90°.(201) At -50 C, a poly-
morphic transformation occurs, resulting in a structure of higher symmetry than the room-temperature modification. (202)
Between 700 and 750 C, a polymorphic wansformation occurs, resulting in a tetragonal structure with a = 5,25 A, ¢ = 8,92 4,
c/a = 0.746, and 8 atoms per unit cell,{208) The homogeneity ranges (oxygen/tungsten ratios) of the oxides at 1258 C are:
WOg (1.99 to 2.02), W1gOyq(2.66 to 2.77), and WgpOsg (2.90 to 2, 94).(200) The diagram is from Reference (264).

witha =12.14, b=3.78 A, c=23.44, and B=95°.(200)
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Temperature , C

3600

TUNGSTEN-PALLADIUM SYSTEM

3400
3200I
3000 ft—
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Weight Per Cent Palladium

Pd

6400
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5600
5200
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4400
éooo
3600
3200

2800

2400

Temperature, F

No intermediate phases are found in this system, The solubility of palladium in tungsten is 1.6 weight per cent at
1500 C. Tungsten dissolves in palladium up to 24 weight per cent at 1000 c.(268)
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TUNGSTEN-RHODIUM SYSTEM

Weight Per Cent Rhodium

3400
3200 \ — 15800
3000 1— \ —15400
l \ Liquid
2800 -‘— 15000
o |
- w
g T —Jasco
2 P
[w]
g) 2400 ..g
£ 4200 hg_
Q A
= £
2200 }P_J
3800
2000}
3400
1800
3000
1600
1400 2600
1200 . 2200
W 10 20 30 40 50 60 70 80 90 Rh

¢ has a close~packed-hexagonal structure with a = 2.708 A, ¢ =4.828 A, and c/a = 1.598 at 70 weight per cent

(80. 8 atomic per cent) thodium.(30) The solubility of thodium in tungsten is about 4 weight per cent (6 atomic per cent) at
2240 C, decreasing to about 3 weight per cent (4 atomic per cent) at 1300 C. Tungsten is soluble in rhodium up to 29 weight
per cent (19 atomic per cent) at 2100 C, decreasing to about 23 weight per cent (14 atomic per cent) at 1400 c.(262)
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TUNGSTEN-YTTRIUM SYSTEM
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Weight Per Cent Yttrium

Terminal solubilities are probably less than 1 atomic per cent.(247)
4

Temperature, F
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COLUMBIUM-ALUMINUM-NICKEL SYSTEM (Ni,Al-Ni,Cb SYSTEM)(317)
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COLUMBIUM-ALUMINUM-SILICON SYSTEM (1400 C)(268)
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COLUMBIUM-ALUMINUM-TITANIUM SYSTEM (20 C)(269)
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Weight Per Cent Columbium




COLUMBIUM - ALUMINUM-TITANIUM SYSTEM (1200 C)(269)
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COLUMBIUM-BORON-SILICON SYSTEM (1600 C){270)
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COLUMBIUM CARBIDE-HAFNIUM CARBIDE-URANIUM CARBIDE SYSTEM (2050 c)(271)

CbC

2050 C

Lattice parameters-in
angstrom units

ch 464 ko 47°3o 4o 50 484 70 so 90 UC
Atomic Per Cent Uranium Carbide
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COLUMBIUM CARBIDE-HAFNIUM CARBIDE-VANADIUM CARBIDE SYSTEM (2050 ¢){271)

(99-7)-63
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COLUMBIUM-CARBON-URANIUM SYSTEM (1700 C)(272)
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COLUMBIUM-CHROMIUM-NICKEL SYSTEM (1100 ¢)(273)
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Weight Per Cent Nickel
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COLUMBIUM- CHROMIUM-SILICON SYSTEM (1000 c)(274)
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80 20
: \ Si+w
~ +Si+w
V5 AV
7O Ry 29 v,
CrSiy = S CbSiz 3
§ ttw+8 %
O € \V4 l e
N 60 40 <
S et AMEIEHE S
IS N
& € 8 ,+8 a+B+w%)
A CcrSi Xe+0 ) W 50 ~
) = 9+ Q
oQ nte 'f\*e*e v wtB %
§ a0 3 T’t\%‘:"l' | 60 %6
N p7 )
& o AT GO\ 8
X ,l_' i%’; T (1+B
xU” ld
30 = % — P 70
. ,}‘ T P . Bipcar p
CY3SI S ? Cbh+a
X
20 d+P o 80
p /\ CbySi

Cr+7c<r+8 +p Cbta+p
10 X X 90
Crip Y+ p y +p’+Cb
tty+p /\ #+Ch
W/ NA WV A avs s _ A\
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Cr 90 Cr'+y 80 70CbCr, 60 50 +Cbao
Atomic Per Cént Chromium

p has an hexagonal Laves-type structure with a = 4. 893 kX, ¢ = 7.996 kX at Cbg, aCro, 98i0,5- B has the W5Sig-type
structure ( =3 CbsSig). The approximate composition of 7 is CrgqgCborSigg: it has a body-centered cubic lattice with
a=8.11 kX. 0 is orthorhombic with a = 15.82 kX, b=4,90 kX and ¢ = 7.51 kX. v has the approximate composition
Cry45Cby 58140 and appears o be metastably retained in an irregular fashion.(274)
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COLUMBIUM-CHROMIUM-~SILICON SYSTEM (MELTING TEMPERATURES, C)(274)
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COLUMBIUM-CHROMIUM-VANADIUM SYSTEM (1450 ¢){(275)
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COLUMBIUM-IRON~-PHOSPHORUS SYSTEM (ROOM TEMPERATURE)(276)
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COLUMBIUM-MOLYBDENUM-CARBON SYSTEM (1900 Cc){(277)
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COLUMBIUM-MOLYBDENUM-CHROMIUM SYSTEM (1000 ¢){4/8)
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COLUMBIUM-MOLYBDENUM-CHROMIUM SYSTEM (1200 ¢){(279)
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COLUMBIUM-MOLYBDENUM-CHROMIUM §YSTEM (LIQUIDUS ISOTHERMS)(278)
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COLUMBIUM-MOLYBDENUM-URANIUM SYSTEM (700 C, 800 C, 900 ¢)(280)
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COLUMBIUM-MOLYBDENUM-URANIUM SYSTEM (1100 c)(318)
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COLUMBIUM-MOLYBDENUM-URANIUM SYSTEM (1200 ¢)(318)
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COLUMBIUM-NITROGEN-OXYGEN SYSTEM (1500 G)(281)
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COLUMBIUM-OXYGEN-TITANIUM SYSTEM (1500 ¢){301)
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COLUMBIUM-0XYGEN-ZIRCONIUM SYSTEM (1500 c)(301)
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COLUMBIUM-SILICON-VANADIUM SYSTEM (SCHEMATIC)(315)
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COLUMBIUM-TITANIUM-ZIRCONIUM SYSTEM (MELTING TEMPERATURES, C)(282)
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COLUMBIUM-URANIUM-ZIRCONIUM SYSTEM (1000 ¢)(280)
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Atomic Per Cent Uranium



COLUMBIUM-TUNGSTEN-SILICON SYSTEM (ROOM TEMPERATURE)(321)
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COLUMBIUM-TUNGSTEN-ZIRCONIUM SYSTEM (1100 ¢)(319)
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Weight Per Cent Zirconium
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COLUMBIUM-TUNGSTEN-ZIRCONIUM SYSTEM (1600 c)(319)
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COLUMBIUM-TUNGSTEN-ZIRCONIUM SYSTEM (2000 ¢){319)
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MOLYBDENUM-ALUMINUM-NICKEL SYSTEM (1175 ¢){283)

1175 C.

plus the nickel solvus
for 900 C
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MOLYBDENUM-ALUMINUM-SILICON SYSTEM (1600 c){268)
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MOLYBDENUM-BORON-NICKEL SYSTEM (1000 c)(284)
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MOLYBDENUM-BORON-TITANIUM SYSTEM (1200 ¢){(285)
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MOLYBDENUM-BORON-TITANIUM SYSTEM (1700 C){(285)
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MOLYBDENUM-HAFNIUM-RHENIUM SYSTEM (1600 ¢)(250)

/ RN NG
7/ ‘
30, {, 40 77/'50 4870 9/a
Weight Per Cent Hafnium

Mo

The phase ¢ has a tetragonal structure with a = 8.90 A and ¢ = 13. 97 A; this phase forms peritectically at 2745 C and
about 47.5 per cent hafnium in the binary thenium-hafnium system. An intermediate Laves phase ¢ 4 (based on RegHf) has
the C14-MgZny type of structure with a = 5,239 A, c = 8,584 A, and c/a = 1,638.(250)
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MOLYBDENUM-HAFNIUM-RHENIUM SYSTEM (2000 C)(250)
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MOLYBDENUM-HAFNIUM-RHENIUM SYSTEM (2400 ¢)(250)
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MOLYBDENUM—IRON~PHOSPHORUS SYSTEM (ROOM TEMPERATURE)(313)

Room temperature
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S i/
®0‘L . , +
// @x@/’ _ FesMo,
< \ (
Fe_Mo '
it 2 I} l‘ FE3 M02+ Mo
Fe o /20 30 a0 50 60 70 80 s

Fe + FesMo, Weight Per Cent Molybdenum

Mo
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MOLYBDENUM-IRON~SILICON SYSTEM (20 ¢)(286)

MoSi,
FeSi \
, FeSi+T, + Mosi, » ‘
30 . _ 20¢
§ |
S + MosSi,
§ @t Fesi+T, ; T MosSi,+ Mo,Si
S0 "
O / o
& A== odTeT, Tt T+ Mossi, Vo,Si,
$of F~—~0 — o
3 -l Mo,Si
R Ja "
q ! MOQS‘
— 0 T )t Mo
Fe 20 40 € 80 Mo

—
Weight per Cent Molybdenum
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MOLYBDENUM-NICKEL~-SILICON SYSTEM (1100 ¢){283)

NiSi
8 = NiMo 1100 C
M = NiSi A+ f[?cl)trjsgz)h(gzCr;ickel‘ solvus
£ = NisSi, ¢,+€/
€ = NiSi 7 0
6 = NisSi, +1/ ¢
y's NisSi o, /y+ stl %
&o / e 2
' (4]
N <
/ 30 &
‘e
146 2
!
20
\\000
9000
,/
. 10
\\\ 7
v
‘ Y
S+y « 7
P .7
\VA AV4 2%~ \.
NiMo\s 40 30 1100 20 10 Ni

(1565-1)-63

Atomic Per Cent Molybdenum



MOLYBDENUM-NICKEL-TITANIUM SYSTEM (1175 ¢)(312)

1175 C

for 900 C

y = Ni

n= N|3Tl
B = NiTi

3 = NiMo
B = NiMoTi

NiMo 40 30 a® 20 0 Ni
Atomic Per Cent Molybdenum

(155-2)-63

plus the nickel solvus
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MOLYBDENUMﬁOXYGENJHTANHH%SYSTEM

(1500 C)(314)

10 20 50 60
Atomic Per Cent Molybdenum



MOLYBDENUM-~OXYGEN-ZIRCONIUM SYSTEM (1500 C)(314)

0]
1500C
20 80
& v,
N MoO, +1-ZrO. r
6'? 30 / /\I\i VAN : 70 03/_
N MoO3 s . t-Zr02 o%

N /
B+Mcé)2+f-2r02

50 60 Zr
Atomic Per Cent Zirconium
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MOLYBDENUM-SILICON-VANADIUM SYSTEM (800 C)303)

Si
800 C
Lo} 30
I3 20 80
¢ Z
‘Qb 30 70 ‘e
3 5
2
Q
%
'l\
()3
& %
: . )
X (V,Mo0)Si, + a0 &

(Mo, V) Si3
+\+ VMo Sia| 30

‘M"\V)ss's /\\/N ANDAAS.y

20
(Mo, V),Siy (Mo V)3 S| + MO V)ss‘sl\ /\ /\ A
- —a AV \/ 0

/\ a+(MoVSl i-\' /i i\
Mo 0 20 30

Welght Per Cent Vcnadlum
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MOLYBDENUM-TITANIUM-VANADIUM SYSTEM (ROOM TEMPERATURE)287)

\
Room
temperature
20 80
Z
& e
& 2
¥ ©
Y 40 60 %
S o
= S
& “,
& %
& o
Q B <
« 60 40 %
S
&
80 20
L a+f3
a
Mo 20 40 60 80

Weight Per Cent Titanium
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MOLYBDENUM-TITANIUM-ZIRCONIUM SYSTEM (1500 C)(314)

Ti
10 90 1500 C
20 80
S
N
66 30 70 v,
o
S 3.
@ o

/\
B+ Mo,Zr

Mo,Zr
VAVA AN N AVAVAVAVAN
Mo 10 20 30 : 50 60 70 -80 S0 Zr

40
Atomic Per Cent Zirconium
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MOLYBDENUM-TUNGSTEN-CHROMIUM SYSTEM (1800 ¢){(288)

Lattice parameters of

290/ °\2.90 solid solution, in angstrom

units
(annealed at 1800 C)

Mo 90 80 70 60 50 40 30 20 10
Atomic Per Cent Molybdenum
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MOLYBDENUM-TUNGSTEN-SILICON SYSTEM (1900 ¢){294)

Si
1900 C
§ 20 80
q’Q V.
(&)
X &y
& MoSi, (C 1) WSi,(C 11 ’o
w
¢
© o
& 2
& <,
$ %
< S
60
M058i3(T 1 W5S|3 (T )
Mo,Si (A 15) /
80
Mo 20 40 60 80 w

Atomic Per Cent Tungsten
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MOLYBDENUM-URANIUM-VANADIUM SYSTEM (500 c)(308)

st

i

V] 20 40 60 80 \
Atomic Per Cent Vanadium
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MOLYBDENUM-URANIUM-VANADIUM SYSTEM (600 ¢){308)

20 40 60 80
Atomic Per Cent Vanadium
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MOLYBDENUM-URANIUM-VANADIUM SYSTEM (1000 ¢)(308)

{000 C
.
[e)
2.
(o]
60
o
%
%,
“
40
/)O
2
80 20
4
U 20 40 60 80 Vv

Atomic Per Cent Vanadium
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MOLYBDENUM-URANIUM-ZIRCONIUM SYSTEM (1000 C){(280)

Atomic Per Cent Uranium



TANTALUM-ALUMINUM-SILICON SYSTEM (1400 C)266)

Ta

Q
2
A
Y
%
%
Ta Si,(C40)
20
C40,+Si + Al
Al : 20 40 60 80 Si

Atomic Per Cent Silicon
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Temperature, C

1800

1700

1600

1500

1400

1300

1200

100

1000

TANTALUM-BORON-NICKEL SYSTEM (TaB,-Ni)

S00
TaB

Weight Per Cent Nickel

\ —{3200
- \
\ —{ 3000
T \
| 1500 \ o e
' N\
| \ A 2600 ‘;
[ / 5
| N\ /' — 2400 5
\ / 8
A 1180 : \ / — 2200 .
N /
N l
| NZ 1090 1 | o000
N ~ 75 I
o | e l
— s e ~—§ 1800
= =z
I | e
0 20 30 40 50 60 70 80 90 NI

NigTaBg has a face-centered cubic structure with a = 10,56 A.(2_89) The structure of NiTaBg was not identified.
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TANTALUM CARBIDE-HAFNIUM CARBIDE-URANIUM GARBIDE SYSTEM (2050 C){271)

TaC

2050 C

Lattice parameters in
angstrom units

ch 4.66 4.69 470 30 40 50 4.84 ‘ 70 80 90 UC
Atomic Per Cent Uranium Carbide
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TANTALUM CARBIDE-HAFNIUM CARBIDE-VANADIUM CARBIDE SYSTEM (2050 C)(271)

TaC
P‘;ASE
i1\ 4.45
447 " '\
i 90 2050 C
443 PN .
4.48 \{ /\ Lattice parameters in
A angstrom unifs
1 80
o 49M
D fK‘ 4.4
N N/
') ! M Ve
@) 30/\ i i 70 %
.\o@ 451 ! \} o 4375 ©
< 40 L 2 60 ©
AW o AN
w  as53f | i\ AL 2 I Na3s5 ‘@
& \ i - ! e
O 50 7 — 50 /<\>
|
{

O 4565 ) 1 Q
¥ 70./ \ . >\4""380 9“6,(.}
4585‘/?\ 426 ©
80 44— £ L\ 20
F 2 ~Phase L \e.23
10

VAN ﬁwgs
/V\/\/ /\/\/\/ —7X

‘50 60 70 80 90 48
Afomlc Per Cent Vanadium Carbide

Hfc%%2 10 20

(168-2)-63
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TANTALUM-CARBON-URANIUM SYSTEM (1700 ¢){272)

60
Atomic Per Cent Tantalum



TANTALUM-CHROMIUM-NICKEL SYSTEM (SOLIDUS TEMPERATURE)(320)

Ta

Solidus
Temperatures, C

90 10

Ni S0 80 70 60 50 40 30 20 10 Cr
Weight Per Cent Nickel

-

(169-2)-63
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Fe

TANTALUM-COBALT-IRON SYSTEM (20 c)X290)

20 40 60 Fe,la 80
Weight Per Cent Tantalum

Ta
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TANTALUM-COBALT-IRON SYSTEM (1390 ¢)(290)

1390 C

Fe 20 40 60 Fezla 80 Ta
Weight Per Cent Tantalum

{
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Temperature, C

(178-1)-68

TANTALUM-SILICON-TITANIUM SYSTEM (TaSij-TiSi,)(316)

2400

2200 |—

n
o
Q
(@]

1800 +—

1600 |—

—1 4200

~—1 3800

-1 3400

— 3000

Temperature,

1

—1 2800

40 50 60
Mole Per Cent TiSi,

70

80

90

=1 2200
TiSiz



TANTALUM-SILICON-VANADIUM SYSTEM (SCHEMATIC){(315)

Si
Schematic
20 80
s
< TaSi VSi
&L 7 \/ \ 2 6’0
P 40 /\ 60 %
@ . A _ 'b_
Qé (Ta,V)sSisD8g) +(Ta,V)Si, S,
> 60 40 ©
¥ TagSi, o /_\_-,- R Vs Sis”

\TTG,V)ZSi +
\ (TG, V)SS'B
. +(Ta,V)

Ta 20 40 60 80 Vv
Atomic Per Cent Vanadium

(178-2)-63
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TANTALUM-TUNGSTEN-SILICON SYSTEM (TaSi,~WSi,)(316)

2400 §
\\\ ~{ 4200
2200 — \ ™~ N
. \ N _ <~ 3800
g).zooo— }___}________r/ .
2 — 3400
5 1800 }— , |
£ ‘ - ‘
. ] \ 3000
| l \ |
1400 }— —] 2600
1200 & l ll l l ' I I \ l I -4 2200
TaSiz 10 20 30 40 50 60 70 80 90 WSi,

Mole Per Cent WSi,
(Weight per cent = mole per cent)
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Temperature, F
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TUNGSTEN-ALUMINUM-NICKEL SYSTEM (800 ¢)(302)

Al

10 90 800 C

Weight Per Cent Tungsten
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TUNGSTEN-ALUMINUM-NICKEL SYSTEM (1200 ¢)(302)

Al

1200 C

Weight Per Cent Tungsten
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TUNGSTEN-ALUMINUM-SILICON SYSTEM (1500 ¢)(266)

1500 C
We (Si, Al)s +
W(Si,Al), Y
(C-40-Type) 2.
or()
e
Q
P
A
WAl‘z’ WisiA), %
: C-llb-T
WAl W(S' Al (+W(S?AI¥ZPE) %
(C-40)° (C-11b -Fype) C-a0 e

40 | +Wy(Si,Al),

W(Si),(C - I1b-Type)
(Si,Al)2
(C-11b-Type)

\+. 20

-1ib-Type)
+ WIS, AI) (C-40 -Type)

W(Si,Al)s / + Si
{C-40+C-1Ib-Type) \/
NS AV ‘
Al 20 40 60 80 Si
Atomic Per Cent Silicon

’/ d
22 W(Si,Al),
(C-40-Type)

W(Si,Al),(C
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TUNGSTEN-BORON-THORIUM SYSTEM (1800 ¢){291)

W,Bs+ThBg B
+ThB,

1800 C
ThBs  (furnace cooled)

<
.
Q
®©,
0 >,
0%
\ A /\ %
W,B +ThWB,+ Th 30

80 \ 20
/\
AN ATSVAVAY R VAV

10

NN

10 20 30 40 50 60 70 80 90
Atomic Per Cent Thorium

A ternary compound was found with a probable composition ThWB4. The compound is monoclinic with a = 12.25 A,

b=8.754, c=6.14 4, and B =104, 1°(291)
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TUNGSTEN- CARBON-THORIUM SYSTEM (1500 C)292)

Th+ThC+W
y N

A VAVAV A AWANN
\
30 40 50 60 70 80 90 W

Th O 20
Atomic Per Cent Tungsten
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TUNGSTEN-CARBON-URANIUM SYSTEM (1000 AND 1500 C)(

1000 C(U-W-UC areaq)
10 90 500 C (UC-W~C area)

20 80

\/ VA
%\AM
. AMWW\A/\
JAVAVAVA \SOASOA?O

U 10 20 30 40
Atomic Per Cent Tungsten

0]
N
90

80
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TUNGSTEN-CARBON-VANADIUM SYSTEM (1500 AND 1800 C)(309)

V-V,C-W,C-W region

at 1500 C
c
V,C -W,C -C region
af 1800 C
10
20 80
&}
SEES 5 N\
kS = ()
3 2
3 40 g o \ 60 ,g
N ~
& @ wc
; 5

80

N\

(V,W) + (V,W),C

y \b\\\

10 20 30 40 50 60 70
Atomic Per Cent Tungsten
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TUNGSTEN-CHROMIUM-COBALT SYSTEM (ROOM TEMPERATURE){293)

Room temperature

80 20
d+n/\n n+B B
| \/

Co 20 40 60 80 Cr
Weight Per Cent Chromium

(195-3)-63
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TUNGSTEN-CHROMIUM-SILICON SYSTEM (1500 ¢)(294)

Si
500 C
20 80
$ K3
$Cr5iz(c40) WSi,{CIl ,?0
S A
S
Qq, 40 60 (%/
& o)
Q C .
Lersi(20) Z,
& o
5 | >
N4 60 — 40
Crg ST W, Siy(T1)
Cr,Si(AI5)
80 20

Cr 20 40 60 80
Atomic Per Cent Tungsten
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TUNGSTEN-COBALT-IRON SYSTEM (20 C){295)

G+/J.

Weight Per: Cent lron

Frge e
N
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TUNGSTEN-COBALT-IRON SYSTEM (1400 C

)(295)

Co

20 40 60 80
Weight Per Cent lron

!



TUNGSTEN-GERMANIUM-SILICON SYSTEM (1000 C)(297)

20

\§ 30
&

&
& 40
d’f /
50

Atomlc Per Cem‘ Slhcon
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TUNGSTEN-IRON-SULFUR SYSTEM (ROOM TEMPERATURE)(296)

FeS

Room temperature

FeS +Fe W +Fe

FeS +Fe,W,
+W
FeS+Fe Fe.W
3'"'e
I ] F62W\ / I
Fe 20 40 60 80 w
Weight Per Cent Tungsten

Fe,W + Fe W, + FeS
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TUNGSTEN-SILICON-TITANIUM SYSTEM (TiSi,-WSi, SCHEMATIC)(316)

Liquid

2165C

TiSi,

(Ti, W)Si,

Schematic Diagram

WSi,
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