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ABSTRAC]

=3

The melting of three columbium=base alloy and two
tantalum-base alloy ingots by arc-casting is deseribed. The
alloys were Cb=10%W=1%Zr-0.1%C (D-43), Cb=5%Mo=5%V=1%Zr (B-66),
The process consisted of hydrostatic compaction of elemental
powders into electrodes, followed by double consumable arc
melting to yield 6" diameter ingots. Analytical and metal-

lurgical testing of the ingots is described,



TABLE_OF CONTENTS

NOTICE i

TABLE OF CONTENTS iv
LIST OF FIGURES v
LIST OF TABLES vi
DISTRIBUTION LIST vii
I.  INTRODUCTION 1

II., SUMMARY 4
III. INGOT MELTING

PHASE III WORK SCHEDULE 30

iv



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

[ Y R L R

~J

9

Figure 10

i

Macrostructure
Macros tructure
Macrostructure
Macrostructure
Macrostructure
Microstructure
Microstructure
Miecrostructure
Microstructure

Microstructure

D=43 alloy ingot.
B=66 alloy ingot.
Cb=752 alloy ingot.
Ta-10%W alloey ingot.
T=111 alloy ingot.
D=43 alloy ingot.
B=66 alloy ingot.
Cb=752 alloy ingot.
Ta-10%W alloy ingot.
T=111 alloy ingot.




Table 6

Table 7

L

o

TABLES

Raw Materials for Compaction of
Columbium and Tantalum Base Alloys.

Melting Data for First Melt 4-1/2"
Diameter Ingots.

Melting Data for Second Melt 6"
Diameter Ingots.

Ultrasonic Testing Conditions of
Columbium and Tantalum Base Alloy
Ingots.

Analytical Data on Cb- and Ta-Base
Ingots.

Semi-quantitative Spectrographic Analyses
on Cb= and Ta-Base Ingot Slices.
Hardness Measurements of Cb= and Ta=Base
Alloy Ingot Slices.

vi




Number of Copies

ASD (ASRCT)

Wright-Patterson AFB, Ohio 6
ASD (ASRCE, Mr. J. Teres) .
Wright= Patterson AFB, Ohio 1
ASD (ASRCMP=4) o .
Wright-Patterson AFB, Ohio 1

Argonne National Laboratory

Attn: Marion L. Bohmann o
Technical Information Division

9700 S. Cass Avenue

Argonne, Illinois

-

Armed Services Technical Information Agency
Document Service Center (TISIA-2)

Arlington Hall Station .
Arlington 12; Virginia 10

Bell Aerospace Corporation
Attn: Mr. Ralph W. Varrial
Manager, Production Engineering
P. O. Box 1 ‘
Buffalo 5, New York 1

The Boeing Company

Attn: Ged Stoner

P. 0. Box 3707

Seattle 24, Washington 1

General Dynamics Corporation/Convair
Attn: Ralph A. Fuhrer

Chief Tool Engineer )
Fort Worth, Texas 1

Chance Vought Corporation
Attn: Chief Librarian

Engineering Library
Dallas, Texas

[ d

Department of the Navy

Bureau of Naval Weapons

Attn: Tom Keirns

Washington 25, D. C. 1

Curtiss-Wright Corporation
Wright Aeronautical Division
Attn: Mr, Jesse Sohn
Manager, Metallurgy
Wood-Ridge, New Jersey

[ ot



ASD (ASRC, Mr. A. M. Lovelace)
‘Wright-Patterson AFB, Ohio

ASD (ASRCEM=1A, Mrs. N. Ragen)
Wright= Pattéréén AFB, Ohio

Materials Advisory Board
Attn: Mr. Robert W. Crozier
Executive Director
2101 Constitution Avenue
Washingten 25, D. C.

Battelle Memorial Institute
505 King Avenue
Columbus 1, Ohio

Bell Helicopter Company

Division of Bell Aerospace

Attn: Mr. Nairn Rigueberg, Chief
Production Development Engineer

P. 0. Box 482

Fort Worth 1, Texas

General Dynamics Corporation/Convair
Attn: Mr. W. Feddersen

Staff Asst., General Office
San Diego 12, California

General Dynamics Corporation/Pomona

Attn: A. T. Seeman, Chief
Manufacturing-Engineering

P. 0. Box 1011

Pomona, California

Curtiss-Wright Corporation
Metals Processing Division
Attn: Mr. A. D. Roubloff

760 Northland Avenue

P. 0. Box 13, Buffalo, New York

Curtiss=Wright Corporation
Curtiss Division
Attn: Mr. W, C, Schulte
Chief Engineer N
U.S. Route No. 46, Caldwell, New Jersey

The Dow Chemical Company
Attn: T. W, Leontis

Metallurgical Laboratory
Midland, Michigan




Hughes Aircraft Company

Attn: J. Ferderber N

~ Assistant Plant Manager
2060 E. Imperial Highway
El Segundo, California

Hughes Aircraft Company

Attn: Mr. S. Edmunds, Marketing
Florence & Teal Streets

Culver City, California

Lockheed Aircraft Corporation
Attn: Mr. Roy MacKenzie

~ Manager, Engineering
Marietta, Georgia

The Marquardt Corporation

Attn: John S. Liefeld )
~ Director of Manufacturing
16555 Saticoy Street

Van Nuys, California

North American Aviation, Ine.

Attn: Mr. Larry Stroh )

] Vice President, Manufacturing
International Airport _ )
Los Angeles 45, California

Reactive Metals, Inc.
Attn: Mr. G. L. McCoy
Goverrment Contracts Administrator

Republic Aviation Corporation

Attn: Adolph Kastelowitz

, Chief, Manufacturing Engineer
Farmingdale, Long Island, New York

Thompson Ramo Wooldridge, Inc.

Attn: Emil F, Gibian, Staff Director
Industrial Engineering

23555 Euclid Avenue -

Cleveland 17, Ohio

Wah Chang Corporation

Attn: Mrs. Mabel E. Russell, Librarian
P. 0. Box 366

Albany, Oregon

ix




Number of Copies

Douglas Aircraft Company

Attn: Production Design Engineer

2000 N. Memorial Drive )
Tulsa, Oklahoma 1

General Electric Company
Attn: Mr. G. J. Wile, Manager
Metallurgical Engineer
LJED Engineering Operations
Building 501 .
Cincinnati 15, Ohio 1l

Grumman Aircraft Engineering Corporation
Attn: William J. Hoffman, Vice President

Manufacturing Engineering i
Bethpage, Long Island, New York 1

Lockheed Airecraft Corporation

Manufacturing Manager

P. 0. Box 51! B .
Burbank, California 1

The Martin Company
Attn: Chief Librarian

Engineering Library ,
Baltimoere 3, Maryland 1

McDonnell Aircraft Corporation
Attn: A. F. Hartwig, Chief
Industrial Engineer
P. 0. Box 516
Lambert=St. Louis Municipal Airport
St. Louis 3, Missouri 1

Norair Division
Northrop Corporation
Attn: R, R, Nolan
Vice President, Engineering
1001 East Broadway

Hawthorne, California 1

Temco Aircraft Corporation

Attn: V. N, Ferguson
Manufacturing Manager

P. O, Box 6191

Dallas, Texas

-



Revere Copper & Brass Company,; Inc.

Attn: C. J. Polvanich, Manager
Special Sales Products

230 Park Avenue

New York 17, New York

Metals and Controls
Attn: J. Buchinski

344 Forest Street
Attleboro, Massachusetts

General Electric Company
Attn: James Keller
21800 Tungsten Road
Cleveland 17, Ohio

Westinghouse Electric Corporation
Attn: Mr. Frank Parks

32 North Main Street

Dayton 2, Ohio

ASD (ASRCMP-3, N. Geyer)
Wright= Patterson 'AFB, Ohio

McDonnell Aircraft Corporation
Attn: Howard Siegel

P. 0. Box 516

Municipal Airport

St. Louis 66, Missouri

Fansteel Metallurgical Corporation
Attn: George Bodine
North Chicago, Illinois

ASD (ASRCMP-2, T. D. Cooper)
Wright- Patterson AFB Ohio

ASD GASRCEE 1 H. Zoeller)

Lockheed Missiles & Space Company
Attn: R. K, Titus

Materials Sciences Laboratory
P, 0. Box 504
Sunnyvale, California

xi

Nusber of Coples




I. INTRODUCTION

This report summarizes the work performed on Phase
11 of Contract No. AF33(657)<8912, entitled "Refractory Alloy
Foil Rolling Development Program". The contract is sponsored
by the Manufacturing Technology Laboratory, ASRCTB, AFSC
Aeronautical Systems Division, Wright-Patterson Air Force
Basé, Ohio.

The program objective is to develop manufacturing
processes for the production of tungsten, columbium and
tantalum and/or their alleys in 24" wide foil, down to 0.001"
thick. The program has been divided into five phases as
follows:

1. The evaluation of the current state=of-the=

art of refractory alloy foil rolling and the
recommendation of the most promising alloys
of tantalum, columbium, and tungsten for the
remainder of the program.

2. The production and testing of ingots of

columbium and tantalum alloys required for
the manufacture of foil 12" wide by 100'
coils and the investigation of the rolling
of pure tungsten.

3. The production of coil blanks for each of
the alloys selected and the evaluation of

these coil blanks.



4. The rolling of foil in thicknesses from
0.001" = 0.005" and widths of 12" and the
évaluation of the product.

5. The production of 24" wide coils of the

approved alloys in the thickness range of
0.001" - 0,005",

At the conclusion of Phase I (State-of=the=Art Survey)
the following compositions were selected for rolling to 12-inch
wide foil:

1, Cb=10%W-=1%Zr=0.1%C (D-43 alloy - alley

previously designated X-110)
Cb=10%W=2<1/2%Zr (Cb=752 alloy)
Cb=5%Mo=5%V-1%Zr (B=66 alloy)

. Ta<l0%W
. Ta-8IW-2%Hf (T-11ll alloy)

w N
L]

o w &

. Pure tungsten

Processing of the columbium and tantalum base alloys under this
program commences with consolidation and proceeds through the
phases of the contract., Tungsten sheet will be purchased from
a number of sources for rolling to foil.

The Phase II program described in this report is con-
cerned mainly with melting and testing of the 6" diameter
columbium and tantalum base ingots required for rolling to 12"
wide foil. The operations involved are: blending, compaction,

and double consumable arc melting. Testing and evaluation pro-

cedures include: wultrasonic testing for soundness; chemical,



spectrographic, and X-ray microprobe analyses; and metallo-
graphic examinations.

The tungsten portion of the program is at present
concerned with design studies on various arrangements for
continuous rolling of tungsten sheet with rapid heating at

the roll-nip.



I1. SUMMARY
The objective of Phase II was to develop casting
techniques capable of producing 6" diameter ingots in the
three columbium and two tantalum base alloys for subsequent
processing to foil. An additional objective of the program
was to carry out preliminary rolling evaluations of tungsten

sheet from various sources.

Initial consolidation of the raw materials was
accomplished by hydrostatic compaction. The compacts were
tack-welded together to form first melt electrodes. First

electrodes for second melting. The second melt electrodes

were joined by studding and welding.

Ingot soundness was determined by ultrasonic in-
spection. Shrinkage pipes detected by this means were cropped
off,

A 1/4" thick test slice was taken from the top and
bottom of each ingot. Chemical, spectrographic and microprobe
analyses were carried out on these slices. The chemical and
spectrographic analyses indicated the compositions of the five
ingots to be satisfactory.

It was considered that compositional homogeneity was
especially desirable in these ingots since they are being rolled
to foil gauges. Microprobe analyses were carried out on speci-

homogenization treatment. Compositional variations were most

-l -



marked in the columbium base alloys and were typically + 25%
of the average. Distances between adjacent maxima and minima
in composition were of the order of 100 mierons. The two
tantalum alloys showed much less pronounced heterogeneity.
The high temperature homogenizations did not result in more
alloys.

Metallographic examination and hardness measurements
carried out before and after the high temperature treatments

did not indicate significant changes in microstructure.

Tungsten Processing

Design studies are being carried out on two methods
of rapidly and continuously heating tungsten which might be
used in rolling of long lengths of tungsten strip or foil.
The device would be installed on the entry side of a rolling
mill, immediately adjacent to the rolls.



Raw Materials
Information is given in Table 1 on purity and
physical form of the elemental materials used in both the

columbium and tantalum base alloys.

Lt Electrode Preparation

Charges for each of the five ingots were blended
in a twin-shell cone blender and loaded into rubber boots for
compaction. The rubber boots, evacuated by a vacuum pump

prior to compaction, were hydrostatically compacted at 60,000

The compacted electrodes were melted o 4<1/2"
diameter ingots using the consumable electrode process in
the Heraeus vacuum ar¢ furnace at the Du Pont Metals Center.
Compacts were tack-welded to each other (and to the adapter)
to give first melt electrodes typically 30" long. In the
case of the two tantalum alloys, the tack-welds were rein-
forced by tacking 1/8" tantalum rod across the joints.
Without this additional strengthening, the tack-welds were
extremely susceptible to breakage in handling and while
starting the arc.

Melting data for the first melt ingots are sum-

marized in Table 2,
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MELTING DATA FOR FIRST MELT 4-1/2" DIAMETER INGOTS

- Electrode o Melt Rate Furnace Pressure
Alloy dia., inches Volts Amps 1bs./min, Microns

D-43 3 32 6000+~ 5.2 0.2=0.5

B=66 3 32 6500 8.5 0.1=0.3
Cb=752
Ta=107W

7000 5.1 0.1-1.0
36-38 ggaoa 1.8=2.2 3.0<19.0

N> w
w
oo

T=111 2 30-34 6500 2.0=3.0 310
Prior to melting, the furnace pressure was reduced to less than
two microns, with a leak rate of less than one micron per minute
(13 micron-liters per second). A magnetic stirring coil was
used throughout the melts.

Melting of the T-111 alloy was started with 3" diameter
compacts but arcing to the sidewall and a crucible burn-through
occurred. The problem was eliminated by changing to 2" diameter
compacts.
tantalum base alloys are noteworthy. High pressures also ob-
tained in second melting of these alloys. This is believed to
be associated with the large volumes of gas removed as indicated
by the high degree of interstitial upgrading which took place in
these alloys. (See Table 5).

Second melt electrodes were prepared from the 4=1/2"

diameter ingots. Two first melt ingots were required to obtain



a second melt electrode. The 4-1/2" diameter ingots were in-
verted and the bottom of one was sawn square, drilled, tapped
and joined to the adapter by a stud. The original top of this
ingot and the bottom of the second ingot were likewise sawn
flat, drilled, tapped and studded. This joint and the joint
between the adapter and the ingot were further reinforced by a

circumferential tack weld.

Final 6" diameter ingots were melted in the Heraeus

furnace. Melting conditions are summarized in Table 3.

Melt Rate Furnace Pressure

11 0.1
B-66 32 7500-8000 15 0.1
Cb-752 36 9000 10 0.1
Ta-10%W  34-40 11,500-13,000 4 5.0-5.5
T-111 32-38 14,000-15,000 9 4.0-8.0

Alloy  Volts
D43 32

The crucible used was 6-3/8" diameter. Magnetic stirring was

used for each melt. A hot topping procedure was carried out
at the end of each melt to minimize the shrinkage cavity.

Power was reduced incrementally over a period of 8-12 minutes,

Currents were in the range 3000-5000 amps at arc-out.,



Ingot Conditioning

Both ends of the as-cast ingots were cropped. The
bottoms were cropped to remove the urmelted portion of the
powder starting pads and the tops were cropped to remove any
visible shrinkage pipe. The columbium alloy ingots were turned
down to 5.57" diameter, the dimension required for steel canning
prior to extrusion., The two tantalum ingots, to be extruded
bare, were machined to a larger diameter = 5.72". At this
diameter some surface porosity was still present in the bottom
2" of the ingots. These defects were ground out by spot con=

ditioning,

Ultrasonic Testing
The machined ingots were ultrasonically tested for

internal soundness. Test conditions are summarized in Table 4.

ULTRASONIC TESTING CONDITIONS OF COLUMBIUM AND TANTALUM
. _BASE ALLOY INGOTS*

D-43 Branson 'Z' crystal 5 Mc,
B=66, Cb=752 Quartz 2.25 Mc,
Ta=10%W, T-111 Branson 'Z' crystal 2.25 Mc.

*Instrument: Curtiss Wright 'Immerscope’ (immersion technique)

The portions of the ingot tops containing concealed
shrinkage cavities (revealed by ultrasonic testing) were removed
by sawing. The lengths of defect-free ingot obtained in each of

the alloys was:



11-13/16"
11-1/4"

r

D=43 alloy
B=66 alloy
Cb=752 alloy 9=1/4"
Ta=10%W alloy = 11=9/16"
T=11l1 = 10-1/2"

+

[

[ ]

One-quarter inch thick slices were obtained from the

ﬂ,

op and bottom of each ingot. Each slice was subjected to the
following series of evaluations:
1. Macro-etch on a 90° segment.
2. Microstructure,
3. Chemical analysis.
4, Spectrographic determinations of major
alloying elements.
5. A high temperature homogenization treatment
was given to a portion of each slice.
6. X-ray microprobe analytical scans before
and after the homogenization heat treatment.
7. Hardness measurements before and after the
homogenization treatments.
The macrostructures of the five ingots are illustrated
in Figures 1-5.

Microstructures at a mid-radius location are illus-
trated in Figures 6-~10. The B-66 alloy microstructure contained
some very fine micro=porosity visible in Figure 7. The subse-
quent hot-breakdown operation is expected to eliminate this

porosity completely.
-11-



D-43 alloy ingot.

Macro-structure, top




B-66 alloy ingot.

Macro-structure, bottom

B66 3368 |




Cb=752 alloy ingot.
Macro=structure,

top

-14-



Ta=10%W alloy
ingot.

Macro-structure,
top

Ta=107%W alloy
ingot.

Macro-structure,
bottom
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D-43 alloy,

ingot top.
X250
Hardness Ry 54

As-cast micro-
cture,

=43 alloy,
ingot bottom.

o

Hardness Ry 54




As=cast micro-structure. B-66 alloy, ingot top.
X250 Hardness Ry 60 FIGURE 7

s

As-cast micro=structure. B-66 alloy, ingot bottom.,
X250 Hardness Rp 59

=]18-



As-cast micro-structu Cb=752 alloy, ingot top.
X250 Hardness Ra 55 )




As=cast miero-
structure,

Ta = lo‘z,w a 1 1‘6y ’
ingot top.

Hardness Ry 89

As-cast micro=
structure.

Ta-10%W alloy,
ingot bottom.

X-100
Hardness Rg 93



As-cast micro=
structure.

T-111 alloy,
ingot top.

X100
Hardness Rp 98

As-cast micro-
structure.

T-111 alloy,
ingot bottom.

X-100
Hardness Rp 96

\
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Chemical analyses at mid-radius locations are given
in Table 5. Also included in Table 5 are the calculated
interstitial contents of the compacted raw materials and com=
positional specifications; where available.

Comparison of the calculated interstitial levels of
the B-66 and Cb=752 alloy ingots with the ingot analyses in-
dicates that a small amount of oxygen contamination occurred

be

in melting. The source of this contamination has not been
established,

The analytical data shown in Table 5 are considered to
indicate satisfactory compositions for the five ingots except
for the two following values which are of marginal adequacy:

1. Tungsten content at the top of the D=43 alloy
ingot is low compared with the nominal 10% value,
(Low tungsten values have been observed previously
in the top of D-43 ingots. Generally, the low
tungsten content is confined to the hot=topped
portion of the ingot).

2, Oxygen content of the Cb=752 alloy ingot is marginal
in view of published data* on interstitial content
requirements for this alloy (although considerably
lower than the North American Specification quoted).
Compaction to 1-7/8"<2" diameter first melt electrodes

(rather than 3" diameter) may have resulted in higher

purity. (Gas removal would have been aided by the

lower electrode/crucible ratio).

¥Schussler, M. & Bewley, J. G., "Development of Processing
Methods for Columbium Alloy Sheets'. Contract No. )
AF33(657)=7210, Interim Report No. 1. July 1, 1962,
Haynes Stellite Company. )

-22=
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Semi=quantitative spectrographic analyses of the
main alloying elements were obtained at six points across the

diameter of each slice. The results are tabulated in Table 6.
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Since spectrographic analyses have not been standard=
ized for absolute values of the alloying elements in these alloys,
Table 6 can only be used to illustrate the variation in alloy
element analyses from point to point. Locations 2 and 5 were

closest to the mid-radius.



Since the ultimate product from these ingots will be
foil, it was considered desirable to obtain information on the

degree and dimensions of coring in the cast structuré. Pro=

across relatively large linear dimensions in the foil, Micro=
probe analyses have been carried out on the as=cast ingot slices
to obtain information on heterogeneity of composition on the
micro=scale.
Small portions of the ingot slices were subjected to a
one hour high temperature homogenization cyecle (at 3000°F. for
the columbium alloys and 32009F, for the tantalum alloys)*% Micro-
proble analyses were then carried out on these and as=cast slices.
The microprobe scans were carried out on an electron
microprobe made by Applied Research Labs, Inc. and lecated at
the Du Pont Experimental Station in Wilmington. Semi=quantitas=
tive continuous X-ray determinations over distances of 0,3=1.0 tmm
were made for each alloying element. These line scans show the
typical distances over which composition gradients occur and also

the departure from the average composition along a line scan,

in Table 5. The inaccuracy involved in this assumption can be
judged by referring to the spread in analyses indicated by the
spectrographic analyses in Table 6, The electron beam in the
A.R,L, microprobe is less than 2 microns diameter and the X-ray

beam is emitted from a slightly smaller area. Successive scans

order of 3500°-4000°F, were not tried be-

¥emperatures of the

i

cause of the possibility of atmospheric contamination in the
argon atmosphere billet heater (which would have been used to
homogenize the ingots)., The billet heater had not been used
for prolonged heating in the 3500°-4000°F, range and the
purity of the argon atmosphere could not be guaranteed.

=25~



were made for each element. At least two complete scans were
made in both the as=cast and homogenized condition on mid-radius
specimens from the top and bottom of each ingot. The results of
the microprobe work on each ingot are summarized below. The cor=
relation of these results with microstructure will be described
in the Phase III report. It must be pointed out that the effect
of high temperature heat treatment on hetergeneity could not be
rigorously évaluated since different specimens were examined for
the as=cast and homogenized slices (the two specimens were taken
from locations less than 1/2'" apart in the original ingot). The

variations in composition reported are the extreme values.

D=43 Alloy

In the as<cast condition tungsten varied by # 20%
(i.e., from 8%W to 12%W, assuming nominal composition). Zir-
conium varied + 30%. After homogenization tungsten variation
was similar., Zirconium content varied 4 227%. These variations
occurred across distances of 70<200 microns.

Zirconium and tungsten varied inversely to each other,

i.e., low tungsten areas showed high zirconium and vice versa,

y]

Tungsten varied + 32% in the as-cast specimen and #

30% in the homogenized specimen, Zirconium varied + 22% as-

cast and + 507% in the homogenized specimen., A cored sub-

w

truc

re was detected within the as=cast grains of this alloy

g

which could be related to the results of the microprobe scan,

Tungsten content is low and zirconium high at the boundaries of



this sub-structure while the reverse occurs inside the grains.

Segregation occurred over distances of 100-200 microms.

B-66 Alloy

Molybdenum varied + 9% as-cast and + 8% on the homo=-
genized specimen. Zirconium varied + 257 in both conditionms.
Vanadium varied i 15% as-cast and + 12% in the homogenized
specimen. Segregation distances were 50=150 microns. Molyb=

denum segregated inversely to zirconium and vanadium.

Ta-107%W Alloy
Tungsten distribution was extremely uniform in this
alloy. Variation was + 4% on the as-cast specimen and + 6%

on the homogenized specimen.

Tungsten varied + 4% as=cast and # 4-1/2% in the
homogenized specimen. Hafnium varied + 167 in both samples.
Segregation distances were typically 70-100 microns.
of segregation before and after the high temperature homogeni-
zation treatment of any of the alloys. Some degree of homo-

genization may have occurred but it could not be determined

from the relatively few data obtained in this work.
Radial hardness traverses were carried out on the
ingot slices before and after the high temperature homogeni-

zation treatment. The results are shown in Table 7.



TABLE 7
HARDNESS MEASUREMENTS OF Cb- AND Ta-BASE ALLOY INGOT SLICE

Edge

Top, As=Cast 54 54 54 54 53 (RA)

Homogenized 50 51 50 52 51

Bottom, As=Cast 54 54 54 54 53
Homogenized 51 54 54 52 51

60 60 60 59 58
: 60 60 60 61 59
Bottom, As=Cast 60 59 39 59 58

Homogenized 58 59 60 59 60

Top, As=Cast 53 54 55 54 53
Homogenized 54 54 54 o1 52

Bottom, As-Cast 55 57 56 56 56
Homogenized 55 56 55 35 54

Top, As-Cast 89 90 89 88 88  (Rp)
Homogenized 91 90 90 89 89

Bottom, As-Cast 93 9 93 93 91
~ Homogenized 93 94 93 93 94

I-111 Alloy

Top, As-Cast 89 97 98 97 95
Homogenized 92 93 % 94 94

Bottom, As-Cast 85 96 96 93 96
Homogenized 93 94 94 94 9%




The three columbium base alloys and the Ta=107%W alley
show no significant change in hardness as a result of the high
temperature homogenization. No changes in microstructure could
be detected in these alloys either. The hardnesses do not show
any pronounced variation from edge to center.

The T=11ll alloy shows an appreciably lower hardness
at the edge than center in the as=cast condition. Since the
difference no longer exists after the high temperature heat
treatment, it is believed to be associated with a cooling rate
effect rather than a difference in composition. The micro~-
structure (at the mid=radius location) of this alloy contained
slightly more of an unidentified second phase (visible in

Figure 10) after homogenization than in the as=cast condition.



APPEND IX

PHASE 11T WORK SCHEDULE

Phase III extends over a period of three months and
consists of production and testing of coil blamks in each of
the columbium and tantalum base alloys. These coil blanks
are for subsequent rolling to 12" wide foil.

All ingots will be extruded to 1-1/2" x 4" sheet bar.
The three columbium alloy ingots will be canned in mild steel
and extruded through flat dies. The tantalum alloy ingots will
be extruded bare through cone dies.

The sheet bars will be warm rolled to 1/4" = 3/8"
thickness. In order to obtain plate of adequate flatness for
belt conditioning, the warm rolled plates will first be roller
leveled. After conditioning and heat treatment the plates will
be rolled to 0.100" thickness and evaluated.

Small scale rolling trials on tungsten sheet will be

carried out during Phase III in order to select the most suit-

)

ble starting material for rolling to foil at the 12" width.

-

nformation obtained in this manner will also be used as a
basis for design of continuous strip heating equipment for

tungsten rolling.



i
j
_

|
|
|
m

89JNpad0dd
uotqoedsur

uegsduny]

| pue unrejuwe

‘umiqungog

| 30 sot9a0doad
ﬂu_a Buyssedsoad *

uoT3

| -onpoad Tag -

pue Bugyse] °

(xon0) ‘

38 25L=q0
axe shoTe JUTMOTTOF

qaoday perJTsseToun

(eté8=(LS9)Ecav

186=L *ON 300foad sV

WVHDOd JNEWJOTEAQ
ONITT0Y TIOd XOTIV IMDLOVEIZY

sqonpodd Te3M |

“(RZPT-AFS-oNES-q0) 994 |
“(FT0-TZFT-MFOT-AD) £f~Q :Ppoqraosap |
aYy3 Jo yoea jJo M,
- 8903uf 49 Jo Supyseq pue JuTHTOUW eyj | |

49BI3U0D) N
I
€96T “Axenuep |

|

s04NpPed0Id
uofqoadsul

pue Butysel. ©

s£OTTV
ueqs3duny,
qg._ﬂeﬁ—..mou,

i Jo setjaedoad
'pue Bursseocoxd °
exemera(q ‘uoj3ururIM |
quourgredeg squauwdtd |

uogy

~onpoad TYod *

R

(a0a0)
=q0) 25L=a0 °(TFT-AFSG-OHFS-A0) 99~€
¢( PT 0~IZFT-MFOT-q0) €M~ :POQTIos8OP
axe sfore FuTMOTIOF 943 JO YyIee Jo
8303ut 49 Jo Supyseq pue Supiew Syl

qaodey POTFESSETOUN
(2T68=(L59)ECIV 30BAIUOD)
Lg6=~L °*oN 3oefoad asv

€961 “Arenuep
WVE00ed LNEARLOTIALT
ONITTION TI0Z XOTIV XHOIOVHIZY
oxeMeTed ‘uoqrSUTWTY
queurgredaq mubog

syonpoxd TeIsH |
“our “*0n § SaNoWBN 9P Ued np °I °F |

59INPe00Id
uoT3oadsur

s&oTTV
uweqsduny
‘umTeuUmMToD

Jo setjaedoad

|pue Bugssasoad *

uory

pue 3upysayg, °

| %H € eoa sanousy 8p pcom 5 °I

A.uwPov

ade shoTre 3uTMOTTOF

qJ0dey petrFrsseToun

(e168-(L599)€EIV

308I3U0D)

186=L *oN 99efoid @sv

quawqaedeq mp:m_.&.ﬂ

‘g |

| =q0) 26L-a0 ‘(TFT-AZS-MES~A2) 998
‘(BT 0-~SZFT-MFOT~q0) €M~q *peqiIosep |
, 8y Jo yoes Jo |

| s308ut 49 Jo Buryseq pue Jupjreu oyy |

£96T ‘Arenuep | |
WVH00¥d INSRJOTIAXA

ONITIOY 'TIOd XOTTV XMOLNUITY
aIeMETR( “Uoq3uy

§900podd TRIM |
*ouf €*0p ¥ Sanowsy 8p Juod Tp °I °F |

U

85aNpPd20Id
uotyoedsul

pre durqse]. *f

uesgsdunl

pue umpejue],
‘umyqumyo)

Jo setqaedoad

uﬁw Bursseooad °2

UoTg
~onpodd T¥d °

_m‘ | ‘_OEH‘ agOU. B wguoz‘ op Pﬂom .9.@ °T °d

(s080)

-q0) 25L=a0 (RLPT-AFS-WES-A0) 994

| (o ro mrimioras) €nd Fpeatosep |
age sfoTTe 3uTMOTIOF oY% JO yoee Jo |
§908uUT 49 Jo Supyseq pue SUFTaW AYJ |

qa0dey pPOTIFSSETOUN
(2T68=(LG9)EEIV 30BIUOD)
Lg6=L °*oN 30efoxd asv

€961 “Axenuep |

NVHO0ud E_EQEE
ONITION TIOd XOTIV XYOLVUIEY
o.a.aﬁcn ‘uoq3uTUTIM

quouyaedeq squauwdyd |

S30NPOdd TBISH




1 quoudoreasq
I 3

2168=(L599)€€aV

| spuouwfs °p

‘I

{ ALaoqoeagau °IIT |

*IT |

i

TIL-L pue MPOT~8l “(I2¥e/T-2-MPoT |

_ urex3oad
. quswdoTeAs(d
! JuTTToNW 1
. Tyog Loy |
Kaoroeazey HHH

| ma%n?m& €EAV

qoBaqu0d °II |

. spuowfg P °I.

*(FHgZMPg-BL)

TIT~1L pue M¥oT-el ©(%2¥e/T-2-MPoT

quoawdoreasq
Suttrod
Tvog Koy

| ew68-(L59) £Eav
|0'IJUOD

spuoufyg °

1
EH%QS

Aaxojoeayey *III | _

|
|

i
w
4

*(JHpZ1Ee-eI) |
 TT~L pue mgot-sl “(wge/T-e-Mot

¥ quowdoTaasq
| SuTTIoN
| Tvod LoTwv
£a09084F3Y HHH

| z68~(259)€€aw

40833u0)  °TI |

spuowfg °f I

|  CHIJISSVIONA

{ TIT=1 puwe MPOT~BL ‘(%2$e/T-2-M¥0T




