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THE NATIONAL ACADEMY OF SCIENCES is a private, honorary organization of
more than 700 scientists and engineers elected on the basis of outstanding contributions
to knowledge. Established by a Congressional Act of Incorporation signed by Abraham
Lincoln on March 8, 1863, and supported by private and public funds, the Academy
works to further science and its use for the general welfare by bringing together the
most qualified individuals to deal with scientific and technological problems of broad
significance.

Under the terms of its Congressional charter, the Academy is also called upon to
act as official—yet independent—adviser to the Federsl Government in any matter of
science and technology. This provision accounts for the close ties that have always
existed between the Academy and the Government, alhough the Academy is not a
governmental agency and its activities are not limited to those on behalf of the
Government.

THE NATIONAL ACADEMY OF ENGINEERING was established on December 5,
1964. On that date the Council of the National Academy of Sciences, under the authority
of its Act of Incorporation, adopted Articles of Organization bringing the National
Academy of Engineering into being, independent and autonomous in its organization
and the election of its members, and closely coordinated with the National Academy of
Sciences in its advisory activities. The two Academies join in the furtherance of science
and engineerng and share the responsbility of advising the Federal Government, upon
request, on any subject of science or technology.

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the National
Academy of Sciences in 1916, at the request of President Wilson, to enable the broad
community of U. S. scientists and egnineers to associate their efforts with the limited
membership of the Academy in service to science and_the nation. Its members, who
receive their appointments from the President of the National Academy of Sciences,
are drawn from academic, industrial and government organizations throughout the
country. The National Research Council serves both Academies in the discharge of
their responsibilities.

Supported by private and public contributions, grants, and contracts, and voluntary
confributions of time and effort by several thousand of the nation’s leading scientists
and engineers, the Academies and their Research Council thus work to serve the national
interest, to foster the sound development of science and engineering, and to promote
their effective application for the benefit of society.

THE DIVISION OF ENGINEERING is one of the eight major Divisiens into which
the National Research Council is organized for the conduct of its work. Its membership
includes representatives of the nation’s leading technical societies as well as a number
of members-at-large. Its Chairman is appointed by the Council of the Academy of
Sciences upon nomination by the Council of the Academy of Engineering.

THE MATERIALS ADVISORY BOARD is a unit of the Division of Engineering of
the National Academy of Sciences-National Research Council. It was organized in 1951
under the name of the Metallurgical Adviscry Board to provide to the Academy
advisory services and studies in the broad field of metallurgical science and technology.
Since the organization date, the scope has been expanded to include organic and
inorganic nonmetallic materials, and the name has been changed to the Materials
Advisory Board.

Under a contract between the Office of the Secretary of Defense and the National
Academy of Sciences, the Board’s present assignment is

“ ..to conduct studies, surveys, make critical analyses. and prepare and
furnish to the Director of Defense Researck and Engineering advisory and
{echnical reports, with respect to the entire field of materials research, including
the planning puases thereof.”
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i The Academy and its Research Council perform study, evaluationm,
: or advisory functions through groups composed of individuals selected
from academic, Governmental, and industrial sources for their com-

i petence or interest in the subject under consideration. The members
serve as individuals comtributing their personal knowledge and judg-
ments and not as representatives of their parent orzanization.
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This report completes a study undertaken by the Materials Advisory
Board for the National Academy of Sciences in execution of worx under
Defense Supply Service Contract No. DA~49-083 OSA 313 batween the De-
partment of Defense and the National Academy of Sciences.

_ No portion of this report may be published without prior approval
" of the contracting agency. ’
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SUMMARY REPORT

REFRACTORY METALS SHEET ROLLING PANEL

Introduction

The Materials Advisory Board Refractory Metals Sheet Rolling Program
was originally established at the request of the Department of the Navy,
Bureau of Naval Weapons, to identify causes responsible for variation in
refractory metal sheet and to develop remedies for these difficulties, It
vas intended, in general, to develop a comprehensive technology for making
high-quality, reproducible, widely usable material, with all the implica-
tions therein, responsive to the established requirements of weapons and
vehicle designers. The program subsequently was expanded throvgh the
Department of Defense to include the other Services, NASA, and AEC in a
broadly based, integrated effort.

At this writing, six years later, the refractory metal sheet industry
in the United States is a going business. 1In the last few years, there
has been available a choice of strong alloys, wide and thin sheet (to 36"
wide, and in narrower widthe, down to foil gagee) produced to close tnl-
erances, a background of property data and formability experience, and
finally, sufficient prnduction know-how to permit reasonable deliveries
and realistic quotations. Several of the currently available alloys were
unknown at the start of the program., It is believed that the coordinated
sheet rolling program under the guidance of the Refractory Metals Sheet
Rolling Panel and its eleven Subpanels has made a significant contribution
to this progress.

It is the purpose of this document to summarize the modus operandi,
the accomplishments of the program, and finally, recommendations of the
Panel for completion of the present program and continuation of related
developmeat activities. A more detailed summary of the main Panel and
Subpanel activities and recommendations may be found in the Final Report
of the Refractory Metals Sheet Rolling Panel (ref. 1), and a summary of
contractor technical achievements will be found in a report prepared by
the Defense Metals Informaztion Center (ref- 2). Reference 3 summarizes
the Subpanel reports which have been issued. It is hoped that thies present
document will entice the interested reader into a more detailed study of
those references.

Need

At the inception there was a need for refractory metal sheet for
certain research and development vehicles or devices such as the X~20
hypersonic glider, ramjets, and sclid rocket components plus, certainly,
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the knowledge that with the constantly upward trend in operating tempera-
tures, requitvements would be present if quality sheet of the proper alloys
could be provided.

The recently coumpleted studies of the MAB Aercspace Applications
Requirements Panel (ref. 4) outlined requirements for all materials for
propulsion systems (turbojet, turborocket, turboramjet, ramjet, liquid
rocket, solid rccket, and electrical propulsion) and vehicle systems in-
tended for operational capability in 1970. They reviewed devices, compo-
nents, operational and environmental regime of cowponents, and looked at
fabrication requirements. For the propulsion systems alone, they specified
four sheet and plate requirements, three tubing requirements, three forging
requirements, four coating requirements, and two thermionic device require-
ments for refractory metals., 1In reviewing fabrication requirements, it
was found that 18 of 44 were due to the use of refractory metals. It was
concluded that refractory metals will be a pacing item. The report broke
dcwn the problems of priority ard identified seven items on refractory
metals in priority I.

At the start of the program, very few refr 'ctory metal alloys were
available, surface and dimensional control was .our, and worst of alil,
product quality was extremely variable. This was the era when unalloyed
molybdenum was beginning to be replaced by the Mo-0.5Ti allcy, Cb~1lZr was
the columbium alloy, there were no tantalum alloys, and no sizeable tungsten
sheet.

A major quality problem in the limited compositions available was
lack of uniformity. Variable formability and tendency to delaminate or
crack during shearing and forming were persistent problems in attempted
applications, These problems were most pronounced with Mo~ and W~-based
materials. All of the refractory metals considered in this program, W,
Ta, Mo, and Cb, are body-centered cubic metals acd at least W, Mo, and
Cb exnibit a ductile~brittle transition temperature. It is desired that
this DBIT be below room temperature tc facilitate handling and forming.
Molybdenum sheet was found to have an extremely variable DBTT, usually
above room temperature.

Surface contamination was another persistent problem, Columbium and
tantalum alloys are particularly prone to contaminaticn from oxygen and
nitrogen when heated, and some molybdenum alloys are aiso susceptible.
Such contamination reduced bend ductility and formability. The lack of
uniformity alsc affected mechanical properties, and as a result many
designers felt that refractcry metals were not ready to be specified.

Method of Operation

The Panel decided that the prograw should be divided into three
phagses for each alloy:




Phase I - Development and documentation of a production practice
for high-quality sreet and production of a quantity of
sheet to demonstrate and establish quality and uniformity.

Phase II - Measurement of preliminary design data for the ''pedigreed"
sheet from Phase I.

Phase IXI - Establishment of limits of formability and definition of
forming and joining procedures for sheet, followed by
tests of fabricated structural elements. In some cases
prototype aerospace vehicle or propulsion system compc-
nents were to be designed, fabricated, and evaluated.

Alloy Selection

0f major importance was the decision as to which refractory metals
or alloys should be fed Into the program, This portion of the activity
was the responsibility of the Subpanel on Alloy Requirements and Selection.
This group has repeatedly surveyed the requiraments for these materials
by consulting the consumers and by referving to the product of the Aero-
space Appiications Requirements Panel of the Ma%erials Advisczy Board
(ref. 4), They conducted, at the initiatisn of the program, a survey to
lear.. the status of refractory metal alloy development in this country.
Based upon these surveys, they decided it was desirable to set terget
properties for six specific classes of alloys:

1. Fabricable molybdeaun
2, High-strength molybdenum

3. Fabricable high-strength columbium (originally separated into
two classes)

4, Tantalum
5. Unalloyed or dilute tungsten
6. High-strength tungsten

The targets served two purposes: (1) they provided the industry
with specific objectives permitting them to focus their efforts for alloy
development, (2) they comprised specific tests for which data that should
be obtained to permit valid comparisons to be made. The stimulus for
response by the industry was the opportunity for Panel endorsement and
thus for Government support for Phases I, II, and III for the selected
alloys.

The targets were submitted to the industry and a date for review of
a particular alloy class (e.g., high-strength fabricable coiumbium alloys)
was announced. On the selected date all organizations offe ‘ing candidate
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alloys were given time to present to the Subpanel the fabrication history,
experience, and properties for their candidate. In closad session, the
Subpanel compared the candidates and made their selections. Copies of the
minutes of this meeting, including Subpanel recommendations, were sent to
all participants and to the main Panel and Government contractors for ac-
tion. (The documented histocy of these meetings and recommendations may
be found in ref., 1.) By this process, a large number of candidates were
narrowed down to a very few that most nearly met the targets. The selec-
tive focusing upon a very few alloys by an impartial body is considered to
be a very important feature of such a development scale-up program, and es-
pecially important when the potential market is small, the need great, and
the cost of the final p.oduct in 0.040-inch sheet is in the range of $30
te $280 per square foot.

Alloy selection has been an intensive process spanning several years.
It required an estimation of future (and unknown) requirements, a knowledge
of present capabilities, and a need to balance producibility against high
properties. Those involved in the program were irpressed with the manner
in which industry responded to the challenge. Once clear objectives had
been established, producers, whether under contract or not, made rapid prog~
ress so that within a few years several alloys in each class were available
for gselection. It is significant to note that at this date the target prop-
erties have been achieved for all classes except high-strength molybdenum.

Program Conduct Through the Three Phases

;1

As will be appreciated, it is a long road from a laboratory sample to
commercial availability of large sheet with good surface and flatness and
close tolerances anl reproducible properties., Largely, Phase I of the Re-
fractery Metal Sheet Rolling Program was concerned with this aspect of the
overall development of an alloy into a usable engineering material. Dur-
ing scale-up, the composition may change, mechanical properties do not al-
ways hold up, segregation is often a problem, and other, similar problems
occur. Nevertheless, in this period, we have seen the process development
accomplished for alloys of molybdenum, columbium, and unalloyed tungsten,
wi+th tantalum alloys not far behind.

Following completion of Phase I, several of the alloys were recommended
for additional contract programming through Phases 1Y and III. The con-
tractors regularly documented their progress and DMIC has issued a series
of reports describing contractor achievements. A report summarizing all
contractor progress to date will be released by DMIC in mid-1966. 11his
report itemizes quantity of material produced, and records processing de-
velopment, properties achieved, and quality (in terms of flatness, gage
control, etc.) for Phase I contracts; more complete property evaluation
by Phase II contractors; and fabricability as determined by Phase II con-
tractors.




General Program Achievements

To highlight the progress under the program, we may compare in Table 1
the current status of the alloys for high-quality sheet with their status
when the program began in November 1959, This Table shows that several of
the alloys which have advanced within the time period of the program to a
point where sheet can be produced in large sizes with good quality anc uni-
formity were unknown at the start of the program. The program results in
terms of wmaterial quality (flatness, gage control, and reproducibility) are
sunmarized in refs,., 1 and 2.

Most important, the effort was focused. Only a few carefully chosen
alloys were selected for development; only a limited number of the most im-
portant properties were measured, but in a way to permit needed comparisons,
and a real effort was made to avoid unknown or unneeded duplication. Cer-
tainly the Government saved much money and time because of this selectivity
and coordination. As a result there now exists a production base that can
turn out a quality product. This was the prime objective of the program.

It would be difficult to say with conviction that the job is finished.
The major objectives have been met but the Panel has recommended a modified
Phase I and Phase II activity for several materials (see Table 2) that re-
main to be implemented. The Panel has recommended that specific respensi-
bility be assigned for collection and dissemination of such production and
property information beyond the formal iifetime of the Panel.

In Table 2, the Panel has not recommended further work in high=-strength
tungsten and molybdenum. This is because requirements were not specific
enough to justify production development at this time. The AARP report,
however, suggests that such material will be a firm requirement soon,

Ductile high-strength tungsten alloys containing about 5 per cent rhe-
nium h+ve been reviewed by the Alloy Requirements and Selection Subpanel.
It was recommended that additional laboratory optimization be conducted,
and that a selected alloy or alloys be scaled up at least to the pilot level
for demonstration of feasibility and determination of property data.

The Panel clearly saw an immediate need for refractory metal tubing of
the same alloys of columbium and tantalum endorsed in the sheet program.
This coordinated activity should continue--the preferred method is to con-
tinue the Tubing Subpanel.

It is important that the alloys in sheet configuration be formable and
that the formability be documented. The results of the Phase III studies
that are determining the formability limits demonstrate that the alloys of
the program are considerably superior to material available before the
initiation of the program. (Details may be found in refs. 1 and 2.)
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Auxiliary Subpanel Activities

A particularly important contribution of the Panel activity hLas been
the output of the subpenels. During the tenure of the main Panel, eleven
subpunels were created to aid in guidance, to provide standards, or to
survey the state of the art and recommend needed research.

The Test Methods Subpanel has provided guidelines for testing or re~
fractory metals where none existed before. The Coating Subpanel similarly
provided needed recommendations for standard tests for coated refractory
metals, The Quality Specifications Subpanel has provided targets for re-
fractery metal sheet quality and outlined sheet sampling methods. All are
being widely used. The Analysis Methods Subpanel has guided round robins
for measurement of capability of analysis methods in refractory metal al-
loys. Several of the panels have recommended needed research that has
teen supported by the Services. Detailed summaries of the subpanel ac-
tivities will be found in vef. 1.

Preceding discussions of contractor progress at meetings of the Panel,
a DMIC representative summarized critic:i: points.

Concluding Remarks

The Refractory Metals Sheet Rolling Panel nominally has been a coor-
dinated effort to achieve high-quality refractory metal alloys in one
product form, flat sheet. Because these same alloys are of interest for
forging and tubing forms and because consolidation and ingot breakdown
studied for sheet are prerequisites of all wrought forms, it can be said
there has been considerable spin-off that has aided these other product
foxrms.,

The accomplishments were results of coordination among the military,
the consumers, the fabricatorsg, and the metal producers whc became ac-
quainted with each other's problems. Requirements were well publicized.
The Services, NASA, and the AEC cooperated with each other to a high degree.

The general format used (criginally developed for the Titanium Sheet
Rolling Program) is deewed to be sound and important to success. This for-
mat consists of (1) setting targets for alloy selection based upon a con-
sideration of requirements and potential capability; (2) selection of al-
loys, from all candidates oifered, for scale-up development:; {3) providing
technical guidance for the three phases (development of production capa-
bility, design data, snd evaluation of fabricability), and (4) continuous
review of contracted programs to insure compliance with objectives. (Some
criticisms of the details of the approach will be found in ref. 1.)

Coatings of the refractory metals are the key to successful applica-
tion of refractory metals in many propulsion and vehicle systems. The
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Coating Subpanel has established testing standards and evaluated specific
coatings in several temperature~time spectrums. A ccordinated approach

in this area has been a major need for years., It is recommended that this
activity continue.

Major benefits were derived by the focusing upon objectives, by nar-
rowing the list of alloys whose development should be supported, by getting
people together to define &#nd attack common problems. In an area such as
high-strength refractory metals, where the costs of the prcduct and of
development are high, the market small, and where the Government in the
end is the major consumer, it seems imperative that the production industry
and the consumer continue to get together in some working forum to provide
mutual guidance. Some have proposed that whereas the Sheet Rolling Panel
has concerned itself with bringing along process development of the required
sheet, the future activity should concern itself with all product forms in
refractory metals. 1f a "working forum'" concept for future activities in
refractory metals can be developed, a forum where less time-consuming con-
cer with contractor problems will occur, more attention can be paid to
selected applied materials research and process development.

The Panel has recommended that a "working forum'" or a standing 'Re-
fractory Metals Requirements and Selection Panel'" be created to review
regularly and inform among the Government, consumer, prcducer, and R&D
groups, in the area of refractory metal developments leading to all needed
product forms. The "minutes" of such meetings should be available to all
to provide maximum information for guidance of both industry in-house and
Government programs. It has been proved that proper action will follow if
objectives can be clarified and made known te tncse who must respond. It
is deemed an essential feature of such activity that an “Allcy Selection
Group" would impartially select specific compositions to recommend for
Government support fer process developments. Costs are too great and mar-
ket too small to permit the luxury of process development of a large variety
of compositions for a speciric product form., The Panel suggests that this
approach may, indeed, be appropriate for z wide variety ~f materials re-
quired in Government programs, particularly where there is critical need
and a small market.

Recommendations

The Panel respectfully proposes the following:

1, Complete the current program, i.e., a modified Phase I and
Phase II activity for several materials. For detailed com=-
ments see ref. 1.

2. Continue coordinated coating program.

3. Continue coordinated tubing program.
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4. Create '"working forum' or a standing "Refractory Metals Require-
ments and Selection Panel" (RMRSP) to review regularly and inform,
among the Government, consumer, producer, and R&D groups, in the
area of refractory metal developments leaiing to all needed product
forms,

Additional recommendations will be found in the specific subpanel
summaries, ref. 1.
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Hiscory of Alloys Identified for Production

Development by Sheet Rolling Panel

Alloy Class

Status
November 1959

Status ~ 1965

Pabricable molybdenun

Mo-1/2T1

TZM (Mo-0.5Ti-0.1Zr-0.03C)

Tungsten

Unalloyed

Pabricable & weldable columbium

D~43 (Cb-10W-1Zr-0.1C)
Cb-752 (Cb-10W-2.52r)
FS-85 (Cb-~28Ta-10W-1Zr)

Tantalym

T-222 (Ta~10W-2.5Zr-0.01C)

GE-473 (Ta-7w-3Re)(®)

(a)Development funded by G. E.

Large sheet
poor quality

Small sheet

Lab. size
gsheet

Unknown

Unknown

Unknown

Unknown

Unknown

Completed production
program (24 x 72" gheet)

Completed production
program {24 x 72" sheet)

Completed production
program (18 x 48" sheet)

Completed production
program (24" wide)

Completed production
program (24" wide)

Completed pilot
production (18" wide)

Completed pilot
production

Completed pilot
production




A-tonl]

o

SEmsrmB R RS me

33U Xy 3TH
Avvz 1 s 4

?113D
Avvs 113°o0d

A0vENH * 39 xopmod
AuvUN.H ase) 22V

OW 433ul13§ Y3FH

pPRpPUSWMODIY ION Anvvwvcaeaouuu POpPUIINODIY cg~S4
popudwmodsy 3ION Anvvwvuuaaooo& (3011d) saukey 26L=90
popuURWNOTIY IJON Anvv»vcusaouum juod np £h=-a
QMo
papudmnoddy 3JON Aﬂvvmvawaaooom popUIUIIODIY JON €L9-320
PRPUSUINODIY IJON g)P2PUdURIOD3Y popusumod3dy 3ION rAAAN
cememmmeaaw vmv w023y ION Bueyd yeM N L-900¢
wnieue ]
dmal~zddng POPUIWMIODIY ION sdo1oL) (esBIdATUN Jsed dxV
ae108 Yoieasdy uidyinog 1o938uey ‘H*°d
A pekoireun
112UuoqIK yoaeasgay uIYynog 8doT04n TBSIVATUf RZL
1 (9UUOQ oW yoaeasady uIdyinog sdoyok) Y(esadatufl 1L/t
oW qed
(uorjedTaqeyd) (e3eq usdisa@ °*wiTaad) {uot3onpoad)
111 aseyq 11 @s8yd 1 aseyd LotV

T °19%l

WeI1301d juaxin) U} SUOTIBPUIWUOIIY [Iued

=

P

Bt ST

—

B PR e ———




bt

- .

1 (0Z1 *d ‘W-ZTIT-9VK 99S) *popuaumuoodx g7 Apnis 3077d ® 3sway 3@ ‘pa3jordwod usaq sey
uorjezymyzdo L3103BI0QER] TCUOTITPPR I93JV °SsTwoxd [euofidaoxd IArvy 3IBYI PRIITIUSOPT 2a9M uho-<«vv

*3USIarMm umudp
~qA1ow y3B3uax3s-y3yy 103 srucuRIINbIx uaym weaBoiad voyzonpoadead 103 9318VpPIpPURD SB PITITIUIP]L

(@)
*I »geyd uy paonpoad LApeaaye
TeFa33ew jyo 7/, ’7g90d aadym IIT1 @seyd pue) evIep II 9884d JO ATqUISSE puUR UOFIDBT]O0D vuv:casouuxﬁnv
*feFiozew pasxdypod sIYl JO UOTIBNTBADI
11 @8eyd 103 yerad3ew 3pyaoxd 03 pue $s3d01d woyzonpoxad 3yj VuFIAp puw XIJ O3 [EIIIIBW JO
£373uenb U IOYIING JO (Iwowdoyardp S42001d L11iES8SII3dU 3o0u) uojyjonpoad I aseyqd wmvcusaoummAmv
§930N

(PanuUTIU05) ¢ 91qe]

———




A

Unclassified
Security Classification

DOCUMENT CONTROL DATA-REGD

(Secunty cisssllicetion o titls, body >f sbetract and indexing annotation must be enternd when the overaii report ie cisseilind

1 ORIGINATING ACTIVIVY (To. porate suthor) 28 REFDORYT SECHRITY T LASYUFICATION

National Academy o¢f Sciences~National Research Counci Unclaggified
Washington, D. C. 20418 25 aroup

3 REPORT YITLE

SUMMARY REPORT OF THE REFRACTORY METALS SHEET ROLLIRG PANEL

4 DESCRIPTIVE NOYES (Type of report and Inclusive dates)
Summary Report of a Final Report June 1959 - December 1965

S AUTHOR(S) (Last name. first name, Initial)

Materials Advisory Board Refractory Metals Sheet Rolling Panel

78 TOTAL HO OF PAGES 7b. 1410. OF AKLFS

19 18

6. REPORT DATE

L‘.Eune 1666

8a. CONTRACT OR GRANT NO. Pa. ORISINATOR'S REPCRT NUMBER(S)

DA-47~083 OSA 313 Defense Sapply Servide MAB-212A-~M

b PROJECT NO

$b. OTHER ?JPQRT NO(S) (Any other numbers that mey be aseigred
this repo

d.

'°AV*'LANL”Y“J“”‘ﬂON“°Tm"Qualified requesters may obtain copies of this report
from DDC.

12. SPONSORING MILITARY A(.‘.'I’W’I'I’Yv

Assistant Director (Materials)
ODDR&E, The Pentagon, Washington, D. C.

11. SUPPLEMEXKTARY NOTES

i3. ABSTRACT
The method of cpera.ion, accomplighments and recommendations of the Panel are
outlined (summarizing the contents of MAB-212-M, "Final Report of the Refractory

Metals Sheet Rolling Panel").

DD A 1473 Unclassified

Security Clagsifi cation

’u T SN TTTMRMEE I INDIN L WA . T SO




-~

Unclassified

Security Classification

14
KEY WORDS

N LINK A LN 8 LINK C

aoLE | wr aoLw wr no

Refrectory metals
Molybdenum alloys
Columbfium alloys
Tantalum alloys
Tungsten alloys
Mechanical properties
Chemical anealysis

Test wmethods
Oxidation-resistant coztings
Tubing

Quality specifications
Alloy selection

L
H Q
*

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractcr, subcontractor, grantee, Department of De-
fenge activity or other organization {cozporate author) issuing
the repori.

2a. REPORT SECURTY CLASSIFICATION: Enter the over-
all security ciassgification of the report. Indicate whetaer
““‘Restricted Data’ is included Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic dowagrading is specified in DoD Di-
rective 5200, 10 end Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
1zed.

3. REY ORT TITLLE: Entc the complete report title in all
capital letters. Titles in all cases shouid be unclsssified.
If & meaningfu! title cannot be selected without classifice-
tion, show title clesaification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriste, enter the type of
report, e.g., interim, progress, surrmary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as sisown on
or in the report. Enter tast name, {» st name, middle initisl
If xilitary, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATEI: Enter the date of the report as day,
month, year; or month, year. If more than one date sppears
on the report, use date of publication.

7s8. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedw es, i.e., enter the
number of pages containing information

7b6. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the spplicable number of the contract or grant under which
the report was written,

85, 8. & 8d. PROJECT NUMBER: Enter the appropriate
milits.y department identificetion, such ss project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Eater the offi-
cial report number by which the document will be identified
and controlled by the origineting sctivity., This number must
te unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has baen
sssigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-

itations on further dissemination of the report, other than those

impoxaed by sccurity classificetion, ueing standard statements
such as:

(1) ‘‘Qualified requesters may obtain copies of this
report from DDC.”’

(2) “Foreign announcement and dissemination of this
report by DDC is not authorized "

13) “U. S. Government sgencies may o tain copies of §
this report directly frcm DDC, Other qualified DDC
users shall request through

HE )
.

(4) *U. S. military agencies may obtair. copies of this
repor{ airectly from DDC. Other qualified users
shall request thrcugh

{5} *““All distritcion of this repozt is controlled Qual-
ified DDC users shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Emntes the name of
the departmental project office or laboratory sponsoring (pay~
ing for) the research and development. Inciude address.

13. ABSTRACT: Enter an abstract giving ¢ brief and factual
suwamary of the document indicative of the zeport, even though
it may also appear elsewhere in the body of the techaiciu! re-
port. If additiona! space i3 required, a continvation sheet shaii
be attached.

1t 1s highly desirable thet the abstract of classiiied repcrts
be unclassified. Each parsgraph of the abstract shall end with
an indication of the military security classification of the in-
formsation in the paragraph, represented as (T'S). (S). (C), or (U).

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: KXey words are technically mesningful terms
or short phrases that charscterize a report and may be used as
index entries for cataloging the report. Key words must be
selected g0 that no security clussificstion is required. Identi-
fiers, such as equipment model designation, trade name, militery
project code name, geographic location, may be used as key
words but wiil be followed by an indication of technical con-
text. The essignment of links, rales, and weights is cptional.

DD . 1473 (BACK)

.g,,!- F’ - -

Unclassified
Security Classification

T TN b ————




