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FOREWORD

This report was prepared by the Crucible Materials Research
Center, Crucible Inc, a wholly-owned subsidiary of Colt
Industries, Pittsburgh, Pennsylvania, and the Rockwell
International Science Center, Thousand Oaks, California,
under USAF Contract F33615-71-C-1525. The research work
was performed under Project No. 7351 ''Metallic Materials' -
Task No. 735105-50. The work was administered by the
Metals and Ceramics Division, Air Force Materials Labora-
tory, Air Force Systems Command, Wright-Patterson Air
Force Base, with J. A. Hall and Dr. M. A. Greenfield
(AFML/L1IM) as project engineers.

This report covers work conducted during the period from
May 1, 1971 to October 15, 1974. The principal program
participants were R. F. Malone, Technical Director-
Titanium; Dr. F. H. Froes, Staff Metallurgist, and

V. C. Petersen, Staff Metallurgist, from the Crucible
Materials Research Center, and C. G. Rhodes, Senior Staff
Associate; J. C. Chesnutt, Technical Staff, and Dr. J. C.
Williams, Group Leader, Physical Metallurgy Group for the
Rockwell International Science Center. Others cooperating
in the project were: E. J. Dulis, President; Dr. R. C. Buehl,
Manager-Vacuum Melt; C. F. Yolton, Staff Metallurgist;

J. M. Capenos, Staff Microscopist, and J. J. Hauser, Staff
Metallurgist, from the Crucible Materials Research Center.

The authors are particularly indebted to Dr. John P. Hirth,
Professor of Metallurgy, Ohio State University, for numerous
valuable discussions and suggestions on all facets of the
program. The authors also wish to acknowledge the technical
services of R. A. Hohowski, F. R. Shuss and E. W. Campbell

at the Crucible Materials Research Center, and R. A. Spurling,
P. Q. Sauers and E. H. Wright at the Rockwell International
Science Center.

This technical report, comprised of two volumes, was re-
leased for publication by the authors in December, 1974.
This is Volume II of the report containing the tables and
illustrations. Volume I contains the text and appendices.
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TABLE II

Alloying Materials
Used in Formulating Phase I Alloy Melts

Material

Titanium Sponge
(Sodium Reduced)
Molybdenum Granules
Zirconium Sponge

(Reactor Grade)

Tin
(1/8" dia. x 1/8"
long pieces)

Vanadium

Chromium
(electrolytic)

Manganese
(electrolytic)

Columbium
(electrolytic)

Iron
(electrolytic)

Aluminum
(Pig)

Silicon

Supplier
Phillips Brothers

General Electric Co.

Carborundum Metals

Climax, Inc.

National Lead Co.

Foote Mineral Co.

Union Carbide Corp.

Mining & Metals Div.

Union Carbide Corp.

Mining & Metals Div.

General Electric Co.

The Glidden Co.
Metals Div.

Kaiser Aluminum &
Chemical Corp.

Union Carbide Corp.

Mining & Metals Div.

Principal
Purity Impurities
(%) (%)
99.5+ 0.09 o)
0.02 Fe
0.01 c
99.5+ 0.05 o
99.5+ 0.11 0
0.09 Fe
0.02 C
99.85
99.6+ 0.09 0
0.04 c
0.10 Fe
99.45 0.04 0
0.04 C
99.78 0.20 (¢
0.01 Fe
99.9+ 0.009 Fe
0.008 Ta
99.90 0.04 0]
99.997
98.94 0.55 Fe
0.09 Al




1 TABLE I11
| BETA TRANSUS AND FINAL ROLLING TEMPERATURE
i (4 FOR PHASE I ALLOYS
ES Final®
= S Alloy! Composition Beta Rolling
o ‘ Button 5 Transus Temperature
! . No. (Ti Balance) R (CF)
: - 266 11Mo-4A1 1625 1525
‘ - 264 9Mo-4Al1 1675 1575
220 11Mo-2.5A1 1525 1425
225 9Mo-2.5A1 1600 1500
P e 234 Mo-2.5A1 1625 1525
{ r 250 9Mo-1A1 1550 1450
E L 256 7Mo-1A1 1575 14675
; 215 9Mo-7.5Sn 1450 1350
g 239 9Mo-3Sn 1475 1375
i L 228 7Mo-3Sn 1500 1400
4 261 9Mo-1.5A1-3Sn 1575 1475
1 [ 217 7Mo-1.5A1-3Sn 1550 1350
{ o 223 8Mo-~4Zr~2.5A1 1575 1475
k 3 248 8Mo-2Zr-2.5A1 1625 1525
; Z 230 8Mo-4Zr~7.5Sn 1400 1300
i i 244 8Mo-4Zr-3Sn 1475 1375
i 214 8Mo-4Zr-1.5A1-3Sn 1525 1425
; e 233 6Mo-4Zr-1.5A1-3Sn 1575 1475
226 12v-2.5A1 1450 1350
252 10v-2.5A1 1450 1350
¥ 237 12v-1A1 1375 1275
3 222 11v-3Zr-2.5A1 1425 1325
260 9v-3Z2r-2.5A1 1450 1350
254 11V-3Zr~-1.5A1-3Sn 1400 1300
246 S5Mo=-5V=2.5A1 1525 1425
218 7Mo=~5V=-2,5A1 1500 1400
' 257 SMo-5V-1A1 1500 1400
1 229 6Mo-3V=-4Zr-2.5A1 1525 1425
il 259 7Mo=-3V=-2.5A1 1575 1475
| . 231 8Mo-4V-1A1 1425 1325
238 6Mo-3V=-4Zr-7.5Sn 1350 1250
T 247 S5Mo-5V-1.5A1-3Sn 1475 1375
. 219 4Mo-5V=4Zr-1.5A1-3Sn 1500 1400
§ { - 1 Alloys were arc melted in random fashion to eliminate
systematic changes in composition.
® Temperature selected for final hot rolling from 0.130"

: e to 0.040" thick.

o,

1i§ cont. next page
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BETA TRANSUS AND FINAL ROLLING TEMPERATURE

TABLE IIT

cont.

FOR_PHASE I ALLOYS

Alloy Composition
Button %

No. (Ti Balance)
227 Mo-=4Cr-2.5A1
242 5Mo=~2Cr=-2.5Al
255 7Mo~1Mn=-2.5A1
236 SMo=-2Mn-2.5Al1
249 8Mo-3Cb-2.5A1
216 8Mo-8V-2Fe=~3A1
253 10Mo-8V~2.5A1
232 4Mo-8V=-6Cr=-2.5A1
241 12Mo-6V=-1A1
235 6Mo-4Zr~6A1-2Sn
245 6Mo-4Zr-4A1-2Sn
221 8Mo-4Zr-4A1-2Sn
258 11Mo-1A1
240 AMo~6V
251 YMo-2.5A1-0.3S1
243 11Mo-1A1-0.581i
331 13Mo-4Al
332 13Mo-2.5A1
326 11Mo-4A1-3Sn
323 8Mo-2Cr-7.55n
324 8Mo~-2Cr-1.5A1-3Sn
341 11Mo-2.5A1-0.5S51
336 10V=-4Cr-2.5A1
337 4Mo-6V~-4Cr=-2.5A1
333 10Mo-4Cr-2.5A1
334 10Mo-6Cr-2.5A1
335 13Mo-4Cr-2.5A1
338 4Mo=-4Cr-4Z2r-6A1-2Sn
339 2Mo=4V-4Cr=4Z2r-6A1-2Sn

Beta
Transus

LP

1500
1575

1625
1600

1625

1375
1425
1325
1350

1725
1675
1625

1500
1350
1625
1500

1600
1540

1615
1400
1500

1575

1360
1410

1470
1420
1425

1660
1600

Final®
Rolling
Temperature

(°F)

1400
1475

1525
1500

1525

1275
1325
1225
1250

1625
1575
1525

1400
1250
1525
1400

1500
1440

1515
1300
1400

1475

1260
1310

1370
1320
1325

1560
1500

! Alloys were arc melted in random fashion to eliminate
systematic changes in composition.
2Temperature selected for final hot rolling from 0.130"
to 0.040" thick.
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TABLE VI

Electron Probe Partition Data for 9Mo-23Al
Containing 30% Primary Alpha Phase

Mo Al
Wt. % in Beta Phase 13% 1.5%
Wt. % in Alpha Phase* <17 4.8%

* Based on mass balance equation after
estimation of fraction of alpha phase

(30%) .
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P - TABLE XIV
A PHASE 11
b e | E MATERIALS USED IN INGOT FORMULATIONS
g {4
5 |
- 14 Principal Impurities, %
[ = Material Purity, % _0O N Fe C
b
‘ a Titanium Sponge, ICI 99. 5+ 0.09 0.01 - <
- Molybdenum Granules 99.5+ 0.05 - - -
{ | | § Zirconium Sponge 99,5+ 0.11 = 0.09 0.02
(Reactor grade)
g i
/ ’ L Tin, 1/8" dia., x 1/8" 99.85 - - - -
Vanadium/Aluminum Master - 0.210 =~ 0.4 -
« &= (85-15)
J 11 Vanadium 99.6+ 0.09 = 0.10 0.04
[ Chromium 99.45 0.0 =~ - 0.04
Li (Electrolytic)
f ; Aluminum 99,997 - - - -
; - Silicon 98.9%4 - - 0.55 -
# 1
{
h 1
|
P
SRl 17
D
2 4
o
Al
!
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TABLE XV

PROTECTIVE COATING DETAILS

Forging
Metlseel
E Temperature Coating
n 1500~1750F RA-537
| 1800-2300F RA-538
Hot Rolling
b Metlseel
J Temperature Coating
1200-1700F RA-536
1500-2100F RA-537
Supplier: Pemco Products

Glidden-Durkee Division
5601 Eastern Avenue
Baltimore, Md.

18

Thickness

5 « 10 inches

10-20 inches

Thickness
2 = 4 inches

5 = 10 inches

i = L
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