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SUMMARY

The fourth semi-annual technical reports are collected from five subcontractors of

an ARPA sponsored program on the very low temperature properties of structural materials

to support the development of superconducting machinery. The program is outlined and
research progress is reported. Low temperature data are presented for the elastic, tensile,
fatigue and fracture properties, thermal expansion, specific heat, thermal and magneto-
thermal conductivity, electrical and magnetic properties of structural alloys. Effects of
processing arnd fabrication are also reported for many of the properties; weld and braze
Joint preperties are included. Tensile and compressive data at 4 K of selected composites

are presented.
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INTRODUCTION

This report contains results of a widespread program designed to fulfill the need for
materials properties data to assist the design and development of superconducting machinery.
The program was concei =d and developed jointly by the staffs of the Materials Sciences -
Advanced Research Projects Agency and the Cryogenics Division -National Bureau of Standards.
This ARPA - sponsored program on "Low Temperature Properties of Structural Materials in
Support of Superconducting Machinery" is managed by NBS, with subcontracts to four other
laboratories.

PROGRAM DESCRIPTION

The program’'s objectives are: 1) to evaluate candidate structural maierials for use
in superconducting electrical machinery by determining their mechanical and physical pro-
perties between 4 and 300 K and the effects on these properties of processing and joining,
2) to explore new materials, such as composites, for potential innovative design applica-
tions by performing screening tests on their low temperature properties, and 3) to assist
the information transfer of the available low temperature properties data into design use
by compiling and publishing what literature data are available and assessing what properties
need further study.

The second year's program plan to meet these ubjectives is shown in Table 1 and Table
2. These outline the efforts at the five research laboratories with a brief description of
each program in Table 1. The organizational contacts for each research laboratory are
shown in Table 3. It can be easily seen from the program plan that the major thrust has
been fatigué and fracture measurements at low temperatures where virtually no data have
previously existed.

During the first year (1973/74) research was directed toward composite review and
measurement. This year (1974/75) measurements have been initiated on alloys designed to
provide a structural ferromagnetic material at low temperatures and a high strength-high
conductivity material. Composite research is continuing.

A major new materials conference, the International Crvopenic Material onference,

was held at Kingston, Ontario, in July, 1975. Over 60 technical papers (14 from this

program) were presented and the proceedings will appear as a bound volume.




Table 1

ARPA - Low Temperature Proparties of Structural Materials

Second Year Program {FY 75)

Program Area Organization Program Description b

Mechanical Properties
1. Fracture and Fatigue

a, Materials Group MNBS-Cryogenics Fracture toughr ss, fatigue
crack growth rate, fatigue
sustained load crack growth
rate tests from 4-300 K on ¢
structural alloys, and the
effects of stress level and
frequency.

b. Materials Group Westinghouse Mechanical, magnetic,
electrical loss characteriza-
tion of alloys proposed for use 8
in DOD sponsored programs.
Mechanical tests include ten-
sile, fracture toughness,
fatigue.

c. Materials Group Martin-Denver Fatigue on selected, tough
alloys at 4, 76 and 300 K. i

2. Effects

a. Processing Westirghouse Identification of effects of
fabrication and processing
techniques on mechanical
properties of selected alloys.
Variables include industrial ')
melting practices, powder
metallurgy techniques, cold
working, grain size, and
inhomogenelities.

b. Joining West inghouse Mechanical properties of
fabricated metal joints, .
including welding (GTAW, EB, b
GMAW), brazing, and soldering
from 4-300 K. Properties
include tensile, notched tensile,
fracture toughness, and fatigue
crack growth rate in the fused
and heat affected zones and
the base metal. 2

3% Elastic Properties NBS-Cry:..genics hd Tensile and dynamic elastic
(Young's, shear, bulk moduli)
mcasurements on structural
alloys, electrical, and com-
posite materials from 4-320 K.




Program Area

Thermal Properties
4, Thermal Expansion,
Specific Heat

5. Thermal-Magnetoth¢ rmal
Conductivity

Composites
6. Evaluation of Advanced
Composites

7. Evaluation of Composite
Bonds and Structures

Dita Compilation and Evaluation
8. Handbook

9. Workshop Meeting

Tadle 1 (continued)

Organization

Battelle

NBS-Cryogenics

NBS—Cryogenics

General Electric

Battelle

NBS-Cryogenics

Program Description

Thermal expansion and
srecific heat measurements
on selected insulations and
structural alloys and com-
posites.

Thermal conduc<ivity and
thermal conductivity in
magnetic fields up to 50
kilogauss from 4-300 K of
structural alloys and com-
posites.

Screening tests (tensile, fatigue
at 4 K) on selected candidate
metal and non-metal base
composites, including B-epoxy,
C-epoxy and polyimide, PRD
49-epoxy, borsic-Al, steel-Al.

Measurement ¢f low temperature
bonds betwesn various composites
and aluminum and cteel.

Publication of Handbook
containing recommended best
value data and complete set

of references for over 40
additional materials (structural
alloys, superconductors, electri-
cal materials, and polymers).
Data presented in graphical and
tabular formats; mechanical,
thermal, electromagnetic pro-
perties from 0-300 K.

Organization of meeting for
mutual data sharing and inter-
action with service agencies and
their contractors.




Table 2

MATERTAL OBJECTIVES

PROPERTIES STRUCTURAL COMPOSITES FERROMAGNETIC SUPERCONDUCTING HIGH STRENGTH
MAGNET HIGH CONDUCTIVITY
Fracture Tougkness, 21-6-9 (NBS) Fe-9N{ (NBS) PD-135 (W)
Fatigue Crack Inc 718 (NBS,W)
Crowth Rate, and 2014 Al (NBS)
Tensile Inc 750, weld (W)
Inc 718, weld (W) '8
Inc 706, parent (W) ’
and weld
Low Expan Fe-Ni, (W)
parent and weld
Fatieue AlS1 304 (M)
A151 310 (M) s
21-6-9 (M)
Inc 718 (M)
A-286 (M)
Teusile, B/epoxy (NBS)
Compression, B/Al (NBS)
Shear C/epoxy (NBS) ¥
K-49/epoxy (NBS)
S-glass/epoxy (NBS)
Composite - metal
joints (G.E.)
Elastic Inc 718 (NBS) Cu-Ni (NBS) OFHC (NBS)
Cu-Sn (NBS) pp-135 (Ns) [O
Nb-T1i (NBS)
Thermal Conductivity Inc 750 (NBS) B/Al (NBS)
Thermal Expansion Fiber-reinforced Cu-Sn (B) Cu-A1,0, (B) |-
and composites (B) Cu-Ni (B) Cu-2r (i)
Specific Heat Bakelite (B)
Potting
Compds. (B)
Magneto-Thermal Inc 750 (NBS) PD-135 (NBS) |,
Conductivity Al1S1 310 (NBS) w
T1-6A1-4V (NBS) |
2024 Al (NBS)
Magnetic Inc 718 (W) A1S1 410 (W) PD-135 (W)
Low Expan Fe-Ni (W) Fe-9N1 (W)
Fe-78N1 (W)
Fe-351 (W) 3
Armco Fe (W)

/)
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Table 3

ARPA - Low Temperature Properties of Structural Materials

Advanced Research Projects Agency,

Program Director

Organizational Contacts
1400 Wilson Blvd., Arlington, Virginia 22209

202-694-4750
694-4750 (FTS)

Fdward C. van Reuth

National Bureau of Standards, Cryogenics Division, Boulder, Colorado 80302

Program Manager

Contract Monitor

Fracture, Fatigue

Elastic

Thermal Conductivity
Magnetothevmal Cenductivity
Composites

Richard P. Reed

Alan F. Clark

Ralph L. Tober
Hassell M. Ledbetter
Jerome G. Hust

L. L. Sparks

Maurice B. Kasen

303-499-1000
323-ext. (FTS)

Battelle, Columbus Laboratories, 505 King Avenue, Columbus, Ohio 43201

Program Manager

Mechanical Properties Data
Thermal Properties Data
Magnetic Properties Data
Physical Properties Meas't.

Kenneth R. Hanby
Kenneth R. Hanby
Kenneth E. Wilkes
J. Ken Thompson
Frank Jelinek

614-424-6424
941-8045 (FTS)

General Electric Company, Research and Development Center, P.0. Box 8,

Schenectady, N.Y. 11506

Program Manager
Mechanical Properties
Polymer Properties

Martin Marietta Aerospace, Denver Division, P.0. Box 179, Denver, Colorado 80201

Program Manager
Principal Investigator

Westinghouse Electric Corporation,
Pittsburgh, Pennsylvania 15235

Program Manager
Joining & Processing
Fracture Machanics
Magnetic Measurements
Metallurgy-Fractography

518-346-8771
518-346-8771
518-346-8771

William B. Hillig
Richard L. Mehan
Donald G. LeGrand

303-794-5211
303-794-5211

Fred R. Schwartzberg
Ted Kiefer

Research & Development Center, Beulah Road,

412-256-7000
412-256-7000
412-256-7000
412-256-7000
412-256-7000

Joseph M, Wells
Joseph M. Wells
William A. Logsdon
Michael R. Daniels
Ram Kossowsky

Ext.
Ext.
Ext.
Ext.
Ext.
Ext.
Ext.

Ext.
Ext.
Ext.
Ext.
Ext.

Ext.
Ext.
Ext.

Ext.
Ext.

Ext.
Ext.
Ext.
Ext.
Ext.

3870
3253
4447
3232
3733
3612
3558

1784
1784
3489
2612
1735

6139
6398
6396

2365
2886

3633
3633
3652
7267
3684
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RESULTS HIGHLIGHTS b
A general overview of this large program is best obtained by reading the teclinical
3 summary of each contractor report. A summary of materials included in all programs for the
second year is presented in Table 2, listed by property and material category. We feel it
i8 useful to briefly outline the major technical accomplishments,

Our data handbook, "Handbook cn Materials for Superconducting Machinery" became avail-
able at the first of the year (1975). A second edition will be published in December of this
year; this will include approximately 40 more materials and additional data for those
materials already included in the handbook.

New notched and unnotched fatigue S-N data have been generated for the first time at
4 K for selected structural alloys (21-6-9, 304L, 310, A-286, and 718).

Adhesive joints between S-glass-epoxy compcsites and aluminum alloys were evaluaied;

bond strengths were found to improve at lower temperatures.
Thermal expansion of 23 new materials and specific heat of six materials were measured
to 4 K.
Processing and joining effects on low temperature mechanical! properties were continued
on alloys 718, 750, Inconel LEA, and PD-135.
Fracture toughness of alloy 21-6-9 was measured at 300, 76, and 4 K and the fatigue
crack growth rate behavior of austenitic steels at 4 K summarized. 0
Ne tensile data at low temperatures are reported for five epoxy and metal-base
1 compos'tes,
‘ A new major materials conference, l4th International Cryogenic Materials Conference
!
] (ICMC) was held in Kingston, Ontario during July, 1975. CQOver 60 contributed papers were
| presented; these will be published in » Lound volume during early 1976.

A third workshop 1s planned to be held in Vail, Colorado in early April, 1976. Detalls

will be announced near the end of the year, %




HANDBOGK
™~

One of the moit important outputs of this program is, of course, the handbook. It - %S
collects in one volume all the data that are available, including the new data generated
by this prograr, on the low temperature properties of structural materials for use in
superconducting machinery. This work is being handled by Battelle, Columbus Laboratories
under the cirection of Ken R. Hanby. The handbook presents In loose leaf format, so that
it can be added to in the succeeding years, mechanical, thermal, electrical, and magnetic

properties of materials for superconducting machinery. Both tabular and graphical pre-

sentations are made for best-value data along with original data and test condit ons. The

reference sources have been the Materials and Ceramics Information Center (MCIC), the
Defense Documentation Center (DDC), and the Cryogenic Information Center (CIC).

The first volume of the handbook is available. It contains data on more than 40
metals and alloys in various conditions, and 1s 511 pages long, including 740 references.
The handbock 1s available from the Nationa) Technical Information Service (NTIS), Operatiors
Divisicn, Spiingfield, Virginia 22151, under the following information:

Handbook on Materials for Superconducting
Machinery -- November 1974

MCIC - HB - 04.
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FOREWORD

This research was supported by the Advanced Research Projects
Agency of the Depastment of Defense with Dr. Edwavd C. VanReuth as Project
Monitor. The handbook preparation task was subcontracted to Battelle-
Columbus by the Cryogenics Division, National Bureau of Standards under
Contract No. CST-8303 with Dr. Richard P. Reed as Program Manager and
Dr. Alan F. Clark as Contract Monitor.

The research described in this report was carried out under
ARPA Order No. 2569 and Program Code 4D10 by the Metals and Ceramics
Information Center (MCIC) with K. R. Hanby (614, 424-€424, Extension 1784)
as the Program Coordinatcr, and E. A. Eldridge (614, 424-6424, Extension
2572), and J. K. Thompson (614, 424-6424, Extension 2612) as Principal
Investigators. Contract No. CST-8303 includes two tasks. Task I of the
current program provides for a compilation of low-temperature property
data on an expanded series of selected materials for structural appli-
cations in superconducting machinery. These data compilations will be
produced as the First Revision of the "Handbook on Materials for Super-
conducting Machinery'". Task II provides for determination of thermal
expansion and specific heat values at cryogenic temperatures for selected
structural alloys. The Semiannual Technical Report on the latter program
is presented under separate cover. Overall contract funding was $100,000
with $50,000 for the handbook program and $50,000 for the laboratory
study. The effective date of the current contract was September 10, 1974,
and the contract expiration date September 10, 1975.

DISCLAIMER

The views and conclusions contained in this document are
those of the authors and should not be interpreted as necessarily
representing the official policies, either expressed or implied, of

the Advanced Research Projects Agency or the U. S. Government.




PREPARATION OF 4 HANDBOOK ON MECHANICAL,
THERMAL, ELECTRICAL, AND MAGNETIC PROPERTIES
OF MATERIALS FOR SUPERCONDUCTING MACHINERY

A rough draft of the First Revision of "The Handbook on Materials
for Superconcucting Machinery" has been completed. Copies of the tables
and figures incorporating most of the data that are to be added to the existing
Handbook have been submitted to Cryogenics Division, NBS, for their comments.
Most of the layout decisions have been made, &rd the modifications required
to change the First Edition into the First Revision will be in the form of
about 74 replacement sheets and 112 insert sheets, for a total package of
approximately 186 sheets of paper. The count is approximate because the
tyring of the Reference section, to be reorganized and augmented, has not
been completed as yet. The modifications involved in preparation of the
First Revision include (1) additions of data, (2) corrections of data, (3)
additions of rew features (e.g., index table and revised Reference section),
and (4) changes required by format conventions.

The published version of the First Revision will be prepared and
issued by Metals and Ceramics Information Center. The 186 sheets will be
punched for insertion in the existing Handbook, and accompanied by directions
for turning the First Edition into the First Revision.

The First Revision is best described by Tables 3.1 and 3.2 attached
to this report; these were prepared for the First Revision, and the attached
copies show exactly how they will appear in the Handbook. Note that the
arrangements of materials in the two tables are slightly different.

Table 3.1 lists all the materials selected for inclusion in the
First Revision (including those in the First Edition), and they are listed
in the order in which they appear in the Handbook. The order in Table 3.1
and in the Handbook 1s not always what might appear to be the most logical
one with respect to the alloy specification numbers, The AISI-numbered
stainless steels are a good case in point. The situation with the steels

occurred because Types 303, 310S, and 347 were selected for inclusion in




the First Revision after the other steels in that series already had been

assigned numbers for the First Edition.
Table 3.2, on the otherhand, is arranged by the material specifi-

cation numbers to the extent possible. This table provides an index to

tables and figures where availsble properties data are given. Unlike

Table 3.1, materials for which no data were found are not listed in Table

3.2, This index table, a new feature, covers all materials, forms, and

conditions for the First Revision.

Features of the First Revision

General

® An index table is included, for the readers' convenience,

® Wherever they are available, Unified Numbering System
(UNS) designations are included along with compositions
in Table 3.1.

® The Reference section is separated into two separate
sections, one containing references cited in the data
sections and the other, a bibliography of literature
that provides additional useful information on behavior

of materials at cryogenic temperatures.

® The right-hand pages of all sheets prepared for the
First Revision contain ready-reference indicators

of material and form for those pages.

Mechanical Properties

® A new data category "Dynamic Moduli" has been added.
Bulk modulus (B) values, included for the first time
in this Revision, have been obtained by calculations
from dynamic measurements of longitudinal and trans-
verse compliances. The previous format did not lend

itself to inclusion of B.

e Shear modulus has been added to the polymers format,




w
(K 3 -
e J-integral data are presented in lieu of valid KIc
4 o data in cases where the latter are not obtainable
b
' (because of plastic zone behavior), and J-integral
data are available. Only those values based on
compact specimens are reported.
L
e Fatigue crack-growth rate data are included. In
cases where compatible data are available from
several sources, combination is accomplished by photo-
graphic superposition.
3
Thermal/Electrical Properties
e Revision I incorporates modification of some
s thermal-conductivity versus temperature curves from
the First Edition. Insofar as possible, data are
fitted to a straight line in the low temperature
region below that where maximum thermal conductivity
occurs.
8
e Magnetothermal conductivity data have been incorporated
as available.
: s Magnetic Properties
|
|
| e Data on magnetic moments as a function of magnetic
) field strength are presented for the first time.
]
®
®
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TABLE 3.1. NOMiNAL COMPOSITIONS OF ALLOYS AND CORRESPONDING SECTION N'MBERS
Section
400 Aluminum and Aluminum: Alioys
Unified
4.1.0 Unaiioyed No. Composition in Waight Parcent!s)
Aluminum System Si Cu_ Mn Mg Cr Zn Others
411 99.99Ai A91199
41.2 EC A91145 {99.45 min Al)
413 1060 A91060 0.26 0.05 0.06 0.95 0.06 (99.60 min Al), 0.40Fe
414 1100 AS1100  1.0(Si+Fe) 0.05-0.20 0.0% 0.10 (99.00 min Al)
4.2.0 2000 Serios
421 2014 A92014 0.6-1.2 3.98-6.0 04-1.2 0.208 0.10 0.25 0.7Fe, 0.15TI
422 2219 A92219 0.20 5.8-6.8 0.204 0.02 2.10 0.3Fe, 0.020.10Ti
430 5000 Series
43.1 5083 A95083 0.40 0.10 04-10 4049 0.050.25 0.26 0A4Fe, 0.16TI
5
440 6000 Series
441 6061 ~56061 04-08 0.16-0.40 0.16 08-1.2 0.04-0.35 0.25 0.7Fe, 0.16TI
450 7000 Series
! 451 7039 A97033  0.30 mex 0.10 mex 0.25 28 0.20 40 04 mex Fe, 0.10 max Ti
452 7095 A9705  0.35 max 010 mex 0.20.7 1.0-1.8 006020 4260 001-0.06TI, 0.06-0.20Zr,
0.35 mex Fe
45.3 7006 - 0.10 0.04 0.22 2.24 0.12 4.10 0.17Fe, 0.01Ti
6,00 Copper and Copper Alloys
Unified
No. CDA Compusition in Waight Parcent!®)
51.0 99.9+Cu System No. Cu Pb __Fa _2n Others
6.1.1 99.96Cu C10100 101 99.96+ 0.0003 mex P, 0.001 mex Pb
5.1.2 Electrolytic C11000 110 99.9+
Tough Pitch
5.1.3 OFHC C10200 102 99.95
6.1.4 Phosphorized C12200 122 99.9+ 0.02p
6.20 Cu-Zn Alloys
5.2.1 80Cu-202n C24000 240 80 006 mex  0.05 max 20
6.2.2 70Cu-30Zn C26000 260 70 0.07 max 0.06 max 30
630 Cu-NI Alloys
53.1 80Cu-10Ni C70600 706 Bal. 0.06 mex 1.0 1.0Mn, 9.0-11.0ONI
1 5.3.2 80Cu-20Ni C71000 710 Bal. 0.056 mex 1.0 max 1.0 max 1.0 mex Mn, 19.0-23.0NI|
533 70Cu- 30Ni C1500 716 Bal. 0056 mex 0.4-0.7 1.0 max 1.0 mex Mn, 29.0-33.0NI
540 Cu-8e Alioys
54.1 Cu-Be(1.6-1.8) C17000 170 Bai. 1.6-1.8Be, 0.20-0.40Co
54.2 Cu-8¢(1.8-2.0) C17200 172 Bal. 1.8-2.0Be, 0.20 min Ni+Co
(0.60 max Ni+Co+Fe)
65.0 Cu-Sn Alloys
5.6.1 95Cu-5Sn C51800 618 Bal. 0.02 mex 4.0-6.0Sn, 0.10-0.35P
5.6.2 92Cu-8Sn C562100 621 Bal. 0.06 mex  0.10 mex 0.20 mex 7.09.08n, 0.03-0.35P
6.6.3 90Cu-10Sn C52400 624 Bal. 0.06 mex 0.10 mex 0.20 mex  9.0-11.0Sn, 0.03-0.35P
5.6.0 Cu-Zr Aiioy
6.6.1 Cu-0.22r C156000 160 99.8 0.10-0.202r
(Amzire)
6.7.0 Cu-Cr-Cd Alloy
6.7.1 Cu-0.4Cr-0.4Cd - - Bal. 0.4Cr, 0.4Cd (Te deox.)
(PD-135)
68.0 Cu-Aly04
Aiioys
68.1 Cu+0.2A1,03 (AL-10) - Bal. 0.2A1,04 dispersion
58.2 Cu0.7A1,03  (AL-35) - Bal. 0.7A1503 dispersion
68.3 Cu+1.1A1,03 (AL-60) - Bal. 1.1A1,04 dispersion
(Glid Cop
Alloys)

{a) mex = maximum, min = minimum.

e i




-

TABLE 3.1. (Continued)

Section
6.0.0 Nicksl send Cobelt Aloys
0 Unified
No. Composition in Waight Percent!®)
8.1.0 NI-Cu Allay System NI S R Mn S C_ Others ‘
6.1.1 K Monel NO06600 Bal. 1.0 08 0.6 0.156 29.5Cu, 2.8Al, 0.5Ti I
{K-500)
6.20 Ni<Cr-Fa Alloys
O 6.2.1 Inconei 600 NO06600 3el. 168 7.2 02 02 004 0.10Cu
6.2.2 Inconal X-760 NO07750 8ai. 150 676 0.7 0.04 0BAIl, 25Ti, 0.856Nb
6.2.3 Inconal 718 NO7718 Bal. 18.6 185 0.04 04Al, 09Ti, 5.0Nb,
3.1Mo
6.3.0 Controlled Ex-
“arsion Ailoys
O 6.3.1 invar 36 - 36 8al.
6.3.2 NiSp.n C - 42.1{Ni+Co) 64 484 0.40 2.4Ti, 0.65Al
6.3.3 Unnamed Inco = 39.6 656.4 022 0.12 001 0.22Al, 1.46Ti, \
LEA Alloy 2.90NDb+Ta i3
7.0.0 Alloy Steels
Unified
3 No. Composition In Weight Parcent!®)
7.1.0 Nickel Steels System Cmax Mnmax Pmax S max Si NI Others f
7.1 9-Ni Steel - 0.13 0.80 0036 0.04 0.160.30 8595
4 7.1.2 18Ni{200) - 0.03 0.10 0.01 0.01 0.10 1719  8.5Co, 3.26Mo,
Maraging 0.20Ti, 0.10AI
720  SeSi Swel &
] 721 Transformer I
{ Staei
2
8.0.0 Stainless Steels
Unified
No. Composition In Waight Parcent!®)
8.1.0 300 Series System C Mn P max S (] Cr NI Mo Others
8.1.1  AISI 301 §30100 0.16 max 2.0 mex 0045 0,03 mex 16-18 88
8.1.2 AlSI 304 S30400 0.08 mex 2.0 max 0.045 0.03 mex 1.0 max 18-20 8-10.56
® 8.1.3 AISI 304L $40503 003 max 20 max 0.046 0.03 max 1.0 max 18-20 8-12
8.14 AlSI 21) §31000 0.26 max 2.0 max 0.0456 0.03 max 1.5 max 24-26 19-22
8.1.5 AlS| 316 S31600 0.08 mex 2.0 max 0.0456 0.03 max 1.0 max 16-18 10-14 2030
8.1.6 AlSI 321 §32100 0.08 max 2.0 max 0.046 0.03 max 1.0 max 17-19 9-12 {6xC)Ti min
8.1.7 AISI 303 §30300 0.16 mex 20 max 020 0.16 min 1.0 max 17-19 8-10 0.6 max
{or Zr)
E 8.1.8 AlSI 3105 $31008 0.08 max 2.0 max 0.045 0.03 max 1.5 max 24-26 19-22
® 8.19 AlSi 347 S34700 0.08 max 2.0 max 0.045 0.03 max 1.0 max 17-19 9-13 {10xC)Nb+Ta
820 Other Stainiess Steels
8.2.1 A-286 K66286 0.06 14 04 16 26 125 0.2Al, 2.16Ti,
0.0038, 0.3V
8.2.2 Kroman-SG(b) - 0.03 9.3 0.006 0.006 0.05 16.6 23 22 0.02Al,0.0082Zr,
max 0.0168, 0.16V,
» 8.2.3 Armco 2169 - 0.08 max 8.0-10.0 19.0-21.6 6.6-7.6 0.17N
824 Armco 22-13-6 - 0.06 max 4.0-60 1.0 max 20.56-23.5 11.5-1356 1.6-3.0 0.1-0.3Nb, 0.1-
0.3v, 0.204N

(a) miIx = maximum, min = minimum.
{b) Analysis of Westinghouse plate used in ovaluation program,

e e D
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TABLE 3.1. (Continued)

Section
9.0.0

9.1.0
2.1.1
9.1.2

9.2.0
9.2.1
9.2.2

9.3.0
9.3.1
9.3.2

10.00

10.1.0
1011
10.1.2
10.1.3
10.1.4
10.1.6

10.2.0
10.2.1

12.0.0
12.11
12.1.2
1213
12.21
12.3.1
124.1

Titenlum and Titanium Alloys

Unalloyed Ti
TI-65A
Ti-76A

Alpha Ti Alloys

TI-5A1-2.68n(¢)

Ti-6A1-2.55n
{eLntd

Alpha-Beta Ti
Alloy
Ti-6AI-4V
(ELI)(d)
Ti-6Al-4vic)

Special Metals
and Alloys

Unlified
No,

Composition In Waight Percent'd)

System Al Sa

v

Famex Gmax Cmax N max

H max Mn max

- 4.06.0 2.0-30
4.7-6.6 2,0-3.0

5.56.5

- 6.6-6.75

Nb and Nb Alloys

Nb

Nb35n

Nb-Zr

Nb-Ti

Nb-Ti+Cu
composites

V-Ga Alloys
A 36.

Poly mers
PE
PCTFE
PTFE
PMM

PS

PVA

Polyethylene
Polychlorotrifluoroethylene
Polytetrafluoroethylene
Polymethyimethacrylate
Polystyrene
Polyvinylacetate

35-45

3645

0.20
040 0.20

0.50 0.20 0.15
0.20 0.12 0.08

0.156 0.13 0.08

0.07
0.07

0.07
0.05

0.05

0.015
0.0125

0.020 0.30
0.0175

0.015

(a) max = maximum, min = minimum.
{c) Normal Interstitial content.
(d) ELI = extra low Interstitial type.
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FOREWORD

This research was supported by the Advanced Research Projects
Agency of the Department of Defense and was monitored by the Cryogenics
Division, National Bureau of Standards under Contract No. CST-8303.
Dr. Richard P. Reed serves as Program Manager and Contract Monitor.

The research was carried out under ARPA Order No. 2569 and
Program Code 4D10 by the Materials Technology and Metal Science Sections
of BCl. with F. J, Jelinek (614-424-6424, Extension 1735) and E. W. Collings
(614-424~6424, Extension 1664) as Principal Investigators. Contract CST-8303,
under the overall coordination of K. R. Hanby, covers both the handbook
program and the property measurement program. Only the property measurement
program is presented here. Overall contract funding was $100,000 with
$50,000 for the laboratory study. Effective date of the contract was

September 10, 1974, and the contract expiration date was September 10, 1975.
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TECHNICAL REPORT SUMMARY

(N

The development of superconducting electrical machinery requires
the suitable engineering property characterization of all candidate materials
[ at cryogenic temperatures. This program involve:s the determination of
thermal expansion and specific heat for several structural and insulation
materials in the cryogenic temperature region (4.2 to 300 K).
Several materials selected for this study were supplied through
8 the cooperation of Westinghouse R&D. These materials are being utilized
for superconducting generator development work at Westinghouse. In addition,
data on several materials, generated at RCL but funded by other government
agencies, are included in this report at the request of the sponsoring
f L4 agancy. The primary motive for this action is to insure inclusion of these
materials in the cryogenic handbook. The materials in this category are
appropriately labeled in the text of the report. The contributing agencies
include ERDA-BNL, ERDA-ORNL, and NASA-LRC.

Thermal expansion measurements were performed utilizing a fused
silica dilatometer with a linear differential transducer as the dilatometer
head. The accuracy of the measurement is 1 percent. Specific heat at low
temperatures is measured to 1 percent by adiabatic calorimetry from a method
developed by Nernst. In this method, small incraments of heat are supplied
to a thermally insulated sample, and the accompanying temperature increase

is measured.

In this reporting period, thermal expansion characteristics of
o 23 materials were determined in the temperature range 5 to 300 K., Low
temperature specific heat data on seven materials previously measured have
been reevaluated and analyzed. In addition, the specific heats of six new
alloys were measured. A reprint froo the ICMC conference entitled "Magnetic
i and Thermal Properties of Stainless Steel and Inconel at Cryogenic Temperatures"

is included as an Appendix to this report.
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EXPERIMENTAL RESULTS

PART I, SPECIFIC HEAT
Introduction

Specific heat was measured in the manner described in earlier
reports in the "helium-temperature"” range and again near 80 K and room
temperature. Since the last report, considerable time and effort has
been spent in improving the experimental technique and checking the
calibration of the low-temperature equipment. The specific heats of
seven samples, already measured during previous reporting periods, were
remeasured using the improved techniques and over wider temperature
ranges than before. The seven "old" samples for which entirely new

low-temperature data are available are:

Inco Low-Expansion Alloy
Stainless Steel AISI 310S STQ
Stainless Steel AISI 310S STFC
Inconel X750(MP-1)ST

Inconel X750(MP-1)STDA

Inconel X750(MP-2)STDA

Inconel X750 (MP-3)STDA

New techniques of data analysis were also employed, and the
applicability of multiple linear regression fitting of the specific-heat
data was fully explored. All this new information is set forth in the

following tables, figures, and narrative. In addition, the specific

heats of six new alloys were measured over the intermediate temperature

range (80 K and room temperature). These materials are:

Inconel X750 HIP

Inconel X750 HIP STDA
Inconel X706 VIM-VAR ST
Inconel X706 VIM-VAR STDA
Inconel X706 VIM-EFM ST
Inconel X706 VIM-EFM STDA
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In addition, five of these alloys have been measured in the
K ] low-temperaturs (3 = 20 K) regime.
A reprint of the paper entitled 'Magnetic and Thermal Properties
of Stainless Steel and Inconel at Cryogenic Temperatures' is included in

this raport ni Appendix A.

Intermediate Temperature Specific Heat of
] 3 I

'® Presented in earlier reports are intermediate tezperature
specific heat data for the alloys:

Stainless Steel 310S STV

® Stainless Steel 3105 STFC
Inconel X750(MP-1)ST
Inconel X750(MP-1)STDA

, Inconel X750 (MP-2)STDA

i Inconel X750 (MP-3)STDA

while the room-temperature results are given in Table 2. These data have
subsequently been reanalyzed in order to yield specific heat values
adjusted to temperatures of 80.0 K and 300.0 K, repsectively, and
standard error assignments have been made. The manner in which the

analyses were carried out is discussed below.

80 K Data

Straight lines were least-squares fitted to each of the three
sets of data points. These lines were then numerically extrapolated (or
interpolated as the case may be) to 80.0 K and the corresponding specific
heat values computed. The scatter of the specific heat values about the
fitted line (temperatures being assumed free from error) was used to deter-
mine standard error. The results of this procedure are presented in
Table 3.

|
I The data for temperatures near 80 K are presented in Table 1
J
-
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TABLE 3. SPECIFIC HEATS OF STAINLESS STEELS AND INCONELS ADJUSTED
1 BY LINEAR FITTING TO TEMPERATURES OF 80.0 AND 300.0 K

Specific Heat (J/kg-deg)
{ Sample Name 80.0 K 300.0 K
] Stainless Steel 310S STQ 203t 8 485 £ 2
Stainless Steel 310S STFC 203 £ 3 485 + 2
Inconel X750 (MP-1) ST 82 1 460 * 2
Inconel X750 (MP-1) STDA 183 + 6 447 £ 2
Inconel X750 (MP-2) STDA 194 + 2 460 * 7

Inconel X750 (MP-3) STDA 180 £ 1 445

-+
-~




¥ . e0<

Straight 1lines were fitted to each set of three <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>