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FOREWORD

This report was prepared by Mrs, Helen Hines Maxwell of the Technical
Data Section, Technlcal Services Branch, Materials laboratory, Directorate
of Laboratories, Wright Air Development Center, Wright-Patterson AFB, Chio,

Technical Reports prepered by Materials Laboratory project engineers
(those having no contract number) and Materials laboratory contractors dur-
ing the period 1 July 1957 - 30 June 1958 are abstracted herein.

Abstracts of Technical Notes of general public interest and Technical
Reports not previously included are given in this supplement,

This report has been released toc the Office of Technical Services,
U. S. Department of Commerce, Washington 25, D, C. for sale to the general
pablic. To order copies of this report, address lnquirlies to the Department
of Commerce.

Military organizations and prime contractors of the Department of
Dafense engaged in research and development should direct inquiries to
Armed Services Technical Information Agency, Arlington Hall Station,
Arlington 12, Virginia,

The general public is invited to submit request for copies of techni-
cal reports and technical notes which are abstracted herein to the Department
of Commerce, Only submit requests for reports that stats 0TS release.
Military Organizations and prime contractors should submit thelr requests
with the ASTIA document number to the Armed Services Technical Information

Agency.

The author is greatly indebted to Mrs. Loulse Maguire, Mrs Delcenia M,
Yatea and Major Morris N, Myrick for their assistance and counsel in the
preparation of this report.
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ABSTRACT

Three hundred and three (303) technical reports and technical notes
written during the peried 1 July 1957 - 30 June 1958 are abstracted hersin,
These reporis cover the following areas of research: Adhesives » blochemistry,
electronic materials, materials physics, metallurgy, packaging, petroleum
products, plastics, protective treatments, rubber and textiles.

A contractor index, investigator index and a numerical index of all the
technical reports and technical notes issued during the period March 1923 -
1958 ara provided.

PUBLIGCATION REVIEW
This report has been reviewed and is approved,
FOR THE COMMANDER:

s, £27 42
MORRIS N. MYRIGK
Major, USAF
Chief, Technical Serviceas Branch
Materials Iaboratory
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I, TECHNICAL REPORTS AND TECHNICAL NOTES 1 JULY 1957 - 30 JUNE 1958

ADHESIVES, STRUCTURAL

WADC TR 53~126 Pt IV July 1957
ASTIA Document No. AD 130884

SUBJECT: ELEVATED TEMPERATURE RESISTANT MODIFIED EXPOXIBE RESIN
ADHESIVE FOR METALS
INVESTIGATCR: Marguerite Naps

CONTRACT: AF 33(616)=3347
CONTRACTOR: Shell Development Company
ABSTRACT: Metal to metal adhesives which are useful at temperatures

up to 500°F, primarily on stainless stesl, have been studied., The most
promising formulations are based on a solid polyepoxide designated as Ex-
perimental Resin X131, This material is used in organic solvents for the
preparation of supported adhe=ive tapes with a glesas fabrie carrier, The
adhesives are cured at elevated temperature (330°F) and usually at 100 psi,
Bonds to type 301 steel are characterized by brittleness and mediocre repro-
ducibility.

An adbesive (Formulation No, 1236) based on a combination
of Experimental Resin X-131, EPON® ) 1009 and Formvar 15/95 E (polyvinyl
formal) appears to have the best thermal stability on aging at 500°F of any
of the formulations investigated, The adhesive contains aluminum dust as the
reinforcing filler and is cured with disminodiphenylsulfone, Shear strength
at 500°F on 301 steel is 1200 psi after 200 hours exposwre at 500°F and
about 800 psi after 400 hours exposure at 500°F. Strength retention on
rapid hesting is mediocre, however. The shear strengih decreases from about
4000 psi to 530 psi as the text temperature is increased from room tempera=-
ture to 500°F, Postcuring the bonds at 400°F improves the hot strength
slightly to about 800 psi,

Zxploratory investigations of adhesives based on ten new
experimental resins were unsuccessful for the development of a formulation
which is superior in heat resistance to Formulation No, 1236, Seversal
promising paste-typs end hot melt adhesives comparable in bond performsnce
to X-131 resin sdhesive tapes have been evaluated briefly, The new experi-
mental resins are similar to Experimental Resin X«131 in brittleness and
are characterized by a slow rate of cure with c¢onventional curing agent
syztems,

Manuseript released by author September 1958 for publication as a WADC
Technical Report,.
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WADC TR 54-447 Pt II July 1957
ASTIA Document No, AD 130879

SUBJECT : WEATHERING OF ADHESIVE-BONDED LAP JOINTS OF CLAD ALUMINUM
ALLOY

INVESTIGATOR: H, W, Eiclkner

CONTRACT : DO 33(616)56-9

CONTRACTOR: Forest Produets Laboratory

ABSTRACT: Lap- joint panels of e¢lad 2024-T3 aluminum bonded with nine

metal-bonding adhesives were weathered at Panema Canal Zonej Fairbanks,
Alaske; Mismi, Fla,; State College, N. Mex; and Madison, Wis. Panels were
exposed while stressed in bending and while unstressed. Test panels were
also exposed to several laboratory conditions,

Three of the adhesives (2 epoxy resins and a phenolic-
neoprene-nylon) were deteriorated seriously at the Canal Zone and Florida.
Exposure at the other 3 sites was much milder, and only some siressed
epoxy~bonded panels failed at these sites. Through 1 year, condi tions at
the Canal Zone caused greater bond deterioration than those in Florida,
After 3 years, however, the deterioration was generally worse in Florida,
and this exposure caused 2 other adhesives (nitrile-rubber type) to dete-
riorate. Stressing the bonded panels over bending frames generally accel-
erated the deterioration of those adhesive bonds that were subject to
deterioration,.

Laboratory exposure to salt-water spray or exposurs to
continucus or ecyclic eonditions of 120°F and 97 percent relative humidity
promoted deterioration in the same types of bonds that deteriorated fram
weather at the Canal Zone or Florida sites,

In general, the adheslves that performed well in these
exposure tests were types that have qualified under the applicable Military
specification, while those that showed appreciable deteriaration have not.

WADC TR 55-87 Pt II February 1958
ASTIA Document No. AD 150989

SUBJECT: TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
INVESTIGATOR: Samuel N, Muchnick

CONTRACT's AF 33(616)=2347

CONTRACTOR: The Franklin Institute

ABSTRACT A preliminary investigation of the effectiveness of mild

acidic or basic solutions of wetting agents for ireating metal surfaces
prior to adhesive bonding shows that the strong acld solutions presently
in use may possibly be replaced by these milder solutions. Joint strengths
approximating the values obtained with strong acid solutions have been ob~
tained with aluminum, stainless steel, and titanium. The pH, concentration
of components, and ionic type of wetting agent are specifie for each type
of metal.

WADC TR 53=373 Sup 5 2



Additional correlative tests were developed for evaluating
surface treatments, The interfacial contact angle between oil and water on
the treated surface shows a greater sensitivity than the contact angle in
air, and makes it possible to differentizte between two treatments that
give zero contact angles against water, Contact resistance and hydrogen
overvoltage measurements ¢an be definitely correlated with the contact
angle measurements, The contact resistance measurement which also evaluates
the effect of oxide thickness appears to be a useful instrument for indus-
trial application,

A study of the role of the adsorbed film on adhesive be-
haviar indicates that the more reactive metals, aluminum and magnesium, are
more sensitive to differences in the chemiceal structure of the film, Thers
is also an indication that these films may affect the adhesional character-
istics of same type of bonding agent.

The temperature of the rinse water following treatment of
aluminum is shown to be important in the adhesional characteristics of the
metal, Reproducibility and apecificity of attractive forces between ade
hesive and metal were investigated, and it was apparent that the material
and procedural parameters must be studied along with specific affinities
in an adhesive system,.

WADC TR 55-87 Pt III September 1957
ASTIA Document No, AD 131093

SUBJECT : TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
PART I1I, Contact Angle and Contact Hesistance
Devices for Quality GControl

INVESTIGATOR: Richard H, Hollinger

CONTRACT: AF 733(616)-2347
CONTRACTR: The Franklin Institute
ABSTRACT: Two instruments have besn developed far quality control

use to determine whether surfaces of metals have been adequately prepared
for adhesive bonding, The contact resistance apparatus measures the break-
through voltage of a surface film at a given voltage. The contact angle
apparatus measures the angle of contact between & drop of water and the
specimen surface,

WADC TR 55-87 Pt IV February 1958
ASTIA Document No. 150993

SUBJECT : TREATMENT OF METAL SURFACES FCR ADHESIVE BOWDING
INVESTIGATOR:  Harry G. Bickford

CONTRACT : AF 33(616)-2347

CONTRACT OR: The Franklin Institute
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ABSTRACT: The scope includes the development and evaluation of mild
surface treatments for clad aluminum alloy, stainless steel, end titanium
alloy and investigations of the critical factors involved in the treatment
of magnesium alloye. Methods of evaluating the degree to which a surface
has been cleaned are disocussed with regard to the ease of conducting the
tests and with regard to their relisbility. Effects of electrical poten=
tials, strong alkali and acid exposure of treated surfaces, and time delays
beiwesn treatment and priming of the surfaces on bond strength are subjects
of discussion. Results of radloactive-tracer work using isotopic chromjium
are used to lay 2 basis for a theory of bonding,

WADC TR 55-87 Pt V Fabruary 1958
ASTIA Document No. AD 150998
SUBJECT: TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
INVESTIGATOR: Edmund Thelen James B, Drew
Richard Hollinger Charles J, Varker
Thomas I, Haigh, Jr. Wallace E, Frank
CONTRACT : AF 33(616)-2347
CONTRACTOR : The Franklin Institute
ABSTRACT : The scope includes analysis of sirong and mild surface

treatments for clad aluminum alloy, stainlsss steel, and titanium alloy and
of the best treatment for megnesium alloy. Reaction of bonded surfaces to
sand and vapor blast treatments is analyzed., The resistance of the treat-
ments to Balt sprey ere evaluated, Field-repair treatments are diseussed
and results of tests tabulsted, Quality control instrumentation is outlined.
Applicaticn of d-¢ potentials to bonded surfaces was determined to be dele-
tericus. Radio-tracer studies using isotopic chromium provided valuable in-
formation regarding the role of chromium ions in metal surface preparation.
A means of providing continuous indicstion of bond strength during the life
of the plane is suggested.

WADC TR 55-87 Pt VI February 1958
ASTIA Document No, AD 150999

SUBJECT: TREATMENT OF METAL SURFACES POR ATLHESIVE BORDING
PART VI, Sunmsry of Methods
INVESTIGATORS Richard Lingsey, Jr.

CONTRACT : AF 33(616 )~2347
CONTRACTOR: The Franklin Institute
ABSTRACT: Methods for surface preparation or stainless steel, titani-

un, sluminum, snd magnesium for adhesive bonding are contained in this sum-
mary. The treatments are those that were found to be most promising when
used with certain adhesives.
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WADC TR 55-271 Pt III April 1958
ASTIA Document No. 4D 151107

SUBJECT : RESEARCH CN ELEVATED THEMPERATURE RESISTANT INORGANIC
PCLYMER ADHESIVES
INVESTIGATOR: Harcld H, Levins

CONTRACT : AF 33(614)-3824
CAITRACTOR ¢ uantum, Incorporated
ABSTRACT ¢ Attempts to prepare hsat stable meterials for formulation

with the ammeline~phosphorus pentoxide inorganic adhesive are deseribed.
The two approches deemed as most promising were epoxysilicon snd epoxy—p-
triszine ccmpounds,.

The synthesis and preliminary evalustion of 2,4-bis{glyecidyl)-
b-methoxy=g=-triazine is deseribed, With certain formulations a %ensile sheer
value of about 2100 psi was obtained from roomn tempersture up to and ineluding
Lo0°F,

An unexpected degree of reactivity wes feurnd in 2,)-bis
(glyeidyl )=b-methoxy-gs-triazine and materials such as diphenylsilanediol and
commercial silicone polymers could bhe used as true curing agents,

The inorgenic adhesive prepared from smmeline and phosphorus
pentoxide cures the 2,4-bis(glycidyl }-b~methoxy-g~triazine. Further work is
necessery on this particular systemn.

Synthesis of trimethylsilylpropylene oxide, as a model com—
pound, was shown by infras-red znalysis but could not bs isolated.

WADC TR 55-491 Pt III Decenber 1957
ASTIA Document No, AD 15,2226
SUBJECT: RESEZEARCH ON ELEVATED TEMPERATURE RESISTANT CERAMIC
STRUCTURAL ALHESIVES
INVESTIGATOR: Richard M. Spriges Henry G, Lefort
Charles N, Williams Dwight G, Bennett
CONTRACT : AF 33(616)-2556
CCNTRACTOR: University of Illincis
ABSTRACT The object of the investigation was tc develop high temper-

ature resistant structural adhesives for Type 301 and 302 stainless steel or
other desired alloy metals, particularly Type 17=7 PH, from ceramic-oxide
glassy-bond coatings, cermets with sintered metal bonds, air setting, temper-
ature-resistant silicates, aluminates, oxychlorides, oxysulfides, and ceramic-
oxide resin bonded coatings,
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Nine new cersmic glassy-bcnd adhesives developed to mature
within the relatively low temperature range of 1300-1500°F, gave only nomi-
nal shear strengths of 530 psi at 600°F and 750 psi at 80O°F,

Glassy-bond ceramic adhesive UI 117-50, when matured at
1750°F during the hardening trestment RH 950 for 17-7 PH stainless steel,
gave average (two to four specimeng shear strengths ranging from 990 psi at
rocm temperature to 980 psi at 1000°F, The curve was quite flat through
four of five temperature points. It reached a high of 1750 psi at 90C°F,

Glassy-bond ceramic adhesives UI 1067-3 and UI 1067-4, con-
taining 10 and 20 per cent carbonyl iron, respectively, both developed more
then 150C psi at room temperature and at 10CO°F, with higher values at 600
snd 800°F, Their shear sirength-temperature curves were quite flat with all
values being within sbout 10 per cent of the average values which were slight-
ly above 1700 p=si,.

The advantagecus uss of carbonyl iron (20%)} and silicon
powder {10%) is shown with cersmic adhesive UI 117-63 which gave an average
shear value of 1455 psi at four tempersture points (room to 1000°F), The
highest value was 1505 psi at room temperature. Ths lowest was 1415 psi
at BUCCF, All of the values were within about three per cent of the
average,

Adhesive bonded speeimens subjected to the severe environ-
ment of 100 hours immersion in boiling water, in general, lost strength but
one adhesive (UI 117-59) containing 10% carbonyl iron and used with a 28
mesh stainless steel carrier aectually showed an inerease in strength after
Immersion in boliling water,

Other specimens, both with md without additione of carbonyl
iron, were subjscted to 143 hours of heating at 1000°F plus 25 thermal shock
eveles betwsen room temperature and 10CC°F, Their shsar ctrengths were im-
proved rather than harmed by this treatwent,

The great potential usefulness of metal powders in ceramic
adhesives is shown by UI 117-64 which contains 30 per cent carbonyl iron.
This adhesive, altliough it fell off sharply on either side, dewveloped an
average of more than 5500 psi =t 8Co°F,

In the field of air-setting or low temperature cure zdhesives
it appears that thoss of the sluminum phosphate tyrne offer scome promise.

Taats conducted with air-setting adhesives indicate that
thelr moistur: sensitivity can be reduced throuzh the use of a dense adhesiva
structure, cr by the addition of a sealant such as tetraphenyltin,.

WADC TR 56-320 Pt II February 1958
ASTIA Document No. AD 150967
SURJECT: RESEARCH ON STRUCTURAL ADHESIVE PROFERTIES OVER A WIDE

TEMFERATURE RANGE
WADC TR 53-373 Sup 5 6



INVESTIGATOR: H, R. Merrimen

H., L, Goplen
CONTRACT ¢ AF 33(616)-3902
CONTRACTCR: The Martin Company
ABSTIACT Time-deformation ereep curves were obtained for a mumber

of adhesives using specified test temperatures and stress levels which re-
sulted in time-to-rupture life in the 100-to 200-hour range. The stress
levels used in this project were determined from information obtainsd from
work reported in WADC TR 56-320,

The adhesives tested were AF-6, PA-10l, Flastilock 608,
Metlbond 4021, FM-47 Liquid, FM-47 Film, Redux E (Type R), Cycleweld 55-20,
Shell 422, and HT-424. Two metal alloys were used, 2024-T3 clad and bare
aluminum alloy and Type 301, # hard stainless steel,

The tests were conducted on #-inch lap coupons, at three
different temperatures for each adhesive, Stress was applied by dead
weight loading. The deformation of the glue line was measured by observ-
ing the displacement of three fine scribe lines across the vertical edges
of the lap joint, A Gaertner l0C=-power microscope with a bilfilar: micro-
meter eyepiece and 10X objective lens was used to measure deformation of
the glue line,

The results obtained in these tests indicated that the
method of measuring creep deformation by observing scribe lines through
a microscope, properly controlled, provides a reprocducible test procedure.
It was noted that each specific adhesive had an approximately constant
total deformaticn and creep rate for the thres tests temperatures ané cor-
responding stresas levels,

WADC TR 57-513 November 1957
ASTIA Document No, AD 142152

SUBJECT: STRUCTURAL AIHESIVES AND SANIWICH CONSTRUCTICNS

WADC - UNIVERSITY OF DAYTON JOINT SYMPOSIUM
INVESTIGATCOR: Theodore J, Martin
ABSTRACT: This report is a compilation of papers presented at the
wWright Air Development Center - University of Dayton joint symposium on
Structural Adhesives and Sandwich Constructions, 12-13 June 1957, Dayton,
Okio. The papers, for the most part, reviewed work done on Materials
laboratory research and development contraets,

WADC TR 57-696 April 1958
ASTIA Document No, 151126
SUBJECT: ROCM TEMPFERATURE CURING STRUCTURAL ADHESIVES FOR METAILS
INVESTIGATOR: E. A, Blommers B, D, Balpera

E, W, I2ne

WADC TR 53-373 Sup 5 7



CONTRACT : AF 33(616)-3654

CONTRACTOR: The Borden Company

ABSTRACT: Formulations containing novolac epoxy resins have been
evaluated as room temperature, low presswre cured metal-to-metal adhesives,
A number of combinations of novolac epoxy resins, Epon 562, Thiokol LP-3,
fillers and mixtures of primary end teritiary amipes have been found to
give bonds with good strengths and salt spray resistance,

Attampts to use gyclohexene diepoxides in room temperature
cur ing adhesive formuletions did not prove successful., Copolymerization of
methacrylatoethyl phosphates with methyl methacrylate in redox systems at
room temperature yielded adhesives with mediocre strengths,.

BIOCHEMISTRY

WADC TN 57-232 August 1957

SUBJECT: EVALUATION OF FOUR AROMATIC FLUORINE COMPOUNDS AS
FUNGICIDES FOR VEGETABLE AND CHRCMZ TANNED LEATHERS
INVESTIGATOR: Jerome J, Jansing
Willjem T, Roddy

CONTRACT: AF 33(616)-2i66
CONTRACTOR: University of Cincinnati
ABSTRACT: Fangus resistence evaluations wsre made on vegetable tan-

ned and chrome tanned leather materials treated with basic forumulations of
selected arcmatic fluorine chemicals,

Rasults indicate that 3,3'-difluoro-l,.4'-dihydroxybiphenyl;
5e5'=difluoro-2,2'-dihydroxybiphenyl; and Bis(-2-hydroxy-5-fluorophenyl)
sulfide each have a good potential of being developed into non-toxic and =f-
fzetive fungicides for use in leather materials,

WADC TR 5B-32 March 1958
ASTIA Document Noo, AD 151034
0TS Release

SUBJECT: BACTERIAL ACTIVITY IN Jk-) FUEL
INVESTIGATCR: Sam Bakanauskas
ABSTRACT : Studiss were made with sludge samples obtained from tanks

used to store JP-i fuel, a kerosene-type fuel used in USAF jet aircraft,
The tanks were located at Lincoln AFB, Schilling AFB, and Pavis-Monthan AFB,
Raosults of these studies indicated the following:

WADG TR 53~373 Sup 5 8



1, Sludge was caused by baeteria, and by products result-
ing from bacterial metabolic activity,

2+ JP=4 fuel, and additives (corrosion and gum inhibitors)
approved {or USAF uss in JP-j fuel, are not bacterio-
static agents, JP=4 fuel, and some additives were
found to be nutritive far baeteris,

3e A le5~2.0% concentration of sodium tetraborate, by
weight, or a 2,0% concentration of potassium tetra-
borate, by weight, in water boitams of JP-j storage
tanks can produce hacteriostatic conditions within
the tank,

BRAZING ALLOYS

WADC TR 57-648 Marech 1958
ASTIA Docwnent No. AD 151013

0TS Release

SUBJECT : DEVELOPMENT OF OXIDATION AND LIGQUID SODIUM RESISTANT

BRAZING ALLCYS
INVESTIGATOR: Domenic A, Canonico
Harry Sehwartzbart

CONTRACT : AF 33(600)33406
CONTRACTCR: Armour Research Foundation
ABSTRACT: The first ysar's work hec been completed at Armour Research

Foundation on a program whichhes as its objeetives: (1) the development of
filler metals for brazing type 310 stainless steel to Inconel, the brazements
to be resistant to oxidation and attack by molten sodium at 1650°F, and (2)
the development of a simple test for the ductility of a brazed joint.

Three metals -~ iron, chronium, and niekel w~- were seleeted,
from oxidation and sodium resistance considerations, as the base metals from
which to develop acceptable brezing alloys, From a study of all the avail-
able pertinent phase diagrams 91 alloys were devised, of which 16 satisfied
the flow temperature and flowability reguirements of the programe. The flow
temperature was between 1750°F and 1900°F, Minimum flowability was three
inches of length along a six=-inch T-specimen,

T-specimens brazed with these 16 alloys were subjected to

an oxidizing atmosphere for 500 hours at 1650°F, Four alloys successfully
withstood oxidation to a depth of iess than 0,003 ineh,

WADC TR 53-373 Sup 5 9



A test for ductility of brazed joints, based on the premise
that the load necessary to cause cracking in the fillet of & braze is a
measure of the ductility of the brazing alloy, has been developed. The test
has shown itself to be capable of differentiating two filler allcys, although
the large amount of scatter obtained required that a statistical analysis of
the date be erplied, PFurther development should reduce the scatter.

CIRAMICS

WADC TR 55-500 Pt I July 1957
ASTIA Document No. AD 130904
SUBJECT : AN INVESTIGATION OF INFRARED TRANSMITTING MAT ERTALS
INVESTIGATOR: N. 7. Kreidl R, A, Waidel

H, C. Hafner E, C, Letter

J. R, Hensler
CONTRACT: AF 33(616)2769
CONTRACTOR: Bauseh & Lomb Optieal Co.
ABSTRACT: The development of ealeium aluminete glasses permitting

useful trwsmsmission out to about & mierons and having satisfactory working
properties to permit normal eastforming procedures in 10 pound melts is
deseribed. These glasses have high softening temperatures, thermal sxpan-~
sion coefficients equivalent to soda-lime«silica glasses, and ean be polish~
ed by standsrd techniques, Investigations of other glass systems are dis-
cussed,

A fundamental study %o determine if pressed and sintersd
compacts of small erystals ¢an be made into suitable infrared transmitters
is described., Work has been limited to a few materials which $ransmit in-
frared energy in their single crystalline forms. HRelationships of material
preparations, partiele sizes, sintering techniques, and transmissions cb-
tained are discussed,

WADC TR 57«86 January 1957
SUBJECT: HOT PRESSING OF BEIRYLITA ROCKET NOZZLES
INVESTIGATOR: J. K, Evans
G, D, Kriebel
CONTRACT : AF 33(616)3695
CONTRACT(R: The Beryllium Corporation

WADC TR 53-373 Sup 5 10



ABSTRACT: The effects of time, temperature, pressure, and particle
size on the density of hot pressed beryllium oxide were investigated, Ex-
perimental conditions and densities obtained are tabulated for two types
of beryllium oxide and their mixtures., A deacription of the equipment,
procedures, and starting materimis is included, Fhotomierographs of hot
pressed beryllia of maximum density are shown, The fabricetion of rocket
nozzles according to the Best prcocedures is deseriieds 4 limited study of
the mechining of hot pressed beryllis is included.

WADC TR 57=135 August 1957
ASTIA Tocument Noe. AD 131031

0TS Release

SUBJZCT: A STUDY OF GRADED CERMET COMPONENTS FOR HIGH TiMPERATURE

TURERINE APPLICATIONS
INVESTIGATOR; Henry W, Lawendel
Claus G, Goetzsl

CONTRACT : AF 33(616)~3670
CONTRACTOR: Sintereast Corporation of America
ABSTRACT: The purpose of this inwvestigation is a preliminary study

of graded cermet turbine components designed to improve the ductility and
toughneas of the rooct and airfoil tip sections, Ballistic lmpaet tests at
low and high tempersture, before znd after nheat shoek cyeling, were per-
formed on a wedge~like simulated turbine bucket shape divided into three
Zeneral areas representing the root, airfell tip, end airfoil body sections
of a turbine bucket, The wadges were produced of materials belisved to
hawe a satisfactory strength to withstand the temperatures and stresses pre-
vailing irn high temperaturs gas turbine opsration: For the eermet core of
the bodies, a eermel was selected on the basis of preliminary tests which
consisted of titanium carbide infiltrated with molten Inconel-X; for the
metal-rich layers applied to the root znd airfoll tip mections, an :alloy
was selected conaisting of Inconsli-X enriched with titanjum carbine, The
core material had a carbide concentration corresponding to 61-63% of theo-
rotical carbide density as measured on skeleton bodies prior to infiltrse
tione The stress to withstend 100 houras life at 1800°F of this core
material was found to be in the order of 12,000 pasi. The metal-rich alloy
layers analyzsd approximately 10% by weight of titsnium carbide; the stress
of this material toc withstead a 100-hour life at 1600°F was found %o be in
the order of 20,000 psi.

The graded layers were applied during the infiltration of
t+he wedge by rilliang with an excess of infiltrint a gap formed between the
skeleton and an investment mcld used in the infiliration process, Thus a
structurs was obtaipned in which the graded surface layer constitutes a con-
tinuation and extension of the nickel alloy matrix of the cermet core con=
taining dispersed titanium carbide inciusions, The test results indicate 2
substantial improvement to be gained in ballistice impaet atrength by pro-
viding metal-enriched areas at the edges and tip of the airfoil, An oxida-
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tion-resistant Quetile alloy layer deposited as a cladding on the entire
surface of ths simulated turbine camponent resulted in an equally important
improvement of the thermal shock resistance of the titanium carbide esrmet
bodies,

WADC TR 57-577 P+ I Fabruary 1958
ASTIA Ibcument No, AD 150957

OTS Release

SUBJECT: DEVELCPMENT AND EVALUATION OF INSULATING TYPE

CERAMIC COATINGS

PART I, Development and Small Scale Testing
INVESTIGATOR: S, Sklarew

C. A, Hasuck
Ao V. I&Ty
CONTRACT : AF 33(616 )-2957
CONTRACTOR: Marquardt Aircraft Co,
ABSTRACT; Ejght systems of metal reinforced refractory coatings

were investigated. Theas systems were based on sodium silicate, frit,
aluminum phosphate, and L=389, binders with refractory grain fillers

and thay were designed tc insulate aircraft structural members operating
in the thermal range of 2000° to 3000°F,

Thermal drops of as high as 10°F per thousandth inch of
coating thickness at equilibrium were observed with lag times up to 60
seconds to attain equilibrium under laboratory test conditiona,

WADC TR 57-665 February 1958
ASTIA Document No, AD 150965

OTS Helesasa

SUBJECT: DEVELQPMENT AND EVALUATION SERVICES ON CHRAMIC

MATERIALS AND WALL COMPOSITES FOR HIGH-TEMPERATURE
RADOME SHAPES

INVESTIGAT(R: John J. Dorsey

CONTRACT: AF 33(616)-3397

CONTRACTCR: P. R, Mallory & Co., Inc,

ABSTRACT : Sinece the speeds of aircraft snd gulded missiles are in-

ereasing, the present organic base radomes are becoming obsclste, Various
flame spraying methods which might be used to fabricate a radome from ine
organic or ceramic materials were investigated,

Numerous compositions were mixed and flame sprayed, Sili-
eca, alone or with additions, was the only material which could be fabricated
into a hard, dense deposit, Alumina and other mise¢ellaneous compositions
ware also flame sprayed but in all cases, the deposits were sither full of
laminations and voids or cracking occurred on cooling,
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Msana of obtaining more uniform deposits were investigated.
These included obtaining a2 more uniform powder flow and inereasing fleme
temperature both by addidions to the powder and by external means. Linde
*flame plated" alumina deposits were also investigated.

Rain erosion specimens and flat plates were flame sprayed
and machined,

Bars were cut from large flame sprayed deposits in order to
observe the uniformity obtained with the flame sSpray technique.

Flame spraying onto silica cloth is also discussed, Flame
polishing in conjunction with this msthod produces a much smoother surface
than when the silica 13 sprayed directly on a carbon blocke Several radomes
were also flame sprayed using a silica cloth base.

Apperently, the most valuable application of flame spraying
would be to patch, adjust slectrieal thickness or to repair rain erosion
damageo,

A brief, but comprehensive, summary of all experimental re~
sults is given at ths end of the report.

WADC TR 58-12 Pt I March 1958
ASTIA Document No, AD 151079
0T3S Releaae
SUBJECT: HIGH-.TEMPERATURE ELECTRICAL INSULATING INORGINIC
COATINGS (N WIRE
INVESTIGATOR: Clifton G, Bergeron Robert J. Beals
Arthur L, Priedberg Williem M, Faber
Paul F, Schwarzlese
CONTRACT : AF 33(616)-3943
CONTRACTOR: Univeraity of Illinoia
ABSTRACT: An investigation was undertaken to develop and evaluate

high-temperature electrical insulating inorgenic coatings for cooper wire,
and to develop methods for applying these materials to wire,

Test procadures were developed for determining the dielee~
trie strength, dielectric constant, and dissipation factor of experimental
ecoatings on both sheet copper and copper wire,

Certain coating compositions formulated in the alkali-

3203-8102 system were found to have the requisite dielsetrie properties at
room temperature,
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Equipment was designed and eonstructed for contimuously
applying and firing vitreous ecatings onto copper wire, The considera.

tions relating to flexibllity and dielectric properties of the coated wire
are discussed,

WADC TR 58-13 Pt I March 1958
ASTIA Document No. AD 151062

OTS Releass

SUBJECT: HIGH-TEMPERATURE INSULATION FOR WIRE

INVESTIGATOR: Je Do Walton and J, N, Harris

CONTRACT s AR 33(616 )=3944

CONTRACTGR ¢ Georgia Institute of Technology

ABSTRACT: A literature survey was undertaken to review possible

msthods for use in developing an electrical insulating ecating for the
high temperature protection of wire.

Ceramic~organic coatings were developed which cover the
range from roan temperaturs to 1300° F when applied directly to metal.
These coatings withstand 1500°--but a watting problem was encountered with
the enamel on metals, Howsver, since the final ceramic organic coating is
applied over a base coating of aluminum oxide the wetting problem is not
expected to cause difficulty, The effect of solution of aluminum oxide in
the snamel is baing investigated,

Curing studies have shown that mothods of curing reasin-
frit costings is an important parameter in obtaining proper burn-out tem-
perature of resins,

Aluminum phosphate and silica were tested briefly as
possible base ecatings for the final ceramic~organic coating but adharence
and carrosion problems caused this work to be discontinued.

Several anodizing baths have been tried, smong them berie
acid, oxalic acid, and sulfuric aecid, Among these, sulfuric acid ssems to
give the best anodized coating.

Application of aluminum to copper wire has been the area
where the most difficulty has been encountered, Although coatings with
very good adherence have been obtained, first indications were thai the
problem in plating seemed to be in pre-clsaning of the copper. For this
rsason, gold plate was applied a2 an initisl coating in some tests prior
to aluminum plating the copper,
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CHEMISTRY

WADC TR 53-147 Sup 1 Sep tember 1957
ASTIA Document Neo., AD 131072

SUBJECT: NON TOXIC SOLVENTS FCR CLEANING AIRCRAFT ENGINES

AT EXTREMELY LOW TEMPERATURES
INVESTIGATOR: Robert E. Cretcher
ABSTRACT: Two reciprocating aircraft engine degreasing formmlae
econsisting essentially of methylene chloride and aliphatic petroleum
hydrocarbon, suitably inhibited, had been recommended on the basis of labo-
ratory evaluations as bheing sultable for use under arciic conditionse Serve
iece tests were conducted by three operational activities of the Alaskan Air
Comnand during the winter seasons of 1954~1955, and 1955-1956, The results
of the operaticnal usage of the two degreaser formulase and a control solvent
indicate gonerally that either of the test formulae would be suitable for
the purpose at temperatures above -20°F, One of the test materials evapo-
raztes more slowly than the other but may be used as both cleaning and rinse
solvent, While the second material evaporates more rapidly, a straight
petroleum solvent is required to rinse the eleaning sclvent from the treat-
ad surfaces. Test results are discussed and the proposed specification re-
quirements for the rzcommended degreaser are presented,

WADG TR 56-495 July 1957
ASTIA Document No. AD 130888

SUBJECT: DEVELGPMENT OF NON~TOXIC CORGANIC SOLVENTS CR SOLVENT
SYSTIMS FOR GENERAL CLEANING APPLICATIONS
INVESTIGATOR: Kenneth K, Aoki
Arthur J., LaRue
Brock G. Peacock

CONTRACT ;s AR 33(616)-2775
CONTRACTOR: Wyandotte Chemicals Corporatiom
ABSTRACT: A Bearch has been made for new solvents or solvent combi-

nations which could satisfactorily replace carbon tetrachloride in general
cleaning applications. Inhibited methylchloroform and cambinations of
methylchlorofarm with up to 15 volume percent of Freon 112 were formulated.
Freon 112 is used to reduce the evaporation rate of methylchloroform which
48 s3lightly higher than that of earbon tetrachloride. Although the corro-
sion inhibition properties of the formulated mixtures cannot be considered
satisfactory, the target spscifications appear to have been met in respect
to minimum flash point, decresse in flash point during evaporation and tox-
icity. The solvents are essentlally equal to or better than carbon tetra-
chloride in respect to deleterious action on various electrical imsulators,,
plastie laminates, and organic coatings. Ths reconmended solvents ean be
econctaically produced in the required volume. Although the present limited
production of Freon 112 and its consequent high cost may limit the propor-
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tion which ¢an be used in the solvent combination, there is reason to antiei=-
pate materially reduced costs under volume production., Areas in which con-
tinuing development work is needed are the.further refinement and proving of
several possible inhibitor systems for optimum results, long term storage
and stability tests under anticipated storage conditions, practical applica-
tion tests, and final clearance in respect to toxicity by Air Force medieal
personnel,

WADC TR 57-187 March 1958
ASTIA Document No. AD 151073

SUBJECT: LOW TEMPERATURE ATRCRAFT SURFACE CLEANERS
INVESTIGATOR : Elias Kimmel

Bernard Berkaeley

Daniel Sehoenholz

CONTRACT: AF 33(600 )-3224)
CQONTRACTOR: Foster D, Snell, Inc.
ABSTRACT: Physical and chemical characteristies of different types

of soll normally encountered on aireraft surfaces were studied, Laboratory
s0il removal tests were developed and used to evaluste all important class-~
os of organic solvents, OSeventeen different amine oleates were exsmined
for their ability to form dilute water-in-naphtha emulsions., A combination
of diethylamine cleate and triethanolamine olsate allowed the incorporation
of 1,5 parts of water in nephtha and naphtha-chlorinated solvent blends,
Emlsifier systems were compounded to render hydrocarbon and Bydrocaerbon-
chlorinated solvent blends readily rinsable with diluted deicing fluids.
Field tests at Loring A, F, B, and Mitchel A, F. B, established the effi-
cacy of water-containing and self-emulsifiable cleaners, Two c¢leaners con-
forming to all target requirements are recommendsd for removal of oily,

and traffic film, type soils from aireraft surfaces at temperstures of 0°
to 32°F. One cleaner is used in conjunction with a naphtha rinse; the
other is flushed with either naphtha or a glycol-alecohol-water fluid, Raw
material costs, methods of preparation, sources of supplies and ingredient
specifications are reported for both recommended c¢leaners,

WADC TR 57-193 March 1958
ASTIA Document No, AD 151022

SUBJECT: DEVELOFMENT OF NON-CRESYLIC CARBON REMOVERS
INVESTIGATOR: Rubin Wejiner

Je Walter Carroll

CONTRACT : AF 33(600)31890
CONTRACTOR: Pennsalt Chemieals Corporation
ABSTRACT : The usual carbon remover formulations now in use contain

chlorinated hydrocarbons, crescls, and wetting agents, As such they pre-
sent a serious toxicity and waste disposal problem and are therefore unsuit-
able for field use where only limited facilitias are available. Major Air
Force ovsrhaul depots are successfully removing engine varnish {polymerized

WADC TR 53~373 Sup 5 16



oils) and loosening caerbon deposits from reciprocating engine parts with
this material, However in this leboratory, they have been found unsatis=-
factory for removing carbon deposits from either jet engine or recipro-
cating engine parts.

Two formulations, which this laboratory developed, appear
to be much more effective in removing carbon deposits than the present
specification compositions, Laboratory tests indicate that these two form-
ulations are satisfactory with respect to corrosivity and toxicity, present
no serious waste dlsposal problems, =nd are not sxpensive to mamufacture,.

WADC TR 57-606 November 1957
ASTIA Document No. AD 142158

0TS Release

SUBJECT : ORGANIC COMPOUNDS OF GALLIUM - A SUMMARY

OF THE LITERATURE
INVESTIGATOR: Andrew J. Frank

Richard W, Sullivan

Virgil W, Lichtenberg

CONTRACT : AF 33(616)-2939
CONTRACTOR : Denver Research Institute
ABSTRACT: The litersture concerning organic campounds containing

gallium has been surveyed, and the properties of all crgano-metallic
and organic coordination compounds of gallium are summarized, An an-
notated biblicography of all references is provided,

COATINGS
WADC TR 53-511 Pt II June 1957
ASTIA Document No. AD 130780
SUBJECT: DEVELOPMENT OF & HEAT RESISTANT COATING FCR

, PROTECTION AGAINST RAIN EROSICN
INVESTIGATCR: Frank 4, Jeffries

CONTRACT: AF 33(616)-2231
CONTRACTOR: The Goodyear Tire and Rubber Company
ABSTRACT: High speed flight through rain causes damage to exposed

parts of aireraft. Neoprene coatings have been used to pretect parts
against this damage,

Skin friction due to the high speeds of aireraft and the
practica of thermal de-icing, have made it necessary to investigate erosion
resigstant coatings which will withstand temperatures up to 500°F,
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411 available elastomers and plastica giving promize of with-
sianding such temperatures have been examined, Of these, only acrylic ester
rubbers, Teflcon, and silicone rubbers meet the temperature requirement. Teflon
is poor in erosion resistancs.

The silicone and acrylic sster rubbers, although they do
not have a3 high a degree of eroslon resistance as Neoprsne in the present
stage of development, afford a fair degree of pretection even after exposure
to S00°F, Inconsistent adhesion has prevented the ultimate in erosion re-
sistanes from being realized,

Hypalon S~2 will not withstand 500°F, but does afford a
feir degree of erosion resistance where temperatures remain below 400°,
dere agein, adhesion is a problem.

A Goodyear experimental rubber shows promise of being use-
ful #s a primer for high temperature coating systems,

WADC TR 56-80 September 1957
45714 Document Ne, AD 131056
JTS HRelsasse

SUBJECT s RESISTANCE OF PROTECTIVE COATINGS TO SYNTHETIC
ILUBRICATING AND HYIRAULIC FILUIDS

TNVYESTIGATCR Robert W, Damm
George F, Salathe
William 4, McIntyre

CONTRACT: AF33(616)-2919
CONTRACTCR: The Sherwin-Williams Company
ABSTRACT s This report econslstes prineipally of a detalled evaluation

of the resistance of 56 coatings or coating systems to five synthetic lubri-
cating and hydreaulic fluids in conjunetion with supplementary tests designed
to expose thess coatings to the maximum limits encountered by high speed air-
craft under service conditiocnse Test work waes conducted by The Sherwine
Wiliiams Cempany in the Chicego Lacguer laboratories'! Aircraft Finishes Groupe.
Fesults show the following candidate ecoatings to have ths moet prouise in re-
sisting maximum detrimentsl effects of synthetic fluids and accompsnying en-
vironnental conditions:

Skin Loatings

Candidate Coating Ng. O-1 - Andrew Brown,
Brolite Synflex A-=136 Black Enamel.

Csndidate Coating Noes Owb6 « SherwineWilljams,
Experimental White System,

Candidate Coating Noa. (=55 - Sherwin-Williems,
M49 W Ch System,
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Engine Coatinzs

Candidats Coating Nc. C-31 = Pratt & Lambert,
Heat Resistant Aluminum Enamel #7897.

WADC TR 56-80 Sup 1 October 1957
ASTIA Document No. AD 142030

0TS Release

SUBJECT : DEVELOPMENT OF FROTECTIVE COATINGS RESISTANT TO

SYNTHETIC LUBRICATING AND HYIRAULIC FLUIDS
INVESTIGATOR: Robert W, Dgmm

Gaorge F, Salathe

William A, MeIntyre

CONTRACT: AF 33(616)-2919
CONTRACTOR: The Sherwin-Williasms Company
ABSTRACT: This report is a presentation of the work performed in

developing both aircraft skin and engine coatings that sre resistant to
the detrimsntal effects of synthetiec fluids and the accompanying environ-
mental conditiong encountered by modern high speed aireraft. As a result
of this work the contractor evaluated a skin coating system and an engine
coating and developed two engine coatings, The skin coating system is as
follows: FPrimer, Sherwin-Williams Modified Wash Primer, P40 G Cl; Top~-
coat, Sherwin-Williams White Modified Acrylic Znamel, M)9 W C5, The three
engine coatings are: Pratt & Lambert Aluminum Engine Coating #7897;
Bherwin~Williams Aluminum Silicone Jet Engine Coating, M49 S C2; and
Sherwin-Williams Aluminum Silicone Jet Engine Coating, My9 S €3, All
thsse systems are capable of c¢closely approaching complete resistance to
the severe conditions involved,

WADC TR 56-250 October 1956
ASTIA Document No. 2D 110410

SUBJECT: SUMVARY OF DEVELOPMENT AND EVAIUATION OF
INSULATING TYPE REFRACTORY COATINGS
INVESTIGATCR: S, Sklarew

C, A, Hauck
A, V, Levy
CONTRACT : AF 33(616)-2957
CONTRACTOR: Marquardt Aircraft Company
ABSTRACT : Initial development of metal reinforeed refractory coate

ing= to provide thermal insulation to aircraft structural members operating
in the temperature rangs 2000° to 3000°F is reported, Reinforced refrac-
tories 0,080 to 0,15-inch thick, providing thermal drops of 5° to 10°F per
0,001 inch of thickness have been successfully tested in small scale. These
reinforced coatings averaged half the demsity of steel,
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WADC TR 56-338 Pt I January 1958
ASTIA Bocument No. AD 142317

0TS Release

SUBJECT: BIBLIOGRAPHY QOF ICE AND FROST CONTRCL

INVESTIGATOR: Thomas H, McConica, III

CONTRACT : AF 33(616)-3156

CONTRACTOR: Arctie Research Inc.

ABSTRACT : This report reviews all unclassified publicatiocns relating

to the control of ice and frost which could be obtained by this laboratory
during the period July 1955 to June 1956, In preparing this bibliography
an attempt was made to exclude publicetions not in the sres of interest in-
dieated by the title, Otherwise en unwieldy report would have resulted,
Where abstracts or original reports could be reviewed a brief summary of
the report is given, In addition, when known, the depository and eall
number of sach refersnced report is included, Depositories are coded as
follows:

AMAU - Air University, Maxwell Air Force Base, Ala,

ASTIA- Armed Services Technical Information Agency, Dayton, O.
(Note: All "AD* and "ATI* numbers refer to ASTIA)

DAL « Army Library, Washington, D, C,

DIC - Library of Congress, Weshington, D. C.

IWB - Weather Bureau, Washington, D, C.

All publications have been classified according to subject matter and coded
using the arrangement given on page v,

A review of the patent literaturs is included in Part II of this
report.

WADC TR 56338 Pt II Jamuary 1958
ASTIA Document No, AD 142318
OTS Release

SUBJECT: BIBLIOGRAPHY OF ICT AND FROST CONTROL

INVESTIGATCR: Thamas H, MeConica, III

CONTRAOCT : AF 33(616)-3156

CONTRACTR: Arctiec Research Inc,

ABSTRACT: This report constitutes an amnotated bibliography of

patents relating to the control of jce and frost on aircraft, A4ll patents
of interest in the U, S, Patent Office under classification list No., 2li,
subcless 134, up until July 1956, are included. 4dditional patents have
been located through searching Chemical Abstracts, other bibliographies,
ete, All patents have been classified according to subject matter and cod-
ed using the arrangement given on page v,

A review of unglassified publications is included in Part I
of this report,
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WADC TR 57-158 Pt 1 October 1957
ASTIA Document Noe AD 142033
CTS Releass

SUBJECT: LEVELOPMENT OF WHITE THERMALLY REFILECTIVE
RAIN ERQOSION RESISTANT COATINGS
INVESTIGATOR: George K, Vogelsang

CONTRACT: AF 33(616)=3027
CONTRACTOR s Gates Enginsering Company
ABSTRACT Radomes and other coverings for housing radar antennae

exposed tc rain during high speed flight require maximum proteetion against
rain erosion, This study is for the development of improved coatings for
exterior plastic components, which will be rain erosion resistant, thermal-
1y reflective and have satisfactory weatherability.

White ccatings formuleted from polyacrylic rubber or Kel-F
elestomer yield the best overall diffuse reflectances, while Neoprene has
the best resistance to rain erosion.

A white Necoprene coating system has been devaloped which
satisfies the major requirements of this progrem.

Studies are under way to improve the above coating system
and to render it anti~statiec.

WADC TR 57-158 Pt II December 1957
ASTIA Document No, AD 142185

SUBJECT: DEVELOPMENT OF WHITE HEAT RESISTANT AND WHITE
ANTI-STATIC RATN BEROSION RESISTANT COATINGS
INVESTIGATCR: George K, Vogelsang

CONTRACT : AF 33(616)-3027
CONTRACTOR: Gates Enginesring Company
ABSTRACT : Numeroua elsstomeric coatings have been developed and tested

for retention of thermal reflsetance and resistance to raein erosion after 100
hours aging at L0O®F, Although Necprens affords the best resistance to rain
erosion, it has limjted heat resistance, while Kel=F elastomer is the exact
opposite,

_ A method has been developed to utllize ionically conductive
white coatings in conjunction with electron conductive coatings for the de-
velopment of white anti-static rain erosion resistant eoatings. Preliminary
results have been very encouraging, but considerable additional work is re=-
gquired before white anti-static coating systems are developed to a point
where they will consistently conform to the requirements set forth in Speciw
fieation MIL-C~7439E,
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WADC TR 57-158 Pt III January 1958
ASTIA Document No, AD 142286

SUBJECT s DEVELOPMENT (OF WHITE HEAT RESISTANT AND WHITE ANTI-
STATIC RAIN EROSION RESISTANT COATINGS
INVESTIGATOR: George K, Vogelsang

CONTRACT s AF 33(616)=3027
CONTRACT(R s Gates Engineering Company
ABSTRACT: Improved white rain erosion resistant coatings were obtained

by simulsaneocusly using combinetions of Neoprenes, titanjum dioxides, the
inclusion of moderate quantities of acid acceptors and stabilizers, and the
use of extra quantities of antioxidants, White Neoprene rain erosion resis-
tant coatings can be firmly bonded %to polyester or epoxy glass fiber laminates
using Primers Gago KV-6006-N or KV-8510-E,

Tmproved electron conductive coatings for use in the "Series-
Pigeharge" Anti-Static Coeting System were prepared by blending white Neo-
prene non-conductive coating solutions with Neoprene conductive eoatinga,
utilizing Vulean XC-72, conductive carbon black, Several new white ionical-
ly conductive coatings were developed,

A number of "Series-Discharge* Anti-Static Coating Systems
were found to possess and retain conductivities in the order of 0.5 and 15
megohms per square when measured afier various conditions, Also, one
hundred forty-five coating systems were found to possess and retain conduc—
tivities in the range of 10 to 100 megohms per square, when messured after
similar conditions, The diffuse reflectances of these coatings are general-
1y better than those of nob-conductive white coatings, and their resistance
to discoloration is subatantially improved.

WADC TR 57-185 September 1957
ASTIA Document No, AD 131054

0TS Helease

SUBJZCT: CONDUCTIVITY TESTING OF ZINC DUST FIGMENTED COQATINGS
INVESTIGATOR: It. D, S, Nantz

ABSTRACT: Zinc rich coatings have been in use for over 100 years as

a protective pigment for steels Since the effectiveness of these coatings
are dependent upon the electrical conductivity from zine particle to zinc
particle and from zinc particle to the steel surface, it is important to
have a good conductivity measurement test to determine the protective prop-
erties of any zine rich coeting system.

Several procedures were tried before a good conductivity
test was developeds These conductivity tests can be then used as a scien-
tifie basis for formulation of zinc rich coatings which will provide good
galvanic protection to steel.
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It was concluded that the conductivity test developed ean
be used to determine optimum zinc concentration, film thickness, and drying
time for any given vehicle pigmented with zinc.

WADC TR 57-186 November 1957
ASTIA Document Noo. AD 142143
OI'S Release

SUBJECT: THE EFFECTS OF NUCLEAR RADIATION ON MILITARY
SPECIFICATION PAINTS
INVESTIGATOR: 1/Lt, Lloyd A, Horrocks
ABSTRACT: This report is an evaluation of the effects of gamma radia-

tion and heat on several available types of specification and non-specifica-
tion paints, BReflectance, adhesion, abrasion, humidity, and film condition
data are presented on the effsects of gamma radistion and heat on silicone~
alkyd, fluorocarboen, alkyd, nitrocellulose, phenolie, and epoxy resin-based
paints. Silieone-alkyd, alkyd, and phenolic res%n—based,paints appear %o
be satisfactory for use after exposure to 1 x 107 roentgens,

WADC TR 57-195 November 1957
ASTIA Document No. AD 172146

0TS Release

SUBJECT: TEST METHODS FOR MAGNESIUM SURFACE TREATMENTS

INVESTIGATOR: Frank W, Pfohl
Howard T. Franeis

CONTRACT : AF 33(616)-2855
CONTRACTCR: Armourr Research Foundation
ABSTRACT: A study was made of test methods whereby the quality eof

magnesium surface trsatments eould be determined. Methods which measured
the corrosion-inhibiting power of the coating were found unsatisfactory,.

4 method based on measuwrement of paint adherence after expsCasure to z cor-
rosive enviromment, however, was found quite promisings The latter ap-
proach evolved the "Gauze~Peel Test", in which a gauze sirip is embedded
in the organic ccatings After exposure to accelerated corrosion, the gauze
is peeled fram the surface., Both quantitative (peel strength) and qualite-
tive (visual examination of the stripped area) evaluations are easily msde.
An important observation made during preparation of experimental specimens
was that contact between magnesium and steel during Dow 7 treatment leads
to raepidly deteriorating painted surfaces,
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WADC TR 57-296 Februsry 1958
ASTIA Document No, 150985
0TS Release

SURJECT: MARKING MATERIALS FOR RUBBER, PLASTIC FILMS AND
COATED FABRICS
INVESTIGATOR: Harry N, Vosmer

CONTRACT : AF 33(616)-3624
CONTRACTOR : National Cash Register Campany
ABSTRACT: 4 standard procedure for marking ink evaluation was develop-

ed based on the target properties of the contract and the laboratory tech-
niques established by the contractere

Six inks from commercial sources were fcund to be acceptable
for use as merking inks on the majority of the coated fabries and plastic
films,

Four inks developed in the laboratories of NCR proved to
be acceptable, Two of these are based on aerylic resins, and two on a poly-
vinyl butyral resin system.

None of the ten inks recommended are entirely satisfactory
for use on polyethylene or Cotten-vinyl coated, Type II, Class C, Specifica-
tion MIL-F-};143, since they fail the adhesion and immersion tests.

Titapium adhesion promoters were investigated but were
found to contribute little toward the improvement of adhesion on the plastic
films and coated fabries,.

Work with treated polyethylene indicated a slight increase
of adhesion over the untreated materials Printing on polyethylen atill re-
m&ins a serious problem, since the inks developed and evaluated in this re-
port have not proved satisfactory on this material,

WADC TR 57=317 September 1957
ASTIA Document No, AD 131070
SUBJECT: THE DEVELOFPMENT OF TESTING PROCEDURES AND THE EVALUATION
OF COATINGS F{R TANTALUM, GRAPHITE, NICKEL AND COFPER
INVESTIGATCR: W. A. Spraker J. L, Harp
A, E, ¥eller ¥, L. Bagby
R. E, Hess
CQNTRACT: AF 33(616)-3227
CONTRACTOQR: Battelle Memorial Institute
ABSTRACT : Recent developments in the fisld of aeronautics have

focused attention on the behavior of materials under conditions of high
heat flux and high temperature., 4 number of materials, whose physical
properties are of interest, must be protected from erosion and oxidation
when exposed to a flow of high temperature air., The resistance of these
materials and their coatinzs to thermal shoek is alsco important.
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This report summarizes the results of the first year of
a program to evaluate the resistonce of a number of coatings for’ copper,
nickel, tantalum, and graphite to erosion, oxidation, end thermal shoek
under high temperature service conditions. Specimens were tested in the
throat of a hydrogen~oxygen rocket motor which c¢ould produce a maximum
hsat flux of approximately 3000 Btu/sec sq ft, and a maximum temper=zture
of approximately 55COF,

The results of the research program indicate that several
coatings have properties of promise. These coatings include Rokide 4,
chramium, ¢nd chromium-nickel coatings for copper; Rokide A and chromium
coatings for nickel; and a Rokide C coating far graphite., In general,
flame sprayed and electrodsposited types of coatings appeared to be the
most succezssful, None of the coatings for tantslum that were itested were
successfule. The failure of coatings on tantalum appears to be the result
of oxidation of the tantalum through the coatings; a successful tantalum
coating, if developed, should have a low porosity. Tests of coatings
applied by vapor deposition indicated that these coatings have relatively
poor adhesion and are subject to erosion,

WADC TR 57~-342 October 1957
ASTIA Document No, AD 142080
OT3 Release

SUBJZECT: EFFECTIVE THICKNESS OF CHROMIUM FLATE ON THE

SENSITIVITY OF MAGNETIC PARTICLE INSPECTICN
INVESTIGATCR: W. Steindorf

B, Cchen
ABSTRACT : A survey was conduected on small cracked rods to determine
the size crack which can be detected by magnetic partiele inspection.
Chramium plating 2.2, Le&, and 6,6 mils thick were sucecessively plated to
these rods and the rods were exsmined after each plating, BScotch tape
transfers were taken and studied in conjunction with the subsequently
measured cracks, The summation of results indicate that [.5 mils is a
practical limitation of the effective depth of chromjum plate for magnetic
particel inspection of the plated body.

WADC TR 57=-435 October 1957
ASTIA Document No. AD 142025

SUBJECT: STUDY AND DESIGN OF SUPERSONIC ROTATING ARM RAIN
FROSION TEST AFPARATUS

INVESTIGATCR: John L, Beal
Norman E, Wehl
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CONTRACT : AF 33(616)-3267

CONTRACTOR: Cornell Asrcnautieal Laboratory, Ine,

ABSTRACT: The feasibility of building a 2500 mile per hour rolating
arm, rain ercsion, test apperatus based upon sconomic aspecis and engineer-
ing problems was investigated, It was found thet auch a rain erosicn test
facility was practicable and one was designed which consisted of a large,
refrigerated chamber evacuated to 0,0l atmosphere pressure in which the
test blade, 56 feet in diameter, would rotate,

The problems and calculations lsading to the design, as
well as the cost of the squipment of a rotating erm test apparatus for
three speeds (i.e, 2200, 2270 and 2500 mph) are reviewed,

WADC TR 57=-752 March 1958

ASTIA Document No, AD 151012

SUBJECT: THE INVESTIGATION OF THERMOSTABILITY OF INHIBITIVE
PIGMENTS

INVESTIGATOR: Edward R, Allen
Harold V., Lindstrom

CONTRACT : AF 33(616)-5290
CONTRACTOR: Rutgers, The State University
ABSTRACT: This report is the result of a three montha study of the

heat stability of some corroaion inhibiting alkaline earth cliromates,
Certain chromates were collectad, analyzed and compared as to behavior
upon heating. As indicated in the literature, the presence of certain im-
purities, such as ealecium oxide, tends to foster decomposition at high
temparatures, The result is that the yellow chromats form is changed in
part to a green chromic form with the loss of oxygen.

The behavior of a highly purified form of zinc phosphate
was studied for its possible applieatlion ss a corrosion inhibiting pigment.

WADC TR 58-4 Fabruary 1958
ASTIA Document No, AD 142330

SUBJECT's DEVELOFMENT AND FABRICATI(N OF RAINFALL SIMULATION
EQUIPMENT FOR SUPERSONIC WHIRLING ARM TEST APPARATUS
INVESTIGATOR: Roy Re lapp
Norman E, Wahl

CONTRACT : AF 33(616)-5316
CONTRACTOR: Cornell Aeronautieal Laboratory, Inc,
ABSTRACT s The development and method of ealibration of spray noczzles

for rainfall similator, opsrating in a vertical plane, are revieswed, The
design of the spray ring and its fabrication are deseribad,
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WADC TR 58~11 February 1958
ASTIA Document No, AD 150970

0TS Release
SUBJECT: PREPARATION OF PROUIMECTIVE COATINGS BY
ELECTROFHORETIC METHOIS
INVESTIGATOR: Allen C, Werner
Robert J. 4Abelson
CONTRACT: AF 33(616)~5002
CONTRACT(R: Vitro Laboratories
ABSTRACT: Apn investigation was eondueted of the preparation of oxida-

tion-resistant coatings for molybdenum by electrophoretic methods, Multi-
layer coatings of 80% nickel - 20% chromium and nickelebonded columbium and
titanium earbide provided good oxidation resistance and good erosion resis-
tance, The ballistic Impact resistance requirement was fulfilled by inelu-
sion of a 50% dense, B0OZ nickel ~ 20% chromium layer. The affects of sin-
tering and coating thickness on resistance to thermal shock were noted,
Attempts to incorporats an intergranular diffusion barrier alloy lasyer for
oxidation resistance at 2000°F proved unsuceessful, although a gold-chromium
diffusion barrier layer proved resistant at 1800°F, The coating technique
has been refined to permit application of a single layer in ons operation
instead of two,

CORROSION

WADC TN 55-212 Sup 2 September 1957
ASTIA Document No, AD 131017

SUBJECT : RESISTANCE OF (RGANIC FINISHES TO ROCKET BIAST
INVESTIGATOR: Sam E, Collis

ABSTRACT: Forty-seven test panels with various orgasnic and inorganie
coating aystoms were sxposed to an Impinging blast from free fired, T=-21i
Rockets, None of ths coating systems offered complete protection for the
metal, The systems offering the best protective proparties were EC 8/3

(M innesota Mining and Manufacturing Company) applied over zinc chromate
primer or over wash primer-zine¢ chromate primer, Ceramic coatings or dry-
ing oil enamels and varnishes applied over zinc chromate primer, were
found to rank second in protective prcperties. The other coating systems,
which were, in most cases, applied without a corrosion inhibiting primer,
provided only falr protection.
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WADC TR 56-380 June 1957
ASTIA Document No. AD 130820

0TS Release

SUBJZECT: INVESTIGATION OF TH:E APPLICABRILITY OF HIGH FREQUENCY
SOUND WAVES (ULTRASONIGCS) FOR CLEANING OF PRECISION
PARTS

INVESTIGATOR: Oskar E, Mattiat
Paschal P, Zapponi

CONTRACT: AF 33(616 )=3011
CONTRACTOR: Clevite Reasearch Center
AESTRACT; Grease and preservative compounds on bearings ars easily

removed by several methods, The important soils, AN-C-12) preservative
compound and MIL-G=3278 grease are removed by a thorough spray treatment
with Stoddard solvent or an ulirascnic treatment under verious conditions
using trichloroethylene as the coupling liguid,

The effect of the ultrasonic factors, frequency, intensity,
pulse power, coupling fluid and container far holding the parts, upon the
rate of removal of field and synthetic soils from complex parts with small
cpenings is determined. Two new methods of study are developed for evalue
ating available ultrasonic systems and faetors, namely, the steel-removal
and probe methods,

Results obtained with these methods show that accessible
soil=s of all kinds are easily removed by any of the ultrasonic systems
studied; however, inaccessible soils, such as steel particles in bearings
and greass soils in blind holes require high sonic intensities and a
coupling fluid with optimum cavitating and solubility or dispersability
properties for the partieulsar soil,

Low frequeney systems appear to be more effeetive than
high frequency systems for removing most types of soils investigated,
However, inability to control intensity at the point of cleaning for the
high frsquency systems make this evaluation uncertain,

The use of pulsed power does not improve the removal
rates of the =0ils studied,

With the possible exeeption of an aqueous solution for
the removal of steel partieles from bearings, trichloroethylene is the
most effectiva coupling fluid tested for the wvarious soils,

Data submitted a2lso show that while a coarse mesh
basket for econtaining parts is not detrimental to soil removal at low
frequeneies it is at high frequencies,

It is shown by erosion measurements on bearings that the

adverse effect of ultrasonic treatment on the starting torque is caused
by ecavitation erosion; however, the suount of erosjon is so small that it
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may be neglected for the short cleaning time normally required,

Recormendations are made for the clesning of bearings and
other precision parts contaminated with all of the various soils submitted
by the contracting agency.

WADC TR S7-302 April 1958
ASTIA Document No., AD 151116
SUBJECT: INVESTIGATICN OF CORRQSICN INHIBITORS FOR FUMING

NITRIC ACID

INVESTIGATCR: William H, Bergdorf
Edward J, Kinsey, Jr,

CONTRACT ; AP 33(616)-3056
CONTRACTOR ; Bell Aircraft Corporation
ABRSTRACT: The ma jor effort of this investigation was to develop a

corrosion inhibitor for fuming nitric acid that has corrosion-inhibiting
and scale and sludge-formation properties superior to those of hydrofluoric
acid, Ammonjum hexafluorophosrhate in amount equivalent to 0.30% by weight
hydrofiuoric acid was found to provide better inhibition tc the eorrosion
of 61S-T6 aluminum alloy, and 17-7PH and AISI Type 304L stainless steels
than 0,70% by weight hydrofluorie acid under the test conditions. Optimum
inhibitor concentrations for Types I and III specification scids, and in-
hibitor depletion rates for eight inhibitors including hydrofluoric aeid
were determined, Effects of inhibitor up to five times optimmum inhibitor
concentration of each of the several inhibitors were mesasured in terms of
slush or freezing point of inhibited acid media which had been subjected

to wide variation in temperature and short time storage conditions, Measure-
ments of the mechanical properties of welded specimens of the aluminum and
stainless steel alloys that had been immersed in the liquid and vapor phases
of eight inhibited acid systems for thirty day=s at 120°F showed that no
significant change in properties was effected by these exposure conditions.
Film-formation studies were conducted on aluminum and stainlesa steel spec-
imens that had been exposed to the liquid and vapor phases of the several
inhibited systems and subsequently rinsed in water and methylene chloride.
Both rinses removed the inhibited acids from the specimens but methylens
chiocride failed to remove corrosiom products,

Hydrofluoric acid phosphorie acid plus hydrofluoric acid,
and ammonium hexafluorophosphate at optimum concentrations dissolved in
specification Types I and III acid media were tested in vessels fabricated
from the aluminum and stainless steel alloys for a period of 60 days at 70°,
120°, and 160°F, Ammonjum hexafluorophosphate produced the greatest pres-
sures during the test period, This inhibitor, however, suffered the smalleat
loss in concentration and in general provided the best inhibition.
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WADC TR 57=540 December 1957
ASTIA Document No, AD 142263

0TS Relsase

SUBJECT: THZ DESIGN AND CONSTRUCTION OF A SFECIAL TEST
FIXTURE FOR THE STATIC ZVALUATION OF TIE CORROSIVE
EFFECTS OF BORON COXIDE AT HIGH TEMFERATURES

INVESTIGATCR: Charles R, Andrews

CONTRACT 1 AF 33(616)=3737

CONTRACTOR: University of Dayton Research Center

ABSTRACT: The design and construction of a specislized high-tempera-

ture corrosion test fixture is deseribed herein. The fixture is arranged
to provide for the long-time exposurs of text materials to static environ-
ments consisting of cyelic immersion in molten boron oxide (E2C3) at
temperaturss up to 3000°F under closely controlled conditions. Features of
the test fixture include an extensive electriesl heasting control system

and an autamatic specimen cycling mechanisme The fixture can be operated
on a continuous basis with a minimum of attention.

A description of the operating characteristies of the
fixture and details of opsrating vrocedures are included in this report., A
list of engineering drawings pertaining to the test fixture, as well as an
outline of mmintenance procedures to be followed, are contained in appendices.

WADC TR 57-662 May 1958
ASTIA Document No. AD 155516
0TS Release

SURJECT: THIN METAL FIIMS AS CCRRCSION INDICAT(RS
INVESTIGATOR: Richard B, Belser
Frank E. Hankinson
CONTRACT: AF 33(616)-3879
CONTHACTOR: Georgia Institute of Teclhnology
ABSTHACT: Jn order to investigate the feasibility of using thin metal

films deposited on glass or plastic substrates =as integrating indicators of
corrosive conditions, the corrosion rates of films of niis metals exposed to
air atmespherea of controlled temperature end humidity have besn studisd,

Cf ths metals iron, mangenese, copper, nickel, cobalt, strontium, caleium,
magnesium and zine, only fiims of iron and manganess proved worthy of mors
than a preliminery survey., 4 more intensjive study of the corrosion proper-
ties and rates of iron and manganese films and of the bimetal pairs iron

and copper and iron end gold was undertaken,

This invsstigation diselosed the important role in metal
film corrosion of the absorbed gas lsyer normally present on glass substrstes,
This layer furnished the oxygen necessary for small perticles of the oxides
of iron to form at ra:dom sites in the film, These subsecuently becams ele-
ments of electrolytic cells in wnich the iron film acted as the ancde in
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the presencs of air at 25°C and 70 percent relative humiditys Destructive
oxidation of the film thereafter proceeded by eleetroehemical processes,

R:tes of corrosion for iron films werc controllable tc a
degree by removal of the absorbed gas layer by pre-deposition heating of the
substrate to 40C°C or by more complete combination of the absorbed layer
with the metal of the {ilm induced by post-deposition beating of the film,
The formar method reduced eorrosion rates beeause of the removal of the
oxygen surply fer the formation eof oxide nuclei, and the latter method in-
creased the corrosion rste because of the greater number of oxide nuclei
formed.

Control of the correosion rates of iron films under spseific
conditions of tempersture and humidity appears feasible by control of the
abeorbed gas layer and by introduction of cathodic particles either in the
form of oxides or iu the form of small volumes of a more eleetrically posie
tive metal deposited at selescted sites.

CREEP
WADC TR 57-96 April 1958
ASTIA Document Noa. 151114
OIS Release
SUBJECT: A SUMMARY OF COMPRESSIVE-CREEFP CHARACTZIRISTIC

OF METAL COLUMINS AT HELEVATZD TEMPERATURES
INVESTIGATCR: R, L. Carlson
Gs Ko Manning

CONTRACT: AF 33(616)-3317
CCNTRACTOR: Battells Memorial Institute
ABSTRACT: A summary of an extensive study of the cresp buekling of

metal eolumns is pres=nteds The column behavior prior to collapse is desrib-
ed and the eolumn action at the time of buckling is interpreted in terms of
stability.

Solutions to areep buekling are discussed. It is concluded
that in spite of certain limitations, Shenley's tiuse-dependsnt tangent-modu~
lus method has several practical advantages over available analytical solu-
tions,

An application of the time-dependent tangent-modulus method
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to four structural metals indicates that estimates are consistently conssrva-
tive for small values of c¢olumn imperfection. srfection variations were
generally obssrved to have a very markzd effeect on the column lifatime.

The possible existence of a lower column-load limit below
which time-dependent collapse will not occur is discusseds From a rational
consideration of known creep behavior it is concluded that there may be s
temperature below which finite lower limits exist and above which the lower
limit is zero.

WADC TR 57-101_; M‘y 1957
ASTYA Document No. 4D 130762
0T3S Release

SUBJECT: ANALYSIS OF DYNAMIC CREEF CONSIDERING STRAIN
RATE EFFECTS
INVESTIGATOR: F, H. Vitovece
CONTRACT : AF 33(616)-28C3
GCONTR ACTOR: University of Minnesota
ABSTRACT: The dynamic creep behavior of a number of maeterisls is

diseussed and classified, The creep properiies under simultaneous action
of static stress and alternating stress have been derived by severasl authors
frou the creep rate-stress relationship under statie load. The use of this
so derived stress range diagram for eresp as a basis for determination of
agcgeleration or retardation of dynemic ereep is emphasized, Retardation of
creep is attributed to aging effects, and to strain rate effects caused by
alternating stress frequency. Acceleration of creep is atiributed to metal-
lurgieal changes, and overtemperature at very high freguencies. Opeecial con-
sideraticn is given t¢ the effect of superposition of strain rate and creep
rate, The theoretical analysis of the strain rate effects in dynamic creep,
prescnted here, ccnform with the experimental obServation that retardation
of creep increzses with inereasing temperature, and with increasing alter-
nating stress frequency if metallurgical effects are negligible,

WADC TR 57-150 Pt I February 1958
ASTIA Document No., AD 150956
0TS Relsase

SURJECT: EFFECT OF PRICR CAREEP (N MECIIANICAL PROPARTIES
OF ATRCRAFT STRUCTURAL METALS
(202~T86 Aluminum and 17-7 PH Stainless)
INVESTIGATR:: Jerany V. Glueck
Howard R. Voorhees
James W, Freeman
CONTRACT ¢ AF 33(614)=3368
CONTRACTCR: The Univarsity of Michigan
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ABSTRACT: Tezts have been performed on two typical aireraft struct-
ural shest allcys is an investigation to study changes in moachanical properw
ties brought about by prior exposure to elevated-temperature creep conditicns,
Specimens of 2024~T86 aluminum alloy and 17-7PH (TH 1350 )precipitation harden~
ing stainlezs steel wers exposad for times of 10, 50, and 100 hours at sress-
es giving up to 3% total deformation, using temperatures of from 350° to 500°F
for the 2024-T86 and 609° to 0O°F for the 17-7PH.

Following the exposures, shortetime tensile, compression,
or tensjon«impact tests were run at either room temperature, the tempsrature
of exposure, or both, The results indieate that the shocrtwtime strength of
struetural materials may be either raised or lowsred, The changes in pro-
perties may approach as much as 50 percsnt of the original values The di-
reetion o the change depends on the material, test temperature, creep exw
posure conditlons, snd property being measured,

From the standpoint of the structures designer the most
important changes found to date are a large drop im strength for 2024-T86
after prior creep exposure for times of from 1C %o 100 hours and an apparent
decline in the room tsmperature duetility of 17=-7PH (TH 1050 condition)
after prior creep sxposure for 100 hours at ‘temperatures near 600°F,

WADC TR 57150 Pt II April 1958
ASTIA Document No., AD 151115
0T3S Helease

SUBJECT: EFFECT OF PRICR CREEP ON MECHANICAL PROPERTIES
OF ATRCRAPT STRUCTURAL METALS
Part IT ~ 17-7PH Alloy (TH 1050 Condition)
INVESTIGATCR: Jeremy V. Gluck
Howard R, Voorhees
James W, Fresman

CONTRACT: AF 33(616)3368
CONTRACTOR: The University of Michigan
ABSTRACT: A study was earried out of the effect of exposure to

elevated~temperature ereep conditions on subsequent mechanieal properties of
aireraft structural metals, The pressent rsport considers a preeipitation
hardening stainless steel, 17-7PH (TH 1050 condition), Exposures were coa-
ducted for times of 10, 50, or 100 hours elther unstressed ar =t siresses
giving up to 3~percent total deformation at tcmperatures between 600° ang
GO0°F,

Following the exposurss, shori-time tensile, compression,
or tension-impact tests were run at either room temperasture or the tempera-
ture of exposure, The priacipal effects found were a8 loss in ductility in
tensile tests and a substantial loss in compression yield strength afbsr ex~
posure to creep at 600°F, In general, remsrkably little chaenge in the other
mechanical properties was found as a result of exposure to creep, with any
such changes primerily confined to increases in strength,
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WADC TR 57-297 June 1957
ASTIA Document No, AD 130802
0TS Release

SUBJECT: DESCRIFPTIONS OF SOME CURRENT METHODS FCR DETERMINING

CHEEP PROPERTIES UNDER COMPRESSIVE, BEARING AND

SHEAR TYFE OF LOADING
INVESTIGATCR: E. L, Horne
ABSTRACT: This report gives descriptions of several methods currently
used for evaluating ereep behavior in compressive, bearing and shear types
of losding, Pour methods for compressive creep testing are descrided. Two
methods for bearing creep and four methods for shear creep, respectively,
are also given, Only unclassified end non-proprietary information are dis-
cussed. Special mention is made of methods developed under WADC sponsor-
ship. PFuture panel action will be based on recommendations by panel members

and the organizations they represent resulting from a study of methods de”
serited in this report.

DESIGN CRITERIA

AF TR 6517 Pt V December 1957
ASTIA Document No. AD 142218

QTS Release

SUBJECT : DETERMINATION OF THE TENSILE, COMPRESSIVE AND

BEARING PROPERTIES OF FERROUS AND NONFERROUS
STRUCTURAL SHEET MATERIALS AT ELEVATED TEMPERATURES
INVESTIGATOR: Donald E, Miller

CONTRACT : AF 33(616)-3145
CCNTRACTOR: Armour Research Poundation
ABSTRACT To provide data for the establishment of design ecriteria,

the compressive and bearing properties of six aluminum alloys, three mag-
pesium alloys, two titanium alloys, two stainless steels, and one alloy
steel have been determined at elevated temperatures. Tensile data were al-
so obtained for all materials except the stainless steels. Each material
was tested at seversl temperatures as follows: 2014-T6, 7075%-T6, and X7178-
T6 sluminum alloys and ML-H2kh, AZ31-H2h, and 4Z31-0 magnesium alloys at
200°, 300°, 400°, 500°, and 600°F; 2024-T3 aluminum all@ys at 212°, 360°,
10c°, 500°, 600°, and TOCPF; 2024-TBL and 2024-T86 aluminum alloys at 200°,
300°, and 4OO°F; annealed titanium, cold-rolled titanium, Type 301 half-
hard stainless steel, Type 302 annealed stainlesas steel, and SAE 4130 alloy
steel at 400°, 6069, 800°, and 10COCF, Specimens of all materizls were
aged for 0.5 hr at test temperature prior to testing.
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The test materials used in the Program were leftover
portions of sheets which had been tested previcusly, They had been in
storage for pericds ranging from 3 to 5 yrs. Analysis of the test data
suggested that long room temperature aging has a substantial effect on
the elevated temperature properties of certain hargd-rolled and heat-treated
alloys, The prorerties of the fully annealed waterials, however, appeared
to te unaffected by protracted aging at room temperaturse.

Test specimens, equipment, and procedures are described in
detail, and test results are presented in both tabular and graphical form,

WADC TR 55-150 Pt v October 1957
ASTIA Document No. AD 142069

SUBJECT: MATERIALS-PROFPERTY-DESIGN CRITERIA FOR METAILS
Part ¥. The Conventional Short-Time, Elevated-
Temperature Froperties of Selected Stainless
Steelas and Super 4lloys

INVESTIBATOR: Ronsald J, Pavor
William P, Achbach
Walter S, Hyler

CONTRACT: AF 33(616)-2303
CONTRACTOR s Battelle Memorial Institute
ABSTRACT: Fresented in this report is a campilation of data om the

conventional short~time, elevated.temperature properties of selected cor-
rosion-resistant and high-temperature alloys applicable to airframe and
missile fabrication, The resultant recommended design data obtained in
thia study have been presented in such form as to be direectly applicable
to the ANC-5 Bulletin (issued by the Air Force-Navy-Civil Panel) on
"Strength of Metal Ajrcraft Elements®,

WADC TR S€5-150 Pt VI October 1957
ASTIA Document No., AD 142043
0TS Release

SUBJECT : MATERJALS-PROFERTY-DESIGN CRITERIA FOR METAILS
Part V1 - The Conventional Short-Time Elevated~
Temperature FProperties of Selected Light Alloys
INVESTIGATOR: W, P, Achbach
R, J. Favor

W. S, Hyler
CONTRACT: AF 33(616)-3965
CONTRACTOR: Battelle Memorial Institute
ABSTRACT: Described in this report is a campilation of data on the

conventional short-time elevated-tempersture properties of selected light
alloys epplicable to airframe and missile fabrication, The resulting recom-
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mended design data obtained in this study has been presented in such form

as to be directly applicable to Bulletin ANC-5 (issued by the Air Force-
Navy-Civil Panel) on *Strength of Metal Aireraft Elements®,

WADC TR §5-150 Pt VII October 1957
ASTIA Document No. AD 142064

SUBJECT: MATERIALS-PROPERTY-DESIGN CRITERIA FOR METALS
Part VII. The Conventional Short-Time, Elevated-
Temperature Properties of Selected Low-and
Medium-Alloy Steels

INVESTIGATOR: Ronaldg J, Pavor
William P, Achbach
Walter S, Hyler

CONTRACT: AR 33(616)-2303
CONTRACTOR ¢ Bat telle Manorial Institute
ABSTRACT: Presented in this report is a compilsticn of data on ithe

conventional short-time, elevatsd-temperature properties of selected low-
and medium-alloy steels applicable to airframe and missile fabrication.

The resulting recommended design data obtained in this atudy have been pre-
sented in such form as to be directly applicable to the ANC-5 Bulletin
(issued by the Air Force~-Navy-Civil Panel) on *Strength of Metal Aircraft
Elementa",

WADC TR 55-199 Pt III September 1957
ASTIA Document No. AD 142003

0TS Release

SURTECT: TENSTLE PROPERTIES OF AIRCRAFT-STRUCTURAL METALS

AT VARIOUS RATES OF LOADING AFPTER RAPID HEATING
INVESTIGATOR: William P, Ree
J. Robert Kattus

CONTRACT: AF 33(616)-424
CONTRACTOR: Southern Research Institute
ABSTRACT: The purpose of the present phase of this progrem was to

determine the effects of variations in strain rate and holding time at
temperature on the tensile properties of several aireraft-structural
metals after they had been heated within 10 sec to test temperatures ap-
vroaching the melting points of the alloys involved. Major emphasis was
pPlaced on an accurate determination of these effects on the ultimate
tensile strength and 0.,2%-offset yield strength, The modulus of elasti-
city, percent elongetion, and proportional limit were determined with
leas accuracy as by-products of the data for the purpose of establishing
trends, This investigation covered strain rates from 0,00005 in./in./
sec¢ t0 1,0 in./in./sec, holding times at test temperature from 10 sec to
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1800 sec, and the following sheet materials over the range of test tempera-
tures indicated:

Annealed Stellite-25, 1600°F - 2250°F
Heat-treated Inconel-X, 1600°F - 22500F
Full-hard 301 stainless steel, 1600°F - 2250°F
Annealed Al10-AT titanjum alloy, 120C°F - 2770SF
Alclad 2024-T3 aluminum alloy, 800°F - 900°F

In general, the ultimate tensile strength and 0.2%-offset
yield sirength of all test materials increased appreciably with inereasing
gstrain rates at each test temperature. With only minor variations, the
apparent modulus of elasticity showed a consistently increasing trend with
increasing strain rates. The same was true for the percent elongation with
the exception of annealed Al110-AT titanium alloy, which showed a decreas-
ing trend with increasing strain rates,

Because of atmoapheric attack, the properties of the A110-
AT alloy deteriorated with inereasing times at the higher test temperatures.
Holding times at test temperature had no significant effect on any of the
properties of the other materials investigated,

At 2250 F, annealed Stellite-25 had the greatest strength,
followed by heat-treated Inconel-X, annealed A110-AT titanium alloy, and
full-hard 301 stainless steel,

The oxidation resistance of annealed Stellite-25 and heat-
treated Inconel-X was good at 2250°F, full-hard 301 stainless was fair to
poor, and annealed Al110-AT titanium alloy was poor, Alclad 2024-T3 alumi-
num alloy showed good oxidation resistance at 900°F,

WADC TR 56-L4 June 1957
ASTIA Document No, AD 130777

QTS Release

SUBJECT': ANCLYPICAL METHODS FOR IETERMINING SFECIFIC DAMPING

ENERGY CONSIDERING STRESS DISTRIBUTICN
INVESTIGATOR: E, R. Podnieks

B. J- iazan
CONTRACT : AF 33(616)-2803
CONTRACTCR: ¥niversity of Minnesota
ABSTRACT : Various energy and energy ratio units for expressing the

damping properties of materials are diacussed, Specific damping energy
(in-1b/cu in/ cycle) is proposed as the most useful unit for comparing
materials and performing engineering calculations,. Analytical methods are
presented for converting the total or average damping energy of a speci-
men to its specific dawping, The role of the volume-stress function in
this analysis is discussed in general and specific cases are illustrated.
Additional factors involved in comverting such energy ratio units as
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logarithmic decrement are analyzed, Data on the dimensionless damping
and strain energy integrals are included for a range of conditiocns to
facilitate data conversion. Caution is urged in interpreting demping data
in which stress distribution and other fectors, analyzed in this report,
are not fully considered.

WADC TR 56340 September 1957
ASTIA Document No, AD 131069

0TS Release

SUBJECT: DETERMINATIGN OF TENSILE, COMPRESSIVE, BEARING, AND SHEAR

PROPERTIES OF FERROUS AND NON-FERRQUS STRUCTURAL SHEET
METALS AT ELEVATED TEMPERATURES

INVESTIGATOR: John V. Mslonas
J« Robert Kattus

CONTRACT: AF 33(616)-2741 and AF 33(616)-3224
CONTRACTOR: Southern Research Institute
ABSTRACT : The tensile, compressive, bearing, and shesr properties

of the following sheet metals were determined at various temperatures
after exposure times from 1/2 to 1000 hours at the test temperature:

l, AISI={4130 alloy steel, 150, 0CC psi nominal strength level
2, AISI-}4130 alloy steel, 180, 000 psi nominal strength level
3. AI-4130 alloy steel, 200, 000 psi nominal strength level
o A110-AT titanium alloy

5. HK31-H2) magnesium aslloy

6. Type 301 stainless stesel, full-herd

The magnesium alloy was tested over a tempersture range trom 75°F to 600°F,
whereas the other test metals were tested at temperatures to 1000°F,

The test results show that all strength end modulus pro-
perties decreased 1o some degree with increesing temperature over the range
studied. Increasing exposure time, which hed no significant effects on
modulus-cf-elastieity values, resulted in some deereased strength propers=
ties in all test metals at the higher test temperatures but had no eppreci-
able effect at the lower temperatures. In general, the effects of variae
tions in temperature were greaster than the effects of veristions in expos-
ure time,

A correlation and comparison of the test results indicated
some crude relationships between various propertiss, These relationships
rrovide a means of calculating rough estimestes of certain properties on the
basis of a different property determination, The accuracy of these calcula=
ticns decreases as the range of materizls and conditions, to which they are
applied, incresases, For the sntire range of materimls and conditions used
in this work the aeccuracy of the various property relationships ranged from
*117 to %55%. Precise aad reliable data on the tensile, compressive, bear-
ing, and shear @ operties of aircraft-structural materisals can be obtalned
only by testing undsr the desired coanditions,
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ELECTRODEFOSITI ON

WADC TN 57-178 June 1957
ASTIA Document No. AD 130821

SUBJECT 1. EFFECT OF SHOT-FEENING PRIOR TQ CHROMIUM PLATING ON THE
FATIGUE STEENGTH OF HIGH STRENGTH STEEL
INVESTIGATCR ; Bennie Cchen
ABSTRACT : The effect of shotepeening prior to chromium plating on
the fatigue strength of high strength steel has been studied in an effort
to minimize the drastic drop in fatigue strength, approximately 50%, which
occurs as a result of chromium platinge Shot-peened, chromium plated steel,
220,000 psi UTS, hed an endurance limit 12% higher than the bare unshote
peened steel. Shot-peened, chromium plated steel, 220,000 psi UTS, which
was baked after plating, had an endurance limit 18% higher than the bare
unshot-peened steel. Shot-peened, chromium plated steel, 280,000 psi UTS,
showed only a slight decrease in fatigue strength in both the baked and
unbeked conditions when compared to the fetigue strength of the unshot~-
peened bare steel,

WADC TR 57=51l4 Januery 1958
ASTIA Document No. AD 142316

0TS Helease

SUBJECT: DEVELCPMENT OF ELECTROFLATING PRCCESSES TO ELIMINATE

HYDROGEN EMERITTLEMENT IN HIGH«STRENGTH STEEL
INVESTIGATGR ¢ Jo E. Chilton

CCNTRACT: AF 33(616)~3429
CCNTRACTOR ¢ Stanford Research Institute
ABSTRACT 3 The embrittlement of cadmium plated high-astrength steels

€eges {SAE 4340) by hydrogen is of serious ccncern to the Air Force.
Unexpected failures of highly stressed components have been experienced,
It has been found that cadmium plating from & sulfemate, a perchlorate,
or a fluoborate bath with addition agents can be accomplished without
embrittling the steel, but that the gquality and adherence of the cedmium
plate emerging from these bathas, as compared with the cadmium plate from
& cyenide bath, indicates the need for further evaluation before use.

In order to evaluate the effects of various degreea of
hydrogen embrittlement on the steel, a sensitive mechenical test method
was requireds The important criteria were that the test coupon be ¢f such
gecmetry that it could be plated uniformly and that the test would evaluate
only the effeet of hydrogen embrittlement. Simple bend tests and notched
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ber tensile tests have been commonly used for studying the embrittling
effect. In this progrem, the bend test, torsion test, and static sustained
load beam test were investigated. 4 static sustained load beam test,

using & 9= x 1/~ x 1/2~inch specimen with the grain tranaverse to the
length was adopted. The SAE 4340 specimens were heat treated to 280,000
to 300,000 pounds per square inch tensile strength end the fracture time,
under a given stress, was taken as a measure of the degree of hydrogen
embrittlement.

It was found that replicate specimens show a large
deviation in fracture times in spite of the care that was given to the
selection, preparation, and testing techniques. These deviations are
due to the normal defects and veriables that are present in commercial,
air melted, aircreft guality asteel.

WADC TR 58=5 Pt I March 1958
ASTIA Document No. AD 151078

SUBJECT s COATINGS OF NICKEL-ALUMINUM ALLOYS PREPARED EY ELECTROLYSIS
INVESTIGATOR: Dwight E. Couch
Jean H. Connor

CONTRACT: AF 33(616)57-10
CONTRACTOR3 National Bureau of Standards
ABSTRACT': The electrodeposition of nickel=-aluminum alloy coatings

for the protection of Thermold J Alloy steel was investigated because of
certain properties of the alloy, namely, extreme hardness and oxidation
resistances The alloy was forued by plating aluminum upon a leyer of
nickels When the fused salt baths operated sbove the melting point of
aluminum, the alloy was formed directly. When the aluminum was deposited
at lower temperatures, the semples were later heated to form the alloy

by diffusion. Oxidation data and galt spray corrosion resistance of the
alloyeplated steel are given. Optimum protection of the steel was afforded
by the alloy formed at 700°C, consisting of 2 mils of nickel and 0.2 mil
of alumipume.

ELECTRONIC MATERIALS

WADC TN 57-241 September 1957
ASTIA Document No. AD 131074
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SUBJECTt ELECTRICAL AND ELECTRONIC MATERIALS FOR HIGH SPEED
MISSILES ANL AIRCRAFT
INVESTIGATCOR: Dre R. N. Ewvans
ABSTRACT': The materials which go into the construction of electrical
and electronic component parts for aircraft and missiles are discussed
from a chemicel point of view. Materials are divided arbitrarily into
Organic and Inorganic types. Environmental hazards under which the materials
of high speed aireraft and missiles must perform are listed. A4 blueprint
of heteroatom polymer types and inorgenic synthetic approaches is indicated
representing the state~of-the~art effort to meet the severe thermal ,
nuclear, sonic¢ requirements. The role of the materiels engineer in the
development of new electronic materials is discussede

WADC TN 585l April 1958
ASTIA Document No. AD 151183

SUBJECT: HIGH TEMPERATURE ELECTRICAL INSULATION MATEKIALS FOR
MISSILES AND AIRCRAFT

INVESTIGATOR ¢ Dr, K. N. Evans

ABSTRACT: A review on the development of specisl-purpose electrical

materials is presented together with new areas of materials development

which may profitably be exploited. The environmental factors tc which high

speed aircraft and missiles are exposed are discussed. A materiels program

designed to meet these measurements is presented and its relation to

programa on end-~item development is pointed out.

FATIGUE

WADC TR 56-611 Mareh 1957
0TS Release
SUBJECT: INVESTIGATION OF MATERIALS FATIGUE FROBLEMS
INVESTIGATCR: He N. Cummings

F. B. Stulen

W. C. Schulte
CONTRACT s AF 33(616)-2876
CONTHACTOR s Curtiss-Wright Corporation
ABSTRACT: The studies of high~hardness steels that were begun undexr

WADC TR 53-373 Sup 5 n



Contraet AF 33(616)-493 were continued. S-N curves were obtained for SAE
4340 air-melted steel of 230 ksi UTS and vacuum melted steel of 190 kai ULs.
Several steels of 300 ksi UTS were investigated by Prot tests, and S-N
curves wers obtained for a L350 steel of the same UI'S. Studies of the
relation of non-metallic inclusions tc fatigue life end strength of the
ateely were continued and exploratory studies were mede of crack ipitiation
and propagation. The applicability of the Prot method of testing to four
non-ferrous meit&ls was alsc included in the work done under the present
contract.

WADC TR 57310 November 1957

43TIA Document No. AD 142118

0TS Releass

SUBJECT: THE EFFECT OF VARIOQUS MACHINING PROCESSES ON THE REVERSED=

EENDING FATIGUE STRENGTH (F A«110 AT TITANIUM ALLOY SHREET
INVESTIGATCR: Robert J. Rooney
ABSTRACT ¢ The results of reversed cantilever bending fatigue tests
on A=110 AT (5% 4L - 2.5% Sn) titenium alloy sheet, machinea by verious
processes, are presented. The machining processes employed were the
followings Uliresonic, sleb milling, chem~milling, grinding and electrical
discharge machininge. The effect of shot-peening on the fatigue strength of
the "es-rolled" alloy is also presented. The effects of the various machining
processes, &s well as thet of shotepeening, ere shown by comparing the
fatigue strengths obtained under these conditions with the fatigue strength
of the material in the "es-rolled® condition., Kesults of the messurements
of residual surface stress in the “as~-rolled" material are alsc presented.

WADC TR 57-589 April 1958
ASTIA Document No. AD 151162

0TS Release

SUBJECT ¢ FATIGUE STRENGTH REDUCTION FACTCRS FOR INCLUSICNS IN

HIGH STRENCTH STLELS
INVESTIGATOR: H. N. Cunmings

F. B. Stulen
W. C. Schulte
CONTRACT: AF 33(616)-5182
CONTRACTCR: Curtiss-Wright Corporation
ABSTRACT: Tentative values of Fatigue Strength Heduction Factors for

nop-metallic non-malleable inclusions in single-nucleus fractures of

R. Rs Moore rotating beam specimens are determined by two methodse Data
for the computations are taken from tests on 309 specimens of SAE 4340 and
4350 steel, of 140, 190, 230, 260 and 300 ksi UTS. Quentitetive results
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are thought tc be somewhere near the correct order of magnitude. GQualita~
tively, it is concluded that the values ¢f the faectors depend upon the size
of the inclusions and upon the hardness leval of the steels Also, it is
thought that for very small inclusions (less than 0,00025 inch) other
inhomogeneities inherent in the steel itself dominate the failure of a
gpecimen,

FUELS
WADC TR K5=-138 Mareh 1957
ASTIA Document No, AD 118109
OIS Heleasse
SUBJECT: ACCELERATED STQRAGE STABILITY OF AVIATION FUELS

INVESTIGAT(R R. W. Sneed

0. M, Ballentine

Capte J. H. Winterbaulter
ABSTRACT' 3 This work is & study of aviation fuels of various base
stocks, containing several different additives, and stored under accele
erated conditions in two different type containers; the purpose was to
obtain date on the deterioration which may be expected during the siorage
of avietion fuelse 2t desert temperature.

Wide variations were found in the rates of detericration
of the fuels. Phenylene diamine &ppears to be the best oxidation inhi-
bitor and the Cp and (), alkylate base stock is more stable than the
gtraight run fuel; copper definitely accelerates gum formation.

GRAPHITE
WADC TR 57=-491 Pt I Cotober 1957
ASTIA Document No. AD 142022
TS Release
SUBJECT s SiC-GRAFHITE BCDY FOR ELEVATED TEMPERATURE SERVICE
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INVESTIGATOR Carl F, Cline

CONTRACT & AF 33(616)=3538
CONTRACTOR s The Carborundum Company
ABSTRACT: A graphite body bonded by silicon carbide has been

developed which has physical properties superior to grephite alone. Data
are presented for transverse rupture strength, density, chemical analysis,
and tensile strength. One composition has an average transverse rupture
strength of 12,000 pounds per aquare inch et 1500°C, as compared to

5,400 pounds per sguare inch for ATJ graphite.

A dynesmic high temperature test was developed which
utilizes the high current arc as ita heat source. Data are presented
on the stability of the developed bodies as compsred with ATJ graphite
when the materials are subjected tc a preliminary version of the high
temperature arc test.

WADC TR 57-602 February 1958

ASTIA Document No. AD 150962

SUBJECT: GRAPHITE-BASED MATERIALS FOR HIGH TEMPERATURE APFLICATIONS
INVESTIGATCR3 M+ Janes

CONTRACT 1 AF 33(616)=3537

CONTRACTCR: National Carbon Company

ABSTRACT ¢ Recent sesrodynamic developments require & material which

will endure under conditions of high heat flux with consequent high surface
temperatures and high flow of an oxidizing gas relative to a body of the
material. Surface temperature rise may be quite rapid, so that the materisl
must possess resistance to thermal shock. Graphite has outstanding high
temperature strength, & high sublimation temperature, &nd excellent thermal
shock resistence in compariscn to other agglomerate bodies. However, it

is quite reactive with oxygen or other oxidizing gas at high tempsratures
and high relative gas flow rateas.

This report summarizes the results of & first year of
& program to compare the oxidation, with accompanying ercsicn, of graphite
prepered with varistion in raw materials or processing, and of combinations
of graphite with metals, carbides end compounds such es calcium flucride.

Three different procsdures for testing oxidation-erosion
resistance, varying in principle end in severity, have beern developed
and used. Two procedurss for evalusting relative thermal shock resistance
are described.

Graphite materials prepared by the varietions in raw
materials and processing sc far evaluated, show relatively minor differences

in oxidation-e¥osion rate. Removal of catalytic impurities substantiallg
reduces the rate of oxidation if any portion of the specimen is subjecte
to relatively low temperature oxidatione
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Combinations of grephite with verious carbides such as
those of boron and titernium together with silicon carbide, with the
carbide incorporated throughout the body, have shown considerably improved
oxidation resistance in en intermediate temperature range {to about 1700°C).,
It appears possible that further development will extend the stability
of these materials tc¢ higher temperatures,.

HYDRAULIE FLUIDS

WADC TR 55-89 Pt V July 1957
ASTIA Document No. AD 118341

SUBJECT: FHYSICAL AND CHEMICAL LABORATORY EVALUATION OF SILICATE
BASE HIGH TEMPERATURE HYDRAULIC FLUIDS
Part V. Room Temperature Hydrolysis Studies
INVESTIGATORs George Baum
ABSTRACT s Silicatewesters are being considered for use in 4LOO®F
hydreulic aystems, PFPrevious study hed eastablished evidence of the
hydrolytic instability of the silicatee~ester formulations.

The behavior of four silicatew~sster bage formulaticns
toward extended storege with varying quantities of water was studied,
The formulations presented varying degrees of hydrolytic stability.
Solids formation wes encountered with all formulations. However, the
disiloxane formuletion (MLO 8200) produced significantly lower quentities
of solids than the other three formulationa., Addition of a diester to
this disiloxane formulation resulted in & large increase in the amount of
golids formed. The solids formed were not & linear function of weter
present, Instead, maximum solids occurred at intermediste water concen=
trations.

WADC TR 56~-168 Pt II February 1958
ASTIA Document No,., 4D 150988

CTS Release

SUBJECT: SILICONE FLUID RESEARCH FOR THE DEVELOFMENT OF HIGH

TEMPERATURE HYDRAULIC FLUID AND ENGINE COILS
INVESTIGATOR: Edgar D. Erown, Jr.

Normen G, Holdstock
CONTRACT : AF 33{(616)=-2899
CONTRACTCR General Electric Company
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ABSTRACT : Continued study of the chlorcophenyl silicone formuletion
has resulted in development of an additive which greatly improves the
lubricity of the base fluid (F=50) without impairing other desirable
festures such &8 viscosity-temperature charascteristics and oxidation
stability below 500°F, This additive is & atraeight chain linked tine
carbonesilicon-oxygen polymer end is soluble in the base fluid at all
temperatures down to =65°F, The tin polymerw~silicone formuletion has
been designated silicone fluid 81717 and will allow for prolonged use in
the =65°F to 575°F temperature renge. Under sppropriate conditions of
high pressure and wet atmosphere, hydreulic fluid use in the 650°F = 700°F
range is possible.

Silicone fluids undergo thermal rearrangement above
600°F which causea lerge changes in viscosity properties. However, a
change in structure to silicone carbon linkage has yielded fluids with
excellent 700°F thermel stabilitys Further syntheses and ewaluation
gtudy is required to produce fluids of the desired lubricity level,

The fluid with the best over-all oxidation stability is
still the base-atock, F-50, with iron octoste as oxidetion inhibitor.
This is now aveilable as silicone fluid 8164l

WADC TR 56-207 Pt 1II April 1958
ASTIA Document No. 4D 151166

SUBJECT:: sCHATN TYPE® POLYPHENYL AND POLYNUCLEAR ARCMATIC
COMPOUNDS AS BASE MATERIALS FOR HIGH TEMPERATURE STAELE
AND RADIATION RESISTANT LUBRICANTS AND HYDRAULIC FLUILS
INVESTIGATCR: Joaef J. E, Schmidt
John 4s Krimmel
Thomas J. Farrell, Jre.

CONTRACT s AF 33(616)=2939
CONTRACTCH s Denver Research Institute
ABSTHACT ¢ This report deseribes the preparation and investigatiocn

of alkyl-biphenyl and alkylterphenyl derivatives and their intermediates.
In particular, homologous series of 4! walkyl-g~terphenyl and 3walkylw
meterphenyl compounds have been prepared in connection with a closer
investigetion of the correlations beiwsen chemical structure of these
clusses of compounds and their physical properties, thermal stability,
and their feesibility as thermally stable and rediation resistant fluids.

Two half-gallon samples of the more promising fluids,
4' ~pn-ponylem- terphenyl end 3J=neheptyl-m~-terphenyl, have been prepared
for WADC's Materiels Laboratory under contractual terms for the purpose
of additional testing.
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WADC TR 57=2 September 1957
ASTIA Document Noe AD 131080

SUBJECTs HIGH TEMPERATURE FLUID EVALUATION TEST STAND
INVESTIGATOR: Donald B. Reinke

CONTRACT : AF 33(616)=3126 ,

CONTRACTOR : Sundstrand Aviation Division

ABSTRACT : & hydreulic fluid test stend with the capebility of

evaluating fluids at temperatures up to 700°F and pressures up to 3000
psi has been constructed. A survey of the industry showed several
areas in which reliable aircraft type components were not aveilable,
and in such instances the best available non-aireraft components were
adapted to complete the test stand.

This report describes the fluid evaluation parameters,
the finelized test procedures to be used for fluid analysis, the
selection of components, and the results of initial check-out teste.
Evaluation of hydraulic fluids at the temperature level for which this
stand is built represents a potential fire hazerd, Safety and automatic
control provieions are noted,

WADC TR 57119 July 1957
ASTIA Document No. AD 130915

OIS Release

SUBJECT: DEVELOPMENT OF A HYDROLYTICALLY STABLE HIGH TEMPERATURE

HYDRAULIC FLUID
INVESTIGATCR: Robert L. Pesler
Steve 4. Kovacich

CCNTRACT: AF 33(616)=3476
CONTRACTCH: California Hesearch Corporation
AB3TRACT s This report covera the first year's work on a contract

to improve the hydrolytic atability of silicate based hydraulic
fluids operating in the «65°F to 400°F temperature range.

A literature search was mede of the mechenism and factors
affecting the rate of hydrolysis of alkoxysilanes. Steric effects were
found to be the moat important factore

Silanes, disiloxenes, trizxiloxanes, and miscellaneous
silicates, having primary, secondary, and tertiary alkoxy, elkyl, and
phenyl groups, were synthesizede These compounds were evaluated for
hydrolytic stability at 400°F., Of the compounds tested to date, silanes
with two tertiary butoxy and two secondery elkoXy groups have the
greateat hydrolytic stebility. Di(tert-butoxy)-di{5-ethyl-2~nonoxy)
silene and di(tert~butoxy)di(2-octoxy)silene were the two most stable
compounds prepared.
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Disiloxanes conteining secondary alkoxy end two tertiary
butoxy groups have not shown stability comparable tc the silanss.

Two carboxylic acid esters and four silicounes were
evaluated for bydrolytic stability at LOO°F for reference purposes.
Contrary to the good hydrolytic stebility shown by these synthetic
meterials at 200°F, they showed considerable deterioration at 400°F,
Thus, the best silanes prepered in this progrem are more stable in this
test then other types of synthetic base materials usually assumed to
have satisfactory stability.

A small-scale, }00°F hydrolytic stability test method
was deweloped which shows good correlation with the stendard bomb method.
Diesters, monc-esters, and hydrocarbons have been found which are more
effective swelling agents for Neoprene than di(2-ethylhexyl) sebacate.
Dimethyl silicones were found to be the most effective viscosity index
improvers of those tested, although other high visccaity silicones,
polymethecrylates, and polyvinyl ethers were also usable. With di(tert-
butoxy)di(2-octoxy)silane, a f£luid with 2500 cs viscosity at =65°F
and over 1,0 ¢s at LOOSF can probably be prepared. Oxidation tests
at LOO°F indicated the need for better inhibitors. Four-Ball Wear prop=
erties of the new hydrolytically steble base stocks were eguivalent to
the currently used hexa(2=-ethylbutoxy)disiloxanes

WADC TR 57-151 May 1957
ASTIA Document No. AD 13076k
0TS Release

SUBJECT: RESEARCH CN THE FLAMMABILITY CHARACTERISTICS OF AIRCRAFT
HYDRAULIC FILUIDS
INVESTIGATOR: Micheel G. Zebetakis
Aldo L. Furno
. Joseph J. Miller, Jr.
CONTRACT s AF 18(600)=151

CONTRACTCR Buresu of Mines
ABSTRACT: The Tesults of minimum spontenecus ignition temperature

tests conducted on seven hydraulic f£luids while in contact with seven
surfaces found in aircraft under conditions likely to be encountered in
practice are presented here. These tests were conducted by members of

the Branch of Gas Explosions, Division of Explosives Technology, U. S.
Bureeu of Mines between 1 November 1955 and 31 Octobsr 1956. Hydraulie
fluids Esgo Uniwvis J=43, conforming to specification MIL=0w5606, MLO 53=
446 (Geperal Electric GE 81406), MLO 54=540 (Monsento OS 45), MLO 54=540
(Monsanto 0S 45), MLO 54-581, MLO 54-b645 (85% Oronite 8200 * 15% Plexol),
MLO 54-856 (Hollingshead 72073C), 2nd MLO 8200 (Oronite 8200) were tested
while in contact with heated aluminum, beryllium=-copper, copper, magnesium,
pyrex glass, stainless steel end titanium surfaces. The effects of both
test chamber pressure and injection pressure variations were investigated.
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WADC TR 57-15)1 Sup 1 May 1958
ASTIA Doeument No. 155510
0TS Releese

SUBJECT: RESEARCH ON THE FLAMMABILITY CHARACTERISTICS OF AIRCRAFT
HYDRAULIC FLUILS

INVESTIGATCOR Michael G. Zabetskis
Agnes C, Imhof
Frank W, Lang

CONTRACT DO 33(616) oe57=4
CONTRACTCR:. Bureeu of Mines
ABSTRACT: The results of spontanecus ignition temperature tests

ccnducted on JP~4 eand seven hydraulic fluids in air while in contact
with seven surfaces found in sirersft are rresented, Tests were conducted
at reduced and elevated pressures using both low and high velocity injecw
tion techniques. They were conducted by members of the Branch of Gas
Explosions, Division of Explosives Technology, U. S. Bureau of Mines
between 1 November 1956 and 31 October 1957, Hydraulic fluids Esso
Univis J-43 (Spec. MIL-0=5606), MLO 53-44b (Generel Electric GE 8Li06),
MLO 34-540 (Monsanto OS 45), MLO 54=581, MLO 54-645 (85% Oronite 8200 *
15% Plexol), MLO 5,-856 (Hollingshead 72073C) and MLO 8200 (Oronite 8200)
were teated while in contaet with heated aluminum, beryllium~copper,
¢opper, magnesium, pyrex gless, stainless steel and titenium surfaces,

In addition, the flash apd fire points of these fluids were determined

in a standard ASTM apperstus,

WALC TR 57-167 fugust 1957
#STIA Doecument No. AD 131009

OTS Releess

SUBJECT: HIGH TEMPERATURE HYDRAULIC FLUID DEVELOPMENT STATUS

AND ENGINEERING DATA
INVESTIGATCH: George Baum

Robert J. Berzing
ABSTRACTs: A review of the status of extreme high temperature
hydraulic fluid development is presented. Progress in researck end
development for fluids with & high temperature capebility of E50°F to
70C°F and a low temperature capebility of O°F to -65°F is described in
detaile The fluids within this temperature range and deacribed in thig
report fall into the following classes of compounds; Organosilicates,
disiloxanes, silicones, mineral cils and silanes. The available data
on properties of these research fluids, important to hydraulic system
design are reported. These data include the fellowing; viscosity-
temperature, density-temperature, thermel stability, data for heat
trensfer calculations, compressibility, vepor pressure, and flenmability
measurements.
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The large emount of design data on =65°F to KOOSF type
fluids obtained by industry and the military services is compiled and
reported. 7This includes both previously published and unpublished data.

WADC TR 5?-168 March 19568
ASTIA Document No. 4D 142141

TS Release

SUBJECT: LABCRATCRY EVALUATION OF SILANE FLUIDS AS POTENTIAL BASE

STOCKS FCR HYDRAULIC FLUIDS aND LUERICANTS
LNVESTIGATCR: Harold W. Adems

George Beum
ABSTRACT A nav class of potential base stocks for high temperature
turbc jet engine cils and hydraulic fluids has been developed at this
lsboratory. The physical and chemical properties of the alkyl arcd alkyle
aryl silanes show them to possess good thermal stability up to 650°F,
good lubricity end marginel oxidative atability at 500°F.

An overall agsessment of the properties of the silenes
evaluated indicates thet they are promising bese materials for & O to
%GG°F engine oil or a 0 to 700°F hydraulic fluid.

WADC TR K7-266 Ft 1 June 1957
ASTIA Document Nc., AD 130807
0TS Feleeae

SUBJECT: EFFECTS OF NUCLEAR RADIATION ON ORGANIC FLUIDS
Part I. GCamma Radiation Stability of Certein Minerel
Cils and Diester Fluids
INVESTIGATCR¢ williem L. R. Rice, 1/L%
Jemes H. Way, 1/Lt
ABSTHACT: A study wes made of the stability to gamma radiation of
certain refined petroleum oils and diester fluids. Testing of the irra=
diated fluids by meens of lubricant eveluation procedures, such as
viscosity, flash poirt, end oxidetion-c¢orrosion resistance, indicated
that for the tests conducted, the mineral oils of the type studied
should have genersl resistence to gamma radiation up to a dosage of about
lx 108 roentgens., The diester fluid di-2wethylhexyl sebacate (Plexol 201)
hed very poor stability to gamma radiation over the gseme range., 4ddition
of 0.5% phenothiazine improved the rediation resigtance of this base fluid,
except for the loas of oxidative stability experienced at dosage levels
of 1 x 107 roentgens and lower,

Exsminetion was mede of the teat data for the arradiated

fluide to determine if apy property changes fcilowed the radiation exposure
history. This was tc discover if either the mineral oil or diester type
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fluids coculd be used as secondary reference standards for radiation
calibration of non-uniform geometries exposed to nuclear rediation, such
€8 bearing assemblies or circulating fluid loops. The changes offering
the most promise were the increése in neutralization number of the diester
fluid and the g&s evolution of the mineral oils.

WADC TR 57-294 February 1958
ASTIA Document No, AD 151001

0TS Release

SUBJECT: RESEARCH ON LIQUID METAIS AS POWER TRANSMISSION FIUIDS
INVESTIGATOR: Hichard H., Blackmer

CONTRACT : AF 33(616)-3698

CONTRACTCR : General Zlectric Compeany

ABSTRACT:; The eutectic alloy of sodium (23 weight-percent) and

potassium (77 weight-percent), known as NaK 77, has been determined
from & technical surwey of liquid metals and salts es the most feasible
liguid known for 10°F to 1l0G0°F hydreulic system applicetions. A single
c¢ylinder test pump in an inert atmosphere glove=box has pumped NaK-77
up to 3600 psi et 100°F and up to 2000 psi at 1000°F, A total of about
100,000 ¢ycles at 1 cycle per second and an average pressure of 1500 psi
have been accumlated. Results of literature survey, consultation, send
laboratory tests are included in this report.

WADC TR 57-437 December 1957
ASTIA Doceument No. AD 142188
SUBJECT: HIGH-TEMFERATURE BASE STOCK FLUIDS
INVESTIGATOR: Edward S. Bleke William C. Hammenn
James W. Edwards Thomas E. Reichard
CONTRACT : AF 33(616)-3819
CONTHACTOR 2 Monsanto Chemical Company
ABSTRACT': A limited study was mede on the variables involved in

the produetion of a quantity of bromine-free non-crystallizable mixed
bis-(methylphenoxy)benzene, by the Ullmann reaction.

Thermal stability and other physical data are reported
on 61 compounds which include seven classes not previously reported,
namely emidss, sulfones, arometic emines, ketones, silicon fluorides,
triaryl derivatives of Group VB elements below nitrogen and ferrocenes,
Twenty chemicel classes are compared in thermal staebility, and the
useful life for eight potential base stocks is estimated.

The limits of errcr for the WADC TR 55=449 oxidation
and corrosion teat were determined using esters without antioxidants as
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test f luids. This test was used to determine the oxidation suscepti-
bility of certain compounds and substituent groups in erometic etherss
An attempt was made with some suceess to edapt a modified Werburg
apparatus for simplified oxidation studies.

Some eutectic and crystallization studies on various
sromatic ethers are reported. Numerous syntheses were made.

WADC TR 57-573 December 1957
ASTIA Document No. AD 142262

0TS Release

SUBJECTs GAMMA RADIATION STABILITY OF OS-45 AND O0S~45~-1

HYDRAULIC FLUIDS
INVESTIGATORS williem L. R. Rice, 1/Lt
ABSTRACT: The hydraulic fluids OS=45 and 0S-45-1 were exposed to
gemna radiation over the range Le36 x 108 ergs/gm C to 8.71 x 1010 erga/
@ C. Changes in the physical end chemical characteristics of the
fluids were determined following the static irradiations. It was observed
that me jor chenges took place in most of the properties at the higher
exposure levels. Relationships were derived between the change io
certain properties and the gamma dosage. It wes concluded that although
the effects of gamwa radiation on the fluids indicated possible difficulty
in their use in a radiation field, dynemic in-source testing in a moek-up
hydraulic system would be necessary to establish their use limitationse

WADC TR 57-581 Mareh 1958

ASTIA Document No. AD 151074

SUBJECT: RESEARCH AND DEVELOPMENT ON THE SYNTHESIS (OF TETRAALKYL
SILANES

INVESTIGATOR: Edward E . Harris Robert J. Rayner
Frank J. Milnes Roman Dombachewsky

CONTRACT ¢ AF 33(616)=3430

CONTRACTOR: Olin Mathieson Chemical Corporation

ABSTRACT : One-gallon samples of nine tetraalkyl silanes and one

dieryl dialkyl silene have been synthesized for testing as high-temper-
ature lubricants. The diaryl dialkyl silane end three of the tetraalkyl
3ilanes have been produced in five-gallon quantitye. Finelly, fifteen-
gallon guantities of diphenyl di-p-octyl silane and di-g-dodecyl di-p-
octyl silane have been produceds 4 Grignard process has been usea for
all syntheses, both of intermedietes and final productse

WADC TR 53-373 Sup 5 52



WADC TR 58-84 May 1958
ASTIA Document No. 4D 151191

SUBJECT: DEVELOPMENT OF HIGH-TEMPERATURE STABLE LIQUID UREAS
AND AMILES
INVESTIGATOR: Cecil C. Cheppelow, Jr.
Rcbert N. Clark
CONTRACT AF 33(616)=5129
CONTRACTCR : Midwest Research Institute
ABSTRACT: 4 program for the development of thermally stable liquid

ureas was underteken. This program consisted of the syntheses apd ewslu-
ation of new compounds which contain only carbonly groups, nit rcgen atomsa
and organic radicalse The first class of compounds to be investigated
has been the tetra~substituted ureas,

During the syntheses program, a total of 26 tetra-sube
stituted ureas were prepared, 23 of which are new compositions of matter
not reported in the literaeture., These compounds are representetive of
the following types of tetra-substituted ureas: tetraalkylureas, dislkyle
diarylureas, tetraalkarylureas, dialkaryldiarylureas, N-(substituted
phenyl }triphenylureas and tetraarylurees.

During the svaluation program, primery emphasis was
placed upon thermal stability. 4s a result of this work, it wa&s found
that the basic urea structure was very stable. Also, it was found that
the following substituent groups were thermslly stable: diphenylene,
phenyl, Lemethylphenyl, j-biphenylyl, 4~methoxyphenyl, 2,4~dimethylphenyl,
1~ and 2-naphthyl, p-octadecyl, methyl, 4=-phenoxyphenyl, pe~butyl.

On the basis of preliminery experimentsl date, tetra-
substituted ureas as a class of compounds show promige &g base materisls
for high-temperature hydraulic fluid and lubrieant epplications,

LUBRICANTS
WADC TR 53=83 Pt VI March 1958
ASTIA Document No. AD 151053
SUBJECT: DEVELOPMENT AND EVALUATION OF HIGH TEMPERATURE GREASE
THICKENERS
INVESTIGAT(R: John C. Goossens
CONTRACTz AF33(038)-23687
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CONTRACTQR 3 Standerd 0il Company (Indiana)}

ABSTRACT: This work was direected toward the development of new
grease thickeners operable at temperatures abowe L50°F and as high as
700°F. During this periocd & variety of substances were prepered and
tested &s thickeners for silicone and ester fluids. Those which proved
to be effective thickeners in leas then 40% concentration were given
preliminary secreening tests and the better samples were run in the ABRCe
NLGI bearing tester.

The general types of materials tested as high temperature
thickeners were polar orgenic¢ compounds, polymers, and organo-metal
compounds. Selection of materisls for test was based on therimel stability,
ease of prepasration, and ability to prepare the subgtance in small particle
gize. Of the many materials tested, those which have shown the greatest
promise are, in decreasing order of their effectiveness, a new substituted
pteridine, derivatives of hydrezine with bitolylene diisocyenate, phtheloyl
melamine end some derivatives of ¢yanuric acid. However, at present none
of these appeers as good & high tempersture thickener as the arylureas
developed previously.

In addition to the usual 450°F high-speed bearing teats,
600°F bearing tests were conducted on silicone greases thickened with the
two better thickeners, arylurea and a pteridine derivative. The testis
were run both in &ir snd under a slow stream of nitrogen. Both greases
ran 85 toc 120 hours under nitrogen., In air the arylurea had better
oxidetive stebility running 40 to 60 hours in contrast with approximately
20 hours for the pteridine thickened grease.

WADC TR 53-293 Pt VIII February 1958

ASTIA Document No. AD 150994

0TS Releasa

SUBJECT: HIGH TEMPERATUHE ANTIOXIDANTS FOR SYNTHETIC BASE OILS
Part VIII. Evaluation of Antioxidants in Synthetic
Fluids

INVESTIGATCR: Jemes W. Cole, Jr,

CONTRACT': AF 33(616)=3234

CONTRACTCR : University of Virginia

ABSTRACT: This is & continuation of a laboratory progrem on the

evaluation of the oxidation patterns of synthetic fluids in the presence
and absence of inhibitors end metels in the temperature range 400°=T00°F,
Two methyl chlorophenyl silicones, F-50 &nd F-60 were examined at S00°F
and 600°F, N,N'=di-2-naphthyl-p-phenylenediamine in Q.1 ~ 0.2% wes the
most interesting additive. Work with a mineral oil, MLO 57-30, did pot
reveel additives of outstanding ectivity. Substances containing sulfur
and selenium showed promise, but some attack on silver and coppers
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The experiences with four tetra-substituted silanes showed that these
substances did not have outstanding response to additives. A series of
runs with a pentaerythritol ester, MLO 55=-584, indicate that ring sube
stituted aryl amines have considerable antioxidant activity over the range
400°=500°F, Some additional data for big=(2~ethylhexyl) sebacate are
included to compare the promising amines with the phenothiazine type.

The former retain the inhibition of activity over a wider temperature
range. Some attention was given to determining the nature of the compo-
nents in an oxidized diester which contributes to the acidity. It appears
thet scme improvement may be achieved in a partial oxidized fluid by
washing with hydrocerbon sclvents. The limitetions of a lsboratcory test
procedure are discussed, especially with respect 10 the evaluation of the
effects of the test metals, aluminhum, silver, copper, titenium and several
steels,

WADC TR 53=426 Pt IV May 1957
45T1A Document No. 4D 118307

OTS Releass

SUBJECT: ORGANO~METALLIC AND CRGANO-METALLOIDAL HIGH~TEMPERATURE

LUBRICANTS AND RELATED MATERIALS
INVESTIGATOR: Henry Gilman
Richard D. Gorsich

CONTRACT AF 33(616)=3510
CCNTRACTCH: Iowa State College
AEBSTRACT: This project ia concerned primerily with the synthesges

of new compcunds to be examined &s potential hydraulic fluids and lubri-
cantse The syntheses ard preliminary sereening of orgenc-metallic and
orgenc-metelloidal compounds has been extended. New cyclic compounds
continue tc be promisirge It has also been found that the meta«biphenylyl
group cen be added to those groups which impert desirable physicel characw
teristics, Tke methyldi-benzylsilylmethyl group is also of gignificant
promise.

In the experimentael part, there is included a table
which outlines the preliminary sereening of thirty-six compounds.

The security clessification of this report is unclase
gified,
WADC TR 53426 Pt V Doecember 1957
ASTIA Document No. AD 142211

SUBJECT : CHGANQO=-METALLIC ANL ORGANG-METALLOIDAL HIGH-TEMFERATUKE
LUBRICANTS AND RELATED MATERIALS
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INVESTIGATOR: Henry Gilman
Richard D. Gorsich
Bernard J. Gaj

CONTRACT : AF 33(616)=3510
CONTRACTOR ¢ Iowa State College
ABSTRACT: Several novel synthetic procedures have been developed

in connection with studies concerned with the preparation of orgenomet-
allic and organometalleidal compounds to be exemined &s potential hydrasulic
fluids and lubricarts. The promising cyclic compounds have been extended
by meking available cyclic-Si-M types. Procedures have been developed
for the synthesis of pon-cyclic unsymmetricel R3SiM compounds. One of
the new developments involving tetrahydrofursn as & solvent in orgeno-
silicon chemiatry is the stepwise introduction of a wide variety of kB
groups by reactions between the Si-<H group end some RM compounds. This
provides the opportunity of aynthesizing R4Si compounds, where all R
groups may be unlike, and where there is a maximum promise of obtaining
liquids,

The experimentel part contains & teble which deseribes
the preliminery screening of twenty-eight compourds.

The security classification of this report is unclasgified.

WADGC TR K4=464 Ft IV July 1957
ASTIA Document No. AD 130922

SUBJECT: DEVELOPMENT OF SCHEMATIC ANALYTICAL PROCEDURES F(R
SYNTHETIC LUBRICANTS AND TEEIR ADLITIVES
Part IV. Laboratory Msnual for the Analysis of Synth~
etic Lubricants, Greases and Their Additives
INVESTIGAT(R: Francis S. Bonomo
Jeseph J. E. Schmidt

CONTRACT : AF 33(616)-3336
CONTRACTCR: Denver kesearch Institute
ABSTRACT: lLabcratory methods and technigues for the analysis of

certain synthetic lubricants, greases, and their additives are desecribed
in detail, including drawings and photographs of equipment when necesasry.
As stipulated by WADC, none of the methods includes optical or elaborate
instrumental techniques of apalysis. Most of the methods employ simple
wet chemical manipulations, or such techniques as adscorption or pertition
paver or column chromatographys The individual methods ere numbered end

patterned after Federal Test Method Stenderd Noe 91
The mspual is divided into five major sections:

(1) Preliminary gualitative examination of the lubricant
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or grease, including solubility, elemental analysis,
identification of grease type, and behavior of the
lubricant (or base-cil from a greesse} upon adsorption
on a column of silica gel.

(2) Qualitative detection and quantitative determination
of antioxidents.

(3) Qualitative deteetion and quentitative determination
of corrosion preventive compounds.

(4) Separation and guantitetive determination of gelling
egents and thickeners.

(5) Separation, identification, and determination of
base~cils from lubricants and greases,

In a pumber of instances parts of existing ASTM methods
have been incorporated into the anelytical procedures, where applicable,
to avoid the use of parallel methods to the seme goel,

WADC TR 54-576 Pt II February 1958

ASTIA Doeument No. 4D 150977

0TS Release

SUBJECT: EFFECT OF METALS ON LUBRICANTS
Part Il. Corrosion and Oxidetion Stability at ,400°
Fahrenheit

INVESTIGATOR John B, Christiaen

ABSTRACT : This report presents date which deels with the general

effects which silicates end siloxanes have on various metals; and the
effects which these metels have on the fluids under severe conditionse.

The corrosicn and oxidation stability of & diester
blend, & giloxepne, and a silicate in the presence of various metal
specimens is discussed.

WADC TR 55-30 Pt V July 1957
ASTIA Document No. AD 130907

0TS Release

SUBJECT: FLUIDS, LUBRICANTS, FUELS AND RELATED MATERIALS

INVESTIGATCR ¢ E. Ervin Klaus
Merrell H. Fenske
CONTRACT : AF 33(616)2851
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CONTRACTOR: Penngylvanis State University

ABSTRACT ¢ This report describes work carried out on & continuing
pro ject directed toward the development of improved hydraulic fluids
and jet engine lubricants for use in the high temperature renge of 400°
to 700°F, With few exceptions these studies are equally applicable to
hydraulic fluids and jet engine lubricanis.

Efforts heve been congsnirated on the study of mineral
oila, hydrocarbons, end improved stability esters for application to
high temperature systems. Super-refining of mineral oils end hydroearbons
byhydrogenation, acid extraction, and silica gel percolation has been
shown to improve meterially the overall gquality of these materials as
bydraulic fluids and lubricants. Selection of the molecular configuration
of esters hes been shown to affeet their thermal stebility and hence
their overall utility as high temperature fluids.

A pumber of new &nd improved test techniques have been
developed or applied tc ibe high temperature evaluetion of hydreulic
fluids and jet engine lubricants. These tests include: (1) high
temperature denaity measurement, (2) the controlled atmosphere panel
coker test, (3) & modified thermal stability test including catalyst
metels, (4) a high temperatuer FRL thin film oxidation test, and (5)
a single pass high temperature lube rige.

A number of large scale blends desigred for use in bench,
mock-up, and actuel service equipment ( jet engines snd high tempersature
hydraulic systems) have been formulated for eveluation by WADC and
industry. Used samples of fluids from actual tests in jet engines and
high temperature hydreulic systems have been evaluated. Kesulis of these
evaluations offer some insight intc the actual behavior of fluids in
service and the degree of realism in verious leboratcry tests in policing
fluid quality necessary for adequete service behavior.

Some sdditional miscellanecus duties have been performed
at the request of the Wright Air Development Center. These duties
include: (1) distribution of Laboratory reports, (2) fluid formulation,
(3) distribution of standard fluid semples, (4) preparatior of WADC
Technical Reports and papers on specific topics of interest, and (5)
evaluation of specifie fluid propertiess.

WADC TR 55-240 Pt III June 1957
ASTIA Document No. AD 130808

0TS Release

SUBJECT : BASIC FACTCRS IN THE FORMATION AND STABILITY OF NCON-SOAP

LUBRICATING GREASES
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INVESTIGATOR: John J. Chegsiek
Albert CG. Zettlemoyer

CONTRACT : AF 33(616)=-2440
CONTRACTOR ; Lehigh University
ABSTRACT': This projeet is aimed at the determination of the funda-

mental factors in the formation of non-goap greases, and the relation of
these faetors to their thermal, chemical and mechanical stability. The
vehicle-thickener interface was early recognized a&s the seat of important
properties in non-socap greases. In order to index the nature and extent
of this interface, first the physical properties of severel oils and the
surface characteristics of a variety of thickening sgents were measured.
These properties of the oils and solids were correlated with the behavior
of grease systems formulated with them. Modification of the interfacial
region by water and its effeet on grease building by inducing flocculation
wes then investigated.

The influence of concentration and surface ares of hydro=
phobic thickeners on the conaistencies of various greases was determined
specifically. Above 200 m®+/g., grease building veries directly with
surface area, but falls off sherply below this level., To give greases of

& specified consistency, the amounts of thickeners reguired varies as
the square of their surface areas. It appears also that the effect of
area is similar for all thickeners,

Grease consistency was found to be directly proportional
to the amount of water adsorbed at the oil-thickener interface for
hydrophilic thickeners. As might be expeeted, the hydrophilic thickeners
edsorb relatively large amounts of water and yield much larger changes
than greases built with hydrophobic thickeners. The amount of water in
& grease varies considerably with temperature, emount of working and the
relative humidity.

While water enhances the gel forming ability of hydro-
philic solids in nonpolar vehicles, somewhat surprisingly, the opposite
effect is found for these solids dispersed in polaer liquids miscible
with water, The thickening effect of hydrophobic thickeners is not nearly
so sensitive to the polarity of the vehicle, since very little water is
adsorbed to dsvelop floceulation.

These and related data were used to develop & mechanism
for the flocculation of hydrophobic and hydrophilie solids in greese
vehicles to form non-socap gels. Of great importance was the finding that
in gelling pure liquids, the particle size of the thickeper is more
important than the polarity of the surface. However, in the presence of
trace amounts of water, commonly present under practicel conditions,
greage consistency is strongly dependent on the poler nature of the solid
surface. For thickeners dispersed in oils conteining both water and
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additives the polarity of the surface determines whether the water or
additive will be preferentially adsorbed.

Further studies of the influence of heptyl additives,
their benzene analogues, &s well as more complex additives were carried
out. In addition, rheological measurements of & number of thickener
golids in several grease vehicles were made., The preparetion of arylursa
thickeners was also recently begun. These studies have not yet proceeded
to a point where a gquantitative discussion can be offered.

Low angle x-ray scattering techniques have been used %0
study grease structure, Marked diffraction maxima have been found
corresponding to spacings of the order of 100 to 2000 £ units for copper
phthaloyanine thickened grease.

WADC TR 55-240 Pt IV april 1958
ASTIA Document No, AD 151120

SUBJECT: BASIC FACTORS IN THE FORMATION AND STABILITY OF NON-
SOAP LUBRICATING GREASES

INVESTIGAT(R: John J. Chessick
Albert C. Zettlemoyer
James P. Wightman

CONTRACT : AF 33(616)-3999
CONTRACT(R: Lehigh University
ABSTRACT 3 Rheoclogicel measurements of dispersions of grease

thickeners in pure vehicles or in vehicles containing water, additives
or both these components have been carried out. Previous studies were
made with the systems Aerosil-~Flexocl 201 and Santocel C2~paraffin oile
These types of measurements have been extended to include both polar and
nonpolar solids dispersed in grease vehicles. The sclids studied now
include Copper Phthalocyesnine, G. S. Hydrophobic Silica, HigSil, Aerosil,
Santocel and Permagele. It was demonstirated that surface hydrohpilicity
and the presence of trace water far overshadows the influence of particle
diemeter and shape in the formation of gel structure by solid thickeners.

Further studies of the behavior of commercial additives
have been mede by measuring the chenge in consistency of & gre&se with
increased concentration of additive. Because of the very complex nature
of additive behevior a fundemental program has been developed to learn
more of this phencmenon. This study has begun and includes measurements
of additive adsorption from solution by selected solids as well as heat
of immersiopal wetting measurements of solids in additive solutions at
various concentrations. Studies thus far indicate that the heat of
solution of additive in the grease vehicle end the heat of weiting of
the solid thickener by pure additive relative to the vehicle appear to
govern adsorption from solutions With Aerosil, & weakly polar solid, the
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heats of solution of the edditives studied appears to predominate, and
only those additives which dislike the vehicle (high endothermic heats of
solution) adsorb and fluidize Aerosil-built greases. With rutile-built
greases, however, the surface polarity of the thickener end consequent
heat of adsorption is sufficiently high to influence adsorption of addi-
tives ineffective in Aerosil-built greases.

The program for the preperatior of arylurea thickened
greases has progressed satisfactorily. Several variables heve been found
to influence the perticle diameter of the thickener solid formed. These
include type of reactent, method of addition of reectants and the temper-
ature of the reaction. Trace or larger quantities of water drasticelly
inerease particle size of arylures thickeners prepared in solvents from
which they can be isolated. The eoffect on greases prepared *in situ* is
believed to be similar, This point is being checked.

WADC TR &55-449 Pt VI December 1957
ASTIA Document No. AD 142210

0TS Release

SUBJECT: MICRO LUBRICANT TEST METHODS

Part VI. Cloud Point, Pour Point, and Cloud Intensity
INVESTIGATOR: John B, Christian
ABSTRACT's Miniaturized methods have been developed for the deter-
mination of cloud point, pour point, and cloud intensity. The methods
deseribed herein require a S5-milliliter sample for the three determinmtions.

WADC TR 56-646 Pt II April 1958
ASTIA Document No. AD 151176

SUBJECT: EFFECTS CF RADIATION ON AIRCRAFT LUBRICANTS AND FUELS
INVESTIGATOR: R. ¢. Bolt
J. G. Carroll

CONTRACT : AF 33(616)=3184
CONTRACT(R : Californie Research Corporation
ABSTRACT The objectives of the work reported included the devel~

opment of radietion resistant lubricants and e survey of the radiation
gtability of jet fuels.

Aromatic bagse materials were needed in the lubricant
work, and most of these had to be synthesized. Exploratory synthesis
evolved alkaryl ethers, sliaryl esters, alkylbenzenes, alkyl diphenyl
ethers, and diarylalkasnes. Chemical structure was correlated with physical
properties and also with oxidation, thermel, end radiation stebility.
Although esters were inferior, each class hed members with good radiation
stability. Over-ell, the alkyl diphenyl ethers offer the most promise for
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lubricant development. FPolymers were alsc synthesized. These were used
in an alkyl diphenyl ether to improve viscosity index and to increage
viscosity. Compared to conventional thickerers, elkylated poly{ «methyl-
styrenes)(APAMS) and poly(aelkylphenoxyethyl methacrylates) (APEMS) show
promise for use in future radiation resistant lubricents.

The greage research produced CALRESEARCH 159, a material
of enhenced readietion stability. It is a selenide-inhibited alkylbiphenyl
gelled with an aromatic salt. Promise of improved products was shown
in work on new oils, e. ge, tris(phenoxyphenyl)dodecylsilane; on new
gelling agents, e.g., sodium Nep-tolylterephthalamate of mixtures of
aromatic sslts; and on new additives, e.ge, N, N'=dieZ-naphthyl-p~phenyl -
enediamine,

Mepy formulations of various hydraulic fluidg were
evaluated before end after irrediation. The alkyl diphenyl ethers looked
beat in rediation stability and in thermal stability at T00°F. CALRE~
SEARCH 216 evolved from the formuletion work., It is an alkyl diphenyl
ether inhibited with a selenide and thickened with a poelybutene., Chemicel
inhibitors improved oxidation stability both before aend after gamme
irradiation. Aromatic hydrocerbon additives in MLO 8200 fluid reduced
viscosity change and gassing ceused by irradietion. This fluid was shown
to be usable to about 1010 ergs/g C of gemma rediation. Original and
irredieted ercmetic base fluids operated satisfactorily in aircraft
piston pumps at 275°F., Isothermel bulk modulus was found to decrease
markedly in e ges-liquid system such as would prevail under irradiation.

The alkyl eromatics were found best as base meteriels
for gas turbine oils. Esters, mineral o0ils, and polyglyccls tested were
deficient ip radiation or thermel stability. CALRESEARCH 230 was developed
in the work; it is a selenide-inhibited alkyl diphenyl ether coptsining a
petroleum bright stock and other additives. The alkyl dipkenyl ethers
showed good oxidation stebility before and after irredistion. Their
tendency towards high coking end low lubricity wes improved by additives.
Irredietion lowered coking in these bases and also in alkylbiphenyls. In
all base stocks, foeming increased after irradiation, with or without
silicone being present. Coking was reduced by blending with high boiling
meteriels, €.g., bright stocks. Certain oil scluble dyes showed synergism
with the beneficial dialkyl selenides in oxidation testse

The thermal stebility of nime Jjet fuels (five JP-4's,
three JP=5's, and an RP-1) was studied in the CFR coker. Criginal stocks
erd samples irradiated for three different levels were tested. Low
level irradiaetion (0.8 x 101Y ergs/g C) impeired thermal stability.
Higher level rediation (8 x 1010 ergs/sC) improved thermal stebility. 4n
equation was developed by which it was posaible to predict increass in
viscosity with irradiation at any dosage once a single dogage point was
known.
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WADC TR 57-61 Pt I December 1957
ASTIA Document No. AD 142187
0TS Release

SUBJECT: LUBRICATICN OF TITANIUM
INVESTIGATCR: Richard 0. lLee
Nicholas Fatica

CONTRACT : AF=33(616)=3350
CONTRACTOR Clevite Research Center
ABSTRACT: The susceptibility of titenium to galling and seizure

rrevent it from replecing many steel parts involving sliding contacts

in spite of the favorable strength-weight ratic of titanium. Particularly
in eireraft, where one pound of steel replaced may result in gains of up
tc five pounds in pay load, the lubrication of moving rarts involving
titenium is an urgent problem. Pest efforts to solve this problem have
uncovered special lubricants and various surface treatments that have
shown promise.

This investigation sought to explain the role of the
oxide film on titanium, to obtain some information about the frictiocnal
properties of modified titanium coatings, eand to make & direct comparison
of the wear resistance of the best surface treatment in the presence of
various lubricants using equipment generally scceptable for wear tests
under conditions of boundary lubrication.

Studies on the stick~-slip machine have shown that the
oxide layer on titanium is easily penetrated even at moderate loads while
the friction coefficient remains practically constant through this transe-
ition.

Other results on this machine show that moisture normally
present in eir is an important factor in determining the frictional prop=
erties of titanium, Although its effects depernd on both the treatment of
the metal and the lubricent used, generally speakKing the moisture acts as
a lubricant.

Temperature was found to be an important factor in the
frictional properties evaluated on the stick=slip machine but its effect
cannot be predicted even qualitatively without teking into account the
surface treatment, the lubricant end the test condition.

Tests on the stick-slip apparatus also showed Halocerbon
11-14 to be generally effective as a lubricant on both untreated and
treated titanium surfaces,

Studies on the Shell Four-Ball Wear Tester alsc showed
Halo-carbon 1l-l4 to be the most generally effective lubricant on both
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treated and untreated surfaces. There were no significant differences

emong the wear properties of untreated metels (Ti 754, Ti 6A1 AV,

Ti C=130 iM) using Halccarbon 11l-li. Nitriding improved the wear propsrties
and generslly lowered the friction coefficient in the presence of practically
all of the lubricents teated.

Carburizing improved the wear and frictional properties of
TLi 754 in most of the lubricants tested. Carburizing Ti 641 4V lowers the
friction coefficient but seems to be without effect on the wear resistance.

Polypropylene glycol 1025 and Halocerbon 1l-1) have
practically identical frictional and wear properties for any of the nitrided
metals. The same may be said for carburized Ti 75A. However Halocarbon
11-1k is definitely superior to polypropyleme glycol 1025 for carburized
Ti 6A1 4V.

In general, it may be said that all the other lubricents
used were inferior to Halocarbon 1l-1f and polypropyleme glycol 1025 in
performence with any metal surface. Where it was possible to eompare the
the performance of the individual members of the inferior group (Nujol +
1% fatty mcid eddition, Cerbowax, di-iso-octyl sebacate, Versilube F-50,
Silicone (Dow F=60), Dow #41 grease, and silicate ester (MLO 8200), the
results showed that they were practically equivaleant.

Bronze sliding against titanium is an effective answer
to the frictional and wear properties of Ti 75A for any lubricant tested.
However, the use of this material partially defeats the objectives for
using titanium in the first place.

The beat wear velues listed for any titanium specimen in
the best lubricant are still about twice as large a&s those found for steel.

WADG TR 57-93 June 1957
ASTIA Document No. AD 130815
SUBJECT: FROCEEDINGS COF AIR FORCE=NAVY=-INDUSTRY CONFERENCE ON
_ ATRCRAFT LUBRICANTS
INVESTIGATOR: Mrs. Opal M. Fielder
CONTRACT 2 AF 33(616)-3820
CONTRACTCR Southwest Regeerch Institute
ABSTRACT: The Annuel Air Force-Navye-Industry Conference on Airecraft

Lubricents was held at the Hilton Hotel, Sen Antonio, Texas, on Movemberx
5, 6, and 7, 1956, Approximetely 300 representatives from the Department
of the Air Force, The Department of the Navy, other government agencies,
and the industry, attended. 4 totel of 36 papers were read: 20 on ges
furbine lubricents, 7 on gresses, 5 on hydreulic fluids, and 4 on solid
film lubricantse
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WADC TR 57=-166 July 1957
ASTIA Document No. AD 130953

OI'S Release

SUBJECT's HIGH TEMPERATURE WEAR EVALUATION TECHNIQUES AND DATA
INVESTIGAT(R Robert J. Benzing

ABSTRACT : 4 general deseription is given of the modifications

required to increase the operating temperature potential of the following
four lubricant testers: Shell Four-Ball Wear Tester used for evaluating

the lubricity of fluids; Shell Roll Tester used to examine the effects of
mechanical shearing on greaae consistency; bearing endurance grease teater
for evaluation of the high speed and high temperature performance of
greases; and hydraulic fluid pump stand for determination of dynamic effects
of circulation on shear stability of fluids. The British IAE gear machine,
recently ecquired for evaluation of the anti-scuffing properties of
lubricants, is deseribed.

Lubricity deta obtained with the four-ball tester are
reported for Specification MIL-0«5606 hydrsulic fluid end MIL-L-7808
turbine engine oile. The wear scer dats for a wide variety of experimental
fluids are compared to the wear patterns for the two specification
materials,

WADC TR 57-177 July 1957
ASTIA Document No. AD 130925
SUBJECT: ENGINE OIL LEVELOPMENT
INVESTIGATCR: ¢. Lynn Mahoney Ermmett H. Barnum
William W, Kerlin Kaxrl J, Sax
CONTRACT : AF 33(616)-3182
CONTRACTCR Shell Development Company
ABSTRACT: Inhibited lubricanis, mede from ester or aliphatice

hydrocarbon base oils, esre highly sensitive to radiation damage even in
absence of oxygen. The effect on the base oil itself, measured by such
properties as viscosity change or formetion of agidic producta, is generally
relatively smell at rediation doses less than 10° reps, The antioxident,
howaver, acts @as a radical scavenger. While protecting the base oil

against radiation-induced change, it is selectively inactivated. Loss of
the entioxidant activity leaves the lubricant unprotected against attack

by oxygen, which leads to formation of corrosive materials and deposita.
Degradation products formed during irradiation of ester ocils also greatly
reduce the oxidation stabilityof inhibited lubricants. For example, &
di-2~ethylhexyl sebacate blend, containing 0.5% phenothiazine as an
inhibitor, had all antioxidant activity destroyed during irradietior to

5 x 107 reps (»-rays, ambient temperature, nitrogen atmosphere), With a
MIL-L-7808C diester lubricant, con taining 1% phenothiszine and 5% tricreayl
rhosphate, formation of strong phosphoriec acid derivatives accelerated dea~
truction of the imhibitor. Ccmplete loss of entioxidant activity occurred

WADC TR 53-373 Sup 5 65



in this lubricant after irradiation to 107 reps. The strong phosphoric
aecid derivatives increased decomposition of the ester, leading to very
high deposit levels in panel coke tests. The high panel coke deposits
found with other irrediated ester lubricants were also caused by the
presence of tricresy) phosphate.

Auto-oxidatioh proceeds through free radical chain
resctions. Therefore, oxidetion reactions would be sccelerated during
irradiation. The stebility of inhibited oils, in oxidaticn-corrosion
tests conducted in a 7 =ray source, decreased rapidly es the radietion
dose rate was increased. AL 400°F, a dose rate of 1.5 x 104 reps/hr
shortened the stable life of a wide veriety of antioxident-oil combinations
to approximately 70% of that obteined in absence of radistion., When the
dose rate wes increased to0 Te2 X 105 reps/hr, only 25% of the original
stability was retained. In oxidation tests at 3h7°F and dose rates of
7+2 X 102 reps/hr, only 12% of the unirradiated stebility wes found for
various types of antioxident-oil blends. The stable lives of &ll inhibited
jubricents tested, in irradiated oxidation=-corrosion tests at both 347°F
and 400°F, appeered to be approaching zero at an estimated dose rate of
2=5 x 106 reps/nr. The totel 7 -rey dose ebsorbed during the stable life
of the various sntioxidant-oil blends depended on the relative stability
of the blend, the temperature of the test and the radistion dose rate,
but in Do case was it greater tham 2 x 107 reps.

No protection against antioxident radiation damage was
found through use of radical scavengers Or energy transfer agents (various
iodine-containing compounds or aromatic materials)e. Base oil damege could
be reduced through use of such materials but the reactivity of entioxidents
towards radicals was considerably greater than ecompounds added as protectors.

The dialkyl selenides show some promise for use with ester
or hydrocarbon base oils at temperatures and radiat.on levels socmewhat
sbove those attainable with the more usual antioxidents. On sn equel
weight basis, the dialkyl selenides are slightly less effective than
phenothiezine in imperting oxidation stability or in protecting ester
base oils from radiation demage. However, they can be used in much higher
concentrations without greatly affecting the deposit-forming tendency of
the lubricaent. The selenides must be kept from contact with copper and
silver to avoid corrosion and loss of activity.

For gse at bulk oil temperatures above 4O0°F or at total
radiation doses of 10° reps or higher, inherently-stable, sromatic=con~
teining materials will probably be needed. Preliminary work with epecifi-
ecally designed compounds has been directec towards determining the adven-
tages and disadventages of the various types of substituents and linkages
thet can be used with arowmatic compoundse. Tertiary butyl end cerbome-
thoxy groups are pPromisibg substituents for use with benzene derivatives.
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Silyl, ether, and ester groups can be used to link
aromatic muclei without large reductior in oxidation or radiation resis~
tence, Preliminary exemination of scme of these synthetic compounds
shows that their useful life, determined in oxidaticn tests at 4 00°F,
would be &t least 10=-20 times longer than the most stable of the MIL-L=7808C
ester lubricants, Additional aromatic derivatives sre being prepared and
exsrmined in various high temperature screening tests.

WADC TR 57-199 September 1957
ASTIA Document No. AD 131050

SUBJECT: EVALUATICN OF AN ARYLUREA-FPENTAERYTHRITOL ESTER GREASE
IN WHEEL BEARINGS OF INTERNAL TYFE BRAKE WHERL ASSEMELIES
INVESTIGATOR D. T. Kjerland, 2/Lt
ABSTRACT: The use of Specification MIL-L«3545 greases in wheel
bearings of internal type brake assemblies has prowsn unsetisfactory.
High tempersturez encountered in wheel bearings as the result c¢f heat
dissipetion from the brekes during airereft taeke-off and landing oper-
etions have caused MIL-L-35L5 greasses to run out of the wheel bearings.
An arylurea-penteerythritol grease (MLG=9373) developed by Stendard 0il
Compeny (Indiens) under Contract s«F 33(038)-23687 was subsequently evalue
ated in wheel bearings of laeboratory test rigs of internal type brake
egsemblies end in wheel bearings of sircraft using the internal type breke
assembly. Complete physicel, chemicel, and mechanicel lsboretcry tests
were perfcrmed on MLG=9373.

MLG=9373 grease gave satisfactory performence in all the
wheel bearings of the various internsl type brake assembliss fested from
=65°F to temperatures in excess of 350°F while under heavy loads.

Specification MIL-L~25760 (USAF) has been written covering
this tyve of grease. In the near future, greases qualified under Speci-
fication MIL-L-25760(USAF) will be required as wheel bearing lubricents
fcr internal type brake assemblies and other wheel bearing applications
requiring & lubricent having a wider temperature range than Specification
MIL-L=3545 greases.

WADC TR 57-255 September 1957
ASTIA Document No. AD 131065

SUBJECT': NUCLEAR RADIATION RESISTANT TURBINE ENGINE LUBRICANTS
INVESTIGATCR 1 Alfred H. Matuszak

CGNTRAGT: AF 33(616)=3181

CONTRACTCR: Essc Reaearch and Engineering Company

ABSTRACT: This report covers the results of work aimed at developing

radiation resistent turbine engine lubricents. The work has been divided
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into two parts: (1) Phase I covering finished lubricents and (2) Fhase II
covering potential lubricating oil base stocks, all screened at dosages up
o 108 roentgens.

In the Fhase I progren, twenty-four c¢ils were screened.
These included finished or slightly modified mineral-based aviation oils,
ester-based synthetic¢c lubricants and a polyalkylene glycol mono ether
lubricant, 4t 107 roentgens, no apprefieble changes occurred in lubricant
properties. At 108 roentgens, certain modifications of the mineral oils
evaluated showed good retention of criginael physieal and chemical properties.
With uncompounded oils (Esso Aviation Oil 65 and 100) borderline performence
was obtained in the MIL-L-7808 foam test and in the 347°F. oxidation-corro=
sion stability test. These deficiencies cen be partially overcome through
the incorporation of additives. For improved oxidaetion=-corrosion stability,
phenyl-glpha-naphthylamine is beneficial. However, silicones are not very
effective in maintaining foam suppression after irradiation., Additional
work will be required to improve the foaming tendencies of mineral oils.
This work will be undertaken using Barose 56 as the base 0il because of its
slightly better test performance characteristics.

W3-3019, an MIL-L-25336 type synthetic lubricant, showed
somewhet greater stebility toward irradiation then any of the other synihetig
materials evaluated, It retained most of its originel properties and gener=-
ally met the MIL-L=25336 requirements deviating only slightly in the 347°F.
oxidation-corrosion stability test. It exhibited, however, an undesirable
flash point degradation (from 450 to 355°F. after 105r) which cean be
attributed to a small emount of irradiation-produced contaminantse.

A third oil, LO-2062, en MIL~L~7808 type edipate oil wes
indicated to have some promise providing its copper corrosion tendercies
after irradiation can be corrected. The eddition of about 1% tricresyl
phosphate appears tg offer a possible fix for improved stability up to
gemma dosages of 10° roentgens. The effect of tricresyl phosphate in
veducing copper corrosion at higher dosages will be investigeted.

In the FPhase Il program twenty-three base stocks of
verying chemical structures were secreened at 107 and/or 108 roentgens,
As in the cese of Phese I lubricants the Phase II lubricant base stocks
were evaluated agminst Military specification tests, notably MIL-L~-7808
and MIL-L«9236. The most attractive materials evaluated were the inhibited
mineral oil base stocks of which Barose 56, a pareffinic base, is represen-
tetive, Evaluation of this material at higher gemme dosages (5 xz 10Y and
107 roentgens) is contemplated. A sample of this base stock has been
sent to WADC for more extensive leboratory and engine evaluations.

In the gster fisld, di-tridecyl carbonate appeared to be

the most resistent to 10° roentgens. It exhibited good retention of
physieal properties but showed moderately high psanel coking deposits,.
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Additiopal work is plamned with other carbonates at higher screcning
dosages. Higher flash diesters, such as di-tridecyl asdipate, ezelate
and sebacate elso showed promise of approaching a reasonable resistance
%o 10° roentgens. Their tendency to corrode copper and magnesium will
require some additioral sttentione In this connectionr, the ameliorating
effect of trieresyl phosphete will be investigated.

In the future program this initiel effort to develop &
radietion resistant lubricent will be expsnded to include the evaluation
of other synthetic and petroleum type finished oils end bage stocks.
Particuler stress will be placed on higher flash base atocks, many of
which are aveileble commercially. Others mey have to be synthesized.
ény promising materials coming out of this screening program will be
tested at higher gamme dosages, The most attrective base stocks will then
be blended into finished o0il formulations end finally evaluated further
as radietion resistent engine lubricants,

WADC TR 57-283 July 1957
ASTIA Document No. AD 130902

CTS Relensge

SUBJECT: EVALUATION OF ANTI-WEAR AND EXTREME FRESSURE CHARAC-

TERISTICS OF NEW HETEROCYCLIC COMPOUNDS
INVESTIGAT(OR ¢ Hobert J. Benzing
ABSTRACT : 4 peries of ninetecen compounds were studied as possible
anti-weer additives or extreme pressure additives. The materiels were
aevaluated in Di(z-ethylhexyl)sebacate in the Shell Four-Ball Wear Tester
and Shell extreme Pressure Tester.

The basic types studied were compounds of heterocyclic
structure containing one or more of the following heterostoms: nitrogen,
oxygen, selenium and sulfur. Some gave promise as good wear end extreme
rressure additives.

WADC TR 57-455 , February 1958
ASTIA Document No, AD 150982

QTS Releaae

SUBJECT s HIGH TEMPERATURE SOLID DRY FILM LUBRICANTS
INVESTIGAT(R: Melvin T. Lavik

CONTRACT s AF 33(616)=3684

CONTRACTOR: Midwest Hesearch Institute

ABSTRACT': This report covers the development and evalustion of &

dry lubrication test machine and the testing of several dry film lubrie
cants. In order to meet the very high temperature and pressure require-
ments currently placed on lubricants in the aircraft industry, it was
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necessary to devise a suitable test instrument. Tne first part of this
program was spent in desigping, constructing end calibrating such &
device cepable of testing dry film lubricents et pressures a&s high as
50,000 psi end at temperatures up to 800°PF, 3Severel mincr revisions have
been made during the program leading up to the machine as reported here.

Several ccmmercial dry film lubricents and also scme
materials prepared at the Institute were investigated for both friction
coefficient and wear life at the various temperatures and pressures
aveileble with the test machine. In general, the materials worked with,
while effecting reascnable lubrication, did not exhibit the wear life
which is desired. The lubricent properties of several materials are
discussed in this report, with the discussion serving meinly to point
out areas in which further information is needed to realize the full
benefits availadble from these materials.

MATERIALS PHYSICS

WaDC TR 56-4 Pt I September 1957
ASTIA Document No. AD 131096

SUBJECT THE THERMODYNAMIC PROPERTIES OF MOLTEN SALTS:
Pert I, Molybdenum Hexafluoride
INVESTIGAT(R: A. P. Brady
J. K. Clauss

0. k. Myers
CONTRACT s AF 33(616)-2558
CONTRACTOR: Stanford Research Institute
ABSTRACT: Assembling end testing of epperatus for messuring heat

capacities from about 50°K to room temperature has been completed, including
calibration of thermocouples by comparison with a platinum resistance
shermometer and with & copper one, This apperatus has been used to detere
mine the absolute entropy of molybdenum hexafluoride vapor &t 298.16°K,

The result, 79.7 * 0.6 cal/mole.deg, agrees well with thatb calculated frog,
its spectrum, 80.05 cal/moleedege A previously unreported solid-solid
trensition was found to occur at 263.6%K («9.6°C}s A solution ¢alorimeter
hag also been assembled asnd tested. By comparison of the heat of solution
in sodium hydrcxide of molybdenum hexafluoride with that of the oxide, the
heat of foruation of MoFg (1) at 298,16 was found to be =390.9 keal/mole.
From these values the corresponding standeard free energy of formation is
computed to be =363.1 kcal/moles These data, together with date in the
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literature, have allowed calculation of the desired thermodynamic funetions
over the temperature range of interest.

WADGC TR 56-4 Pt II September 1957
ASTIA Document No. AD 131097

SUBJECT: THE THERMODYNAMIC FROPERTIES OF MOLTEN SALTS:
Part Il. Tungsten Hexafluoride, Niobium Pentafluoride,
and Vensadium Trifluoride

INVESTIGATCR: Orlo E. Myers

CONTRACT AF 33(616)=2558

CONTRACTOR: Stanford Hesearch Institute

ABSTRACT: Agsembly and ed justment of apparatus for messuring enthalpies

from 50 to 1200°C has been completed. A new solution calorimeter suitable
for use with metallic ampoules for measurements with fluorides has been
congtrueted, An improved low temperature calorimeter hes been built with
the aid of electroforming techniques., This equipment has been used in
con junction with low temperature equipment previously deseribed to ‘obtain
thermodynamic data for the following:

Tungeten hexafluoride vapor (from heat of solution and spectra):

~4416,.,3 kecal/mole
=394 +8 kecal/mole
81.75 cal/mole-deg

AFporm, 2984k

$298.16
Niobium pentafluoride (from heat capacity, enthalpy, and heat of solution):

nuan

zsﬁfonm, 298.16 =431 kcal/mole

‘Aﬁ}orm 298.16 = «40L kecal/mole

t

S298,16 = 138.30 cal/mole*deg
AHe! ion =  2.92 keal/mole

Venedium trifluoride (from heat capacity and enthalpy):

S298,16 = 23,05 cal/mole “deg

Excellent agreement was found betwseen the last entropy
and the predicted value from the theory of the lete Prof. Latimer concerning
the summ=tion of ioric entropy contributions. Velues of the above prop-
erties at temperatures up to 1400°K have been calculated when possible or
estimated from experimental date end standard methods.
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WADC TR 56=19 Pt I June 1957
ASTIA Document No. 4D 130855
0TS Release

SUBJECT: ANALYSIS OF FLUORINATED CRGANO=-METALLICS
Part 1 - Determination of Fluorine end Silicon in Organic
Fluoro=Silicon Compounds

INVESTIGATCR Otto Schwarzkorpf
Rosemarie Heinlein

Nora E. Srp
CONTRACT s AF 33(616)=3067
CONTRACTOR: Schuwarzkopf' Microanalytical Laboratory
Materials Leboratory
ABSTRACT: Development of enalytical methods to determins fluorine

and silicon in orgenic fluoro-silicon compounds was the object of this
projects A method having & precision of % 1% for fluorine and * 0,7%

for silicon was developed. The test sample is reacted with potassium metal
in a pure nickel bomb heated to 650°C for two hours. The fusion mixture is
dissolved in water and after filtering, fluorine is precipitated as FPbClF
end filtered. The filtrate conteining silicon is used for the determination
of gilicon in the form of S5i0gpe

This method needs more testing with a variety of organic
fluoro-silicon compounds.

WADC TR.56-19 Pt II June 1957
ASTIA Document No. AD 130781
0TS Release

SUBJECT s ANALYSIS OF FLUORINATED ORGANO-METALLICS
Part II. Determination of Fluorine, Boron and Silicon
in Orgenic Fluoro-3Silicon or Flucro-Bero=-Silicon
Compounds

INVESTIGATOR: Otto Schwarzkopf
Rosemarie Heinlein

CONTRACT: AF 33(616)=3552
CONTRACTCR: Schwarzkopf Microanalytical Leboratory
ABSTRACT: Development of analytical methods, for the determination

of the elements silicon, fluorine and boron present in organic compounds
conteining two or three of the elements mentioned, was the object of this
pro ject,

For the determination of fluorine and silicon present in

organo-fluorc=~silicon compounds a method has been devised wherein fluorine
is determined &s PbClF and silicon as 510, in the filtrate from PbCiF.
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4 more satisfactory method was the determination of
fluorine as PbClF and the determination of silicon as oxine-silicomolybdate.
It was possible to determine silicon either in the presence of fluorine
efter converting fluorine to fluoboric ecid, or to precipitate PbClF and
determine silicon in the filtrate,

The three methods were tested with & veriety of test
sampleas The preferred method is the determination of fluorine a&s PbCIF
and the determination of silicon &s oxine salt of silicomolybdie acid after
conversion of fluoride to fluoborate. The precision of this method wes
found to be * 0,3% (ebsolute).

The presence of boron d4id not interfere in the determination
of fluorine or of silicon carried out by the above mentioned method.

While silicon wes without influenea, fluorine interfered
in the usual determination of boron by the boric ecid mannitol titration
method. Fluoride and boric ecid reect in acid medium forming fluoboric
acides This reaction made it impossible to eliminate carbon-dioxide
completely prior to the addition of mannitol. The first neutralization
endpoint was uncertain and high results for boron were the conseguence.

Satisfactory results ware obtained in the following manner.
Fluorine is preeipiteted &s PbClF at pH=r, and filtered. To the filtrate
sulfuric acid is added precipitating the excess lesd and bringing the pH
below pH=l, The agueous soluticn is concentrated in a distilling apparatus.
Volatile wesk acids - crgenic and inorgenic are distilled and the distillate
iz discerded. Methenol is added to the residue and by keeping the weter
content low, boric ecid is converted into methylborste which is distilled,
hydrelized by NeOH and titreted by the mannitol titration method.

WADC TN 56-183 July 1957

ASTI4 Document No. AD 130926

SUBJECT 1 THE CONSOLIPATED ANAIYTICAIL MASS SFECTROMETER AND ITS
APFLICATICNS

INVESTIGATOR:. George Howven

ABSTRACT s The masa spectrometer principle of seperating icnized

molecules according tc their mesa forms the basis of cne of todays' rost
effective methods of analyzing highly complex gas ¢or liquid mixtures,
Routine control analyses, purity determinations, exploratory analyses,
and fundamental research investigetions are all proven applications of
the epalyticel msass spectrometer.
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The scope is extremely broad as low vapor pressure meterials

can be analyzed by using the heated sample inlet et temperatures up to

150°C., An overall range of 1 to 700 mass units is provided for use by the
operator. High sensitivity detects impurities in concentrations as low as

5 ppme Semple size cen be 88 little &s 0,1 ml gas and less then 0,001 ec
liquid, Deviation normelly is within the range of 0.05 to 1.0 mol per

cent and usuelly less than might be expected from most other methods of
analysise.

The instrument deseribed in this report is the Consclidated
Electrodynanics Corporation (CEC) 180° Anslytical Mass Spectrometer. Details
regarding the scope, theory of operation, and various applications of the
mass spectrometer are included,

WADC TN 56191 Pt I June 1957
ASTIA Document Nec, AD 13086

OIS Release

SUBJECT CALCULATICN OF THE RADIATION DOSE DELIVERED BY BETA

EMITTING ISOTOFES

Part I - Point and Thin Plane Sources in Air
INVESTIGATCR: Edward A. Burke, 1/Lt
ABSTRACT 1 This report is the third in e series concerned with the
development of methods for calculating the rediation dose delivered by
beta emitting isctopes. This report extends the basic equations previously
developed for all beta emitting isotopese The publication by R. Loevinger
of externsive experimental date on beta isotopes has been a ma jor factor
in meking the present study possible since the equaticns developed are
empirical ancd deperd solely upon suck data for their validity.

An empirical funeticn for the dosage distribution around
a point scurce of phosphorous =32 presented in WADC TN 56~101 has been
extended to include all other beta emitting isotopes end found to be in
excellent agreement with aveilable experimental deta.

WADC TR 56-436 March 1958
ASTIA Document No. AD 151081

SUBJECT: THE RETENTION OF FISSION PRODUCTS BY SOILS UNDERLYING
THE NUCLEAR ENGINEERING TEST FACILITY AT WADC
INVESTIGATOR:: Bruce Reby
Dr. Gecrge John
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ABSTRACT: This report primerily concerns the retention of fission
products by soils underlying the site for the Nuclesar Engineering Test
Facility. The purpose of the study was to provide some dete which would
be of value in plamming for the contingeney of a reactor *run-away® and
for possible seepage of contaminated water during normsl operation.

Three types of experiments were conducted: (1) total
capacity studies of the soils, (2) equilibrium sorption of ions by the
soil in & static system, and (3) elution of ions from the soil by water,
These experiments were of an exploratory nature, end although not complete,
do give an indication of the soils's ebility to retain various fission
products. However, on the basis of the few experiments performed, it is
possible to provide only qualitative informatior snd to indicate the
direection and extent of future studies.

WADC TR 56-455 June 1957

ASTIA Pocument No, 4D 130797

0TS Release

SUBJECT: STUDIES OF QUANTITATIVE METHODS FQOR THE SEPARATION AND
DETERMINATION OF ZIRCONIUM AND THORIUM IN MAGNESIUM
ALLOYS

INVESTIGATOR: B, A. Raby, 1/L%

ABSTRACT: This paper deseribes the results of & comperative study

of analytical methods suitable for the determinetion of thorium and
Zzirconium in magnesium base alloys.

In addition, this paper desecribes an attempted amalgam-
ation of selected analyticel methods and ion exchange techniquea into a
scheme for the quentitative apalysis of thorium end zirecnium in these
alioys. Mangasnese and zinc, common constituents of magnesium bese alloys,
were carried in the experiments, but only tec study their interferenee in
the propcsed scheme.

The sample is dissolved in 12N-HC1 and the resulting
sclution is pereolated through a column containing Dowex 2-X8 anion
exchange resin. Megnesium and thorium pess through the column while
zirconium, zinc¢, and maganese are absorbed. The latter elements are
removed by eluting the columm with water. The thorium and zirconium in
the gseparated fractions can be determined by meens of the complexometric
titration methods deseribed by J. S. Fritz,
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WADC TR 56-465 June 1957
ASTIA Document No. AD 130801

0TS Releass

SUBJECT: ELECTRICAL PRCOPERTIES OF IRRADIATED POLYMERS
INVESTIGATOR: Ralph E. Wocdard

ABSTRACT: 4 brief discussion is given of the electrornic nature of

solids as it applies to insulators and then polymers. The fundemental
theory of nuclear radiation effects is discussed and shown to be associated
with the laws of energy dissipetion of these rediation particles within a
material. A survey is given on the role that nuclear rediation plays in
polymer kinetics. Work of various investigators on the electrical proper-
ties of irrsdiated polymers is reported. An analogy is drewn betwesn
photoconductivity in semi-conductors end nuclear rediation induced conduce
tivity in certain polymers. The instantaneous nature of this induced
conduetivity is emphasized. The change produced in the dielectric constant
of an irradiated polymer is considered in terms of ercsslinking and dipole
moments. A survey is included of the availeble engineering data for irrad-
iated polymers. Fectors affecting radiation to the electrical properties
of two tetraarylmonosilanes is given.

WADC TR 56-515 February 1958
ASTIA Document No. AD 142343

0TS Release

SUBJECT: EFFECTS OF GAMMA RADIATION ON LINEAR POLYETHYLENE

INVESTIGATOR: William B. Terrell, Captain

Jaex T. Humphries, 1/Lt
ABSTRACT: lLineer polyethylenes have recently been developed which
have empirical chemical formulae jdentical to those of common polyethy=-
lenes, but which differ in the molecular arrangement of the polymer chain.
The physical properties of two linear polyethylenes were measured before
end after gemre irradietion to afford e comparison with conventional
polyethylene,

Measurements were made of the following properties as
functions of total radiation dosage up to 107 roemtgens: tensile strength,
elongation, hardress, impact strength, specific gravity, water absorptiion,
heat distortion temperature, dielectric constant, arc resistance, color,
and infrared ebsorption. In addition, densities were determined as
functions of both radistion dosage and temperature.

WADC TR 56-548 May 1957
ASTTA Document No. AD 118062
TS Relesse
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SUBJECT: MEASUREMENT OF RADON GAS IN CYLINDRICAL IONIZATION

CHAMBERS
INVESTIGATCR: Edwerd A. Burke, 1/Lt
ABSTRACT: Threes of the fundamentsl problems encountered ir the

measurement of radon gas using cylindrical ijonization chembers are dige
cusged and solutions presented. These are: variation of ionization
current with short half-life radon daughters, effect of dielectric &be
sorpticn, and celibration of the ionization chember.

WADC TR 56-623 July 1957
ASTIA Document No., AD 131030

SUBJECT': DEVELOPMENT CF A TRITIUM IMPREGNATED METAIL FOR USE 4S
THE ACTIVATCR IN 4 SELF-LUMINOUS PHOSPHOR AND FOR USE
AS AN IONIZATION SCURCE

INVESTIGATOR: D. L. Prosgser J. G. MacHutchin
C. H. Wrigh% H. H. Dooley
J. E. Atherton
CONTRACT : AF 33(616)=3036
CONTRACTCR ¢ United States Radium Corporation
ABSTRACT : A deseription of the methods and equipment used in the

preparation of tritiated foils is presented. The results of the exper=
imentel studies indicete that meximum beta emission is obteined from
extremely thin layers of titanium tritide which have been prepared on
the surfece of sandblested steinless steel backing foils,

Phosphor response studies have indiceted that the main
fectors effecting the response of Zn3 type rbosphors to tritium beta
rediation are (a) phosphor particle size (b) type end concentration of
activator and {(¢) cadmium content.

Six research models of tritium foil-sctivated self-lumi-
nous sources have been prepared for submission to WADC., A deseription
of the research models is provided,.

WADC TR 57-10 August 1957
ASTIA Document No. AD 131032
OTS Release

SUBJECT: MEASUREMENTS OF THE TEERMAL PROPERTIES OF VARIQUS
AIRCRAFT STRUCTURAL MATERIALS

INVESTIGATOR: Perry C. Covington
Sabert Oglesby, Jr.
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CONTRACT': AF 33(616)=3328

CONTRACTOR: Southern Research Institute

ABSTRACT': This report describes the measurements of the thermal
properties of a group cf structural penels and corese Thermal expansion,
thermal conductivity, and specific heat were determined for three hohey-
comb cores, one foamed~core sandwich penel, one leminated penel, and five
gandwich penels with various honeycomb cores and facing materials. In
additior, thermal conductivity determinations were made for two silicone-
resin laminates to establish & check for data previously reported on
these panels.

The equipment and procedurss used in these thermal
property determinations are essentielly the same es deseribed in
WADC TR 5h-306 Parts I and II with the exception of additionel components
necessery to obtain temperatures below ambient temperature.

WADC TR 57=92 July 1957
ASTIA Document No. AD 130920

0TS Release

SUBJECT: EXPANSION CHARACTERISTICS OF MARLEX 20 AND MAHLEX 50

INVESTIGATCR:  Hyman Marcus

Frank V. Zeleski, Capt.
ABSTRACT s 4 suitable technigue wag developed for volume dilatometry
of plastic materials and the thermal behavior of two commercial linear
polyethylene plastics, Mariex 20 and Marlsx 50, was observed.

The technigue consisted of sealing e test sample in &
glass tube with mercury &s the confining fluid. The change in vclume of
mercury as evidenced by its Tise in a capillary tube was noted at dif-
ferent temperatures. The vclume expansion of the test sample was cal-
culated from the known expansivities of gless and mercurys

The dilatometers used were immersed in an electrically
heated 0il bath equipped with a motor driven stirrer to insure & uniform
temperature distribution.

Test deta were obtained fcr a series of six samples of
sach meterial, each series containing one non-irrediated sample and five
semples which had received increasing doses of gemme radiation at the
Materiels Test Reector Facility. The doses were of the values 10%r,
107r, 10%r, 5 x 109, and 10% for the irrsdiated samples.
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WADC TN 57~114 October 1957
ASTIA Document No. AD 142066

0TS Release

SUBJECT: X-RAY DIFFRACTION STUDY OF CRYSTALLINE SILANES
INVESTIGATOR: W. L. Baun, 1/Lt

ABSTRACT & X-Ray Diffraection patterns for nineteen crystalline

silanes eare presented. Theae compounds are of interest beceuse of their
high thermsl stebility and low vapor presswre. They are particularly
well suited for X-Ray Diffraection enalysis because of their crystalline
nature and the individualistic patterns cobtained,

WADC TR 57=-141 June 1957
ASTIA Document No. AD 130857

0T3S Release

SUBJECT: A COMPARISON OF HIGHENERGY EIECTRON AND GavMA TRRADIATION

EFFECTS ON ORGANIC LIQUIDS
INVESTIGATOR : Edwin L. Zebroski
Edwin M. Kinderman

CONTRACT: AF 33(616)-3738
CONTHACTOR: Stanford Regearch Institute
ABSTRACT:. It has been proposed theat high=energy electron irradiation

be substituted for gemma irradistion in testing the radiation resistance

of aircreft materials, components, and systemse To determine the feasgiw=
bility of the proposal, the effects of electron and gamme radiation on
selected organie liquids were compareds Results of this study and the
experimental work reported by others indicate that there is qualitative
similarity between electron and gemma radiation effects on simple compounds.
Some differences in guentitetive yields ere observed, but these may be s
result of differences in time of irradiation rather than of differences in
radiation type,

WADC TN 57-207 December 1957
ASTIA Document No. AD 142179

0TS Helease

SUBJECT: STANDARD INSTRUMENTATION TECHNIQUES FGR NUCLEAR

ENVIRONMENTAIL TESTING
INVESTIGATCR: Welter R. Burrus, 1/Lt
ABSTRACT: The ANP Advisory Committee for Nucleer Measurements and
Stendards was established tc¢ standardize nuclear measurements for all
Air Force programs supporting the development of nuclear weapon systems.
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The first phase of this Cormittee's effort 18 nearly complete and is
concerned with the standardization of nucleer measurements for rediation
demage studies. This Technicel Note presents and discusses Committee
recommendations for standerdizing radiation damage measurements. A
minimum number of measurements were selected which can provide & consis-
tent basis for comparisen of experiments and correlation of data. &
measurement of "absorbed dcse® in carbon is recormended as the minimum
measurement of the gemma radiation field. In addition, determination of

the activation of U-238, Pu-239 (boron shielded) and sulphur is recommended
as the minimum measurement for neutron radiatione Congistent units and
symbols for reporting these megsurements are recommended. Additiozel
techniques will be recommended in the future.

WADC TR 57-212 September 1657
ASTIA Document No. 4D 131063

0TS Release

SUBJECT X-RAY EMISSION LINES AND 28 VALUES FOR LITHIUM FLUCRIDE

ANALYZING CRYSTAL
INVESTIGATC(R: W. L. Baun
R. E. Brocklehurst
ABSTRACT : A complete table of x-rey emission lines and 2€ values,
using a lithium fluoride analyzing crystal, is presented. This table
ineludes all the lines of the K, L, and M series, order 1 to order Y.

WADC TR 57-226 November 1957
ASTIA DOCUMENT NC. AD 142093
OIS Release
SURJECT¢ MEASUREMENT OF THERMAL DIFFUSIVITY OF VARIOUS MATERIALS
BY MEANS OF THE HIGH INTENSITY ELECTRIC ARC TECHNIQUE
INVESTIGATOR ¢ Charles Sheer Donald L. Rothacker
Lawrence H, Mesad Leonerd H. Johnson
CONTRACT : AF 33(616)-3669
CONTRACTCH ¢ Vitro Laboretories
ABSTRACT: Studies have been made of the tail flame of & high=in=-

tensity electric arc tc determine its suitebility as a medium for testing
materials under sustained high-temperature gaseous flowe The first year
effort reported herein centered on the esteblishment of an electrode
geometry for stable operation, measurements of the temperature end velo-
city distribution in the tail fleme at varying ambient pressures, and
qualitetive observations of the electrodynemic, magnetic and thermodynamic
properties of the tail fleme.
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The electrode geometry giving optimum flame stability
consists of a triple cathode arrangement symmetrical with respeet to
the anode. A somewhat less favorsble configuration utilizes a single
cathode forming an ecute angle with the anode exis.

The axial temperature distribution in the tail flame
was measured by spectrel line reversal technique for temperatures below
3200°K, and by spectral band enalysis above this temperature. The data
obtained by line reversal show that the temperature decreases with
decreasing smbient preasure and inereasing distance from the crater.
The spectrogrephic date are currently in the process of reduction.

Flame velocity was measured by a modification of Rohloff's
method, involving & temporary interruption of the arc and observation of
the downstream propagation of the resulting disturbance by high-speed
cinematography. The velocities measured thus far were 47, 78 and 150
m/sec at pressures of 1.0, 0.5 and 0,1 atmospheres, respectively. The
increaae of velocity with decreasing pressure is in general accordance
with classical laws although the varimtion here appears to be less than
lineer, probably due to an increase in flame diameter with decreasing
preasure.

Miscellaneous exploratory observetions hawe shown the
tail flame to be markedly diamegnetic and to possess a stetistical dipole
distribution of positive ions and free electrons. 4lso observed were
strong plesma oscillations in the order of 2 k¢ and with peak amplitudes
of 20 volts; this effect suggests the possibility of measuring charge
density of both signs in the flame,

Surface heat flux rates were meesured at 1.0 and 0.l
atmospheres on copper bodies in thermal equilibriums. The values obtained
were 4.0 and 1.0 ki/cm? respectively, but it is emphasized that further
measurements are required to corroborete these figures. The sppearance
of the gasecous flow about blunt and conicel wedges in the presence and
absence of coulomb potentials showed a distinct separation zone between
body and flame, the thickness depending on ambient pressure and electrical
polarity. This phenomenon is believed to be essociasted with & magneto-
hydrodynamic effect.

Finally, diffusivity meesurements were made in the tail
flame on OFHC copper and graphite plates. The data obtained thus far
agres with literature values in order of magnitude. Closer refinements
in the instrumentation end evaluation techniguea appear necessary before
the tail flame can be used for measurements of this type.
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WADC TN 57-294 December 1957
ASTIA Document No. AD 142186

CI'S Release

SUBJECT: DETERMINATION OF HYDROGEN IN ZIRCCNIUM HYDRIDE
INVESTIGATCR: Wade H. Jones

ABSTRACT s It is now generally recognized that control of the hydrogen

esntent in zireoniwm is importent in the manufacture, melting, fabrication
and subsequent use of the metal. It is therefore highly desirable to
have a simple, rapid, precise method for determination of hydrogen in
zirconiume Sueh & method is deseribed. It is bagsd on the measurement

of the eguilibrium pressure of hydrogen over the matal in a closed system
under predetermined conditions.

This report covers the analysis of thirty-five samples
of zirconium hydride with temperatures ranging from 1500°C to 1000°C
end collection times from 10 to 30 minutes.

WADC TN 57-298 Pt 1 February 1958
ASTIA Document No. AD 142342

0TS Releasge

SUBJECT: FROCEEDINGS OF THE ANP SPECTROSCOFY INFORMATION MEETING

HELD AUGUST 6~7 AT WRIGHT AIR IEVELOFMENT CENTER
INVESTIGATCK: Hobert E. Brocklehurst
ABSTRACT ¢ This report is a ccmpilation of the unclassified papers
given at the ANP Spectroscopy Information Meeting held at Wright-Patter-
gon Air Foree Basasae, August 6 and 7, 1957« The subjects covered in these
proceedings are jnstrumentation for gemma and neutrcn spectral measure-
menta, treatment of experimental data, characteristiea of scintillation
crystals, and the use of beam collinatorse.

WADC TN 57-308 November 1957

ASTIA Document No. AD 142095

0TS Helease

SUBJECT: CRITIQUE ON THE ANALYTICAL REFRESENTATION OF SPECIFIC
HEAMT DATA

INVESTIGATOR: Richard Pawel, 1/Lt

ABSTRACT s 4 considerable lack of agreement exists in the literature

for high tempereture specific heat values. Since the majority of these
dats have been obtained indirectly through enthalpy meessurements, the
problem of data treatment is added %o those of the experimente. It is
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thought that the Present uncertainties in the methods of curve fitting
the enthalpy data can Yield misleading trends to the resulting specific
heat curves, For this reasom, it appears wige to congider the final
result in the light of simple apecific heat theory and the accuracy and
reproducibility of the original enthalpy date. The complexity of the
analysis should be basged upon the reliability of the enthalpy date to
aveid ‘over-fitting*. It appears that in the ebsence of exceptionally
precise enthalpy data, a guadratic expression will satisfactorily des-
eribe the data, resulting in a linear specific heat representation,
This simple representation is scmetimes more ccupatible thab those
cbtained by other means.

WADC TR 57-319 February 1958
ASTIA Document No. 4D 150961

SUBJECT: DETERMINATION OF THE THERMAL CONDUCTIVITY COF MIXED
AND SYNTHETIC ENGINE OILS BY THE UNSTEADY-STATE METHCD
INVESTIGATOR: E. E. Kohnke
A. R. Sehmids

CONTRACT': AF 33(616)-3544
CONTRACTOR s Oklshoma Agricultural end Mechenical College
ABSTRACT : Results are reported for the thermal diffusivities of

five mineral and synthetic oils as messured by an unsteady-state method
at temperatures between B80SF eng 430°F. Maximum measurement temperatures
vary depending upon the chemical nature of the various oils,

Experimental apparatus is deseribed and methods of dats
enalysis discussed. A critiecal evaluastion of the potentialities of
unsteady~state methods in general and of ths particular experimental
proeedure employed are presented. Suggestions for improvement are offered.

WADC TR 57-334 April 1958
ASTIA Document No. AD 151163

SUBJECT: EVALUATION OF THE MECHANISMS WHICH AFFECT THE PERFQRMANCE
OF "THERMAL RADIATION RESISTANT COATINGS®

INVESTIGAT(R: Louise E. Moore Edwin H., Tompicing
Metthew pragtein Donald 0. Van Ostenburg

CONTRACT: AF 33(616)-3595
CONTRACTOR ¢ Armour Research Foundetion
ABSTRACT: This is the final report on Contract AF 33(616)=-3595,

ARF Pro jeet C 097, for Wright Air Development Center, covering the periocd
from May 1, 1956 through 4pril 30, 1957« The theory of absorption,
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reflection, and scattering of electromagnetic radiation is preaented in

a classicel review and for harmonically bound electrons and spheres.

The absorption spectra of possible pigments and vehicles ere congidersd

in terms of incident radiation from 3000°K and 6000°K black body radiators,
with possible modification by etmospheric absorptions Although refractive
indices of vehicles are largely between lel &nd 1.7, pigments wmey have
high refractive indices, and calculations are made to determine indices
of pigments. In systems less than 6% pigment by volume, the statistical
distribution of the particles is largely singly or in groups of two. Pro-
cedures $o determine the size distribution of the particles are illus-
trated with rutile. A first epproximetion to en optimum gsize distribution
is a modified black body curve. The wavelength axis, contracted by the
factor O.4l, is the diemeter axis for rutile in linseed oil.

WADC TR 57=334 Sup 1 April 1958

ASTIA Document No. AD 151164

SUBJECT: EVALUATION OF THE MECHANISMS WHICH AFFECT THE FPERFORMANCE
OF "THERMAL RADIATION RESISTANT COATINGS®

INVESTIGATOR: €. Koland MeCGully F. V. Schossberger
Louise E. Moore Edwin H. Tompkins

CONTRACT' ¢ AF 33(616)-3595

CONTRACTCR3. Armour Research Foundation

ABSTRACT s The work covered in this report was done for the Wright

Air Development Center under Contract No. AF 33(616)-3595 over the period
trom May 1, 1956 to May 1957. This report is a supplement to the Final
Report: Theory, which gives an analysis of the mechenisms of scatiering
and absorption in highly-reflective paint coatings. This supplement is
intended to serve as a guide in the formulation of reflective coatings.

The thermal sources for the energy to be reflected were
specified in the contract to be 3000% and 6000°K black bodies, which
yield peak intensities at 1.0 micron and 0.50 micron, respectively. The
modification of the energy distributions from these sources by atmospheric
abgorption is discussed to show how such absorption might be used to
protect an aircraft.

The optical characteristics required in vehicles and
pigments suiteble for reflective coatings are summarized, and tentative
recommendations are made. For vehicles, fluoroethylenes (Kel-F, Teflon),
gilicones, vinylidene chloride-acrylonitrile copolymers, and epoXxy
resins are considered suitable; for pigments, rutile and colorleas
gilicon carbide are outstanding, but boron nitride and colorless barium
titanate also have possibilities. 3ince titapium dioxide is reedily
availeble its methods of manufacture are discussed in some detail to show
bhow particle size and impurity content are controlled.
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On the basis of several approximations, first-order
rarticle size distributions required in rutile pigments for the reflection
of 3000°K end 6000%K radiation are presented. Centrifugsl sedimentation
and elutriation techniques are described for the clessification of rigments
and the formulation of specified size distributions, The rresence of
considerable infrared in the rediations to be reflected requires the
presence of larger particle sizes than are normally present in conventional
white pigments., This is particularly true for 3000%K radiation, where
the median particle size should be about 0.45 mieron instead of the 0.25
micron size present in commercia) rutile pigments., If a coating having

& medimn size of 0,25 micron were exposed to 3000°K radiation, about half
of the redietion would penetrate to the bese of the coating. For 6000°K
redietion the penetration would be about 20%, which is atill serioualy
lerge.

WADC TN 57-335 December 1957
ASTIA Document No. AD 142249

0TS Release

SUBJECT: FEASIBILITY OF A GRAPHITE-CARBON DICXIDE IONIZATION

CHAMBER TO MEASURE CARBON DOSE AT HIGH DOSE RATES
INVESTIGATOR: Robert L. Hickmott
ABSTRACT': This report discusses the feasibility of designing &
graphite-cerbon dioxide ion chamber for the sbsolute measurement of the
carbon dose rate from a pure gamme field up to 1010 erg/g/hr. There is
insufficient data on meutron response to judge the feasibility of uging
the ion chamber in mixed fields with lerge peutron componenta.

WADC TN 57~-342 January 1958
ASTIA Document No. AD 142277

OIS Releese

SUBJECT s THE QUANTITATIVE ANALYSIS OF THE FUNGICIDE 33"~

DIFLUCRO 4,4 '~DIHYDROXYBIPHENYL
INVESTIGATORs Myron L. Dunton
ABSTRACT: 4 quantitative method is described for determining the
quantity of the fungicide 3,3'-difluore 4,44 '=dihydroxybiphenyl which has
been added to white duck cloth. This method involves extraction with
methanol and subsequent ultra-violet specirophotometric measurement., If
also is suggested thet Bhis method may be applied to the analysis of
other related fungicides.
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WADC TR 57-35%9 September 1957
ASTIA Document No. 4D 142010
IS Release

SUBJECT: ANALYTICAL APPLICATIONS OF FAR INFRARED SFECTRA I
EISTORICAL REVIEW, APPARATUS AND TECHNIQUES
INVESTIGATCR: Freeman F. Bentley Nora Ee Srp
Eugene F. Wolfarth Wilbert R. Powell
ABSTRACT ¢ The infrared spectrum of a molecule is one of its most
unique physicel properties, and perhaps for this reason a large amount
of spectral data have been amessed over the last few decades. Most of
the work hag been limited to the fundamental region of the apectrum
since characteristic group frequencies capable of giving structural
informetion of great value and precision occur in this region, and
because it has been the easiest region to study aceurately and rapidlye.

Meny cheracteristic group frequencies are also observed
in the long weve length region of the spectrum which are useful in
snelyticel and structural determinetions. Furthermore, spectra obtained
in this region are particularly useful in material characterization.
Slight changes in structure produce considerable changes in spectra,
giving & more specific *fingerprint*, Investigations in tbe far infrared
region have been limited due to jpstrumental difficulties such as high
atmospheric absorption, low energy, stray radiation, and the lack of
suiteble prism materials.

A review of the work accomplished to date in the far
infrared region is presented in this paper, and most of the available
literature is cited. 4 double beam double pass spectrophctometer
equipped with cesium bromide optics is described. This ingtrument
extends the useful spectral range to 35 micronss The general features
of the instrument's construction and its performance capabilities ere
discussed.

Conventional infrared technigues are used, and in some
instances simplified in obtaining infrered spectra in the cesium bromide
region. Many common sclvents such as cerbon disulfide, furan, benzene,
and dioxane, have large "open windows® in the long wavelength region
and the infrared spectra of these end other golvents ere givene The
advantages of far infrared spectra, and some of the special technigues
of obtaining infrered spectra in the cesium bromide region, are also
discussed.
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WADC TN 57-362 November 1957
ASTIA Document No. AD 142168

SUBJECT: RESISTANCE OF AIR CREW CLOTHING MATERIAL TC THERMAL
RADIATION
INVESTIGATOR: Ben J, Lisle
Richard L. Peckham, 2/Lt
ABSTRACT': Twelve assemblies of flight clothing materials presently
in use were tested tc determine their resistance to thermal radiation.
The agsemblies were irradiated at intensities of 10 cel /o’ sec and
3¢ °al/cm2 sece The results were evaluated with reapect to the total
amount of energy necessary to produce the visible effects of scorech,
ehar, and burn. These evaluations were aimed at determining the relative
demage caused by a specific quantity of thermal energy incident upor tke
aasembly.

WADC TR 57-374 Pt I November 1957
ASTIA Document No. AD 142119

SUBJECT: FHYSICAL PROPERTIES OF KIGH TEMPERATURE MATERIALS
Pert I. New Apperetus for the Precise Measurement of
Heat Content and Heet Capacity from 0° to 1500°C
INVESTIGATOR: Thomas B. Douglas
William H. Payne

CONTRACT 3 AF 33(616)=56-21
CONTRACTCR : National Bureau of Standards
ABSTRACT: There is deseribed in detail new apparatus for the accurate

meapurement of the heat cortent and heat capaeity of sclids and liquids
over the tewperature range 0° to approximately 1500°C (32° to 2750°F),

For use of the "drop* method, & new Bungen ice calorimester and resistance-
bheated furnace were designed, and have been partly ccnstructed. The

ice ecalorimeter is similer to that developed earlier at the National
Bureau of Standards, but embodies several minor modificationse To echieve
regions of known end uniform temperature, the furnace was designed to

have three concentric cores wound with 17 independently controlled wire-
heater sections. Temperatures will be measured by several platinume
rhodium thermocouples, which are arrenged to permit their periodic recslie
bration in place. After the rerformance of the appasratus has been tested,
the first measurements undertaken are to be cn standerd-semple synthetic
sapphire (eluminum oxide). These data will augment the Bureau's earlier
measurements on this material from 0° to 900°C (32° to 1650°F), and permit
its use a8 a heat-capacity standard up to approximately 1500°C (2750°F).
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WADC TR 57-374 Pt 1I August 1957

SUBJECTt PHYSICAL PROPERTIES OF HIGH TEMPERATURE MATERIALS
Part IXI. The Heat Capecity of Zirconium, Several
Zireonium Hydrides, and Certain Cledding Materials from
0° to 900°C; Relation tc Other Thermodynemic Properties
of the ZreH System

INVESTIGATCOR:t Thomes B. Douglas
Andrew C. Viector

CONTRACT AF33(616)56-21
CONTRACTCR $ Netional Bureau of Standards
ABSTRACT: Using accurate apparatus end & *drop® method, the heat

content (enthalpy) of zirconium, five zirconium hydrides (Ny from le34
to L.ll), and Stainleas Steel Type 316 were msasured over the range from
0° to 900°C. Using the values for the stainless steel apd those frog
the literature for molybdenum and niobium, the heat capacities of tyical
clad semples of the hydrides may be computed additivelye. Thermal
hysteresis of the hydrides was investigated in several casess Corrections
were applied for the impurities in the semples measured, but the tvo
sets of hydrides geve heat values believed to be somewhet inconsistent
in the range 550° to 800°C through systemsatic differences in phase
compositions. The heat content dete were extensively correlated with
certain published equilibrium data for the zirconium-hydrogen system

in opder to extend knowledge of the heats of hydriding, eguilibrium
hydrogen pressures, and limits of soclid solubility to wider ranges of
temperature and composition then thosse covered by direct measurementse
The results are discussed critically, and several atructural implica-
tions are pointed cut.

WADC TR 57375 Qctober 1957
ASTIA Document No. AD 142029

0TS Releaase

SUBJECT: 4 METHOD FOR DETERMINING NEUTRON FLUX SPECTRA FROM

ACTIVATION MEASUREMENTS
INVESTIGATCR = Sven R. Hertmann, 1/L%
ABSTRACT ¢ A method for the determinstion of neutron spectra which
approximates the neutron flux by a linear combination of the response
functions {cross sections) of the detectors used in the spectre]l measure=-
ment is discussed. This linear combinetion is shown to approximate the
neutron flux in the mean and to provide & calculated activation, for each
detector, identical with that found in the experiment. Some practicael
cases are considered herein. 4 set of seven cross sections are used to
approximate a fission, constant, end mohoensergetic spectrum. 4 discussion
of uncertainty propegation is given with illustrative examples for the
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fission and constent spectrass The integral neutron flux is also
calculated and shown to be more adequately representeble than the
neutron flux.

WADC TR 57-381 February 1958
ASTIA Document No. AD 142354

OIS Relesse

SUBJECT: TABLES OF INTERPLANAR SPACINGS COMPUTED FOR THE

CHARACTERISTIC RADIATICNS OF COFPER, MOLYEBDENUM,

IRON, CHROMIUM AND COBALT
INVESTIGATOR: H, J. Garrett

R. E. Brocklehurst
ABSTRACT & Computations of interplanar spacings, "d* values, obtained
from solutions of the Bragg equation n A= 24 sin & » 8re listed for the
rediations pormally used in X-ra diffrection analysis. All angulaer
measurements are expressed as (2 values. Interplanar spacings are
calculated for the K, , Kgl . and Kg radiations of the elements
copper, molybdenum, iron, Ghromifm, and cobalt.

WADC TR 57-465 July 1957
0TS Helease
SUBJECT : EFFECTS OF HIGH-ENERGY, HIGH-INTENSITY ELECTROMAGNETIC

RADIATION ON ORGANIC LIQUIDS
INVESTIGATCR: E. M. Kinderman

CONTRACT : AF 33(616)3738
CONTRACTCR ¢ Stanford Research Institute
ABSTRACT: Effective development of praéctical nuclear power required

that materials be developed to withstand its ettendant nuclear radiation,.
For example, among the meterials which must withstand radiation in a
nuclear-propelled aircraft are hydraulic fluids and lubricants. 4
knowledge of the effects of structure on the rediation stability of
crganic materials is of advantage in designing and preducing such radia-
tion-resistant hydraulic fluids and lubricants., This investigation
ettempts to provide such background information,

4 gseries of organic esters, bydrocarbtons, and miscel-
laneous compounds were sub jected to radiation. A quantitative measurement
of the amounts and kinds of radistion products produced was made. From
the observed products and their emounts, some inferences were made as to
the stability of these materials and the influence that their structure
hed on their stability.
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Rediolysis of orgenic liquids is infiuenced by structure.
Molecules containing branch chain and benzyl groupings are more susceaptible
to radiolytic damage than are mclecules containing only straight chain
groupings. This greater demage may be explainable in terms of the greater
induetive effects possible with the branch chain and benzyl groupings.
Greeted radiation stebility is observed with higher molecular weight
compounds. This effect may be expleined in terms of the mechanisms of
energy absorption and disintegration by the molecules

Comparigon of the radiolytic with mass spectrographic
data shows some correlation between the modes of molecular disintegration
induced in the two cases. The correlation is best when conditions of
radiolysis are similar to those in the mass spectrograph, thet is when
radiolysis ccours in an essentially low pressure condition through aetiv-
ated species whose half-life is short end whose diffusion constants or

reaction times are longe

Both electron and gamme radiation was used. The former
received emphasis because of its speed and ccuvenience in the test program.
Comparison of the effects of the two types of radiation im six cases
shows some guantitative differences in radiclytic yields The products
jdentified ere the same, and the same structural effects are evident. The
availeble data do not permit definite stetements of equivalence between
electron and gamme effects, although this is indiceted.

WADC TR 57-487 February 1958
ASTIA Document No. AD 150954
0TS Helease
SUBJECT: THEEMAL PROPERTIES OF HIGH TEMPERATURE MATERIALS
INVESTIGATCH: I. B. Fieldhouse J. I. Lang
J. C. Hedge T. E., Watermsn
CONTRACT AF 33(616)=-3701
CONTRACTOR: Armour Research Foundation
ABSTRACT: The objective of this program was the measurement of

the high temperature thermal properties of materials. The meterials
investigated were Hastelloy B, Hastelloy C, Stellite 21, Steinless

Steel type 17-7 P.H., Stainless Steel type 446, Silicon Cerbide, 60-15

cr (4ST™ B83-46), end beryllium. The thermal conductivity, specific
heat, and linear coefficient of thermsl expension were measured from
1000°F to 3000°F, or the melting point of the materiel, whichever was
iower. Al]l messurements were made in the Heat Trensfer Laboratcry of the
Propuleion and Fluid Mechanics Fesearch Depsrtment, Armour Research Found~
ation of Illinois Institute of Technologye. Both the experimental measure-
ments and the results of the conversion of these measurements 1o the
desired physicel properties are givens
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WADG TR 57-488 November 1957
ASTIA Document No. 4D 142138

SUBJEGT: MEASUREMENT OF THE HEAT CAPACITY AND DENSITY OF
LIQUID COPFER

INVESTIGATCR: J. 1. Lang

CONTRACT: AF 33(616)-3795

CONTRACTCR; Armour Reseerch Foundation

ABSTRACT: The density and specific heat of molten electrolytic

tough-pitch copper meeting Federal Specification QQ-C~576 was deter-
mined for the temperature range 2000 to LOOCSF.

WADC TR 57-498 November 1957
ASTTA Document No, AD 142157

OIS Release

SUBJECT ¢ DESIGN AND USE CF & 23,000 CURIE COBALT=60 FACILITY
INVESTIGATOR: Marvin C. Atkins, 1/1t Donsld R. Smith, 1/Lt

Kurt Wolfsberg, 1/Lt

Williem N. Lorentz, 1/Lt
ABSTRACT : A two-chambered hot cell has been designed, built, and
useds The hot cell is suitable for radioactive materials testing, hot
chemistry, or handling of radietion sources. 4 23,000 curie cobalt-60
source hes besn assembled and is being used for materisls irradiations,
The source in its normal form is 11.6 inech I. D. x 28 inches long. The
activity of each of the 2450 slugs comprising the source was individuslly
calibreted., O3Slugs of different activities were arranged to give the
desired flux distribution inside the cylindrical scurce. Dose rates in
and arcund the source have been measured with an ion chamber and glass
dosimeters., 4n engineering approach to design of radiation sources has
been formulated and tested with the 23,000 curie source. The report
includes a complete descriptiorn of the hot cell, design and asssembly of
the source, dosimetry methods, and mathematical design of eylindrical
scurees.

WADC TR K7-512 March 1958
45TIA Document No. AD 151060
CTS Release
SUBJECT: STATE OF DEVELCPMENT OF THEAMAL RADICGMETER
IRVESTIGATR: Arnold Pfenninger Maurice Godet

Herold E. Henry Conrad A. Wogrin
CONTRACT: AF 33(616)=3628
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CONTRACTOHR Quantum, Incorporated
ABSTRACT 1 The objective of the work covered by this report was
the development end construction of a thermal radicmeter.

This report describes the progress mede tc date on the
design and menufacture of the components of the instrument end includes
pathematicel analyses of both the heat transfer and control aystem
problems where these were necessary and feasiblee. It alsc includes &
discussion of the specifications as originelly outlined and Tevisions
suggested on the besis of analytical &nd experimental work performed on
this contract.

WADC TR 57-667 October 1957
SUBJECT's HIGH TEMPERATURE X~RAY DIFFRACTION CAMERA
CONTRACT# AF 33(600)-32214

CONTRACTCR: Herrick L. Johnston, Inc.

ABSTRACT: A high temperature furnace was designed for simple

attachment to & Norelco diffractometer. The furnace is constructed so
as to permit X-ray diffraction studies of solid or powder specimens at
temperatures up tc 1800°C in vacuum or under pressures of 2 atmospheres
or less. Scenning from 26 of 20° to 122° is possible. Heating elements
are made of »005 inch tantalum end temperature js measured by a Pt~

(87% Pt, 13% Rh) thermocouple or by en opticel pyrometer. Temperatures
up to 1600°C ere sutomatically controlled to within % 0.1%. Automatic
control is also possible from 1600° to 1800°C. Measurements of the
lettice paremeters of tentelum at various temperatures, including 1800°C,
were in agreement with previously published vealusse.

WADC TR 57-7TL March 1958
ASTIA Document No. AD 151084

0TS Releoase

SUBJECT s APPROXIMATION OF ALL CRDERS OF THE EXPONENTIAL INTEGRAL
INVESTIGATORg Frapcis Clerk

CQNTRACT s AF 33(616)=5187

CONTRACTOR: Trg, Incorporated

ABSTRACTs Approximetions are gsought for the exponential integral

functions, 1.8

_ omel » gT0X
Em(p)-pm'j;’ =+ 170
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The function Em(p) is set equal to
e~P
pim+q (p)

and suitable algebraic epproximations to the function g,(p) ere then found.
Congideration is given to weys of estimating the error of the &pproximations.

WADC TR 58-42 Jenuery 1958
SUBJECT': PRCDUCTION OF HOMOGENEOUS TITANIUM ALLOY STANDARDS
INVESTIGATCR: Donald H. Turner

CONTRACT s AF 33(616)-3098

CONTRACT(R 3 Armour Research Foundation

ABSTRACT: Three compositional variations of each of nine commercial

titapium alloys were prepared by & triple are melting procedure for use
as standards for speetrographic and X-ray fluorescent analysis of
titenium alloyse. 4nalysis of each triple-melted, as-cast ingot has been
cerried out by three laboratories.

The material was supplied to the National Buresu of
Standards as 1 1/4 inch diameter, centerless-ground bar. In general,
there is good agreement between analyses and nominsl composition. Where
there are differences, trends are similer,

METALS , GENERAL
WADC TR 56-33@ Pt III June 1957
ASTLA Document No. AD 130865
0TS Release
SUBJECT: THE EFFECTS OF INELASTIC ACTION ON THE RESISTANCE PO

VARIOUS TYFES OF LOADS OF DUCTILE MEMBERS MADE FROM
VARIOUS CLASSES OF METALS
Pert I1I. The Plastic Bending of Tapered Members

INVESTIGATOR: Montgomerie C. Steele
Hagsan A, Heesan

CONTRACT AF 33(616)=-2753
CONTRACTOR : University of Illinois
ABSTRACT: This report contains an exploratory investigstion of the

plestic bending of tapered members. Two analytical approaches are employed.,
The first considers a rigorous trestment by the clessical theories of elage
ticity and plasticity while the ascond resorts to the more tractable
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mechanics of materials methodse A limited emount of exparimentel work
is pressnted in support of theory.

WADC TR 56-330 Pt IV May 1957
ASTIK Document No. AD 130765

(TS Release

SUBJECTt THE EFFECTS OF INELASTIC ACTION ON THE RESISTaNCE TO

VARIOUS TYPES OF LOADS OF DUCTILE MEMEERS MAIE FROM
VARIOUS CLASSES OF METALS
FPert 1IV. Eecentrically-Loaded Columns Having Angle=
and T-Sections
INYESTIGATUR: M. E. Clark
0. M. Sidebottom

CONTRACT s AF 33(616)=2753
CONTRACTCR: University of Illinois
ABSTRACT ¢ This paper presents the results of an analytical and

experimental investigation for the determinstion of the load necessery
to produce any given depth of yielding in angle~ and Tesection colwans
sub jected to eccentric loads. This load is found anslytically from the
intersection of & constant depth of yielding interaction curve and the
moment-load curve (see Part 1 of this Report)s The collapse load of the
column een be taken as the maximum load given by the momenteload curve.

In the experimental investigation, tests were made on eccentrically-
loaded angle~ and T-section columns made from type 304 stainless sisel.
The angle-ssction columns were 20 oriented that some buckled about the
minimum axis of inertia and some about the meximum axis of inerties The
effects of varietions in initial egcentTicity and slenderness ratic on
the collapse load were investigated. In all cases the experimentel and
theoretical moment-load curves were of the same general shape; the exper-
imental collapse load being less than the theoretical by 2 to 16 percent.
Since the theory is based on assumptions which make it copgervative, the
fact that the experiments showed it to be unconservetive was atiributed
to the time-sensitive behavior of the steinless steel materials The
stress~strain properties obteined from tension and compreasion tests did
not represent the stress-strain behavior of the material in the columne.
When these stress-sirain properties were ad justed by & 28 percent reduc-
tion ip the modulus of elasticity, the experimental collapse load weried
from 9 percent greater to 1l percert less than the theoretical value
with most of the valuss comparing very favorably.

WADC TR 56=330 Pt V May 1957
ASTTA Document No. AD 130768

(TS Helease

SUBJECT': THE EFFECTS OF INELASTIC ACTION ON THE HESISTANCE TO

VARIOUS TYPES OF LOADS OF DUCTILE MEMBERS MALE FROM
VARIOUS CLASSES OF METALS
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Part V. Inelastie Behavior of Aluminum Alloy I-Beams
with Elliptical Web Seetion Cutouts
INVESTIGAT(R: Will J. Worley

CONTRACT: AF 33(616)-2753
CONTRAGTCOR: University of Illinois
ABSTRACT: This report represents an extension of WADC Techuical

Report 56-330, Part II, April, 1956,

This extension was undertaken to investigate the Plastic
bending behavior of aluminum alloy I-beams with elliptical web section
eutouts. As in the above Teport, the mechanism method of anelysis employing
the Upper Bound Theorem was used in predicting the ultimate loads of the
various beams. This procedure could not be applied in all cases since
several of the beams failed by buekling failures in the web sections. The
I-beams were lcaded in Pure bending using quarter point loading and in
combined shear and bending using center peint loading, The span lengths
wer'e varied for s given depth of I-beam in order to investigate the
effects of shear on the failure mechanism, Where the mechanism analysis
applies, it permits the prediction of loaeds which are in good agreement
With the experimental results,

WADC TR F6-330 Pt VI May 1957
ASTIA Doeument No, 4D 118300

OIS Release

SUBJECT s THE EFFECTS OF INELASTIC ACTION ON THE RESISTANCE TO

VARIOUS TYPES OF LOADS OF DUCTILE MEMEERS MADE FR(M
VARIOUS CLASSES CF METALS

Part VI, A Digital Computer Analysis of Bending Momente
Axial Load Interaction Curves

INVESTIGAT(R Y. Maeda 0. M. Sidebottom
P, Van Lierde M. E. Clark
CONTRACT s AF 33(616)-2753
CONTRACTOR : University of Illinois
ABSTRACT: This paper presents the results of a study undertakea to

determine the feasibility of using the digital computer to make the timee
consuming calculations necessary to construet moment-load interaction
eurves. A strip method of pumerical integration was set up to solve the
equations of equilibrium for the members, this method allowed a general~
ization of the procedure to &all shapes of cross-section.

In setting up the problem for the digitel computer, it
was not coanvenient to work with the actual stresa distributions. Instead,
it was found that the actual stress distributiorn could be represented by
three linear stress distributions having the same stress gradients Loade
and moment-functions were computed from these stress distributions and
the actusl lcad and moment in the section were determined from theas
load-and moment-funetions.,

logd- end moment-functions for some 86 different éondi-
tions for Te, angte-, and chennel-gection members were determined uaing
the digital computer. The great number of additional computations
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required to construct the interaction curves once the load- and momente
functions are available renders the digital computer method reported
herein of guestionable use. Further study of the problem could poasibly
produce methods by which these additional computations could bs made

by the computer &and thereby make the method more efficient and useful.

WADC TR 56-330 Pt VII December 1957
ASTIA Document No. AD 142217

0TS Release

SUBJECT: THE EFFECTS OF INELASTIC ACTION ON THE RESISTANCE TO

VARIOUS TYPES OF LCADS OF DUCTILE MEMEERS MADE FROM
VARIOUS CLASSES OF METALS
Part VII. Inelastic Behavior of Aluminum Alloy I=
Beams with Elliptic-Type Web Section Cutouts
INVESTIGATCR s Will J. Worley

Fred b. EBreuer

CONTRACT': 4F 33(616)-2753
CCNTRACTCR ¢ University of Illinois end Convair
ABSTRACT: This report represenis a continuation of WADC Technical

Report 56-330, Part II, April, 1957 and Part V, Mey, 1957.

This continuation was undertaken to investigate the
fully plastic bending behevior of eluminum alloy I-beams with ellipticw
type web section cutoutse. 4g in the two eerlier reports, the mechenism
method of analysis employing the Upper Bound Theorem wes used in predicting
the ultimate loads of the verious beams. The I-beems were loeded &s
simple beams with center loadings The mathematical relations were developed
to enable solution by means of en electronic digital computing machine, the
I1liace The results obtained on the Illiec indiceted that & diemond shape
web section cutout was the most favorable type for resisting fully plastic
bendinge Tesis were conducted which substentiated the results obtained
on the Illiac.

WADC TR 57-131 July 1957
ASTIA Document No., AD 130910

0TS Release

SUBJECT: THE SAFETY OF AIRCRAFT STRUCTURES

INVESTIGATCR: 4, M. Freudenthal

CONTRACT AF 33(616)-2729

ABSTRACT: The concept of structural safety of asirframes is anelyzed

on the basis of its relation to the probebility of structural feilure,
with & view of establishing procedures of quentitative evaluation of
safety factcrs for a predetermined *gcecepteble® risk of feilure.

The difference in the epproach to the concept of safety
for ultimete atrength and for fatigue is discussed, eonsidering recent
developments in fatigue research, particularly the results of fatigue
tests under random loading, and methods of safety analysis for both
conditions are proposed.
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In this analysis the "limit load® or "limit loed factor
is a basic ¢cneept. It should, however, be noteg that this cocncept is not
identicel with the conventional structursl design criterion of the same
nemes The difference jis fundamental: while in conventional design the
"limit load® is a derivative concept obtained simply by dividing the
*ultimate loag® by an arbitrary "safety® factor, usuelly 1.5, the concept
&3 used here is the pPrimery loed criterion defining, independently of the
ultimate load, a limiting condition of 3ervice by the aid of which fatigue
design end design for limit losad can be correlated,

factor, it is obvious that both loed factors have to be independently
derived from operational eriteria, Thus, wkile the meaning of the concept
of *ultimate load® used in this report dees not differ significantly from
its meening in conventionel design, the *limit loed" conecept is 8ignifi-
cantly different.

WADC TR 57=-31]} September 1957
ASTIA Document No. AD 131098

0TS Release

SUBJECT: EFFECT OF LOADING RATE ON THE STRENGTH OF SINGLE AND

MULTIPLE RIVETED JOINTS
INVESTIGAT(R : Richard F, Klinger
ABSTRACT: Slow and rapid loading tensile ghear tests were conducted
&t room temperature on 8ingle and multiple rivet lep and butt joints, The
jointa were manufectured with a standard pneumatic type rivet aqueezer
using 2117-T3 aluminum alloy rivetas, 1/8 inch diameter, and Alclsa 202473
eluminum alloy sheet, 0,064* thick, The ultimete strengths of the joints
were determined with times to the ultimate load of 0.02 end 60 seconds,
41l failures were by rivet shear,

The results indicate that the effect of rapid loading
is to increass the strength of single riveted joints, that tktis effect
is diminished as the number of rivets in the Joint incresses and that
when the number of rivets in the joint is four and above the effect of
rapid loading is tc decresse the joint astrength slightly.

WADC TR 57-695 April 1958

ASTIA Document No. 4D 151165

OIS Heleasge

SUBJECT: DETERMINATION OF THE MECHANICAL PROPERTIES OF 4 HIGH
PURITY 1EAD AND 4 0.0582 COPPLR-LEAD ALLOY

INVESTIGATOR: Thomas E, Tietz

CONTRACT : AF 33(616)=3785

CONTRACT(R: Stanford Research Institute

ABSTRACT: The mechanical properties of a high purity lead and s

0.058% copperlead alloy were determined at test temperatures of 100,
175, 250, and 325°F,
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Teansile properties evalueted included the ultimate
strength, elongation, modulus of elasticity, proportional limit, and
yteld strength. Compression properties evaluated were the modulus of
elasticity, proportional 1imit, and yield strengthe Ultimate shear
atrength end the bearing yield strengih and ultimate bearing strengih
were determined. Stress-creep time curves were obtained for tctal strain
values of 042, 0s5, 1.0, and 2.0%, for creep times of from 1 hour to
500 hours.

The deta obtained are gsumnarized in grephical and tabular
form, in the Experimental Results section of this report.

METALS, FERROUS

WADC TR 56-205 July 1957
ASTIA Document No. AD 110474
0TS Release
SUBJECT: FATIGUE INVESTIGATION ON HIGH STRENGTH STERL
INVESTIGATCR: J. K. Childs
M. M. Lemcoe
CONTRACT 5 AF 33(616)-2513
CONTRACTOR $ Southwest Reseerch Inetitute
ABSTRACT : A single heat of aireraft quality SAE 4340 steel,

heat-treated to 190,000, 260,000 and 300,000 psi ultimate tensile
atrength, was tested by the increasing loed method(similar to Prot's
method) in axial loading tcC determine thie variation in fetigue properties
under each of the three mesan stress conditions, ZeIr0, 60,000 and

90,000 psis Conventional S-N curves were determined by axial load tests
at 190,00C psi ultimate tensile strength, under zZero mean atress and
90,000 psi mean stress, t0 provide factors for adjusting the Prot~type
feilure stregses to standerd meen endurance limit values. In adaition,
Prot rotating beem tests were performed at 190,000 psi ultimete tensile
strength.

The endurance limit under compietely reversed axial
stress increased with an ipcrease in ultimate strength from 190,000 psi
tc 260,000 psi, but appeared to decrease when the seme meterial was
heat-treated to 300,000 psi. Under high mean tepsile stress the
300,000 psi material mey have a fatigue gtrength superior 10 that of
the 260,000 psi meteriale

WADC TR 56-555 Mey 1958
ASTIA Document No. 4D 130755

UT'S Release

SUBJECT: DEVELOPMENT OF NEW MECHANISMS AND TECHNIQUES FUR

OBTAINING STEBELS IN THE ULTRAHIGH STRENWGTH RANGE
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INVESTIGATCR: Damian Gullotti
Erwin Eichen
Jeseph W. Spretnak

CONTRACT AF 33(616)-2879
CONTRACTUR: Chio State University Research Foundation
ABSTHACT : Two possible methods of obtaining steels in the high

strength range were investigated, namely, the superimposition of Plastic
deformation on the transformation of austenite to mertensite, and the
prcduction of high nitrogen~low earbon (0e25% meximum) mertensite. In

the deformaetion of eustenites prior to transformstion, increases in

tensile strength up to 10% and in elagtic limit up to 30% were obtained,

In steels of base composition €=0.20, Si-1.60, Mn Ce754 Crel.j0, increasing
the nitrogen content from 0Us004 to 0,009% inereased the 0.2% offset yield
strength about 6% and the tensile strength about 3e5%+ The ductility was
essentially unaffected by this incresse in nitrogen content.

WADC TR 56-598 November 1956

SUBJECT: AN INVESTIGATION OF ABSCOREED HYDROGEN IN ULTRA-
HIG-3TRENGTH ST:EL

INVESTIGATCR : Charles R. Simcoe

Arthur K. Elsea
George K. Manning

CONTRACT : AF 33(616)-3202
CCNTRACTOR: Battelle Memorial Inatitute
ABSTRACT: A study was made of the relationship between current

density and the permestion of hydrogen through a thin, steel

membrane which was the cathode in an electrolytie cell, The established
relationship was used to study the effect of the variation in hydrogen=-
absorption rate on the time for rupture to oceur under sustained stresa.
It was found that the relationship between the rupture time and the rate
at which hydrogen wes absorbed by the steel could be expressed by the
equation Te= KP~2/3 where Ty was the rupture time, K was constant for
each applied stress, and P was the permeation rate,

A study wes made of the incubation times for erack
nucieation and of erack growth rates under various experimentel conditions,
Incubation times increased with d¢reesing epplied stress. Crack growth
Tates alsc increased with decreasing applied stress, whereas, it was
expected that they would decrease,

The effect of other factors, such as austenitizing
temperature, prestrain, precharging, composition of ithe steel, snd torsion
loading, upon the rupture time @lso was studied.

WADC TR 57-501 December 1957
ASTIA Document No. AD 142265
SUBJECT: MECHANICAL PROPERTIES OF SOME SILICON-MODIFIED HIGH

STRENGTH STEELS
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INVESTIGATOR: Carl J, Altatetter

Morris Cohen
B, L. Averbach
CONTRACT : AF 33(616)=-2012
CONTRACTOR: Massachusetts Institute of Technology
ABSTRACT: The mechanical properties of }3XX steels, containing

0.,15%, 0,25% and 0,37% carbon, with and without 3% silicon, were determin-
ed as a function of tempering temperature. 4337 steels with 1,5% silicon
and with variations in nickel, molybdenum and boron were also tested, The
chief advantage of the silicon addition appears at high strength levels,
Silieon retards the third stage of tempering, and an ultimate strength of
300,000 psi is developed in 4337 (340 Si) even after tempering as high as
600°F, The duetility and impact properties are not adversely affected at
this strength level by the silicon. Silicon was also found to increase the
as-quenched hardness, especially in the two lower carbon grades,

WADG TR 58-108 Pt I March 1958
ASTIA Document No, 151075

QTS HRelease

SUBJECT ¢ THE EFFECT OF CAIMIUM FLATING ON SAE 4340 STEEL, IN THE

PRESENCE OF STRESS CONCENTRATIONS AT ELEVATED TEMPERATURES
INVESTIGAT OR: E, M. Kennedy, Jr., Major
ABSTRACT : An investigation was cerried out to determine the effect
of cadmium plating on the tensile end stress rupture properties of high
strength steel at elevated temperatures, Tests were conducted on SAE 4340
steel, and properties of this materlal were investigated in the annealed
and heat treated conditions. The amnealed material was investigated at
600°F and 611°F, effscts on properties of the heat treated material were
investigated at 500°F, 600°F and 611°F, The properties of cadmium plated
steel in both conditions, annealed and heat treated, were compared with
the properties of umplated steel subjected to the same test condi tions.

METALS, HIGH TEMPERATURE

WADC TR 55-243 - September 1957
ASTIA Document No., AD 131071

SUBJECT : DEVELOPMENT OF ALLOYS HAVING GOOD HIGK TEMPERATURE
PROPERTIES THROUGH POWDER METALLURGY TECHNIQUES

INVESTIGATOR: Dr. R. Kieffer
Ir, ¥, Benesovsly

CONTRACT : AF 61 (514)-T41~C
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CONTRACTCR ; Matallwerk FPlanses

ABSTRACT : Pure titanium carbide ang titanium carbide with o lybdenum
carbide, vanadiwe carbide and chromium carbide have been alloyed with re-
fractory binding agents such as iron-aluminum alloys with a content of 8 to
14 % of aluminum as well as Fe~Al-Cr, Fe, Cr-Al and Fe-Al-Mo, Ths carbide
phase has been varied from 5 to 35%.

The most pramising alloys found out among the 12 geries of
alloys consisted of a binding agent of iron~-aluminum with 12 or 14% of alumi=~
num and of mixed erystals of titanium carbide - chromium carbide 90/10.,

All aloys exsmined can be shaped to a certain extent at
high temperatures,

WADC TR 57-242 November 1957
ASTIA Document No. AD 142086

OIS Release

SUBJECT's INVESTIGATION OF FawMpeCr=NC SYSTEM FOR HEAT

RESISTANCE AND GXIDATION RESISTANCE BETWEEN
1200°F and 2000°F.

INVESTIGATOR: Chi-Mei Hsiao
Biward J, Dulis

CONTRACT: AT 33(616)=3318
CONTRACTOR: Crucible Steel Campany of America
ABSTRACT: A comprehensive study of wrought Cr-Mou-C-N steels was con-

Qucted with the objectives, (1) of developing outstanding elevated~tempera-
ture steels that contain a minimum amount of strategic alloying elements,

and (2) of advancing the existing knowledse of this new type of steel, DBased
on the results of the present investigetion phase boundaries of the base come

positions of stable austenitic Creln-C-N Steels have been esteblished, and the

effects of these elements end of V, W, Mo, and Cb on the mierostructures,

end the room- and elevated-temperature properties of the steels have been
evaluated, A nomograph was prepared to facilitate the designing of the base
eccmpositions of these steels, and the estimating of their room- snd elevated-
temperature properties,

These stesls are not as resistant to oxidation as are the
Cr-Ni stesls at comparable Cr levels, However, CrMn-C-N base steels that
have properly balanced compositions possess an excellsnt combinmtion of
strength and ductility at both room- sng olevated~temperatures, For example
a steel containing ,6C, 12 Mn, 24 Cr, .7 N, 4V, 2 W, end .9 Cb, had a 185,
000 psi tensile strength, a 120,000 psi yield strength, a 48% elongation,
and a 40% reduction of area, Also, its rupture strength was superior to
those of 16 Cr - 25 Ni - 6 Mo, N155, 19-9DL, and A-286 in the temperature

rangs of 1200 to 1,00 F.
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WADC TR 57~298 Pt 1 May 1957
ASTIA Document No., AD 130823

SUBJECT: TRON- ALUMINUM ALLOY SYSTHVS
Part I = Fundamental Studies and Alloy Development
INVESTIGATOR: F, X, Kayser
CONTRACT': AF 33 (600)=-32448
CONTRACTOR: Ford Motor Company
ABSTRACT : An extensive program is being carried on to study the me-

chanical and physicel behavior of recrystallized iron~sluminum alloys con-
taining up to 18,5 weight percent aluminum, Date sre presented illustrating
the effect of aluminum on the stress-rupture and tensile properties, It is
concluded that the recrystallized binary alloys sre tco low in hot strength
to consider for use in moderate stress application at temperatures in excess
of 1000°F, Speecial attention has been given %Yo the development of higher

hot strength alloys. The effect of titanium on hot strength is demonetratede.

The effects observed of order=adisorder transformations on
mechenical properties are of fundeamental interest. Some interesting and
unique magnetic phenomenon have been discovered in the binery alloys among
which is a continuous change from ferro-magnetic to anti-ferromegnetic be-
haviora.

WADG TR §7-298 Pt II May 1957
ASTIA IDocument No, AD 130824

SUBJECT: TRON-ALUMINUM ALLOY SYSTEMS
Part I1 - Some Investigations in Air-Melting and
Application of Iron=Aluminum Alloys

INVESTIGATCR: Joseph J. Clark
William J, Zager
CONTRACT: AF 33(600)=32448
CONTRACTCR: Ford Motor Company
ABSTRACT ¢ During the period April 1956 to April 1957 the Process

Deve lopment Dspartment of the Manufactwr ing Engineering Office of Ford
Motor Company air-melted a series of heats of iron-aluminum slloys in the
6 to 10% aluminum range. The melting and deocxidation of these heats, per=-
formed in indirectearc type furnaces, are deseribed, Mechenical properties
obtained on bar stock rolled from ingots caat from & number of these heats
are compared with established properties of vacuum-melted alloys of similar
composition, Results of some exploratory heats involving changes in basie
melting stock, as woll as some with small additions of third element3, &re
presenteds

Initial attempts to produce sound castings in sand molds
are deseribed,

Performanes of certain jron-aluminum alloy samples and
fabricated erticles in service is described,
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WADC TR 57-298 Pt III May 1957
ASTIA Dccument No. AD 130825

SUBJECT: IRON-ALUMINUM ALLOY SYSTEMS
Part 3 - Welding of Iron-iAluminum Alloys
INVESTIGATOR: R. Burthwick

S. Goodman
CONTRACT: #F 33(600)=32448
CONTRACTOH:: Ford Motor Company
ABSTHRACT': Investigations were conducted to develop fusion welding

and resistance welding procedures for three (3) heats of iron-sluminum
alloys Suceessful fusion welding proecedures were developed using the
tungsten inert gas shielded erc process, Variables of power type, current,
voitege, shielding, travel speed, cleaning, preheat and postheet were
investigeted., No definite resistance welding gchedule was established,
although, successaful welds were realized with several schedules. Three
fabrications were made using the fusion welding process in order to evale
uate weld and materiel performance under service condition. The service
evaluations had not been completed at the time of writing this report.

WADC TR 57-309 August 1957

SUBJECT: JOINING COF MOLYBDENUM

INVESTIGATUR: W. N. Platte

CONTRACT AF 33(616)-3524

CONTHACTCR: Westinghouse Research Laboratories

ABSTRACT : An examination of available metallurgicel data on molybdenum

base alloys indicated thet additions of aluminum, titenium, carbon, and
zirconium should provide good welding propertiss. A group of the alloys
selected was welded in & chamber containing an atmosphere of argon. dMech-
anical and metallurgical tests showed that aluminum additions in the range

of 0.18 to 0.22% gave welds that could be deflected 120° at room temperature,
However, all the alloys containing aluminum showed fine porosity. Titanium
additions of O.5% produce welds which can be deflected 120° at temperatures
between 80 and 120°F depending upon the amount of cerbon in the alloy. Welds
in 0.5% Ti with 0,05% C produced the best resultse. No porosity was observed
in titenium alloys. Carbon in molybdenum-carbon alloys was shown to improve
the weld metal ductility by reducing the oxygen content of the base materisl
and by a protective deoxidization action during welding. Molybdenum with
0.06% carbon showed the best bend ductility within the carbon renge examined.,

The effect of welding speed on the grain size of the weld
metel was examined. While it is theoreticelly possible to reduce the weld
met&l grein size by increasing the welding speed, experimental difficulties
were encountered due to retraction of the weld metal at speeds of 2 cm/sec.
Chilling the weld failed to overcome these difficulties.

Post-welding residual stresses were measured end it was
found that these stresaes could be eliminated by a vacuum heat treatment at
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1832°F,. The residual stresses found in the welds prior to heat treatment
are sufficiently large to produce fracture without additional applied
stress. The post-welding stress relief was ececomplished befors the weld
had cooled to the trensition range. Crater cracking was effectively
prevented by this heat treatiment.

WADC TR 57=343 November 1957
ASTTA Document No. AD 142117

0TS Releasse

SUBJECT: A STUDY OF THE METALLURGICAL PROPERTIES THAT ARE

NECESSARY FOR SATISFACTCHY BEARING FERFORMANCE
AND THE DEVELOPMENT OF IMPROVED EEARING ALLCYS FOR
SERVICE UP TO 1000 F

INVESTIGATCR: Gopel K. Bhat
Alvin E, Nehrenberg
CONTRACT : AF 33(616)-3318
CONTRACTCR: Crucible Steel Company of America
ABSTRACT @ The use of bearings made from hot work steels and

other tool steels in experimental engines has resulted in a few premature
engine failures, Unfortunately, very little has been known about the
elevated temperature properties such as hot hardness, compressive yield
strength, resistance to softening end structural and dimensional stability
of these hot work and other tool steels. This report describes the work
done to obtain these material properties for 29 steels ranging in type
from SAE 52100, its modifications, %o hot work and other tool steels. 4An
analysis of the date obtained shows that Halmo, VSM, M50, M10O, T1, M2,

Ml and two experimental compositions one, Steel B, containing 0.70 carbon,
4420 chromium, 0,60 vanadium, end 5.30 molybdeaum, and the other, Steel G,
containing l.31 carbon, 4.07 chromium, 4+13 vanadium, 5.75 tungsten, and
487 molybdenum, are suitable for eleveted temperature aircrafi bearing
application., From a point of view of temperature range of application
these steels have been classified as follows:

Room Temperature up to 700 F Halmo 1
Room Temperature up tc 800 F VM, M50, MIO and Steel B
Room Temperature up to 900 F T, M2, ML and Steel G

None of the steels investigated appeared suitable for
application at 1000 F.

WADC TR 57-426 Decembsr 1557
ASTIA Document No. AD 142237

0TS Release

SUBJECT: INVESTIGATION OF THE EFFECTS COF INCUNGRUOUS BLEMENTS
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ELEMENTS AND THE INTBRACTIGN EFFeECTS OF THESE
ELEMENTS ON HIGH TEMPLRATURE STRENGTH OF FEwCOw
NI-CR ALLOYS

INVESTIGATOR: J. He Sye
T. L. Robertshew
F. M. Richmord

CONTRACT 2 AF 33(616)=2777
CONTRACT(R: Universal-Cyclops Steel Corporation
ABSTRALCT : An investigation wes made of the effect of five

combinations of incongruous elements on the high temperature properties
of vacuum melted alloys with a base composition of 60 atomic % Ni,

20 etomic % Cr, 10 atomic % Fe, 10 atomic % Co. Balanced experimental
designa were uged for each groupe.

In the group of alloys c¢onteining additions of Al,
Ti and W to the bass, a cest alloy had & stress-rupture life of
133.9 hours et 1800F and 15,000 psi, A forged alloy of this series
obtained a life of 149,1 hours at 1750F aend 15,000 psi.

The value and limitations of balanced experimental
de=igns are discussed.

A metallographic study of cast and wrought alloys is

appended.

WADC TR 57-535 Februaery 1958

ASTIA Document No, 4D 150971

UTS Relesase

SUBJECT: A STUDY OF THE POSSIBILITY OF REINFORCING HIGH-
TEMPERATURE ALLCYS BY ADDITION OF REFRACTORY
FOWDERS

INVESTIGATCR: John D. EBurney

CONTRACT: AF 33(616}=2959

CONTRACTCR : P. R, Mallory & Co., Inc.

ABSTHACT': This investigation was concerned with attempting to

reinforce 80 Ni-20 Cr alloy by the addition of such refractory oxides
as Ti0p and A1203‘

Several powder metallurgical fabrication techniques
were investigated such as (1) pressing and sintering, (2) pressing and
sintering followed by various working procedures, (3) internsl oxidation
and (4) liquid phase sintering.

In the press-sinter method of fabrication, the best
stress-rupture characteristica at 1600°F were obteined with additions
of 340 = J45% TiO,. An addition of 4.5% Ti0y resulted in & rupture time
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of 29.6 hours as comparsd to & rupture time of 1.0 hour obtained on
bars contaeining no TiOg.

Various hot and cold working procedurez d.d not result
in any improved stress-rupturs properties.

The liquid phese sintering technique produced the best
stresg~rupture properties. Stress-rupture tests at 1800°F snowed a
stress of 6200 psi for an 80 Ni-20 Cr + 1.0% Ti0O_ % C material which was
more than three fold better than wrought Nichrome V. Stress~rupture
tests on the same materials at 1975°F showed the liquid phese material
to have twice the strength of Nichrome V. The impact strengths veried
from 10 to mors than 50 inch pounds. KHoom temperature tensile s=trengths
which were fairly consistent, averaged abocut 75,000 psi. The thermal
shock properties were excellent and the oxidetion resistence, although
not quite as high aa Nichrome V, was considered goods.

WADC TR 57-649 Pt I Jenuary 1958

43TIA Document No. 1422084

I3 helease

SUEBJECT: DETEREMINATION OF THE MECHANICAL FRCOPoRTIES COF ATRCRAFT-

STRUCTURAL MATERIALS AT VERY BHIGH TRMPFRRATURKS AFTER
RAPID HATING
INVESTIGATCR s James B, Preston
william P. Hoe
J. Robert Kattus

CUNTRACT AF 33(616 )=3494
CONTHRACTOH: Southsrn Research Institute
APSTRACT s Structural components in high-gpeed aircraft and in

missiles must function for short periods of time &t high temperatures
and at high stressess. The heating time and loading time in ccnverntionsal
tests for design date usually exceed those theat apply in high-speed
aireraft and in missiles. 4 study wes made, therefcrs, of the mechanical
properties -=-- tensile, creep, fracture, compression, shear, &nd bending
=aw of geversl structural materials under conditions of mcderate to rapid
rates of heating and of loading

The materials involved in this investigetion included
electrolytic~tough~piten copper, oxygen-free high-conductivity copper,
A~-nickel, ingot iron, molybdenum, tantslum, Type GBH grephite, and
composite OFHC copper plus 316 stainless steel sheet. The testing
temperatures ranged from room temperature to the melting points of the
metala and to 5750°F for the graphite. The totel heating, holding, &nd
loeding times to failure ranged from about three seconds ¢ about 30
minutes. Meny of the tests were carried ocut both in air and in inert
atmospheres.
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It was found that the strength of the test metals
decreased continuously with increasing temperatures. The graphite,
however, increased in strength up to 4500°F and then decreased in strength
with further increases in temperature., With constant loed and constant
temperature and with transient lcad or transient temperature, the
inherent load~-carrying cepacity of the metsla increased with decreasing
times under load. The inherernt strength ~f the graphite was rot signi-
ficantly affected by varistions in time under loed.

The mechanicel propert.ss of the copper aud of the
nickel test materials were not significently affected by exposure 1o
air at temperatures up to their melting points within the time limitetions
of the varicus tests., Because of oxidation, the apperent strength of
the irom, molybdenum, tantelum, and graphite decreesed with increasing
exposure times to air at elevated temperastures.

WiDG TR 57-678 March 1958
43T1A Document No. AL 151035

OIS Helease

SUBJECT : STUDIES AND COMrARISON OF THE PHOPERTIES OF HIGH

TEMPERATURE ALLOYS MELTED AND PHECISION CAST BUTH
IN AIR &L IN VACUUM

INVESTIGATCK s Milo J. Stutzman

CONTRACT AF 33(616)~3466

CONTRACTCR : Westinghouse Electrie Corporation

ABSTHACT : ' The objective of the research progrexm for USAF

Contract Ne. £F 33(616)-34568 was the investigation of the potentialities
for improvement of the mechanical propertiss at alsvated temperaturs of
heet-resisting alloys by varied practices of melting and investment
casting. Two cobalt and iwe nickel bass alloys were prepered under the
following casting conditions:

is 3tellite 31 wes melted &nd investment cest in ALr
and in vacuum,. with a2 argon atmcsphere for
LOUIAOE .

) 3

de B '

oL
[

45 wax melted and investment cest irn air end
2GWiG, ¥alh an argon estmosphere for puring.

1]

& 1
oo
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b

Fe Utimet 50¢ was melted =rnd investment esast in
vaguian with and without zdditions of mirconium
and borcn.

Le Guy Alloy wes pelted and investiment cast in vecuum
and in argon.
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The effects of melting and casting procedures upon the
gas (hydrogen, oxygen, oxygeh and nitrogen) contents, the tensile proper-
ties at room and elevated temperatures, the stress-rupture properties in
the range of 1350 to 1800 F, and the oxidation resistance to air at constant
temperature of 2000 F and intermittent exposure to air af room temperature
and 2000 F were studied.

The date obtained on this progrem failed to support gen-
eral conclusions applicable to the four alloys under investigation. Tests
of specimens of one alloy feiled to substantiate data obtained from other
tests for related properties. The data must be evaluated for each alloy
with close correlation to service conditions for design applications.

WADC TR 57-717 December 1957
ASTIA Document No. AD 142258
OIS Helease

SUBJECT': INTERMEDIATE PHASES IN THE IRON-TUNGSTEN AND COBALT~
TUNGSTEN BINARY SYSTEMS

INVESTIGAT(R: Edwerd C. Van Reuth

ABSTRACT: Fifty-three alloys heve been examined in the Fe~W and

Co-W alloy systems in an attempt to verify the finding of sigma phases

in these systems as reported by Goldschmidt. Selected regions of both
vinary equilibrium diagrems were investigated by examining alloys metallo-
graphically and by X-ray diffraction techniques. The results of this
investigation indicate that neither of these systems containg a sigme

¢-) phase. However, they do conatin an xi (¥) phase (MBW;Q. originally
labeled (<) by arnfelt and Westgren, and Magneli and Westgren (M%)

It was also found that scme portions of the existing
equilibrium diagrems should be changed.

WADC TR 5828 April 1958
ASTIA Document Ne. AD 151161
0TS Release
SUBJECT: THE STRENGTHENING OF AUSTENITIC SOLID SCLUTIONS
INVESTIGATCR: F. Eberle E. J. Bozie
J. H, Hoke w. E. Leyda
CONTRACT : AF 33(616)-2413 and AF 33(616)-5208
CUNTRACT'CR: The Babcock & Wilcox Company Research Center
ABSTRACT ¢ Among vacuum-melted wrought carbon-free alloys of Fe~

Cr-Ni, Fe=Cr-Co, and Fe-Cr-Ni-Co, the compos:tions 10Fe-20Cr-70Ni and
20 Cr - 80 Co have shown highest 100-hour rupture strength at 180C°F.
Strengthening suseeptibility studies with these twc base composgitions by
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sclid solution hardening, complex carbide hardening, end intermetallic
compound hardening revealed that the nickel baase responds most effectively
to intermetallic compound hardening with Ti and 41, less so to complex
carbide hardening, and not af ell to solid solution nardening. The cobalt
base responds tc &ll three methods of strengthening; however, it does not
attain as high a level of rupture strength at 1800°F as the nickel=base
alloys.

METALS, NONFERROUS ALUMINUM

WADC TR 56-585 Pt I September 1957
ASTIA Document No., AD 142007
0TS Release

SUBJECT: EFFECTS OF TEMFERATURE-TIME~STRESS HISTCHIES ON THE
MECHANICAL PROPERTIES OF AIRCRAFT STHUCTURAL METALLIC
MATERIALS
Part I. Temperature-~Time Studies for 2024-T3 and
7075-T6 Aleclad Sheet

INVESTIGATCR: Robert E. Fortney
Charles H. Avery

CONTRACT : AF 33(616)=-3028
CCNTRACTGH ¢ Northrop Aireraft, Inc.
ABSTRACT: In order to establish realistic design criteria applicable

to aercdynamically heated materials and their complex combinations of
temperature, time and stress exposure and inspection criteria for matere
ials after exposure to complex service conditions, the tensile properties
of 2024-T3 elclad and 7075-T6 elclad sheet were determined at room teme
perature, 200, 300 and LUO®F after single and sequentiel multiple exposure
in the renge 250 through 600°F. In addition, the Kockwell hardness
properties at room temperature after the above exposure conditions wers
determined to provide a besis for inspeetion of aireraft after service
exposure tc aercdynemic or engine heatinge

Five tensile properties were determined for esch exposure
and test condition. Three of these, the proportional limit, modulus of
elagticity, and percent elongation were tabulated and greaphed in & non-
dimentional form to generalize the data with respect tc test meterial
variability. 3Since the yield end ultimate strengths determine the load
carrying ability, these tensile properties were enalyzed carefully and
generalizations with respect to exposure temperature and time end testing
temperature were aceomplished. Statistical calculations were msde to
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determine the accurscy of the various enalyses. The conclusion was reached
that the yield end ultimate strength analysis is adequate for establishing
design criteria in the range rcoom temperature through 400°F, after complex
exposures to times from 1.0 to 1000 hours at temperatures from 250 to 600°F,

Materisl, equipment, specimens and procedures are described
in detail. Test results are presented in the fcrm of tebles and curves to
illustrate the effect of the exposure and test conditions on the meteriels
under investigetion and the effect of normalizaticn snelyses on the generale
ization of the datsa.

METALS, NCNFERROUS MAGNESIUM

WADG TR 56-415 September 1957
ASTIA Document No. AD 131042
OIS Release

SUBJECT: DEVELCFMENT CF 241 MAGNESIUM SHEET ALLCY
INVESTIGATCR: H. A, Johnson

R. D. Masteller, 1/Lt
ABSTRACT 3 A very promising magnesium &lloy system was developed
which appears superior tc AZ31 sheet alloy. This &lloy has been designated
as 7M 41 and has & nominal composition of i Zinc + 1.0 Mapganese + Q.7
Mischmetal balance Magnesium., Some of the features of M4l alloy compared
to 4231 are higher strength, more uniform longitudinal and transverse
tensile properties, and a much greater tolerance fer ircn without the
corrosior resistance of the alloy being edversely affected.

WADC TR 56-478 September 1957
ASTIA Document No. 4D 142008

SUBJECT: LITERATURE SURVEY OF THE CCRKCSION OF MAGMESIUM AND
MAGNESIUN, ALLCYS
INVESTIGATOR: Henri S. Sack

Bryon FP. Roe
CONTRACT : AF 33(616)=3032
CONTRACTCH : Cornell University
ABSTRACT: This report represents & literature survey of the ccrrosion

of magnegium and magnesium alloys, and emphesizes papers published since
1940, In view of the complexity of the phenomena and controversial or
insufficiently documented experimental results only very few generaliZe
atiops concerning the corrcsion process cen be made.
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WADC TR 57-194 Pt I Marchk 1958
ASTIA Document No. AD 151016

SUEJECT: INVESTIGATICON OF ALLOYS OF MAGNESIUM AND THEIR
FROPERTIES
Part I - Shop and Service Characteristics of
Several Prcmising Wrought Megnesium Alloys
INVESTIGATCR: F. w. Hyslop
G. 5. Foersater

CONTRACT AF 33(616)=2337
CONTRACTCR: The Dow Chemicel Company
ABSTRACT : The shop and service characteristics of several promising

wrought nagnesium alloys were determined. The evaluation of HM21XA and
dH11Xl, outstending sheet alloys at high &nd moderate temperatures,
respectively, includes mechanical properties, formability, weldability,
corrosion resistance, and fivishing. The effect of alloy modifications on
mechanical properties, bending charecteristics, and corrosion resistance
of ZK6OXB pellet extrusions was evaluated. The room temperature tensile
properties of zE4lXA, e high strength sheet alloy, are alsc included.

WADC TR 57-194 Pt II Jeptember 1957

ASTIA Document No. AD 131034

(TS Release

SUBJECT: INVESTIGATION OF ALLOYS OF MAGNESIUM 4ANL THEIR
PHOPERTIES
Part 1I  Thernal acd Electrical Properties of Magnesium
Bese 4Alloys

INVESTIGATCR: H. Baker

CUNTRACT : AF 33(616)=2337

CCOWTRACTOR : The Dow Chemicel Company

ABSTRACT 3 The electrical resistivitiea for cest AZ31A & B,

AZh3A, AZBla, AZ91C, AZ92A, AM1OOA, EK30A, EK41A, EZ334, HK314, rolled
HK31A erd HM21XA, and cast HZ324 were determined st room temperature and
in scme cases up to 500F. The values at 68F ranged from 17.2 microhmjcmj
for AMI0CA=TY to 9.2 miecrohm/em’ for AZ314 & B =F & =Tk and from Te7

mi crohm/em3 for cast HK314-T6 to 5.0 microhm/cm’ for rolled HM21XA-T8.

At 500F the values ranged from 11.6 mierohm/cm’ for EK41A-T6 to 9.l
mierohm/cm? for HM21XA-T8 for the HE and Th containing alloys. Room
temperature resistivity measurements on cast EM31 and EK31 ranged between
7.8 and 5.5 microhm/ for the =T6 and -T7 tempers respectively. The
temperature coefficients of electrical resistivity were fairly constant
ranging from 0.8 to 1.0 microhm/em3-°F, Calculations of thermal conduc-
tivity from electrical data are reported for AZ31A & B, AZb34A, AZ8l4,
4£291C, AZ924, AML00A, EK30A, EK41A, EZ334, HK31A, HM21XA, and HZ324,

The temperature coefficients of thermal conductivity were all positive
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and decreased with increesing temperature, Enthelpy, specific heat and
heat of fusion were measured for AZ31B, HK314, HM21XA, HM31XA, and ZKO6OA,
The heat of fugion seemed to decrease with ‘increasing alloy content from
82 cal/gm for HM21XA to 76 cal/gm for ZK60A. At temperatures around
BOOF the specific heats of the alloys were about the same as that of pure
magnesium except the specific heat of AZ31B which was somewhat higher.

WADC TR 57-194 Pt III Jeptember 1957

ASTIA Document No. AD 131035

0TS Heleass

SUBJECT': INVESTIGATION CF ALLCYS OF MAGNESIUM ANL THEIR
FROFPERTIES

Part III Development of Preferred Crisntation in Wrought
Magnesium Alloys
INVESTIGATCH: S. L. Couling

CONTRACT ; AF33(616)-2337
CCNTRACT (R The Dow Chemicel Compeny
ABSTRACT: A polarized-light metallographic technique capable of

supplying informetion on the orientation of individual grains in a
polyerystalline magnesium aggregete has been developed and used as & tocl
in several orientation studies. The distribution of preferentially
oriented grains in verious exiruded slloys hes been examined and it was
found that elongeted clusters of grains of one orientation alternate with
clusters of another orientation throughout much of the extrusion thickness.
Inhomogenecus flow or "banding® has been found to te an important defor-
mation mechanism during the cold rolling of certain alloys and the hot
compression of alloy cylinders. The bands are believed to be formed by

a fracture-glide mechanism, Banding may be operative during hot rolling
with large reductions per pass and could sccount for the observed dcuble
peek in the preferred orientation of most rolled alloys. Polycrystalline
meterial with & preferred orientation close to the ideal can be twinned
almost completely by the application of a sufficient compressive atress
parallel to the sheet surface; on amnealing, the heavily twinned metal
recrystallizes in a preferred orientation merkedly different from the
initiel idesl orientation.

WADC TR 57-241 Pt 1 August 1957
ASTIA Doeument Noe AD 131018

0TS Release

SUBJECT: DEVELOPMENT OF A CORRCSICN RESISTANT MAGNESIUM ALLOY

Part I. Development of Magnesium 4lloys for Better
Corrosion Resistance
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INVESTIGATOR: M, Baliclki
C. D'antonio

As Kravic
CCNTRACT ¢ AF 33(616)=-2917
CONTRACT(R: Polytechnic Institute of Brooklyn
AESTEACT: A novel way for finding alloys of magnesium with better

corrosion resistance has been evolved., This scheme relies upon alloying
magnesium with elements which, owing to their lower surface tension, are
expected to concentrate on the surface end thus alter the corrosion
behavior. From a number of elements having a8 lower surface tension than
magnesium the following: Hg, Pb, Ge, In, Bi, Sn, Cd, Ce have been added
%o it to form very pure, dilute, binary slloys. Since this was a feasibi-
lity study, insufficient data was obtained to allow a statistical anhalysis
of results. The preliminary results cbteined in general , however,
indicate that megnesium alloys conteining Sm, Sb, Ge, Cd, and In compare
favorably with pure magnesium in the QQ-M-1514 Salt Spray Test,

WADC TR 57-241 Pt 11 August 1957
4&STIA Document No. AD 131010

0TS Relsase

SUBJECT't DEVELOPMENT OF A CCRROSION RESISTANT MAGNESIUM ALLOY

Part 11 Surfece Tension Dets of Elements
INVESTIGATOR: V. P. Siute

M. Balicki
CONTRACT: AF 33(616)-2917
CONTRACTOR Polytechnic Institute of Brooklyn
ABSTRACT': Experimental and estimated values of surface tension of

75 elements have been gathered. This unigue collection was of value in
elucidating the megnesium alloying program and should be of use to workers
in other fiselds.

Correlations for estimating surface tension velues of
elements have been scrutinized, augmented and used. Extensive biblio-
graphy on the subject of surface tension is presented.

WADC TR 57-518 December 1957
ASTIA Document No. AD 142197

SUBJECT: DETERMINATION OF THE FORGING CHARACTERISTICS OF NEW ANU
HIGH TEMPERATURE MAGNESIUM ALLOYS
INVESTIGATOR: R. E. Hook

J« F. Pashak
CONTRACT : AF 33(616)-3578
CONTRACTOR : The Dow Chemical Company
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ABSTRACT ¢ Thia laboratory forging program was established for the
purpose of seleecting the best magnesium alloy or alloys for elevated
temperature service. 1The alloys investigated were three Mg-Th alloys
(HM21XA, HK314, HZ32A) and four Mg-RE alloys (EK31(MM), EZ334, EK31(Di),
EM41XA); two commercial alloys (42804, ZK60A} were includsd for comparative
purposes. Both cast ingot and extruded billei were used as forging stock.
Ztatic properties and creep resistance of the zlloys were determined on
forged discs of 90% reduction. The date, therefore, cannct be considered
ss representative of dis forgingas.

Of the slloys inveatigated, HM21XA-T5 exhibits the best
combination of properties in the range of 500 to 7OOF while EX31XA-T6
presests the optimum velues at 70 to 500F. Pre-forging cast ingot bas
no significant effect on the properties of forgings when the final forging
reduction is a8 great as 75%; however, increasing pre-forging temperature
has a delstericus effect on the final forged properties.

Evaluation of closed die forgings produced on a 3000 ton
oress show that sase of forging (die filling) increeses in the following
order: HMZ1XA, HK314, EK31 (Di), commercial alloy AZBOA and ZK6C4. Tem=
perature and pressure requirements to fill the die for a given alloy
incresse as the draft sngle (79, 3%, 0°) decreases.

WADC TE 57-576 December 1957
T1s Document Ho. AR 1i2e09
TS Release

SUBJECT: A BASIC SPUDY OF CORROSICH OF MAGNESIUN
INVESTIGAT(H: Aichard R, Adaiss Herbert Hollister
Mitchall 5. Cohen Henri 3. 3sck
Robert 1. Frank Karl Scharxf
CONTRACT 5 AF 33(616)-3032
CONTRACTOR . Cornell University
ABSTRACT 1 This report constitutes the final report of the work done

under the present contract. 4ttempts $o obtain a perfectly ciean surface
of magnesium are described., Due t¢ limitaticns ih time no definite reaulis
on the oxidation of Mg were obtained; however some preliminary resuits on
the patterns obtained from pure Mg in a field emission microscope, and the
oxidation at low temperatures &I's reported.
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METALS - NONFERROUS TITANIUM

WADC TR 54-112 Pt II December 1957
ASTIA Document No. AD 142198

SUBJECT s INTERMEDIATE TEMPERATURE CREEF AND RUPTURE EEHAVIOR
OF TITANIUM AND' TITANIUM-BASE ALLOYS
Part II: Influence of Mieroatructures on Creep-
Rupture Properties

INVESTIGATOR: Jeremy V. Gluck
James W. Freeman

CONTRACT : AF 33(616)=244
CONTRACTCR The University of Michigan
ABSTHACT: An investigation was carried out to establish the rela-

tionships between types of mierostructure and cresp-rupture properties of
titanium alloys &t 600°F to 1000°F, Chemical composition and the influence
of heat treatment was investigeted to a limited extent for each type of
alloy. The date are fairly complete for some alloys and consist of survey
test data for others.

Alphe titanium as represented by commercially pure fitanium
had the lowest strength. Staeble alpha alloys (6% Al and 6% Al - 0,5% Si)
and stable beta alloys (30% Mo and 50% V) had similar strengths. These
alloys had the highest strength at 800°F and 10Q0°F where ¢reep wWwas &
ma jor factors The elpha-beta alloys (Ti 1504 end Ti 1554X) end the metaw
stable beta alloys had high strengths through 600°F and for short %ime
periods et 800°F by virtue of strengthening from transition atructures
from the beta tc alpha transformation.

Compositional differences between alloys hed rather
small effects in most cases. Properties of the elph&a-bsta and mete-stable
beta alloys were markedly influenced by heat treatment except at 1000°F,
The other structures were little influenced by heat treatment. Duectility
varied considerably between alloys and with heat treatment and test cope
ditionge.

None of the alloys were subject to appreciaeble creep at
600°F and strength was governed by tensile properties for time periods up
to 1000 hours. Increasing tensile strength by cold work or by heat treat-
ment permitted application of high stresses which usuelly caused immediate
feilure at 600°F when the stress was atove the yiela strength, This
seemed to be & delayed tensile fraciure rather than true ereep to rupturs.
Creep and structural stability were the ma jor factors in strength at
BOC°F and 1000°F,
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WADC TR 54-112 Pt III December 1957
ASTIA Documsnt No. aD 142227

SUBJECT INTERMEDIATE TEMPERATURE CREEP AND RUPTURE EEHAVICR
OF TITANIUM AND TITANIUM-BASE ALLOYS
Part III: Effects of Hot Rolling, Embrittlement, and
Interstitial Elemsnts

INVESTIGATOR: Jeremy V. Gluck
James W. Freeman

CONTRACT : AF 33(616)=244

CONTRACTOR The

University of Michigan

ABSTRACT : Three major factors involved in the properties of titanium
alloys at high temperatures wers investigated:

1.

2e

3.

WADC TR 54-278 Pt IV

A limited study wes made of the influence of hot=-
working conditions on creep-rupture properties at
600°F to 1000°F.

The changes in room temperature tensile test ductility
as a measure of embrittlement during creep testing

at 75°F to 1000°F were evaluated for a considerable
nunber of specimens of aeveral alloys.

A limited study was carried out on the influence of
hydrogen content and the hardness of the sponge
(interstitisl alloying elements) used in meking alloyss
Creep-rupture properties and embrittlement during
stressed exposure were evaluatea for temperatures of
600°F to 1000°F.

November 1957

ASTIA Document No. D 142147

0TS Release

SUBJECT: DEVELCPMENT OF TITANIUM-BASE ALLCYS FOR ELEVATED
TEMPERATURE APPLICATION

INVESTIGATCH:: Frank A. Crossley
Williem F. Carew
David W. Levinson

CONTRACT : AF 33(616)-2853
CONTRACTOR ¢ Armour Research Foundation
ABSTRACT : The objectives of this research progrem were as fcllows:

(1) To determine the effect of forging and heat treatment
variebles on the mechanical properties of the Ti-7Al-

“Mo

alloy. Lvaluaticns were made of tensile apecimens,

both machined from bar stock and cut from plate fabri-
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cated in such & manner as to simulate compressor blede
forging practice. The purpose of this dual evaluation
was to determine what effect the forged skin had on
mechanical properties,

(2) To determine the effect of sponge quelity on mechenical
properties of TAl=3Mo alloy.

(3) To evaluate the tensgile, creep~rupture and atebility
properties of the alloys Ti~6Al-3Nb, Ti-641-3¥o-2Ge
and Ti-6Ale3Mo~4Ge.,

The program for the evalustion of the Ti=74l-3Mo &alloy
encountered considerable difficulties with the result that the work wes
halted before evaluation was completed, The material with which the
program wes started was discarded because of substandsard ductility which
was attributed to high oxygen content. While considerable date were
collected on the replacement material, it too proved to heve substanderd
ductility. The ceuse of the low ductility in the replacement material
could not be attributed to off~chemistry of aluminum, molybéenum, carbon,
hydrogen, nitrogen or oxygen. The sulfur content was indiceted to be
0.034% by enaslyses conducted &t the Foundation and 0.01% by analyses
conducted by Msllory-Sharon. While the low ductility of this material
cenrot with any degree of surety be attributed to sulfur, it is & possi=-
bility.

The significent findinga from the dete collected on the
low Guctility replacement 7Al-3Mo materisl were the followings

(1) In heat treating, increesing the solution treating temper-
ature followed by weter quenching increases the time
required to achieve overaging,

(2) The widmanstatten structure has creep-rupture properties
at 1000°F superior to the equiexsd structure.

(3) The “skin* effeect (as represented by comparing test spec-
imens machined from bar stock with specimens cut from
forged plate) on creep~rupture properties at 1000°F was
considered tc be masked and perheps dominated by the
*gize" effeect, i.e., ratio of surfuce area tc volume.

The forged specimens which were higher in asrea-toevolume
ratio were found to have lower ereepsrupture: strength
compared to machined specimens. This result was in
agreement with findings of other investigators for the
size effect.
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It io emphesized that &ll data for the Ti-7Ale3Mo alloy
reported herein unless stated otherwise were determined for low ductility
materials.

The 6A1-3Nb alloy contained less 2 than the 6Al-3Mo
elloy end was higher in tensile strength, but lower in ductility at rcom
temperature, The 6Al-3Mo-2Ge and 6Al-3Mo-iGe alloys were significantly
stronger at room temperature thean 6Al=3Mo. The 6Al-3Mo~4Ge alloy wes
very low in ductility.

The alloys in order of increasing creep resistance at
800°F were: 6AL-3Nb, 6Al-3Mo, 6Al-3Mo~2Ge and 6Al-3Mo-4Ge. -The alloys
in order of increasing 500=-hour rupture strength at 1020°F were: 6hile
3Nb, 6Al-3Mo~2Ge and 641=3Mo end 6al-3MowiGe. Omnly the 641 =3Mo~2Ge elloy
showed loss of ductility in stability tests.

Only the 64l-3Mo-4Ge alloy was superior in creeperupture
properties to 6Al-3Mo, However, the ductility of this alloy is congidered
too low for practicel application.

WADC TR 54-546 Pt II March 1958
ASTIA Document No. AD 151010

OIS Release

SUBJECT: PILOT PRODUCTION, FABRICATION AND EVALUATION

OF PROMISING TITANIUM ALLOYS
INVESTIGATOR: Frank A. Croaslsy

Ben jamin R. Rajals

David W. Levinson

CONTRACT : AF 33(616)=2060
CONTRACT QR+ Armour Reseerch Foundatioa
ABSTRACT : Approximately 300 pounds of Ti-7Al=-3Mo alloy were fab-

ricated tc bar stock and distributed to varicus jet engine manufacturerse
About 70 pounds of hot-rolled, centerless-ground ber was sent to Thompson
Products, Inc. They were highly successful in manufacturing 140 J-57
7th stage compressor blades from this meteriels. The endurance limit for
blades bench-tested &t rocm temperaturs under completely reversed siress
was 75,000 psi, 5000 pesi higher then Ti-bal-4V alloy bledes of the seme
eonfiguretione Tensile properties for specimens cut from bledes and heat
treated:s 1560°F=1/2 hour-air cooled, 1020°F=2) hours, were as fcllowa:
170,000 psi ultimate tensile strength, 167,000 psi 0.2% offset yield
strength, 49% reduction in area, and 16% elongations As a result of the
promising preliminary evaluetions, Pratt and whitney Aircraft, Livision
of United Aircraft, is preparing to engine test these blades.

Johnston and Funk Titanium Corporation was successful
in producing, on an experimental basis, wire in sizes down t0 0.020 in.
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diameter from Ti-7Al«~3Mo 9/32 in. diemeter rod, No difficulty in
supplying production quantities is anticipated.

The high strength condition produced by applying the heat
treatment: 1800°F-1 hour-water guench, 1000°F-2 hours to egquiaxed
Ti=7Al-3Mo slloy material was found to be unstable to eging under stress
at 8CO°F,

Tests conducted by Eaton Manufacturing Company indiceted
that the alloy is stress-relisved by 2 hours at 13009F.

The Ti-7Al=-3Moc alloy shows consideresble promises This
is a feect implicit in the production by Cramet, Inc., of 1500 to 2000
pounds of Ti-7Al-3Mo material for sale, and the aunocuncement by Rem-Cru
Titanium, Inc,, of the availebility of experimental quentities of their
version of the alloy containing 6-1/2% aluminum and 3-3/4% molybdenum.

WADC TR 54~616 Pt IV September 1957
ASTIA Document No. AD 131088
OIS Release

SUBJECT: HYDROGEN CONTAMINATION IN TITANIUM AND
TITANIUM ALICYS
Part IV: The Effect of Hydrogen on the Mecheanical
Properties and Contirel of Hydrogen in Titanium Alloys

INVESTIGATOR: D, N, Williems W, M, Albracht
F. R, Schwartzberg M. We Mallett
P. R. Wilson R. 1. Jaffee
CCNTRACT : AF 33(616)-2813
CONTRACTOR ¢ Battelle Memorial Institute
ABSTRACT : 4 comprehensive investigation of hydrogen in titenium

alloys was carried out. Tests were conducted to gein an ingight into
the mechenism of the slow-strain embrittlement of titerium alloys by
hydrogen, and a tentative theory is presented. Lighty titanium alloys
were exaamined in the stabilized ecndition to determine the effect of
gomposition on the tendency toward hydrogen embritilements The effect
of microstructural veriations on the tendengy toward embrititlement was
also studied, In addition to studying the effects of hydrogen on the
properties of titenium, factors affecting hydrogen pickup by titanium
and methods of removing hydrogen from titenium were investigated.
Inciuded were investigations of low pressure solubility, degessing methods,
and the pickup of hydrogen from various atmospheres.

WADC TR 57-251 Pt I June 1957
ASTIA Document No. AD 130847
0TS Release
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SUBJECT: HIGH TEMPERATURE BRITTLENESS IN TITANIUM ALLCYS
INVESTIGATCR: Nick Makrides
W. M, Baldwin, Jre.

CONTRACT ¢ AF 33(616)-3536
CONTRACTCR 3 Cass Institute of Technology
ABSTRACT An alpha-titanium alloy (A-110-AT) ccntaining 5% Al and

2,5% Sn, end an alpha-beta titemium alloy (Ti-140-A) containing 2% Cr, 2%
Fe, and 2% Mo were each prepared {a) free from impurities, (b} with 0.2%0,
(¢) 0,22 C, end (d) 0,12 N for a program designed to explore strain aging
phenomena, high temperature brittleness, and stress-rupture behavior of
titanium alloys.

Tensile tests at different strain rates have been made on
the slphs-alloy containing 0,1% N. The tests revealed a brittle range at
680°F (360°C) at a strain rate of 0.05 in/in/min, This brittle range was
moved to 1020°F (550°C) employing a strain rate of 100 in/in/min, The min-
ima in the ductility vs, temperature curves for the two strain rates when
plotted on log strain rate vs, reciprocal absolute temperature coordinates
gives a straight line (assumed) having a slope which is parallel to the
line defining the diffusion coefficisent of nitrogen in alpha-titanium., On
the other hand, tests are still to be made on the impurity-free, alpha=-
alloy to see whether the brittleness occurs in the absence of nitrogen.

A review was made of the various types of brittleness
found at elsvated temperatures in metals and alloys so that any brittle-
ness encountered in titanium could be compared and identified.

WADC TR 57-269 November 1957
ASTIA Document No. AD 142137

0TS Helease

SUBJECT: PARTITION OF SOLUBLE CARBON IN Ti-6Al1-4V ALLOY

INVESTIGATOR: Richard D, Seibel
Richard L. Beck
Leonard E, Olas

CONTRACT : AF 33(616)-3349
CQNTRACTCOR : Denver Research Inatitute
ABSTRACT: The mechanism by which alpha-beta titanium elloys are em-

brittled by small smounts of interstitial-typesclutes such as nitrogen,
oxygen and carbon can not be fully understood until more is known of the
miero-distribution of these dissolved impurities in the two-phase alloys.
This report describes the results of an investigation of possible means for
determining the micro-distribution of these impurities, particularly in the
more complex alloys.
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A useful method was developed for measuring micro-distrie
bution of solutes in alloys, This method was completely independent of the
presence of other solute elements, whether interstitial ar substitutional,
In addition, sause information is presented regarding the use of micro=-
autoradiographic techniques to study the micro-distribution of the inter=
stitizl type soclutes in twowphase titanium allioys,

WADC TR 57-360 November 1957
ASTIA Document No, AD 142142

0TS Rslsase

SURJECT: RESEARCH ON THE EFFECTS OF STRES3, STRAIN, AND

T&PERATURZ O THE EUTECTCIL DECOMEGSITION OF TITANTJ ALLOYS
INVESTIGATCR : Adolph W, Goldenstein

Arthur G, Meterlfs

William Rostoker

CONTRACT : AF 33(616)=339)
CONTRACTOR: Armour Research Foundation
ABSTRACT: Three titanium-chromium alloys have been forged in the ¢ &

range to give six systems with controlled amounts of each phase, The iso-
thermal transformation at 400°, 500°, and 600°C of sach of these systems
was followed by resistivity, X-ray diffraction, elastic modulus measure-
ments, =nd metallography. The reactions occuring in the transformstion
were identified where possible, This transformation study was repeated
under a stress which produced 1% creep in 100C hours., An acceleration of
four to seven times in the rate of transformestion ogcurred under the action
of this stress. Complets tensile test data were obtained at 21l stages of
the transformetion snd plotted on the T-T-T disgrams, These revsal that
the formations of omega and TiCro are the embrittling reactions,

The sutectoid temperature in the Ti-Cr system has besn
determined to bs 670° f 5°C,

JADC TN §57-396 January 1958
ASTIA Document No, AD 142283
0TS Relsase

SUBJZCT: THE EFFECT OF HEAT TREATMENT ON THE STABILITY
AND CREEP RESISTANCE OF A TI-AL-MC ALLOY
INVESTIGATOR: Harold L, Gegel, 1/Lt.
ABSTRACT: An investigation was undertaken to observe the influence

of heat treatment on stzbility of a Ti-Al-Mo ternary alloy, Tests show
thet the instability of the alloy is innocuous, and that transformation
during testing helps to maintain the materigl strength. The creep resise-
tance of the elloy was improved by heat trestiuent, =nd the stress-rupture
properties wers not deteriorated, A mechanism of embrittlement by heat
treetment is discussed,
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WADC TR 57-420 Novemper 1957
ASTIA Document No, AD 142145
UTS Relsase

SURJLCT: STUDY OF MICRODISTRIBUTION COF INTZHSTITIAL BLEARITS
IN TITANIUM BY INTERNAL FRICTION TECHNIQUES
INVESTICGATOR: Devendra Gupta
She ldon Weinig

COWTRACT : AF 33(616)=71392
CONTRACTCR: New York University
ABSTRACT : An dnvestigation of the miercdistribution of intsratitial

elements in Ti and Ti binary allcys and its effect ca the mechanical pro-
perties was initisted, Tua experimental techniques which were utilized
during this period were internal friction measurements and "hard" tensile
testing, The overall study can be separated into three separate sections,
je2. room temperature effects, interatitial siress relaxation, end grain
boundary effeets. The major results of the investigation are as follows:

1, A study of the sclute atomedislocatica interaction of
Tia0 alloys was performed, It was found that the behsvior of the phenomenocn
wes in accord with the relastienship, C = Co exp (V/KT). Tae interaction
energy between an oxygen atom and a dislocation was calculated to be 0o 015 ev,

2. The oxygen content required %o saturate the disloce-
tions was found to be approximately 1.5 atomic percents It wae also observed
that the transition from ductile to brittls behavior ceceurred at tie same
composition,

2. It was suggested that the trassiticn phenomenon was
due to the adsorption of oxygen atoms at the dislcestions., 1In view of this
suzgsstion it was possible to predict the proper trestuent to shift the on-
set of the enbrittling effect to higher oxygen contents, This was demon-
strated experimentally and it was possible to increanse the duetility of Ti-0O
alloys,

jo It waa demonstrsted tiat an interetitisl stress relaxas-
tion phenomencn eould be cbhserved in ssurersurity” titenium,

£, The dsvelopment of the intarstitizl peak in nlphs
titanium is shown to be directly related to the atomie slze of thoe substitu-
tional element in solution with the oxygen. The grester the difference in
size factor betwezn the solute and the titanium =ztom, the greater the en-
pancament of the "iuterstitisl® peak.

6. 1t is suggested that the mechunism whereby thz sube
atitutional solute atoms enhance the appearasnce of the interstiisl peax is
ag follows: The out-ofesize substitutionsl stom csuses a loeslized distor-
tion Of the isttiece which effectively destroys the isotropic nature cf the
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octakedral interstitial sites., Hence, one site becomes energetically favora-
ble to another upon the application of an sxternal stress, This causes a
stress-induced interstitial relaxation phenomenon which is manifested by the
appearance of an internasl friction peak,

7« The effect of oxygsn on the grailn boundary siress re-
laxation phenomenon was investigatsd, The necasssry data in now available
for the adsorption analysis and microdistribution part of this overall study
cf intarstitiul effects in titanium,

WADC TR 57-470 December 1957
ASTIA Document No, AD 1y2igé
OT5 Release

SUBJECT: DETERMINATION OF TESTS FOR HYLROGEN EMBRITTLEYENT
OF TITANIUM ALLOYS
INVESTIGATOR: Albert H. Fleitman
CONTRACT: AF 33(616)=3244
COWTRACTOR: Crane Co.
AB3TRACT: The mechanical properties of two commercial alloys,

T4-8 Mn and Ti~} Al-4 Mn were investigated in the as received, helium
annealed, vacuum annealed, and 150, 225 and 300 ppm hydrogen conditions.
The Ti-8 Mn alloy in the form of 1/16 inch sheet and the Ti-4 Al~/ Mn
alloy in the form of 1/2 inch round bar were each ordered from three
vendors to represent the range of interstitisl content found in present
production.

Slow room tempereture notched and unnotched tensile and
tensile stress rupture tests up to 1020 hours were performed on both alloys,.
Slow room temperature notched and unnotchad torsion, bemd and bend stress
rupture tests up to 10CO hours were msde on Ti«l Al-i Mn alloy. DNoae of
the unnotched specimens in any of these tests falled in a brittls manner.
The notched tensile astress rupture tests showed that the stress required for
fracturs at a given time slightly decressed with increasing hydrogen content,
In contrast, the notched band stress rupture tests showed an increase in
stress required for fracture,

Longitudinal and transversc tear tests at 80, 32 and -40°F
were mzde on the Ti-8 Mn alloy sheet in the vaccum annealed and 300 ppm
hydrogen conditions No apparent relationship was found between tear test
f2ilures and hydrogen content. Pin shear tests on Ti-4 Al-l Mn alloy speciw
mens containing similar quantities of hydrogen failed with ductile fractures.

Room temperature unnotched alow tensile testas on prestrained
and aged specimens showed good ductility in both alloys, Specimens in the
vacuur annealed snd 300 prm hydrogen condition were prestrained 57 in tension
at room temperature and aged at 500°F for 2/ or 48 hours prior to test.
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Comparison of results in this investigation with sarlier
work on hydrogenized spscimens of these titanium alloys indicates that
brittie fractures would have been expected in both alloys when tssted in
stress rupture at the 300 ppm hydrogen levsl,

WADC TR 57-630 February 1958
ASTIA Document No, AD 151000
OTS Release
SUBJ LT : THE DETERMINATION OF THZ EFFECT OF HEAT TREATMENT ON
THE ELEVATZD TEMPERATURE STRESS-STABILITY OF TITANIUM ALLOYS
INVESTIGATOR: Gs Ay Lemning H, D, Kessler
M, L, Greenlee
W, M, Parris
CONTRACT : AF 33(616)-3638
CONTRACT(R: Titaniwum Metals Corporation of America
ADSTRACT: The effect of duplex solution and age type heat treatments

on the properties of one cammercial heat each of the Ti=140A (Ti-2Fe=2Cre
2Mo), Ti=155A (Ti-5Al-1,5Fe-1, 5Cr-1,5Mo) and Ti-6A1-4V alloye were ine
vestigated, The properties studied inecluded tensils, notech tensile, notch-
bend impact and elevated temperature strasss-ztability.

WADC TR 57-659 Mareh 1958
ASTIA Document No, 4D 151061
0TS Release
SUBJACT: A STUDY OF THE FACTORS INFLUENCING THE PROPERTILS
OF HEAT TRZATABLE TITANIUM SHEET ALICYS
INVESTIGATOR: R, 8. Richards
D. L, Day
H, D, Kessler
CONTRACT: AF 33(616)-3727
CONTRACTOR: Titanium Metals Corporation of America
ABSTRACT: A number of factors were investigated which influenco the

properties of two titanium sheet alloys, Ti-4Al-3Mo-lV and Ti-2A1-6Mo-2V,
in the anunealed, solution treated, and sged c¢onditions, Aunealed meterial
exhibtits a nerrow spread betwsen yield and ultimete tensile strengths slong
with the best bendability. Solution ireated shect possesses a high degrese
of uniform elongation with bendability thst is only elightly infericr to
that of snnealed material, The high-strength egad alloy sheet exhibite a
1l-wer level of ductility, and is stable under stress at temperatures %o at
least B0OF,

Elevated temperatures lower the stirength, decrease uniform

elongation, but incresss the bendability and locel alengation at fracture,
Cold work increases the strength in a2ll thres conditions of heat treatment,
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although deforration at elevated temperatures produces a smaller strengthening
effect in annealed and aged material as the temperature increases. Tempera-
tures of 400 - 60OF initiate the age hardening reaction in sclution treated
sheet, Cold deformaticn of sclution treated Ti-441 -3Mo-1V results in in-
creased aged strengths, while Ti-241-6Mo-2V gxhibits significant losses in
finel aged strengths after pricr cold work in the solution trested condition,

Successful dimpling operations can be performed at slaevated tempera-
turee provided proper heating and forming techniques are used . Solution
treated sheet from both alloye is amenable to bending, stretch wrapping, jog-
gling, and hydroforming operations at room temperature, as indicated by re-
sults of production forming tests. No appreciable dimensional changes occur
in the material as a result of aging.

WADC TR 57-694 April 1558
ASTIA Document No, AD 151125
OTS Release

SUBJECT: METALLURGICAL AND MECHANICAL CHARACTERISTICS OF
HIGH-PURITY TITANIUM-BASE ALLOYS

INVESTIGATOR: Frank C. Holden Horace R. Ogden
Jerry A, Houck Robert I, Jaffee

CONTRACT: AF 33(616)-3469

CONTRACTOR: Battelle Memorial Institute

ABSTRACT: Studies have been made to establish the relationships be-

tween thermal history, mioroatructure, and mechanical properties for high-
purity titanium-base alloys. These have included the following alloy systems:
Ti-Al1-Mo, Ti-0-Mo, Ti-C-Mo, Ti-0-Al-Mo, Ti-O-Mn, Ti-O-Cu, Ti-CCu, and Ti-Cu-
Mn., Mechanical test data reported inoclude tensile and flow properties, im-
pact behavior over a range of temperatures, hardness, aging, and cooling-rate
test data, The basic physical metallurgical principles involved here are dis-
cussed,

WADC TR 58.20 March 1958
ASTIA Document No. AD 151029
0TS Releass

SUBJECT: DEVELOPMENT OF IMPROVED TITANIUM ALLOYS FOR
APPLICATION AT ELEVATED TEMPERATURES
INVESTIGATOR: Bernsard S. Lement

CONTRACT ¢ AF 33(616)-3986
CONTRACTOR: Manufacturing Laboratories, Inec,
ABSTRACT : A metallurgicsl investigation of the embrittling reaction

that ocours in binary Ti-4l alloys was carried out in the range of 6 to 12
wi. pct, aluminum, Changes in bend ductility, hardness, precision length,
electrical resistance, lattice parameters, and in microstructure that occur
on solutionizing and aging were determined, It was found that the embrittl-
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ing reaction that occurs on aging in the vicinity of 1020 F (550 C) is
characterized by a decrease in both specifie¢ volume and electrical resistivi-
ty as well as a marked change in the character of striations that exist
within the primary grains of the alpha solid solution matrix. The observed
changes in propertiss are best explained on the basis that these striations
represent the formation of aluminum-rich segregations. Evidence was found
that cracking in a bend test occurs more readily along rather than acrcss
these striations, Recommendations are given for future work on this problem.

PACKAGING
WADC TN 55..328 September 1957
ASTIA Document No., AD 142004
0TS Relesse
SUBJECT s EVALUATICN OF CONTAINSR~GRADE PAPER-QVERLAID

VENEER PANEL BOXES FOR OVERSEAS USE
INVESTIGATOR: Edward H, Clarkse

CONTRACT ¢ AF 33(600)53-4023
CONTRACTOR: Forest Products Laborstory
ABSTRACT: Laboretory tests were conducted in an effort to investigate

the suitability of some commercially available paper-overlaid venesrz for
use in overseas-type, cleated panel boxes. Rough-handling tests and diago-
nal-compression tests involving some 220 overseas-type boxes provided in-
formation regarding the relative performance of various paper-overlaid ve-
neers and two currently acceptable panel materials, V3s fiberbcard and
container-grede plywood.

After immersion in water for 24 hours, the cleated plywood
boxes were superior toc V3s fiberbosrd and peper-overlaid venesr in both
reugh handling and resistance to disgonal distortion or twisting, Only a
few paper-overlaid veneer materials approached the rough-handling perform-
ance of V3s fiberboard panel boxes, except when intermediate cleats were
used as required for the fiberboard. Then the paper-overlald veneer boxes
exhibited & rough-handling performance equel to that of the V3s fiberboard
boxes, The paper—overlald veneer boxes resisted compressive forces better
than the cleated fiberboard boxes.

WADC TR 56-342 Sup 1 May 1958
ASTIA Document No., AD 151155
0TS Release

SUBJECT: THE THEORY AND OPERATION OF A DYNAMIC TESTER FOR
EVALUATING PACKAGE CUSHIONING MATERIAL
INVESTIGATOR: Stewart M. Krskover, 1/Lt.
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ABSTRACT: The purpose of the ASTM dynamic cushion testing program is
described and data from the laboratories which participated in this program
are presented. On the analysis of the platform type tester together with a
discussion of the significance of the elasticity of impacet of containere is
covered, OSeveral redesigns of the dropping carriage are shown. The desira-
bility of using the platform tester to gather design data is discussed, A
discussion is included of the peak reading voltmeter system and a portable
spring calibrator.

WADC TR 56-529 July 1957
ASTIA Document No. AD 130873

0TS Relesase

SUBJECT: TESTS TO EVALUATE AND GCOMPARE VARIOUS OPEN CRATE

SPECIFICATIONS FCR AIRCRAFT SURFACES
INVESTIGATOR: Thomas B, Heebink

CONTRACT : PO 33(600)53-4023
CONTRACTOR: Forest Products Labocratory
ABSTRACT: Thirteen open crates for aircraft surfaces were tested to

evaluate the construction details of various open crate specifications. The
results of these tests suggested various advantageous modifications which
were incorporated into a final design and tested. The result was that the
thres crates built according to the final modified design were superior gene-
relly in all respects including performance, tare weight, cutic displacement,
and cost,

The final design was incorporated intc the proposed speci-
flcation, belng prepared by the Forest Products Laboratory for WADC entitled
"Crates, Wood (For Lightwelght, Bulky Airframe Items)."

WADC TR 56-547 August 1957
ASTIA Document No. AD 131019

0TS Relesse

SUBJECT: INVESTIGATION OF SHOCK WAVES DEVELOPED DURING

DYNAMIC TESTS OF CUSHIONING MATERIALS
INVESTIGATOR: Vern N. Smiley

CONTRACT: AF 33(600)53-4023
GONTRACTOR: Forest Products Laboratory
ABSTRACT: Certain irregularities of acceleration-time pulses were re-

corded during dynamic compression tests of package cushioning materials for
determining their energy absorption characteristics. These irregularities
were theorized to have been caused by shock wave oscillations in the material.
The validity of this theory was checked by deriving mathematical expressions.
based upon shock wave theory and then comparing theoretically expected results
with actual test results. Sufficiently close agreement was found to prove

that the irregularities were caused by shock waves, A discussion of the
aignificance of shock waves in relation to cushioning performance is also made.
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WADC TR 56-660 May 1957
ASTIA Document No. 118314

0TS Release

SUBJECT: AN EVALUATION OF POPCORN AS A CUSHIONING MATEHRIAL
INVESTIGATOR: R. K, Stern

CONTRACT DO 33(600)53-4023

CONTRACTOR: Forest Products Laboratory

ABSTRACT s This investigation had the purpose of determining if pop-

corn could be used as a cushioning material. Conventional cushioning
materials such as bound hair and cellulosic wadding were used as a basia
for comparison, Stress-strain curves were eatablished for popcorn, bound
hair, and cellulosic wadding under several conditions of temperature and
humidity., Repeated loading tests on these materials were also performed.
The mold resistance and the effect of high humidity on treated and untreat-
ed popcorn were established, Combustibility of the materials was also in-
vestigated. The results showed that popcorn is not a good cushioning materi.-
al. It is stiff in comparison to other cushioning materials and has very
1ittle ability to recover after compression. The extreme hygroscopiecity of
popcorn is undesirable since it shrinks appreciably in high humidity. It
only conceivable use is indicated to be as a blocking material in moisture-
vaporproof packages.

WADC TR 57-682 January 1958

ASTIA Document No, 4D 142282

0TS Release

SUBJEGCT: THE DEVELOPMENT OF A NON-ADHERING CHEMICALLY FOAMED-
IN-PLACE POLYURETHANE CUSHIONING MATERIAL FOR PACKAGING
PURPOSES

INVESTIGATOR: Sidney Childers

Sidney Allinikov
ABSTRACT: A chemical process for the production of a non-adhering
chemically foamed-in-place polyursthane foam is presented. An aevaluation
of saveral organic fatty acids as a release agent for chemical foamed
polyurethane cushioning is included., Fatty acids such as stearic acid in
proper concentration were found to impart excellent release properties to
foam after foaming on bare metal and glass surfaces, Further benefits from
the release agent are shown to be improvement of the stress-strain proper=-
ties and the ability to vary density and hencs cushioning properties by the
use of sufficient amounts of fatty acid. The effect of the release agent
on the foaming process and the finished cushion is discussed., Graphs and
a comparison analysis of the dynamic and statis cushion properiies are
presented for a polyursthans cushion with and without a reloase agsent,
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PLASTICS, STRUCTURAL

WADC TR 52-183 Sup 5 October 1957
ASTIA Document No., AD 142081

SUBJECT: ANNUAL REPORT ON RESEARCH FOR USE IN ANC~17
BULLETIN "PLASTICS FOR AIRCRAFT®
INVESTIGATOR: Donald G. Coleman

CONTRACT: AF 33(616)-56-9
CONTRACTOR: Forest Products Laboratory
ABSTRACT: Developments in the program of research in plastics for

aireraft conducted by the U, S, Forest Products Laboratory during fiscal
year 1957 are summarized. The approach has been in general to derive cri-
teria mathematically and then to check by test, Eight technical reports
issued during the fiscal year are abstracted.

WADG TR 53.135 Pt 4 May 1958

ASTIA Document No. AD 155501

SUBJECT: THE STUDY OF EROSION OF AIRGRAFT MATERIALS AT HIGH
SPEEDS IN RAIN

INVESTIGATOR: Roy R. Lapp Raymond H. Stutzman
Donald H. Thorpe Norman E. Wahl

CONTRACT: AF 33(616)-2758

CONTRACTOR: Cornell A eronautiecal Laboratory

ABSTRAGT: The results obtained on the relative rain srosion resis-

tance, at subsonic speeds, of a large number of different types of materi-
als, are reviewed in detaill in this report.

Spray or brush.on types of coatings were evaluated for
conformance to Military Specification MIL-C~7439B, Only those coatings
based upon neoprene had erosion resistance meeting the requirementa,

Erosion tests werse conducted on a large number of white
coatings baged upon various pigmented polyacrylics, silicones, chlorecsulfo-
nated ethylene and neoprone elastomers, Of all these white materials test-
ed, coatings based upon Hypalon alone and combinations of white pigmented
neoprene and polyacrylic rubber appeared to merit further study,

0f the glass and ceramic materials tested, alumina bodies
with over 90% alumina had the best erosion reaistances,

Comparison of current epoxy and polyester glass reinforced
laminates indicates that the eroslon resistance of standard test specimens
of epoxy-glass laminates have four to five times the erosion resistance of
gimilar laminates made with polyester resins.

In collaboration with the National Bureau of Standards, studies
on the mechanism of erosion and tests were conducted on a variety of different
materials under specific conditions.
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WADC TR 53-192 Pt 1X July 1957
ASTIA Document No. AD 130909

SUBJECT: MECHANISM OF RAIN EROSION
PART IX - Observation of the Fragmentatlion of Waterdrops
in a Zone behind an Air Shock
INVESTIGATOR: Olive G. Engel

CONTRACT : AF 33(616)53-9
CONTRAGTOR: National Bureau of Standards
ABSTRACT : Observations made on the fragmentation of two waterdrop

sizes after collision with air shocks that were moving at three different
supersonic veloclities are reported, The possible mechanism of various
aspects of the fragmentation process are discussed. The experimental ob-
servations indicate that high-speed-rain-erosion damage should not be
observed on spheres having a diameter as large as 4 ft and moving with a
Mach Number in the rangs of 1.3 to 1.7 in rain having a drop diameter of
1.4 mm, Drops of this size should be reduced to mist in the gone of sepa-
ration between the detached shock and the surface of the sphere according to
the results that are reported. A means to extend this protection to spheres
of smaller diameter or to rain of larger size is pointed out., The nsed for
further experimental observation of the time required for the fragmentation
of waterdrops using shocks moving at higher Mach Numbers is indicated to
verify and extend the information.

WADC TR 53-192 Pt X Doecember 1957
ASTIA Document No, AD 142240

SUBJECT: MECHANISM OF RAIN EROSION
PART X - A Review and BEvaluation of the Present State
of the Problem
INVESTIGATOR Olive G. Engel

CONTRACT : AF 33(616)53-9
CONTRACTOR: National Bureau of Standards
ABSTRACY : A review of the rapidly accumlating literature on the

subject of erosion by waterdrop impingement has been made. The types of
experimental apparatus that have been used by the investigators, and the
factors that have besn found to determine the extent of the ercsion dam-
age, are briefly discussed. Results of microscope and X-ray studies of
eroded surfaces, and of parallel studies of damage marks produced by the
impingement of steel apheres, deforming lead pellets, oil-filled gelatin
capsules, and waterdrops are presented., Several theoretlcal estimates of
the impact pressure that results from the collision of a waterdrop with a
solid surface are reviewed, The result of a pilezoelectric measurement of
this pressure is given., OSome of the theories that have been advanced in
regard to the mechanism of the erosion process and of the micromechanism
of failure are discussed., The important role that design can play both in
mitigating the erosion and in completely bypassing the problem under some
conditions is pointed out,
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WADG TR 53-192 Pt X1 November 1957
ASTIA Document No. AD 142115

SUBJZCT: MECHANISM OF RAIN EROSION
PART XI - Effect of Residual Stresses and of Molding
Variables on the Erosion Resistance of Nylen
INVESTIGATOR: Olive G. Engel

CONTRACT : AF 33(616)-53.9
CONTRACTOR: National Bureau of Standards
ABSTRACT: It 1s shown that residual stresses in the original plastic

sheet material and the use of improper molding conditions for the fabrica-

tion of test specimens may provide an incorrect rain-erosion.resistance ra-
ting for the material in question and misleading evidence in ragard to the
fallure mechanism of it, Test results indicate that properly molded nylon
FM-10001, which was heat treated by the manufacturer to remove residual
stresses in the plastic sheet, is one of the most rain-srosion resistant

of the rigid plastic materials that have been evaluated at impingement veloc-
ities up to 600 mi/hr. This rigid plastic closely apprcaches the rain-erosion-
resistance of neoprene elastomers at 600 mi/hr.

WADC TR 552186 Pt II October 1957
ASTIA Document No. AD 142044

SUBJECT: ASBESTOS FIBER REINFORCED PLASTIC LAMINATES

INVESTIGATOR: Conrad C, Spatz

CONTRACT : AF 33(616)-2257

CONTRACTOR: Johns-Manville Corporation

ABSTRACT: The investigation to evaluate the effectiveness of medium

length and short asbestos fibers in reinforcing low-pressure laminating
resins was ocontimued., This report covers the evaluation of laminates pre-
pared from various experimental asbestos papers and phenolic resins.

A number of these laminates mest the mechanical test require-
ments of Military Specification MIL-P-8013 for polyester-glass mat laminates.
Several of these laminates meet the flexural and edgewise compressive strength
requirements of some of the glass cloth laminates in this specification. The
tensile strength of these laminates is below the requirements of glass ¢loth
laminates, The best asbestos-reinforced laminates retain 75 per cent ultimate
flexural strength and up to 100 per cent flexural modulus at 500F after one-
half hour at 500F,

WADC TR 55-186 Pt III November 1957
ASTIA Document No, AD 142139

SUBJECT : ASBESTOS FIBER-REINFORCED PLASTIC LAMINATES
INVESTIGATOR: Wayne O, Jackson
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CONTRACT: AF 33(616)=2257

CONTRACTOR: Johns=Manville Corporation

ABSTRACT: The investigation of medium length and short asbestos
fibers as reinforcement for low=-pressure laminating resins for use in
gtructural laminates was continued. This report covers the evaluation
of laminates prepared from medium length asbestos fiber paper and
pbenolic, epoxy, and polyester resins.

A number of these laminates meet the mechanical test
requirements of Military Specification MII~-P=B013A for glass mats.
Several lsminates meet the flexural and edgewise comrressive strength
requirements of glass-cloth laminates. Phenolic, epoxy, and polyester
laminates retained 100 per cent of their flexural strength and flexural
modulus after three montha' exposure to outdoor weathering conditions.
No change was noticed after one year for the phenolic leminates while
the epoxy and polyester laminates' tests are continuing for one year,

WADC TR 55-290 Pt 11 May 1958

ASTIA Document No, AD 155502

0TS Release

SUBJECT: THE DEVELOPMENT OF FIBROUS GLASSES EAVING HIGH
ELASTIC MODULI

INVESTIGATOR: J. A. Waugh H. 1. Glaser
V. E. J. Chiochetti R. Z. Schreffler

CONTRACT s AF 33(616)=2422

CONTRAGTCR: Owens-Corning Fiberglas Corporation

ABSTRACT: “This Teport describes tke work done to draw fiberized

glass having a high modulus of elasticity, from two kinds of glass
cullet; that containing ealeium aluminate and that containing beryllium
oxide.

Fiberized glass was obtained from each although not
in any quantity. Devitrification probiems rade the calcium aluminate
fibers "brashy", brittle, and rough. It is not expected that any known
"ip environment" control will eliminate this devitrification problem,

A small amount of fiberized glass was obtained from
the cullet containing beryllium oxide. This was smooth in texture and
had a good appearance, Pure powdered beryllium oxide is extrermely
toxic and studies were made after this substance was incorporated into
the glass melt to determine if such toxieity remained a hazard when the
cullet was remelted. It proved to be nc hazard although in the interests
of good precautionary measures, & hood for optimum fume control is
recommended.

In the initial evaluation program, six (6) different
bushings were used incorporating eight (8) different tip designs or
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modifications in an effort to fiberize ealcium aluminate glass cullet,
Results were generally unsuccessful.

In the subsequent (Supplemental Agreement) evaluation
regarding beryllium oxide glass cullet, one (1) bushing incorporating
two (2) different tip designs was used in the attempted fiberization.
Resulis were generally successful,

WADC TR 56-270 May 1957
ASTIA Document No, AD 118324

0TS Release

SUBJECT: INVESTIGATION OF THER EFFECTS OF GLASS FABRIC GROMETRY

ON THE STRENGTH PROPFRTITS OF LOW FRRSSURE GLASS
FABRIC BASE STRUCTURAL LAMINATES

INVESTIGATOR: W. R. Bowditeh
E. L. Johnson

CONTRACT: AF 33(616)=-2543
CONTRACTOR: Taylor Fibre Co.
ABSTRACT ¢ This report describes work done to develop glass

fabrics which make stronger plastic laminates than are produced by the
glass fabrics which are commercially available todey.

In the initial evaluation program, seventeen (17)
experimental fabries and two (2) high modulus fabries were compared
to four (4) standard glass fabrics in laminate form. Five (5) exper-
imental fabrics were selected for further evaluation after improvements
were made In erimp, twist, fiber diameter and weave. Based on data
obtained, further consideration and study should be made to determine
the practicality of

a. Using Final Fabric S-14619-1

b, Using the original HM=-9 fabric or the EM-9
fabrie made from ECK Filaments

ce Using the HM~18 (original) or the HM-18 fabrie
mnade from XCK filaments

de Using a 143 type fabric with ECG or ECK filaments
in the warp direction.

WADC TR 56-534 Pt II June 1957
ASTIA Document No. AD 130838

SUBJECT: NUCLEAR RADIATION ®FFECTS ON STRUCTURAL PLASTICS
AND ADHESIVES
Part II Extension of Literature Survey
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IKVESTIGATCOR: R. Y. Mixer
Shirley B. Radding

CONTRACT: AF 33(616)-3632
CONTRAGCTOR s Stanford Research Institute
ABSTRACT: A survey was made of literature on radiation chemistry

available during the period 30 September 1956 to 1 February 1957.
Information pertinent to the effect of radiation on the syntheses and
the properties of polymers, elastomers, and adhesives was tabulated.
A brief summary of the more general observations on the effects of
radiation on these materials was prepared.

The literature available prior to 30 September 1956
was covered in Part I.

WADC TR 56-534 Pt III August 1957
ASTIA Document No. AD 131029

SUBJECT: NUCLEAR RADIATION ®FFECTS ON STRUCTURAL PLASTICS
AND ADEESIVES
Part II1 Experimental Research

INVESTIGATOR: R. Y. Mixer
D. B. Parkinson -

CONTRACT: AF 33(616)=3632
CONTRACTOR: Stanford Research Institute
ABSTRACT: Nuclear radiation damage mechanisms are presented

for model compounds representing several typical aireraft structuzl
adhesives and laminates, Laminates were Srepared from eight resin-
curing agent systems and irradiated to 107 1010 rep for determination
of the threshold dose for damage. The threshold dose for one system
was found to be less than 108 rep. In the case of typical amine-
cured, epoxy-type adhesives, radiation a ppears to cleave the amine
groups with volatilization of some framents and to crosslink the
polymer chain. Small amounts of chemical changes result in large
changes in physical properties of the cured adhesive. Beta and gamma
irradiation have produced equal sffects on one vinyl-phenolic and one
epoxy-type adhesive, One organic seintillator, 2, 5-diphenyloxazole,
appears to be partially offective in preventing irradiation damage
in an exposy type adhesive.

WADG TR 57-200 September 1957
ASTIA Document No. AD 131041
SUBJECT: ASBESTOS REINFORCED LAMINATES

INVESTIGATOR: Norman E. Wahl
Harold M. Preston
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CONTRACT: AF 33(616)~2926

CONTRACTOR: Cornell Aercnautieal Laboratory

ABSTRACT: The use of long fibered agbestos as a reinforcement
for typieal polyester, epoxy, silicone and phenolic resins was inves-
tigated. Low pressure laminates were prepared and the physical prop-
erties were determined.

It was found that the molding pressure and the resin
content of asbestos laminates had a considerable influence on their
ultimate physical properties. Asbestos reinforced laminates molded
at 15, 30 and &0 psi had considerably lowsr mechanical properties
than glass reinforced laminstes molded at the same préssure with the
same resin. Molding pressures from 200-800 psi and resin contents of
28-38 percent by weight of the asbestos laminate are requirad to achieve
physical properties that are comparable to glass cloth reinforced
laminates, Of the various types of resins investigated, the phenclie
regins with asbestos felts resulted in laminates with the most reprod-
ueible and the highest physical properties at room temperature.
However at eleveted temperatures the silicone resins with the asbestos
gave the highest strengths., After exposure to temperatures of 700 °
and 800°F for 192 hours and tested at 700 or 800°F, these silicone
asbestos laminates generally retained 50% or more of their room
temperature strength., For applications where plastic laminates must
be used at temperatures of 700° or 800°F, the silicone asbestos lamin-
ates merit consideration.

It was observed that the resin content of an asbestos
lzminate could not be lowered to any great degree by increasing the
pressurs during molding, as can usually be done with laminates using
glass as a reinforcement. If lower resin contents are required, it
is necessary to treat the asbestos by variocus methods suech as the use
of a solvent diluted resin with subsequent removal of the solvent in
an oven or drying tower with the proper amount of heat,

The final properties of asbestos laminates depend on
many factors such as fiber treatment, asbestos binders, reasin content,
flow and gel time of the resin, layup of the plies, molding temperature
pressure and posture. It is apparent from this study that a great deal
has to be done to develop a technique of impregnating and molding
asbestos felt in order to obtain higher physical properties with wvarious
tyres of resins.
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WADC TR 57=246 July 1957
ASTIA Document No. AD 130881

SUBJECT: ELEVATED- AND ROOM-TEMPERATURE PROPERTI®S OF VIBRIN
135 GLASS FABRIC-PLASTIC LAMINATE

INVESTIGATOR: Gilbert M. Gymn
John A. Vanecho
Ward F. Simmons

CONTRACT 1 AF 33(616)-3215
CONTRACTOR Battelle Memorial Institute
ABSTRACT: Basliec engineering data have been obtained for the

benefit of airframe designers on a glass-fabric laminate containing
Vibrin 135, a polyestertriallyl cyanurate (TAC) resin, These data
include resulis of creep and eresep-rupture in both tension and compres=-
sion, flexural, deterioration, and short-time tensile and compression
tests,

The strength properties of Vibrin 135 were found to
be dependent upon both the temperature and the length of time the
material was axposed to a given temperature., The test results indicate
that the laminate is relatively strong and stable for exposures to
1000 hours at low temperatures (80, 300, and 400 F). At higher temper-
atures, however, the strength of Vibrin 135 decreased rapidly with
incresses in either tempersature or expesure time,

The results reported are for particular and specified
panels of the test materlial, and should not be considered as precise
design data for all pasnels of Vibrin 135 laminatae.

WADC TR 57=352 October 1957
ASTIA Document No. AD 142065

SUBJECT: EVALUATION OF A VARIATION IN GLASS COMPOSITION OF
GLASS FIBERS FOR PLASTIC LAMINATES
INVESTIGATOR: G. P. Peterson
ABSTRACT: A variation of "EM type glass, designated 1145 "EM
glass was developed by Owens-Corning Fiberglas Corporation to replace
the standard "E" type glass designated 621 "E" glass for use in glass
fibers for glass fiber reinforced plastic laminates, The evaluation
program included the fabrication and evaluation of laminates with:
(1) 181 style glass cloth woven from both types of glass fiber, (2}
Owens=Corning 136 and 139 finishes on each type of glass fiber, (3)
typical polyester (Paraplex P-43) and heat resistant polyester (Vibrin
X~1068) resins. Room temperature, elevated temperature, chemical
immersion, water immersicn, fatigue and electrical tests were conducted
to provide a comparison of the properties of laminates made from the
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two glasses, Electrical tests were also made on bulk glass samples
of the two glasses, The 1145 "EM glass fiber was sadisfactory and
equivalent to the standard 621 "E® type glass fiber in all respects
except for dielectric constant properties. At room temperature the
dielectric constant at 8,5 KMC of the 1145 "E" glass was somewhat
bigher than that of 621 "E" glass, which is undesirable, but within
acceptable limits. However, the dielectric constant at 8,5 KMC of
the 1145 "E" glass inereesed far more rapidly with inereasing temper-
atures than that of 621 "E" glass, and to an unacceptable extent.
Consequently the 1145 "EM glass wewnld not be satisfactory for radomes
for radar guldance control purposes. Since the proposed alternate
composition is not acceptably equivalent to the 621 "E" glass, the
1145 YE®" glags i3 not consldered satigfactory for Air Force reinforced
plastic applications.

WADC TR 57=-531 November 1957
ASTIA Document No. AD 142136

SUBJECT: ROOM~ AND ELEVATED-TEMPERATURE STRENGTH PROFERTIES
OF BAKELITE BV=-17085 GLASS FABRIC-PLASTIC LAMINATE
INVESTIGATOR: Gilbert M. Gynn
John A. Vanecho
Ward F. Simmons

CONTRACT: AF 33(616)-3215
CONTRACTOR: Battelle Memorial Institute
ABSTRACT: Basic design data including ereep and ereep-rupture,

flexural, deterioraticn, and short-time tensile and compression prop-
erties were obtained for Bakelite BV-17085, a phenolic resin-glass-
fabric laminate. The creep and creep-rupture data were obtained at
80, 300, and 500 F with rupture times ranging from about zero to
1000 hours. The other properties were determined at 20 to 1000 F
with prior exposurss at the test temperatures for times ranging from
O to 1730 hours. The creep and creep~rupture specimens were not ex-
posed to elevated temperatures prior to testing.

The over-all strength properties of BV-17085 are
relatively good with useful load-carrying ability as bigh as 1000 F
for time periods of less than about 1 hour , The short-time tensile
strength of the material seems to be largely independent of test
temperature or prior exposure within limits of the test conditions,.
The short-time compression, ereep~rupture, and flexural strength
properties, on the other hand, vary to a large degree with both test
temperatures and prior exposure or exposure during test.

Stability of the test material, as determined by
exposure at elevated temperatures for various periods of time, is quite
good at 300 and 400 F, At higher temperatures, deteriocration of the
laninate is directly related to the temperature and time of exposure,
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The test data discussed in this report should be
considered only as property trends because of the wide degree of scatter
generally found in the property values of glass—fabric laminates
including BV=17085,

WADC TR 57=574 December 1957
ASTTA Document No. AD 142190

SUBJECT: ELEVATED- AND ROOM~TEMPRRATURE PRCPRRTIES OF CONOLQORN
506 PLASTIC-GLASS FABRIC LAMINATE

INVESTIGATOR: Gilbert M. Gynn
Jobn A, Vansecho
Ward F. Simmons

CONTRACT: AF 33(616)=3215
CONTRACTOR: Battelle Memorial Institute
ABSTRACT: Basic engineering properties for Conolon 506, a

phenolic resin-glass fabric laminate, are presented 1ln this report.
The data included were obtained from creep and creep-rupture, flexural,
deterloration, and short-time tension and compression tests, The tests
were conducted at temperatures ranging from 80 to 1000 F with prior
exposures at these temperatures ranging from about O to 1000 hours.

In general, the creep-rupture strength was found to be
greater in tension than in compression. The minimum creep rates were
found to be relatively low sinece very little plastic strain was meas-
ured after loading. The flexural and short~time tensile and compressive
strengths, and flexural and tensile elastic moduli were deleteriously
affected by increases in either temperature or exposure time. Also,
under the conditions of this evaluation, the short-time tensile strength
exceeded the short-time compressive strength. The results of this
evaluation merely indicate property trends and should nct be considered
as pracise design data.

WADC TR 57-638 Pt I December 1957
ASTIA Document No. AD 142181

SUBJECT: EFFRECTS OF KIGH INTENSITY THERMAL RADIATION ON
STRUCTURAL PLASTIC LAMINATES
INVESTIGATCR: Harbert S. Schwartz
Ban J, Lisle
ABSTRACT: Polyester, silicons and phencliec glass-fabric-base
plastic laminates were exposed to thermal radiant energy up to an
intensity of 25 cal/em?-gecond, with and without mechanical stress,
to determine their resistance to mechanicsl and physieal degradatiom.
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Absorptivities of thermal radiant energy from a 6000 K
source were ccmputed from spectral reflectance and transmittance data
neasured over the region from 0.4 to 2.0 mierons,

The resistance of the laminates to thermal radiation
measured by degradation of mechanical properties was found to be a
function of absorptivity, heat resistance of the laminating resin, ang
stress applied. Based on mechanical property considerations, the
optimum material for resisting the effects of high intensity rediant
energy and moderate stresses was found to be the silicona laminate,
and for low intensities over a wide range of stresses was found to be
the rhenolic laminate.

WADC TR 57-674 February 1958
ASTIA Document No. AD 150972

SUBJECT: THE EFFECTS OF HYDRAULIC FLUIDS ON THE PROPERTIES OF
GLASS FIBER REINFORCED PLASTIC LAMINATES
INVESTIGATCR: D. F. Starks
ABSTRACT: The object of this investigation was to provide a
wider range of mechanical strength and physical property information
on the effects of immersion on scme reinforced plastic materials in
chemical types of fluids being ccnsidered for future use at the pro-
jected use temperatures., Weight and thickness change determinstions
were conducted on the flexural specimens of the five (5) plastic
naterials utilized, with four (4) experimental hydraulic fluids,
Flexural, tensile and compressive strength taests were conducted both
before and after immersion.

The various immersion conditioms utilized for the
materials were as follows:s 1) 24 hours at room temperature, 2)
7 days at room temperature, 3) 24 hours at 160°F for Paraplex P-43
polyester only, 4) 24 hours at 250°F for the heat resistant materials,
5) 24 hours at 40C"F in 0S~45 silicate, and 6) 24 hours at 500°F
in F=50 silicone, The immersions at 250°F, 4L00°F and 500°F were
conducted utilizing the heat resiastant materisls only.

Immersion in the high temperature fluids under the
various conditions used had negligible effect on the mechanieal
properties of the plastiec materials, The room temperature immersion
in the flulds had negligible effect om the weight and thickness
physieal properties, however, variastions in weight and thickness
were deternined from the elevated temperature immersions at 400 F
and 500 F, particularly.
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WADC TR 58-27 March 1958
ASTIA Document Ko. AD 151091

SUBJECT: MECHANICAL PROPERTIES OF PLASTIC LAMINATES REINFORCED
WITH NOL 24 - FINISHED GLASS FABRIC
INVESTIGATOR: Kenneth E, Kimball

CONTRACT: DO 33(616)56=9
CONTRACTOR: Forest Products Laboratory
ABSTRACT: This report presents the results of tests of three

parallel-laminated, glass-fabric-base, plastic laminates in which the
glass fibers had been treated with a universal type of chemical finish,
The finlsh was developed by the Naval Ordnance Laboratory and is
designated as NOL 24, This finish was tested with a 181 glass fabric
and polyester, epoxy, or phenolic resin.

The laminates were tested in tension, compressiom,-
and flexure after normal and wet conditioning, with some tests at elev-
ated temperatures. Data are presented both in tables and as typical
curves.

Also included is a table of comparative date showing
how the laminates reinforced with NOL 24~finished fabric compared with
similar laminates reinforced with fabric kaving other finishes,

POL AND SYNTHRSIS STUDIES

WADC TR 54-613 Pt II May 1957
ASTIA Document No. AD 130761
0TS Releass

SUBJECT ¢ ORGANOSILICON COMPOUNDS

Part II = The Cyclopentamethylenedialkylsilanes
INVESTIGATOR: Dr. Barold Rosenberg

Dr. Christ Tamborski

Marvin D. Rausch, 1/Lt
ABSTRACT: An investigation into the use of cyclic tetra-—sub-
stituted organo-silanes was conducted to determine their applieability
as base materials for extreme~temperature lubricant and hydraulic fluid
applications. A series of cyclopentamethylenedialkylsilanes was
synthesized and certain of the physieal properties correlated with
molecular structure. In addition, one aryl derivative, cyclopentamw
ethylenediphenylsilane, was prepared and evaluated. The cyelopen-
tamethylenedialkylsilanes were found, similar to the unsymmetrical
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tetraalkylsilanes, to be liquid over a wide temperature range and, in
the case of certain members, to be thermally stable at elevated tempar-
atures. These compounds, on the basis of preliminary data, appear to
show promise as base materials for certain wide-temperature hydraulie
fluid and lubricant applicationa.

WADC TR 54-613 Pt III September 1957
ASTIA Document No. AD 131066

OTS_Release

SUBJECT: ORGANOSILANES AND RELATED COMPOUNDS AS HIGH=-

TEMPERATURT LUBRICANTS

Part III. WMixed Symmetrieal Tetraalkylsilanes
INVESTIGATCR: Dr. Harold Rosenberg

Dr. Christ Tamborski

James D. Groves, 1/Lt
ABSTRACT: One class of mixed symmetrieal tetraalkylsilanes was
investigated to determine their applicability as base materisals for
Air Force high-temperature hydraulic fluids and lubricants, A series
of di-p~dodecyldialkylsilanes was prepared and varlous physical prop-
erties of the fluids obtained were correlated with molecular structure,
These materials were found to be thermally stable at elevated temper-
atures and liquid over a wide temperature range., In addition to the
tetraalkyl compounds, one aralkyl derivative, di-p-dodecyldiphenyl-
sllane, was also synthesized. On the basis of preliminary property
date, this fluid and at least several mixed symmetrical tetraslkyl-
silanes offer considerabls promise as base stocks for 700°F lubricant
and hydraulic fluid applications in new advanced air weapon systems,

WADC TR 55-220 Pt III September 1957
ASTIA Document No. AD 131044

OTS Release

SUBJECT: DEVELOPMENT OF FLUORO-SILICONE FLASTOMERS

INVESTIGATOR: George W. Dyckes

CONTRACT AF B(616)-3238

CONTRACTOR: Peninsular Chemresesrch, Inc.

ABSTRACT: Some promising fluoroalkyl silane monomers and polymers

have been prepared for use as high temperature and aireraft fuel
reslstant elastomeric materials,

Appreciable quantities of the monomers, GFBCHQansi(CHB)_
c1 .

2 CH3GH(CF 3)CH,8L(CH;)G) > GF,CF,CH, Ch,Si(CH;)CL, and CF3 = CF,CFym
CHyCH,81(CH3)C1l, were synthesized for polymerization studies, Hydrolysis
reactions were carried out on the monamers and the constant boiling
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products have been characterized, Polymerization of the cyclic hydrolyses
products to elastic hamopolymers has bsen realized using the active
metals in Group IA of the periodic table as polymerization catalysis.
Copolymers with octamethylcyclotetrasiloxane were also prepared using
potassium hydroxide as a caetelyst., An atiempt Lo prepare a high mole-
cular weight ternary polymer from the irimer, [§F30323H251(CH3)Q]3,

and the cyclic tetramers, [(CHB)QS:{Q] 4 and [CHz*:GHSi(CHB)Q] 4 8ave only

a medium viscosity oil.

A study was made of the reaction of hydrogen fluoride
with the compound, CF,BrCH,CH Br in attempt to improve the yield of the
fluorinated product, CF3CH;CHyErs Improved yields were obtained;
however, percent conversion still remains relatively low.

In the preparation of new fluorcalkyl silane monomers,
preliminary experiments were carried out on the fluorination of the beta
ecarbon atom on the compounds 0012$CHSi(CH3)3 and CHGlﬁCHSi(GHB) .

Analytical results indicate the fluorinated compounds were obtalned,

WADG TR 55-220 Pt IV April 1958

ASTIA Document No. AD 151180

SUBJECT ¢ DEVELOFPF ENT OF FLUCRO-SILICONY ELASTOMERS
INVESTIGATOR: Byron H. Wise

CONTRACT AF 33(616)-3238

CONTRACTOR: Peninsular Cremresearch, Inc,

ABSTRACT: Scme promising fluoroalkylsilane monomers and polymers

have been prepared for use as high temperature and aireraft fuel resis-
tant elastomeric materials,

In addition to the halosilanes previcusly synthesized,
ha following new slilanes were prepared:

Bis(trifluoropropyl Jdichloro~
silsne

(Chlorchexafluoroeyclobutylethyl )=
methyldichlorosilane

(2=Trifluoromethyltrifivoropropyl)-
methyldichlorosilane,

Polymerization of the eyelic polymers of {pentafluoro-
butyl)-methylsiloxane and (heptafluocropentyl)methylsiloxane was attempted,
but resulted in oils of lower viscosity than desired. Polymerization
of the cyclic polymers of (trifluoropropyl)methylsiloxane yielded high
viscosity oils and in one case an elastic gum was formed,
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WADC TR 55-221 Pt III May 1957
ASTIA Document No. AD 118294

OIS Release
SUBJECT: INVESTIGATION OF CONDENSATION TYPE ELASTOMFRS
INVESTIGATCR: George C. Schweiker Russell R, White

Burton S. Marks Rudolph N. Deleo
CONTRACT: AF 33(616)-2/21
CONTRAGCTOR: Hooker Electrochemical Company
ABSTRACT: The ultimate goal of the exploratory investigations

described is the development of a rubber for special Air Force appli-
cations. High thermal stability (350°F or higher); resistance to aro-
matic fuels, synthetic esterbase oills and hydraulic fluids; resistance
to ozone and to weathering oxidation effects; resistance to acids,
bases, and salts; resistance to abrasion; and satisfactory performance
at -65°F or lower are major requirements for such an elastomer,

Preliminary compounding and testing studies with an
elastomer based on a flucrine-containing polyester, made from adipyl
chloride and 2,2,3,3,4,4-hexafluoropentanediol, have given promising
results, At the present stage of development, cocmpounded and ecrosse
linked specimens of hexafluoropentylene adipate retain useful mechan-
ical properties after aging in air at 400°F (70 and 168 hour tests),
and in diester oil at 350°F (70 hour test); are resistant to paraff-
inie and aromatic fuels; and exhibit a brittle temperature of -98°F
(ASTM D=746).

This report describes the preparation, compounding,
eross~linking and properties of hexaflucropentylene adipate elastomer
as well as syntheses and properties of other fluorine-containing
condensation polymers and difunctional starting materials, Data indi-
cating that increasing fluorine content of the polymers decreases their
solubility in common solvents without regard to position of the fluorine
in the polymer are extended, On the other hand, these data show that
pesition of the fluorine, rather than total fluorine content of the
polymer is of most importance in affecting brittle temperatures.

WADC TR 55=221 Pt IV February 1958
ASTIA Document No. AD 151009
0TS Release
SUBJECT: INVESTIGATION OF CONDENSATION TYPE ELASTOMERS
INVESTIGATOR: George G. Schwelker Blaine L. Lucas
Burton S. Marks Fdward V. Gouinlock
Carl J. Verbanie
CONTRAGT: AF33(616)=-2421
CONTRACTOR : Booker Electrochemicel Company
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ABSTRACT: The ultimate goal of the exploratory investigations
described is the development of a rubber for special Air Force appli=-
cations. Major requirements for such a material include good mechanieal
properties, high thermal stability (originelly 350%F or higher), satise
factory performance at =65°F or lower, and resistance to aromatic fuels,
synthetic ester-base oils, and hydraulic fluids,

To this end, fluorine-containing condensation polymers
are being investigated in an effort to discover and develop suitable
new elastomers.

This report describes the preparation, compounding,
cross-linking, and properties of certain fluorine-containing polyester
elastomers which appear to meet the goals outlined sbove. The report
also describes the research performed on the synthesis of fluorine-
containing difunctional starting materials, polyesters and nitrogen-
substituted polyamides therefrom, and their characterization,

WADC TR 55=453 Pt II September 1957
ASTIA Document No. AD 131036
0TS Release
SUBJECT: DEVELOPMENT OF INORGANIC POLIMER SYSTEMS
INVESTIGATOR: Carlin F. Gibbs George Shkapenko
Harold Tucker John C, Park
CONTRACT: AF33(616)=2744
CONTRACTCR: The B, F. Goodrich Company
ABSTRACT: The purpose of this investigation wes to prepare

polyneric inorganic or semie~inorganic materials eapable of withstanding
alevated temperatures.

The investigation of the aluminum-oxygen-silicon
system initiated last{ year has been continued through this year.
Previous difficulties in formation of aluminume-oxygen-silicon bonds
were traced to exchange reactions. Reaction of aluminum halides with
sodium silanolastes has been found to lead to formation of aluminum—
oxygen-silicon bonds in high yields with no evidence of exchange reac-
ticens, By this means, tristriphenylsiloxyaluminum and tristrimethyl-
siloxyaluminum have been prepared. Attempts to extend this prineiple
to the preparation of polymers using difunctional aluminum halides and
silanol salts have not resulted in formation of high polymers, but
only polymers very low in molecular weight,

Preparation of trimethylsiloxyaluminum diisopropoxide
in high yield by reaction of aluminum iscopropoxide with trimethylace-
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toxysilane indicates that this type of reasction might also be a good
one for the establishment of eluminum-oxygen-silicon bonds.

A rubberty tin-silicon polymer containing 8-10% tin
was stable upon being heated at 300°C for three hours,

WADG TR 56-82 Pt II May 1957

ASTIA Document No., AD 118301
OTS Release
SUBJECT: PRINCIFLES OF INORGANIC POLYMERIZATION
INVESTIGATOR: Anton B. Burg Gordon L. Juvinall

Gottfried Brendel Walter Mahler

Adwery P. Caron Kurt Modritzer

Pater J. Slota, Jr.

CONTRACT: AF 33(616)~2743
CONTRACTOR University of Southern California
ABSTRACT: This project continues to seek and to find new patterns

of chemical bonding and to consider their possible usefulness in relation
to the invention of new polymers having unusual thermal stability.

Some of our amino~phosphino=boron resins are stable at temperatures
approaching 500%C,, and the limit is not yet known; however the problem
of their poor mechanical properties remains. The phosphinoborine bonding
principle withstands a great increase in the electronegativity of sub-
stitvents on phosphorus. The stabllity of P-P bonding seems much
enhanced by CF; groups on P, so that the new compounds (PCF3); and
(PCF3)5 are decidedly stable, The previous tentative interpretationa of
the by-products of the fluorocarbonphosphorus iodide reactions with
mercury are reconsidered in the light of new facts. Progress toward

more electronegative substituents on boron is reported, and our recently
initiated work om phosphinocaluminum compounds has produced some interesting
materials, Nitrilophosphorie chloride is not depolymerized by pyridine,
but it reacts with triethylamine in an interesting manner,

WADC TR 56-82 Pt III April 1958
ASTIA Document No. AD 151175
SUBJECT: PRINCIPLES OF INORGANIC POLYMERIZATION
INVESTIGATOR: Anton B, Burg Gordon L. Juvinall
Gottfried Brendel Walter Mahler
Aimery P. Caron Kurt Modritser
Pater J. Slota, Jr.
CONTRACT: AF33(616)=2743
CONTRACTOR : University of Southern California
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ABSTRACT: The work of the past year has been devoted largely to
the search f or new substances which might seem promising as components
of inorganic polymer systems, and to a study of their chemical bonding
properties. The aminophosphine (CH;) NP(CH,), has been converted to
(CH3)2PC1 and to the new diphosphine P,(CH3);e The labter was used to
meke & (CH3)oPBHy-chain polymer and a somewhat improved thermally
stable resin, A new interpretation of such resins extends earlier
ideas, The phosphino-aluminum system has been explored, indicating
new-type compounds of some interest. A considerables further study of
fluoroearbon~phosphorus compounds included a demonstration of GFBP
cigher polymers, the (CF4PO,)y system, and (CF P)A—nickel-earbomyl
rolymers. The synthesis of (CF3§2PBH2 trimer &nd tetramer has opeen
studied thoroughly, with recognition of interesting by-products. The
(CHg}aN-(NPC1,)3 reaction has been sbown to split the amine to form
(CH3joN=-P derivatives. An acetylide derivative of (NFCly), formed a
tigher polymer. Work with (NFF,)3 has begun. The interesting unstable
aroduct of the GF38C1-Baplly reaction may prove to be CF3BFy.

WADC TR 56-203 Pt 1I December 1957
ASTIA Document No. AD 142191
0TS Releaze
SUBJECT: COORDINATION POLYMERS
INVESTIGATOR W. GConrad Fernelius David E, Goldberg
Magrice Shamme Dean E, Martin
Normsn R. CGarofanc Forrest D. Thomas, III
CONTRACT: AT 33(616)-2742
CONTRACTOR: The Pennsylvania State University
ABSTRACT: Various approaches towards the development of polymers

through coordination have been investigated, Several bis(9-diketones)
have been prepered; this work will now be followed by attempls at their
polymerization,

Attempts to prepare s silicom monomer by the reaction
of dimethyldichklorosilane with the sodium sealt of acetylacetone were
msuceessful, the produet formed being unstable, On the other hand, a
geries of monomeric bis(acetylaaetoneate)dialkoxy titanium compounds
were synthesized,

Investigations on the coordination abilliy of organic
phosphorus radicals have shown that they de not coordinate easily,
Dithiophosphates, on the other hand, ccordinate well., A series of salts
of dithiophosphates has been prepared, and efforts have been made to
rrepare an analogous bifunctional ligand. Polymeric materials have been
produced from what probably is a mixed ester of a dialeohol and mono-
elechol., These dithio eompounds have low thermal stability.
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Investigations of similar compounds with other donor
atoms led to the conclusion that compounds with various eombinations of
oxygen, sulfur, amido nitrogen, and substituted amido nitrogen do not
coordinate well, except for the dithio compounds already mentioned.
Because of little hope of producing high temperature polymers, this phase
of the problem has been abandcned.

Efforts towards the formation of coordination polymers
from bis{g-hydroxyazo)compounds did not yield promising results because
of the insolubility of the products formed.

A series of o-hydroxyketones was prepared by means of
the Frigs Rearrangement preliminary to the syntheais of bis(g~hydroxy-
ketones).

WADC TR 56376 June 1957
ASTIA Document No. AD 130798

OTS Release

SUBJECT: DEVELOPMENT OF THERMALLY STABLE POLYMFRIC MATERIALS
INVESTIGATCR: Charles P. Haber

CONTRACT: AF 33(616)~56-41

CONTRACTOR$ U. S. Naval Ordnance Laboratory

ABSTRACT: The work described within this report has as its

obJective the synthesis of polymeric materials having extreme chemical
and thermal stability which are suitable for use in various aireraft
applications such as elastomers, plastics, flulds, dielectrics, and
adhesives. In most applications the needed materials must be able to
resist the action of the atmosphere at the elevated temperatures; in
some, resistance to corrosive fuels and fusl combustiom products is
required. The task of this program is to investigate promising inor-
ganic bonding systems for thermal and chemical resistance and to incor-
porate these bonding systems into high polymer molecules with the
required physlical and mechanical properties.

Dipbenylvinyleilene has been prepared in good ylelds,
The polymerization of this material by peroxide-initiated reactions in
bulk, solution, and emulsion has led only to low molecular wiight, low
melting sclids of no apparent practical significance. The mechanism of
polymerization has been established as the addition of the elaments of
8i-E bond of one molecule across the vinyl unsaturstion of another
molecule. Catalysis of the polymerization by a platinum-on=carbon cata-
lysis led to a different type of reaction and a dissimular product tenta~
tively assigned the atructurs4292H3-Si-310233Q2.

In an attempt to prepare (GFé polymers, a multi~

)
step synthesls giving an excellent overall yi®ld of the desired starking
material, (CF3),PCl;, was developed. The reaction of (GF3)2P013 with
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ammonia and smmonium chloride under a wide variety of experimental
conditions led to rearrangement, disproportionation, and ammonolysis
of CF3 groups. As a result of these side reactions, it has not been
possible to prepare the desired nitride polymer.

WADC TR 56=520 August 1957
ASTIA Document No. AD 118247

OTS Release

SUBJECT: COPOLIMERS OF 1, 1-DIHYDROPHERFLUOROBUTYL ACRYLATE

WITH SOME VINLY SILANES
INVESTIGATOR:  Fugene C. Stump, Jr., 1/Lt
ABSTRACT: The purpose of this investigation was %o prepare an
elastomer with high temperature resistance as well as improved resistance
to the deteriorating and swelling effects of fuels and oils.

Four silane monomers; vinyltriethoxy-, vinylethyl-
diethoxy-, vinyldimethyletboxy-, and vinyltrimethylsilane were copoly-
merized with 1,l-dibydroperfluorcbutyl acrylate. The resulting polymers
were tested r thermal stability by determining percent weight loss in
dry air at 350°F and 400°F, In most cases weight loss of the silane
containing polymers was appreciably less than that of the homopolymer
poly-1,l-dihydroperfluorobutylacrylate. The enhanced thermal stebility
is attributed to a unique type of cross-linking, which is discussed
theoretically.

Infrared spectra of the samples were recorded and
discussed. Results of compounding, testing, and eveluation will be
reported at a later date,

WADC TR 56-590 Pt I November 1957

ASTTIA Document No. AD 142171

0TS Release

SUBJECT: PHOTOCHEMICAL SYNTHESIS OF ORGANIC FLUORINE
COMPOUNDS

INVESTIGATOR: Jogeph D, Park
John R. Lacher

CONTRACT: AF 33(616)=-3266
CONTRACTOR: University of Colorado
ABSTRACT: The purpose of this research work has been to synthesize

organic and orgsno-metallic fluorine compounds with the major objective
of obtaining moncmers suitable for polymerization into elastomers,
plastics, fluids and related material of high thermal and chemical
stability. In conjunction with these aims, this Laboratory has synthe-
sized two halogenated pentadiene.
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Several important four-membered fluorinated ring
compounds have been synthesized and their cyclic etkers., To furnish
adequate proof of structure and determine the pesition of unsaturationm,
the compcunds have been halogenated.

In the work on alcchols both 1,2-diflucro-2-chloroallyl
alcohol and 1,1~dufluoro-2-bromoallyl alcohol hsve been synthesized,
the first reported synthesis of a fluorinated allyl alcokol obtainable
directly from a Grignard reagent, However, synthesis of trifluoreallyl
alcohol has not been achieved.

Attempts which have been made to synthesize monohkydric
and polyhydrie alcohols indicate that tlre proposed routes sre feasible,
Work in this area has not been completed.

A variety of methods have been used in attempts to
rrepare alpha, beta-unsaturated ketones (Grignard, free-radical,
preparation of alkyl lithium derivatives, Friedel-Crafta-tyve reactions,
and preparation of an unsaturated aeid) without success, Several of
the ketones derived from the addition of a Grignard reagent to Kel-F
Acids have been prepared. As intermediates to the preparation of
ketones, two alkynes have been made.

WADC TR 56=-590 Pt II March 1958
ASTIA Document Fo. AD 151014
0TS Release

SUBJ®CT: PEOTOCHEMICAL SYNTHESIS OF ORGANIC FLUORINE
COMPOUNDS

INVESTIGATOR: Joseph D. Park
John R. Lacher

CONTRACT: AF 33(616)-3266
CONTRAGTOR University of Colorado
ABSTRACT: The purpose of this research work has been to synthegize

organic and organometallic fluorine compounds with the major objective
of obtaining monomers suitsble for polymerization into elastomers,
plasties, fluids and related material of high thermal and chemical
stability. In conjunction with these aims, this Laboratory has synthe-
sized a number of diols and eyclic fluorosilanes. At the present time,
however, the structures assigned to several of the synthesized fluoro-
silanes have not been verified.

Further work in the preparations of eyclic diols
involving the dimerization reaction of fluorcolefins with alkenes
containing functional groups has produced intermediates with interesting
fluorescent properties.

Initial investigation has been made of obtaining a
monogeric unit with fluorine substitution on the aromatic nucleus,
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WADC TR 56=596 Pt II December 1957
ASTIA Document No. AD 142212

SUBJECT: RESEARCH ON HIGH TEMPERATURT LAMINATING RESINS BASED
ON MALZIMIDE AND ITS DERIVATIVES

INVESTIGATCR: Roger W. Amidon
Charles H. Alexander

CONTRACT : AF 33{616)~3606
CONTRACTOR: Naugatuck Chemical
ABSTRACT : The object of this contract was the preparation of

laminating resins for service in the range of 600 © to 700°F based
primarily on maleimide or derivatives thereof.

Resins were evaluated by preparing from them a
Fiberglas cloth laminate and exposing cured test pieces to elevated
temperature., Qualitv was judged by retention of flexural strength of
exposed samples.

A VIBRIN 135 type system which contained 25% maleimids
showed superior modulus under unaged and aged conditions. Flexural
strength values after 192 hours exposure at 500°F have been as high
as 38,000 psi.

New alkyds have been prepared and evaluated with
triallyl cyanurate monomer, Kone investigated showed cutstanding
properties when compared to VIBRIN 135,

Several N-gubstituted maleimide compounds were inves-
tigated with a VIBRIN 135 alkyd and triallyl cyanurate. The strength
of aged pieces did not ccmpare well with maleimide resins.

Triellyl isocyanurate, triallyloxybenzene naleimido=
methyl acrylate and Ne-allyloxymethyl maleimide were synthesized and
sereened as copolymerizable monomeric materials.

Effort was rade to gain some insighkt into the cause
and minimization of interlaminar blistering. A low acid number poly-
ester reduced blistering somewhat. Blistering was not experienced
with non-nitrogeneous mcnomers such as diallyl o=phthalate or styrene,

WADC TR 57-45 Pt 1 September 1957
ASTIA Document Ne., AD 131099
SUBJRCT: UIGH TEMPTRATURE STABLE SWIORGARIC FLUIDS
INVESTIGATOR: Daniel Grafstein Murray S. Cohen

Rita Dudek Joseph Gresn
CONTRACT $ AR 33(616)=3417
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CONTRACTOR : Reaction Motora, Inc.

ABSTRACT: Phenyldichlorofluorosilane and methyldichlorofluoro-
silane, monomeric materials suitabls for the preparation of polyorgan-
oflucrosiloxane polymers, were pravared in good yileld and good conver-
sion by the reaction of gassous boron trifiuoride with phenyldichloro-
ethoxysilane and methyldichloroethoxysilane, Phenylmethylchlorofluoro~
silane and phenylmethylfluoroethoxysilane were synthesized and evaluated
as chain stopping agents for the organofliuorosiloxane polymers. The
polymerization of these monomers were studied and the liquid polymers
obtained were evaluated for potential use as high temperaturs base
stock fluids. The relationship of physical properties to structural
featurss of the polymeric oils was established.

WADC TR 57-45 Pt II January 1958
ASTIA Document No. 4D 142290

SUBJECT: HIGH-TEMPERATURE STABLE SEMIORGANIC FLUIDS
Part II. Organophosphorus Compounds
INVISTIGATCR: Daniel Grafstein
Murray S. Cohen

CONTRACT: AF 33(616)-3417
CONTRACTOR: Reaction Motors, Inc.
ABSTRACT: Several alternate synthetic procedures were developed

for the preparation of substituted aryldialkylphosphine oxides.

fmong the tertiary phosphine oxides prepared were disthylphenylvhos-
vhine oxide, p-chlorophenyldiethylphosphine oxide, tristhylphosvhine
oxide, ethylmethylphenylphosphine oxide and 2,5=-dimethylphenyldiethyl-
phosphine oxide. Other intsrmediates of some synthetic importance were
prepared including o-tolydichlorophosphine, diethylphosphonyl chloride
and ethylphenylphosphonyl chloride.

The inherent thermal and oxidative stability of the
tertiary phosphine oxides has been experimentally verified at 285°C
with voth diethylphenylphosphine oxide and p-chlorophenyldiethylphos-
rhine oxide, Principal efforts were devoted to improving the li-uid
range by introducing chosen substituents in certain positions of the
aronatic ring of an aryldialkylphosphine oxide.

WHADC TR 57-62 Pt I January 1958
ASTTA Document No., AD 142326
0T3S Release

SUBJECT: METAL-CYCLOPENTADIENYL HIGH TEMPERATURE LUBRICANTS
AND RELATED MATRRIALS
Part I, Synthesis and Properties of Alkyl, Alkaryl,
and Metalated Derivatives of Ferrocene
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INVESTIGATOR:

ABSTRACT:

Marvin Rausch, 1/Lt

Martin Vogel, 1/Lt

Dr. Harold Rosenberg

The purpose of this program was tc¢ uncover new types

of cyclopentadienyl metals, or "ferrocene-like," compounds with prop-
erties suitable for extreme temperature lubricant and hydraulic fluid

applications.

4 series of long-chain alkylferrocenes and arylalkyl-

ferrocenes were vrepared by the Friedel-Craft acylation of ferrocene
and subsequent reduction, Furthermore, the metalation of ferrocene
by p-butyl-lithium and by mercuric acetate was studied in detail, and
some reactions of the metalated derivatives were investigated.

WADC TR 57-62 Pt II February 1958
ASTIA Document No. 150979

0TS Release

SUBJECT:

INVESTIGATOR

ABSTRACT:

METAL~-CYCLOPENTADI®NYL HIGH-TEMPYRATURE LUBRICANTS

AND RELATED MATERIALS

Part II, A, Synthesis and Properties of Aryl, Benzyl,
and Silyl Derivatives of Ferrocen, B, Preliminary
Studiea on the Bffect of Tetrahydrofuran on the Lithi-
ation of Ferrocene

Marvin Rausch, 1/Lt Dana Mayo, 1/Lt

Martin Vogel, 1/Lt Paul Shaw, 1/Lt

Dr. Harold Rosenberg

The purpose of this program was to uncover new types of

ferrocene~containing materials with properties suitable for extreme-
temperature lubricant and hydraulic fluid applications. A nunber of new
aryl- and benzylferrocenes have been prepared. A valuable modification
of the lithiation of ferrocene by p=butyllithium has been devised using
sthyl ether-tetrahydrofuran as the solvent system. This procedure has
been employed for the preparation of both carboxy~ and 1,l1-dicarboxy-
ferrocene in good yleld, and for the synthesis of long-chain alkylsilyl-

ferrocenes.

WADC TR 57-110

October 1957

ASTIA Document No. AD 142050

0TS Release
SUBJECT:
INVESTIGATOR:

CONTRACT$

POLYM®RIZATION STUDIES ON MONOMWRS AND EVALUATION
OF DERIVATIVE POLYMERS

Faber B. Jones Palmer B. Stickney
Cherie 4. Lichtenwalter Randall G. Heillgmann
AF 33(616)=~3313
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CONTRAGCTOR: Battelle Memorial Institute

ABSTRACT: This report describes researcht o determine the poly-
merization characteristies of a group of experimental fluorine-containing
monomers and a preliminary eveluation of the potential of the resulting
poiymeric products as high~temperature and solventeresistant rubbers and
plaatics,

The homopolymerization of a group of six fluorinated
olefin oxides in mass and solution using numsrous different polymeri-
zation catalysts yielded only low-molecular-weight liquid polymerie
products,

Copolymerization of several fluorine-containing prop-
enyl ketones with dienes yielded some promising elastomers. Copolymerw
ization of some fluorinated pentadienes, butenes and pentenes was effected
to yleld resinous solids; homopelymerization of these monomers was
unsuccessful. Some fluorine-containing cyeclic olefins were homopoly=
merized and copolymerized.

WADC TR 57-110 Pt II March 1958
ASTIA Document No. 151011
0TS Release
SUBJECT POLYMERIZATION STUDI®S ON MONOMTRS AND EVALUATION
OF DERIVATIVE POLYMWRS
INVESTIGATOR: Faber B. Jones Palmer B. Stickney
R. A, Markle Randall &. Heiligmann
CONTRACT: AF 33(616)-3313
CONTRACTOR: Battelle Memorial Institute
ABSTRACT: This report describes research to determine the poly-

merization characteristics of a group of experimental monomerie compounds
and a preliminary evaluation of the potential of the resulting polymeric
products as thermally stable and solvent-resistant rubbers and plasties.

The homopolymerization of a group of six fluorine-
containing olefin oxldes in mass and solution using numerous different
polymerization catalysts yielded only low-molecular-weight liquid poly-
meri¢ products,

Copolymerization of perfluoromethylpropenyl ketone with
butadiene at 5 C in aqueous emulsion by freewradical initiation yielded
solid rubbery polymers. Copolymerization of perfluoropropylpropsnyl
ketone with 1, 1, 2-trifluoro=-3-chlorobutadiens; 1,1,2-triflucrobutadiene;
and normal butadiene by free-radical initiation in acueous emulsion also
yielded solid polymers with varying degrees of elastomeric character.
Copolymerization of perfluoropropenyl ketone with 1,1,2-trifluoro=3,4,4-
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trichlorcbutadiene or 1,1,2-triflucro=-3,4=dichlorobutadiene to solid
polymeric products could not be accomplished by free radical or lonic
initiation, Perfluorcheptylpropenyl ketone was observed to copolymerize
with 1,3-dienes under conditions similar to those used for perfluorome-
thyl= and perfluoropropylpropenyl ketone but appeared tc be less reactive.

The copolymers of perfluoromethylpropenyl ketone with
butadiene and perfluoropropylpropenyl ketone with butadiene and 1,1,2-
trifiluoro=3~chlorcbutadiens were briefly svaluated as rubber vulcanizates
and showed some promise in high-temperature and solvent resistance.

The three perfluorcalkylpropenyl ketcnes appeared to
bomopolymerize in low yield to low-molecular-weisht products by BF
catalysis at low temperatures, Generally, good yields of solid po{ymeric
products were obtained when these perfluorocalkylpropenyl ketones were
copolymerized with styrene or 1,1,1-trifluoroethyl vinyl ether by BF3
catalysis under similar conditicns.

Fomopolymerization of perfiuoro-l, 4-pentadiene; 1,1,3,
3,5,5=hexafluoro-1, 4-pentadiene; 1,1,2,3,3,4,5,5-cctafluorowd,5=-dichlero-
l-pentene; and l~ethoxyperflucrosyclobutene-l could not be accomplished
by free~radical or lonic polymerizetion techniques, Copolymerizatiocn of
these monomers with such comoncmers as vinyl acetate; acrylenitriles;
butadiene; styrene; 1,1,1l-triflucrocethyl vinyl ether; 1l,l-dihydroperfluor-
obutylacrylate; and N-n-butyl-N-1, l-dibydroperflucrcbutylacrylamide
yielded polymeric products renging from oils to elastomeric and resinous
solids,

Homopolymerization of 1l,Z~-diesthoxyperflucrocyclobutens=1,
1-allyloxyperflucrocyclobutene=l; and 1,1,2,3,3,4,%,5=0ctalluore~2-
chloro-4~pentenylmethyl ketone by free-radical and iecnic polymerization
rethods yielded liguid and solid polymeric products. Copolymerization of
these monomers witl styrene and K-n-butylaeli=l, l=dibydroperflucrcbutyle
acrylamide yielded resinous sclid polyreric products,

Atterptz were rade to prepare high-moleculsr-weight
homopolyesters by polveondensation of iscmers of pyridine diearboxylie
seid with ethylens glycol. The products were brittle, low=mclecular-
weight, highly colored solids.,

Trenzestorification of the dimethyl esters of the pyridine
icarbexylic acids with ethylene glycol did not give products of signi-
fiecently improved propertiss, Replacement of silylene glycol with neopentyl
glyccl, however, gave products of less colorestion and appsrently greater
thermal stability.

Beaction of the diacid chblorides of some of the pyridins
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dlcarboxylic acid isomers with ethylene and neopentyl Zlycol gave essen-
tially the same results as trensesterification resctions of the dimethyl
esters, except that the resctions were more rapid and the produets had
in general, greater clarity,

?

Thermosetting copolyesters were prepared by copolymer=
lzing the pyridine diearboxylie aclds, their dimethyl esters or diaecid
chlorides, and an unsaturated dicarboxylic acid with ethylene glycol or
necpentyl glycol. The products, translucent or orague, dark brown semi-
sclids or solids at rcom temperature, could be modified with triallyl-
cyapurate end cured to give dark brown, opaque, hard, nontacky solids,

Thermosetting polyesters were obtained by reacting
pyridine diacrylic acid or its dimethyl ester with ethylene or necopentyl
glycole The uncured products were clear, dark brown, low-melting solids
rataining double~bond activity,

A polycarbonate of mcderate molecular weight was prepared
by reacting 4,4! —dioxydiphenyl-2,2-propane (Bisphenol A) with phosgene
or with diphenyl carbonate, A molded filnm approximately 0,010 inch thick
prepared from the product obtained by fusion with diphenyl carbonate was
fairly stiff but could be bent double without eracking,

A low=molscular-weight water-soluble resin was prepared
by the reaction of bis(hydroxymethane) phosphinic acid with dimethyl
terephthalate,

WADC TR 57-126 Pt I October 1957
ASTIA Document No., AD 142028
SUBJECT: PHOSPHINOBORINE POLYNWRS
INVESTIGATOR: Rogs I. Wagner Robert D. Stewart
Earl M. Tvleth Ernest Levens
Levern D. Freeman Lelend W, Marple
CONTRACT AF 33(616)-3506
CONTRACTOR: American Potash & Chemical Corporation
ABSTRACT: One of the continuing objectives of this project is the

accumulation of fundamental data relating the structure of pbosphinobo-
rines to thelir chemical and physical properties, To this end, ten new
phosphinoborines have been synthesized and several of these, as well as
scme of the previocusly known derivatives, have been sereened for oxidative,
hydrolytie, and thermal stability. The synthesis of phosphine and borine
intermediates by lmown methods has produced four new alkyl phosphines,
Several approaches to the preparation of aryl phosphines and diphosphines
have been attempted without success.
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WADC TR 57-126 Pt 11 April 1958
ASTIA Document No. 151182

SUBJECT: PBOSPHINOBORINE POLIMERS
INVESSTIGATOR: Ross I. Wagner Levern D, Freeman
Frederick F. Caserio, Jr. Frnest Levens
Earl M, Evleth Kendrick R. Tilar
CONTRACT 3 AF 33(616)=3506
CONTRACTOR: American Potash & Chemical C.rporation
ABSTRACT One of the continuing objectives of this project is the

acounulation of fundamental data relating the structures of phosphin-
obarines to their chemical and physical properties. To this end six new
phosphinoborines have been synthesized and several of these, as well as
aome of the previously imown derivatives, have been screened for oxidative,
hydrolytic, and thermal stability. The synthesis of phosphine interme-
diates by known methods has produced one new alkylphosphine and six new
organophosphine derivatives., The successful preparation of a primary
aronatic diphosphine hLas been achieved.

WADC TR 57-143 May 1958
ASTIA Document No. AD 118308

0TS Release

SUBJECT: DEVELOPMENT OF THYRMALLY STABLE SILICON

CONTAINING RESINS
INVESTIGATOR! L. W. Breed

Fred Balocchi
Howard W. Christie
CONTRACT: AF 33(616)-~3675
CONTRACTOR: Midwest Research Institute
ABSTRACT: The purpose of this program is the development of ther-

mally stable silicon containing resins, and the parts of that program
already completed are described in full, This program includes the
synthesis of silane monomers which contaln two silicon atoms connected
by arylene groups and have sufficient functionality to form a thermo=
setting polymer when hydrolyzed and cured. It also includes finding
methods of hydrolyzing and polymerizing these monomers in which the max-
imum use is made of their functionality.

Poscible methods for synthesizing the moncmers have been
investigated. Those methoeds which were found suitsble for the preparation
of quantities of one pound or more were used to prepare the following
compounds: 1,4=bis(methyldiethoxysilyl)benzene, 4, 4t=bis{methyldiethox-
ysilyl)phenylether, and phenyldichlorosilyl-trichlorosilylbenzena. Also,
the description of a statistically designed series of experiments to study
the variables effective in the formation of laminates from silicone
resins and glass fiber fabric is included.
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WADC TR 57-143 Pt II February 1958
ASTIA Document No. AD 151002
0TS Release

SUBJECT: DEVELOPMENT OF THERMALLY STABLE SILICON
CONTAINIRG RESINS
INVESTIGATOR L. W. Breed

Fred Baiocechi
Calvin C. Bolze
CONTRACT: AF 33(616)=3675
CONTRACTOR: Midwest Research Institute
ABSTRACT: Additional work aimed at preparing thermally stable

silicon containing resins is described and some information on the incor-
poration of these resins into glass fabric laminates is included. Other
methods for synthesizing monomers were investigated, particularly the use
of tetrahydrofuran as a solvent in the Grignard syntheses, The results
of a statistically designed experiment to study the variables effective
in the formation of laminates from silicone resins and glass fabric are
given, and the results of a similar experiment to study the effect of
treating finished silicone resins with catalyst solutions are also
described, Use of phenyldichlorosilyl-trichlorosilyl-benzene in resin
compositions is reported in considerable detall and the properties of
laminates prepared from these resins are described. Laminates are also
cbtained from resins prepared from 1,4-bis(methyldiethoxysilyl)benzene,
4y4t-bia(methyldiethoxysilyl)phenylether, m-bis(trichlorosilyl)benzene,
p-bis(trichlorosilyl)~benzene and a mixture of the last two isomers.

WADC TR 57189 September 1957
ASTIA Document No. AD 131095

0TS Release

SUBJECT: REACTIONS IN WiEQCTRODELESS DISCHEARGRS BRETWREEN VOLATILE

HALIDES AND ORGANIC COMPOUNDS
INVESTIGATOR: Gosta C. Akerlof

CONTRACT AF 33(616)-3225
CONTRACTOR: Aerochem Research Laboratories, Inc,
ABSTRACT: The purpose of this program was to study the formation

of new types of thermally stable fiuids and solids by means of Ligh
voltage electrodeless discharges through mixtures of volatile halides,
particularly of silicon, and organic compounds, The effect of tempera=-
ture, pressure, flow rate, current, and voltage, on the product yleld

and discharge behavior was investigated for typical reactant combinations.

The product properties were studied for forty different

reactant systems and twenty samples were submitted to the Materials
Laboratory, Wright Alr Development Center, for more detailed evaluation,
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In addition, a 600 gram sample boiling above 400°C,fram the reaction of
methane with dimethyldichlorcsilane in the electrodeless discharge, was
submitted for evaluation., Fractionation of similar samples has given
cuts boiling over 200°C without wvisible decomposition - these same frac-
tions were liquids at ~15°C. The reaction between methane and methyl-
chlorosilanes produces substances with high boiling points which have
excellent thermal stability, combined with low freezing points and rela-
tively low viscosity over large temperature ranges.

WADC TR 57-321 June 1957
ASTIA Document No. AD 130822

SUBJECT: SYNTHESIS OF POLYXYLYLYLDIMETHYLSILANE AND
POLYXYLYLYIDIMETHYL, SILOXAITS

IRVESTIGATCR ¢ Glenn R. Wilson
Cretchen M, Hutzel
Louis B. Updegrove

CONTRACT: AF 33(600)=32448
CONTRACTOR? Ford Motor Company
ABSTRACT: The purpose of this program is to prepare a series of

poly-p=xylylyldimethylsilanes and poly-p-xylylyldimethyl siloxsnes for
evaluation as high-temperature lubrieants and/or hydraulic fluids.

The major effort has been devoted to finding a suitable procedure for
preparing one of the building blocks of the polymers, viz., bis-
(trinethylsilyl)-p-xylylene and suitable intermediates for synthesizing
this latter compound. Msny of the approaches for synthesizing the
moncmeric building block were unsuccessful and resulted in the formation
of undesirsble side reactions. Only recently was a successful procedure
developed which involved the condensation of p-dibromobenzene and
chloremethyltrimethylsilane with metallic sodium. The application of
this successful procedure towards synthesis of the polymerie®silane and
siloxane are now under investigation.

WADC TR 57=-321 Pt II June 1958
ASTIA Document No. AD 155663

SUBJECT: SYNTHESIS OF POLYXYLYLYLDIMETHYLSILANE AND
POLYXYLYLYLTETRAMETHYL SILOXAKE
INVESTIGATOR: Glenn R. Wilson
Gretchen M. Hutzel
Richard C. Hetu

CONTRACT: AF 33(600)=32448
CONTRACTOR: Ford Motor Company
ABSTRACT$ The purpose of this project is the syntheais of a

series of poly-p-xylylyldimethylsilanes and poly~p-xylylyltetramethyl-
siloxanes for evaluation as high temperature lubricants and/or hydrauwlic
fluids,
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The proposed program of syntheses was outlined and
discussed previously in WADC TR 57-321 and was directed primarily at
working out the details for synthesizing the basic building unit of
poly-p=xylylyldimethylsilane befors proceeding to the ultimate synthesis
of the polymers. At that time we had obtained s very small quantity
of a liquid material, whose elemental analysis agreed exactly with thet
calculated for bis(trimethylsilyl)-p-xylylene, from the coupling
reaction of pedibromobenzene and chloromethyltrimethylsilane with
metallic sodium. Subsequent efforts to prepare larger quantities of
this material by scaling up the reaction were wnsuesessful and complex
mixtures of difficult-to-separate materials were obtained.

Because of the multiplicity of functional groups
involved in this partieulsr coupling reaction, other routes of syntheais
were investigated in an attempt to reduce the numbers of permutations
and combinations of competing reactions, The results of these invest-
igations indicate that an unequivoeal route is yet to be found for
preparing the desired compound,

As final efforts we are investigating a Friedel-Crafts
type reaction described in the recent Russian literaturel and will also
attempt to prepare the meta isomer of bis(trimethylsilyl) xylylene for
which there is a much better chance of success.

WADC TR 57=-391 September 1957
ASTIA Document No. AD 131100

0TS Releass

SUBJECT: POLYMTRIZATION THROUGK COORDINATION

INVESTIGATOR:  Jobn C, Bailar, Jr.
William C. Drinkard, Jr.
Maleolm L, Judd

CONTRACT: AF 33(616)=3209
CONTRACTOR: University of Illinois
ABSTRACT: The purpose of this work is to study the preparation

and properties of metal-containing polymers in which the metal ion is
held in the polymer through coordinate bonds., It is expected that such
polymers will have exceptional stability toward heat and chemical
reagenta,

The background for the formation of such polymers ias
presented and the principles involved in the preparation of plastie
materials are discussed. Pertinent literature references are cited,

Chelate polymers centaining big-r-diketones, big-"-
hydroxyquinolines,;?-hydroxyethylpolyaminqs, and bige¢=gmino acids
have been investigated, as well as polymeric phthalocyanines, The most
promising results have been obtained with the polymeric phthalocyanines,
which have molecular weights up to about 30,000,
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WADC TR 57=436 November 1957
ASTIA Doecument No. AD 142116

0TS Relesase

SUBJECT? PREPARATION OF POLYMERS FROM HALOGEN~CONTAINING
OLEFINS AND DIENE MONOMWRS

INVESTIGATOR H. Iserson
M, Hauptschein
F, %. Lawler

CONTRACT: AF 33(616)=-3137

CONTRACTOR: Pennsalt Chemicals Corporation

ABSTRACT: Synthetic work on this project included the preparation

of flucro- and fluorohalo- olefins and dienes. Among the monomers
prepared were 3-chloro=1,1,2=trifluorcbutadiene, 1,2-dichloro=3,4 4=
trifluorobutadiene, 1,1,2-trichloro-3,4,4-trifluorobutadiene, 3~bramo-1,
1,2-trifluorcbutadiene, 1,1,2,3-tetrafluorobutadiene, 1,4=dichlorotetra=-
fluorobutadiene, 1,1-difluoroisobutylene, l-trifluorovinyle=2-chloro=2,
3,3=triflucrocyclobutane, 1—vinyl-2-chloro—1,2,3,3,4,4-hexaf1uorocyclo—
butane, perfluoro—l—vinylcyclobuteneal. Polymerizations have beén

tried with these and with other olefins. Some of the polymers which
appear of interest were prepared from: perfluoropropene and trif-
luoroethyl vinyl ether; 1,1,2,3=tetrafluorobutadiene; 1,1,2,3=tetra-
fluorobutadiene and trifluoroethyl vinyl ether; 1,1,2,3=tetrafluoro-
butadiene and ethylene oxide; trifluorcethylene and trifluorocethyl

vinyl ether; tetrafluoroethylene and ethylene oxide; tetrafluoroethy-
lene and trifluorocethyl vinyl ether. Terpolymers have been prepared
from trifluorocethyl vinyl ether, ethylene oxide and one of the following:
perfluoropropens, vinylidene fluoride, 1,A-dichlorotetrafluorobutadiene,
l1-chloro=2,2-difluorcethylene, tetrafluoroethylene.

WADC TR 57=502 October 1957
ASTIA Document No. AD 142100

0TS Release

SUBJECT: STLICON=OXYGEN-TIN POLYMERS

INVESTIGATOR: Joseph F, O'B rien, Capt

ABSTRACT: The purpose of this work was to develop a methed for

preparing new types of polymeric materials baving a silicon-oxygen—tin-
oxygen backbone. It was found that polymers of this structure could be
prepared by (1) the reaction of dialkyltin diacetates with dialkyl-
dietheaxysilanes, and (2) the reaction of dialkyltin dialkoxides with
dialkyldiacetoxysilanes. Both of these reactions are gondensation
reactions in which a polymer is formed upon elimination of a volatile
scetate. In contrast to this condensation reaction, both dialkyltin
diacetates and dialkyltin dialkoxides underge an exchange reaction
with dielkyldichlorosilanes. Dialkyltin dichlorides do not react with
either dialkyldimcetoxysilanes or dialkyldialkoxysilanes.
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WADC TR 57=503 October 1957
ASTIA Document No. AD 142101

0TS Release

SUBJECT: THE CHEMICAL REACTIONS OF SILICON ISOCYANATES
INVESTIGATOR: Joseph F. O'Brien, Capt.

ABSTRACT: The purpose of this research was to examine the chemical

properties of silicon isocyanates to see if these isocyanates can be used
as monomers for the preparation of silicon~-containing polyurethane resines,
A prototype silicon isocyanate, trimethylsilylimsocyanate, was rescted with
smines, Grignard reagents, alcohols and glycols, It was found that amines,
Grignard reagents and alcohols cleave the isocyanate group from the silicon
atam to form the corresponding alkyl urea, alkyl amide and alkyl biuret
respectively, The glycols do not cleave the isocyanate group from the
silicon, but add to irimethylsilylisocyanate to form the corresponding bis
(trimethylsilyl) carbamate,

WADC TR 57-657 January 1958

ASTIA Document No. AD 142285

SUBJECT: CONFERENCE ON HIGH TEMPRRATURE POLYMFR AND FLUID SYNTHESIS
INVESTIGATOR: Calvin H. Schmid, Capt

ABSTRACT: This report has been prepared to make availsble all the

technical papers presented at the conference on "High Temperature Polymer
and Fluid Syntheses.!

The purpose of the conference was to review the progress
on a comprehensive research program sponsored by the Polymer Section,
Organic Materials Branch, toward the develomment of new polymeric and
fluid materials to meet the high performance requirements of airecraft of
advanced design, and to familiarize representatives of the chemlcal
industry with the materials problems confronting the Air Force,

WADG TR 57-764 February 1958
ASTIA Document No. 150984

0TS Release

SUBJECT; FLUORINE CONTAINING CHETLATE COMPOUNDS

INVESTIGATOR: Glern R. Buell, 1/Lt

ABSTRACT: The purpose of this work was to study the feasibility of

preparing liguid chelate compounds. The thermal stability of certain
chelate compounds led to their study as possible liquid base stock materials,
Several fluorinated diketones were chelated with metel ions and their
melting points studied to determine the effect of the fluorine on the
pbysical properties of the molecule, Only one liquid was obtained and ail
canpounds exhibited high vapor pressures.
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WADC TR 58-3 January 1958
ASTIA Document No. AD 142296
0TS Relecase

SUBJECT: SYNTHRSIS AND CHARACTERIZATION OF NEW VINIL POLTM?RS
INVESTIGATOR: Lester E. Coleman, Jr., 1/Lt

William S. Durrell, 1/Lt
ABSTRACT: This report describes research to determine the polymer-
ization cheracteristies of four classes of experimental moncmers and &
prelininary evaluation of the potential of the resulting polymeric products
a8 thermally stable, sclvent resiastant plastics and elastomers.

The perfluoroalkyl propenyl ketones were found to copoly-
merize with a variety of comonomers such as vinyl acetate, styrens and
butadiene to give products ranging from powders to elastomers.

The l-alkyl-l~-bydroperfluoroalkyl acrylates copolymerized
readily and formed tough rubbery hamopolymers which exhibited good thermal
gtability and low swell in diester-iype lubricants.

4ragg-Cinnamoyl ferrocene formed copolymers with a variety
of comoncmers but low conversians, copolymers or copolymers containing
small amounts of cinnamoyl ferrocene were obtained.

Reactivity ratio determinations of two trifluoromethyl-
substituted styrenes indicated that gubstitution of the trifluoromethyl
group on styrene increased its polymerization reactivity.

WADC TR 58-44 Pt 1 May 1958
ASTIA Document No. AD 151197

SUBJRCT: SYNTHESIS OF TIN-CONTAINING POLYMFRS
INVESTIGATOR: Paul E. Koenig
James H. Butchinson

CONTRACT: AF 33(616)-3848
CONTRAGTOR ®thyl Corporation
ABSTRACT: This investigation has been largely directed toward the

preparstion of stammosiloxane polymers, whose structure may be repressented
as follows1
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These compounds have been prepared by various conden-
sation polymerizations, including a novel reaction between silanediols
and organotin oxides, typified by the following examples

(T
Sn 0 + H20

#251(0H)> + {CHz)aSn0 — S1 0 '
//{n \\91{3 n

A second excellent synthetic method involves ¢ohydrolysis
of mixtures of dichlorosilanes and organotin dihalides; this method is
well-suited to the preparation of polymers containing alkyl groups bound
to silicon.

An analogous cohydrolysis reaction employing different
organotin dihalides but no silicon compounds leads to formation of copo-
lymeric stannoxanes; these are Interesting in that they represent the
first thermoplastic metaleoxide type polymers other than the silicones.

The products obtained are viscous flulds or transpsrent
glasaea; their hydrolytiec and thermal stability is good, Difficulty has
been experienced in attempting to produce high polymers over the compo-
sition range examined; the molecular weights thus far observed have been
of the order of 1,-5,000, and some properties of the products are there-
fore correspondingly deficient. Work is in progress to obtain higher
molecular weight products, which may well be exceptionally atable and
highly useful materials,

WADC TR 58«51 April 1958
ASTIA Document No, 151177
SUBJECT: HIGH PCLYMERIC MATFRIALS

INVESTIGATOR: GCarl §. Marvel
Ludwig F. Audrieth
Jobn C. Bailar, Jr.

CONTRACT: AF 33(616)=3772
CONTRACTCR : University of Illinois
AB3TRACT: The purpose of the work reported here is to provide basic

information concerning new types of polymeric materials which will be more
resistant to high temperatures than are known polymeric materials,
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The types of materials which have been investigated are:
polymers which have the possibility of aromatization; copolymers of
aramatic nuclei such as anthracene; polymers which contain metal coordin-
ation centers such as polyphthalooyanines, poly-Schiff base chelates,
polybasic beryllium carboxylates; new derivatives of phosphonitrilic
hydrosulfides; new polymers derived from benzene phosphonic amides;
palymers containing coordination centers derived fram bis~phenolic com=

pounds,

Many new polymeric materials are described. One derived
from dimethyl % ,{'=dimethylenapimelate shows some possibilities as a high
temperature resistant replacement of polymethyl metbacrylate.

RUBBER
WADC TR 52~197 Pt VII October 1957
ASTIA Document No. AD 142027
SUBJECT: SYNTHETIC RUBBERS FROM CARBON-FLUCRINE COMPOUNDS
INVESTIGATOR: Carl A. Dahlquist
CONTRACT: AF 33(038)=515
CONTRACTOR: Minnesota Mining and Manufacturing Company
ABSTRACT: Twenty pounds of the polymer of perfluoromethoxy 1,1

dihydroperfluoropropyl acrylate were prepared for Wright Air Development
Center,

A copolymer of 3(w =chloroperfluorosthoxy) 1,1 dihydrop-
erfluoropropyl acrylate and its « hydro analog has shown some promise
as a heat, solvent, and low temperature resistant rubber.

Fluorine-containing silanes ( Hzgﬁi(cgg) (oc 115)2)
were polymerized to low molecular weight oils {pro y thé cyclie

tetramer), but attempts to polymerize the oils to high molecular welght
polymers did not succeed. Rubbery copolymers of each of these silanes
and dimethyl dichlorosilane have been prepared, but no useful vulcanizates
have been obtained, Fluorine-containing polysiloxane oils having

-51(CH3)3 and groups have been prepared.
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WADG TR 52-197 Pt VIII November 1957
ASTIA Document No. AD 142114

SUBJECT: SYNTHETIC RUBBERS FROM CARBON~-FLUORINE COMPOUNDS
INVESTIGATOR: Carl L. Sandberg

CONTRACT AF 33(038)-515

CONTRACTOR : Minnesota Mining and Manufacturing Compeny

ABSTRACT: Further evaluation of 3(ul-chloroperfluoroethaxy)-l,1-

dihydroperflucropropyl acrylate has shown it %o be comparable to other
perfluoro alkoxy acrylates in low temperature properties and resistance
to aromatic solvents and hot air aging, but somewhat poorer In resistance
to oxygenated solvents and to diester lubricants.

Attempts to homopolymerize 1,2-epoxyperfluorcheptane with
peroxide catalysts or with a ferric chloridetpropylens oxide catalyst
have given mainly reaction products and 1little evidence of polymerization.
Attempts to copolymerize 1,2-epoxyperflucrcheptane with propylene oxide,
using a ferric chloride:propylene oxide catalyst, have given viscous
liquid products which may be copolymers,

Exploratory copolymerizations of perfluoro-2-azapropens
with vinyl-type monomers have given products containing small amounts
of the azapropene.

WADC TR 55-58 Pt III June 1957
ASTIA Document No. AD 130803

SUBJECT: A STUDY OF THE EFFECTS OF NUCLEAR RADIATION ON
ELASTOMFRIC COMPOUNDS AND COMPOUNDING MATERIALS
INVESTIGATOR: John W. Born
Dwain E, Diller
Bugene H. Rowe

CONTRACT: AF 33(616)=-2308
CONTRACTOR The B. F. Goodrich Company Research Center
ABSTRACT: The effort to define, underastand, and prevent radiatiom

demage to rubber continued during 1956, Research followed four main

lines: the development of Anti-Rads to prevent radiation demage; infrared
and mass speciral analyses to relate radiation gtability to molecular
structures of elastomers; stress relaxation studies to define the mechanisms
of radiation damage; and measurements of dynamic mechanical properties of
representative rubber compounds after irradiation., Fmphasis upon applied
testing of end-item materials increased.

The best Anti-Rad extended the retention of tensile stremgth
and ultimate elongation by natural rubber tread stock more than tenfold,
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The screening study is providing criteria for the selection of superior
Anti-Rads. A new technique of mass spectral analysis promises to aid
greatly in determining what molecular siructural features impart radiation
stability. Stress relaxation measurements detail the important role of

oxygen in radiation damage. Dynamic tesi data are given for eight repre—
sentative rubber compounds.

WADC TR 55-492 Pt II October 1957

ASTIA Doeument No. AD 142024

SUBJECT: DEVELOPMENT AND FHYSICAL TESTING OF FLASTOMERIC
COMPOUNDS RESISTANT TO PETROLEUM BASE FUELS AT ELEVATED
TEMPERATURYES

INVESTIGATOR: Loren C. Smith Wayne G. Lajiness
Theodore L. Eriksson Brock G. Peacock

CONTRACT AF 33(616)-2779

CONTRACTOR: Wyandotte Chemicals Corporation

ABSTRACT: This report describss continued research directed toward

the development of rubber compounds resistant to various patroleum base
fuels 1)’01- long exposures (500 hours) at elevated temperatures (up to
400°F. )

The test tube portion of the Type I Tester was redesigned
and this tester was used to evaluate several candidate elastomers in the
presence of test petroleum base fuels under simulsted use conditions of
elevated temperaturs and positive pressure.

The febrication and construction of wvarious parts of the
multisanple tester (Type II) wes completed and its essembly initiated.

New selected candidate elastomers of the perfluorinated
type were scra=nsd.

Compound and curing studies with the Kel-F elastomers
were initiated and are continuing.

WADC TR 55-492 Pt III February 1958

ASTIA Document No. 150978

SUBJECT: DEVELOPMENT AND PHYSICAL TESTING OF ELASTOMERIC
COMPOUNDS RESISTANT TO PETROLEUM BASE FUELS AT ELEVATED
TEMPERATURES

INVESTIGATOR: Raymond G. Spain Eva Deck
Wayne G. Lajiness Arnold L. McMaster

CONTRAGT: AF 33(616)=2779
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CONTRACTOR : Wyandotte Chemicals Corporatiom

ABSTRACT: This report describes continued research towsrd the
development of elastomeric compounds resistant to petroleum base fuels
at temperatures up to 400°F. for periods up to 500 hours.

Candidate elastomer compounds were screened using conven-
tional fuel aging techniques., On the basis of these screening tests,
compounds of intereat were further tested under conditions of simulated
use uging the interim Type I Tester.

The multiple sample Type II Tester was completed during
this report period.

The design and the major portion of assembly was completed
for the Micro Tester which permits testing under more severe conditions
than the two previous testers.

Aging studies were concentrated on compounds based on
fluorinated slastomers,

WADC TR 56-155 Pt II September 1957
ASTIA Document No. AD 131091
0TS Release
SUBJRGT HIGH TEMPERATURE RESISTANT SEALANT MATRRIALS
INVESTIGATOR: Leonard ¢, Boller Arthur Milner
Gene M, LeFave John H. Emigh
Edward O'Brien
CONTRACT AF 33(616)=2767
CONTRAGCTOR s Coast Pro-Seal and Manufacturing Company
ABSTRACT: This project was undertaken by the Coast Pro-Seal and

Manufacturing Company originally to develop fuel tank sealant compounds
capable of withstanding fuel vapor temperatures of 540°F and 1iquid

fuel temperatures of 380"F for a limited period of time. These require-
ments have been essentially fulfilled and the results have been presented
in WADC Technical Report No., 56«155,

Under an extension of the above contract, No. S1 (56-773)
covered in this report, the previocus temperature requirements were made
inapplicable and a higher temperature (700°F) has baen substituted for the
380°F and 540°F temperatures,

While the 700°F requirement was not attained, a substantial

increase has been accomplished. 4 formula was developed for a sealant
campound which was unaffected by JP=5 jet fuel in the 600°F to 625°F range.
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It retained flexibility and adhesion and withstood proof testing under
flexing and pressure in the temperature range indicateds, It 1s clear
from the test data that operation in the presence of fuel vapor is
posaible in the meighborhood of 650°F.

A thorough formulation study was made of the butadiene-
acrylonitrile rubber and phenolic resin system in order to develop the
optimum thermal stability potemtial. The effect of added antioxidants,
leafing pigments, plasticizers and certain otber materials was determined.

Several other coating systems were brlefly evaluated,
such as the liquid polybutadlene modifications.

WADC TR 56-272 Pt II September 1957
ASTIA Document No. AD 131094

OTS Release

SUBJECT: DESIGN DATA FOR O-RINGS AND SIMILAR ELASTIC SEALS
INVESTIGATOR: George E, Trepus

CONTRACT: AF 33(616)=-2867

CONTRACTORt Boeing Airplane GCompany

ABSTRACT1 This study is to gain kmowledge of the relationship

between the physical properties of seal materials and sealing efficiency

so that materials may be fully utiligzed in seel design. The literature
survey on O-rings and seal design has been continued. Commercially
availsble polymers have been campounded with various physical properties.
Statie annulus (with varying groove configuration), rotating shaft, and
reciprocating shaft functional test jigs have been designed and manufactured.
Seal tests, under various environmental and mechanical conditions, have

been rum in these jigs.

No definite relationship between physical properties and
seal efficiency was found. A general relationship, however, was evident
between seal life, and compression modulus and compression relaxation.

WADC TR 56-272 Pt III April 1958
ASTIA Document No. 151181
0TS Release
SUBJEGT: DESIGN DATA FOR O=-RINGS AND SIMILAR ELASTIC SBEALS
INVESTIGATOR: Frank W. Tipton Bthel L. Schiavcn

George B. Trepus Chester J. Dezeih

James J. Hill
CONTRACT: AF 33(616)=2867

CDNTRACTOR: Boeing Airplane Company
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ABSTRACT: This is a continuation of a study to gain knowledge of
design data for O-rings and similar elastomeric 8eals. The literature
survey on O-rings and seal design has been continued and enlarged to
include the effects of irradiation and extrame low temperature on seal
design. Low temperature tests, relaxation and volume change tests,
screening tests, and functional tests have been conducted, The fune-
tional tests include pulsed anmulus tests with various groove configu-
rations and reciprocating shaft tests with and without different types
of back-ups at room temperature and at elevated temperatures,

No overall relationship between physical property values
and seal efficiency has been found. It has been noted, however, that
certain physical properties appear to be important to sea® life for
apecific seal conditions,

WADC TR 56=331 Pt II February 1958

ASTIA Document No. AD 151003

0TS Release

SUBJECT: DEVELOPMENT OF HIGH TEMPFRATURE RRESISTANT RUBBER
COMPOUNDS

INVESTIGATOR: Robert A, Hayes Ward A. Smith
Floyd M. Smith Leland J. Kitchen

CONTRACT: AF 33(616)=-3953

CONTRACTOR: The Firestone Tire & Rubber Company

ABSTRACT: Elastomers of potential interest for high=temperature

aircraft tires -- including butyl, siliecome rubber, "heat-stable" poly-
urethane, and Viton A —- were studiad to determine tensile, wire-cord
adhesion, and air-permeability properties at temperatures ranging up to
400% or 500°F, and properties of interest in tire development, such as
internal friction and running temperature. Most pramising wire adhesions
were obtained with silicone rubber, which retained 63% of the 75%-F
adhesive strength at 450°F, compared with 94 for Hewvea. Silicone rubber
is the most highly permeable to air; Thiockol ST, Vyram and butyl have the
lowest air permeabilities. Nitrogen appears to be the most promising of
the unreactive gases to use for inflation of high=temperature tires,

Type of sulfur crosslink (mono-, di-, or tetrasulfide)
had 1little effect on high~temperature properties of Hevea, Gamma-irrad-
lation of wulcanized Hevea improved the high-temperature tensile strength,
Balata had lower tensile strength than Hevea over the entire rangs of
73°F = 400°F, Vyram N-7700 was about equivalent to Vyram Ne5400.
Polyether-type polyurethane had 400°-F tensile strength of 60 psi vs.

515 for the "heat-atable® golyester type. Teflon resin had a tensile
strength of 3825 psi at 73°F and 980 psi at 600°F.
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Studies on effects of a 4=hour heat-aging at 400 F‘hpon
burat pressures of a nylon aireraft tire and of a wire tire are described.
It is concluded that a 400°~F tire will require wire tirecord in place
of organic fabries used in present tires,

A prototype aireraft tire successfully was constructed
from silicone rubber and steel wire tirecord. Coating the wire tirecord
and the bead wire with a thin layer of partially cured silicone rubber
facilitated fabrication of the beads and plies,

Experimental butadiene and acrylic polymers containing
functional groups were prepared and their high-temperature properties
were determined, Carboxyl as the functional group gave better results
than hydroxyl or epoxy. Best properties at LO0°F resulted from using a
metal oxide — particularly magnesium oxide or cadmium oxide —— with
epoxy resin to cure the carboxy polymers, enabling 400°=F tensile strengths
88 high as 1400 psi to be obtained.

The advantages of the metal oxide cure were cbtained with
methacrylate rubber (copolymer of butadiene and methyl methacrylate) by
curing with barium hydroxide octahydrate, which gave tensile strengths
of 4025 psi at 73°F and 960 psi at 400°F when used in combination with
bis{ « ~dimethylbenzyl) peroxide. In this manner the advantageous high-
temperature properties of the metal oxide cure were realized with improved
processability compared with the carboxy polymers,

It was found that butadiene copolymers can be vulcanized
by heat alone at 500°F, a GR=S = carbon black mix giving a tensile of
2450 pai; but this crosslinking could only partially be inhibited,
Salicylate esters were the most effective inhibitors.

WADC TR 57-247 July 1957

ASTIA Document No. AD 130899

0TS Release

SUBJECT: THE MICRO=COMPOUNDING AND BVALUATION OF RUBBY¥R-LIKE
POLYMERS

INVESTIGATOR: E, G. Schwarz, Lt

ABSTRACT: A micro-compounding technique has been developed %o process

the "research sized" samples resulting from Air Force and Industrial
polymer development programs,

Scaled down equipment and testing procedures have also
been daveloped successfully to evaluate the small gram=-size samples of
vulcanized elastomers. Much of the insight to compounding and vulecanizing
these axperimental polymers is based upon the chemistry of the aysten,
supplemented by experience and common sensa,
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Using the technique described in this report, experimental
polymers can be evaluated and the declsion made to reject or further
develop the polymer system -with good assurance that a promising polymer
has not been cast aside and that further effort on others is justified.

WADC TR 57=-346 November 1957
ASTIA Document No. AD 142156

SUBJECT: THE DEVELOPMENT QF A HOSE AND HOSE END FITTING FOR
POLY FBA SINTHETIC RUBBER
INVESTIGATOR: John P. Thomas

CONTRACT: AF 33(600)=-29001
CONTRACTOR: Flexonicas Corporation
ABSTRACT: Poly FBA can be processed with conventional rubber equip-

ment modified to sult its »eculiar properties in processing.

Poly FBA is limited in its use as a hose material to lip
asg] fgttings, because of its cold flow properties even at temperatures
of 300 F.

WADC TR 57=-364 October 1957
ASTIA Document Ne. AD 142051

SUBJECT: RESEARCH ON MATERIALS SUITABLE FOR FABRICATION INTO
¥51R DESIGN FAR PLUGS

INVESTIGATOR:  Edgar A. Verchot
Arthur E. Raeuber

CONTRACT: AF 33(616)-3488
CONTRACTOR: Southern Research Institute
ABSTRACT: This report describes research and development work directed

toward finding an acceptable formulation for V5IR design ear plugs and
toward setting up test methods so that future lots of purchased ear plugs
will equal the acceptable formulation.

A test procedure ito measura the collapsibility of a med} vt
size ear plug has been developed. Gollapsibility messurements were used
todefine the properties of ear plugs acceptable to those experiencad in
the art of using and fitting ear plugs to military personnel.

The ear plug formuiations studied were also evaluated
with respset to tensile strength, resistance Lo iow temperatures, resis-
tance to lanclin and to detergents, c¢olor, surface finish, and resistance
to accelerated aging,
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Three ear plug formulations were selected as being the
most acceptable according to the results of the tests made. The properties
of these formulations have been used as the basis for auggested changes

in the spacifications given in Military Medical Purchase Description
Number 4, dated 16 August 1954,

It is recomended that ear plugs based on these formula-
tions be manufactured and tested in field use before furtker minor adjust-
ments in formlation are attempted,

WADC TR 57-553 January 1958
ASTIA Document No, AD 142281

SUBJECT: DEVELOPMENT OF REFUELING HOSE & COUPLINGS
INVESTIGATOR: Stanley L. Bertholf

Laonard Castelbsaum

Pante B. Piceoli

CONTRACT: AF 33(600)=27745
CONTRACTOR: United States Rubber Company
ABSTRACT: Development of two basic types of 3" I,D. inflight

refusling hose, wire woven type and wire braided type, slong with suitable
end fittings was the object of this development contract. A1l work
pertaining to hose was performed by United States Rubber Company, at
Pagsaic, New Jersey. Coupling design work was performed by The Weathere

head Company of Cleveland, Ohio, and the Flex-O-Tube Division of Flexmmics,
Inc., of Detroit, Michigan,

Three different constructions of wire braid hose wers
developed., The wire woven type hose was eliminated because this type of
hose exhibited excessive elongation under load. A total of 35 lengths

of wire braided hose assemblies coupled with swaged fittings were furnished
under the contract,

WADC TR 57=651 December 1957
ASTIA Document No. AD 142205

SUBJECT: DEVELOFPMENT OF RUBBERLIKE MATERIALS FOR AFPLIGATIONS
INVOLVING CONTACT WITH LIQUID ROCKET PROPELLANTS
INVESTIGATOR: Jobn H. Baldrige

CONTRACT: AF 33(616)-3951
CONTRACTCR : The Connecticut Hard Rubber Company
ABSTRACT: A survey of available knowledge concerning the resistence

of elastomers and plastics to a number of propellants has been prepared
and will appear as WADC TR57-472.
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Elastomeric materials showing satisfactory resistance
during an immersion period of seven days at 160°F. have been developed
for the following propellants; unsymmetrical dimethyl hydrazine, ethylene
oxide, nepropyl nitrate, ard anhydrous ammonia, Compounds were tested
which were resistant to 90 percent hydrogen peroxide at rocm temperature,

No elastomeric materials were found with satisfactory
rocm temperature resistance to inhibited red fuming nitriec acid or to
JP=X fuel mixturs.

WADC TR 58-18 May 1958

ASTIA Document No. AD 151196

SUBJECT: INVESTIGATION OF QOIL AGING PROCEDURES FOR ELASTOMERIC
MATERIALS

INVESTIGATOR: K. Murray

ABSTRACT: Several oil aging procedures utilizing various venting

methods, and an oven or an aluminum block heater as heat sources, wera
campared to determine the most suitable, reproduclble test procadurs
for evaluating potential oil-reaistant elastomers at elevated temperatures,

The "chimneyed-stoppered-tube method" as deseribed in this
report provides for better reproducible results, and a better, more
reliable evaluation of potential oil-resistant elastomers at elevated
temperatures,

WADG TR 58-19 February 1958

ASTIA Document No. AD 150983

OTS Relsase

SUBJEGT: AN EVALUATION OF FLUORO-RUEBER 2F4

INVESTIGATOR: Roger E. Headrick

ABSTRACT: Fluoro-Rubber 2F, was developed by the Minnesota Mining

and Manufacturing Company under Air Force Contract AF 33(038)515 to
ovarcome the low temperature limitations of its precursor Fluoro-Rubber
1F, (poly FBA).

This elastomer has a 30 to 40°F. improvement in low
temperature properties (=35°F, Brittle Point} over Fluoro-Rubber 1Fi
and has excellent resistance to jet fuels, lubricants and solvents and
has a fair retention of physical properties after aging at slevated
temperatures,

WADC TR 53~-373 Sup 5 173



SANDWICH CONSTRUCTION

WADC TR 52-184 Sup 5 October 1957
ASTIA Document No., AD 142102

SUBJECT: SUMMARY OF RESEARCH BY FOREST PRODUCTS LABORATORY ON
SANDWICH CONSTRUCTIONS FOR AIRCRAFT
INVESTIGATOR: Donald G. Coleman

CONTRACT: AF 33(616)=56=9
QONTRACTOR ¢ Forest Products Laboratory
ABSTRACT: Developments in the program of research in sandwich

construction for aircraft conducted by the U. S. Forest Products Labo-
ratory during fiscal year 1957 are summarized. The approach has been
in general to derive deslign criteria mathematically and then to check
by test. Seven technical reports issued during the fiscal year are &b-
stracted.

WADC TR 55-417 Pt 11 October 1957
ASTIA Document No. AD 142052

SUBJECT: PERFORMANCE OF STAINLESS STEEL SANDWICH CONSTRUCTION AT
HIGHE TEMPERATURES
INVESTIGATOR: E. W. Kuenzi

W, E. Jahnke
CONTRAGT: DO 33(616)56-9
CONTRACTOR: Forest Products Laboratory
ABSTRACT: This report presents the results of test to determine

structural performance of sandwich comprised of facings of stainless
steel or titanium bonded to stainless steel honeyeomb cores with heat-
resistant, epoxyephencl adhesive. Performance was determined at 757,
300°, and 600°F. and after exposure at 300°F. for 100 and 500 hours.
Included are results of a small-scale investigation of the effect of two
methods of preparing facings for bonding and the effect of bonding with
two adhesive layers instead of the usual single layer.

WADC TR 57-609 May 1958
ASTIA Document No. AD 155579

0TS Release

SUBJECT: STRENGTHE AND ELECTRICAL TRANSMISSION OF TEREE TYPES OF

REPAIRS TO SANDWICH CONSTRUCTION FCR RADOMES
INVESTIGATOR ¢ Bruce G. Heebink
V. P, Miniuttl
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CONTRACT: DO 33(616)56-9

CONTRACTOR s Forest Products Laboratory

ABSTRACT: The purpose of this technical report was to evaluate
three methods for repairing damage to a typical radome sandwich construce
tion. Six similarly damaged panels were chosen, and WADC sent three to
Tinker Air Force Base and three to the Forest Produets Laboratory for
repair, The repair procedures at Tinker Air Force Base were similar to
those used at the Laboratory.

The repsired panels were tested for electrical transmis-
sion by WADC and for strength at the Laboratory.

Teats were made to determine edgewise tensile, edgewise
compressive, and flatwise tensile strength of the repaired and undamsged
sections of the panels. One panel in each set could not be tested because
it blistered while the resin was being oven cured.

Results showed, except for edgewise compressive strength
of scarf-jointed repairs, that repair efficiency was highest when ‘only
one facing was repasired, and that no one method was superior for both one-
and two-facing repairs. However, because (a) results from the limited
number of astrength tests varied considerably, {b) the two repairing
facilities used different repair resins, and (c) only one of the three
repair methods was duplicated, valid conclusions regarding the repair
efficiency of the three methods and a comparison of the repair effic-
ienciea obtained by the two facilities cannot be made. The results of
electrical transmission tests on two of the repailr methods show that the
methods are electrically suitable for general radome repair.

WADC TR 58-76 March 1958
ASTIA Document No., AD 151085

SUBJECT: FLEXURE AND TORSION OF COMPOSITE CYLINDERS

INVESTIGATOR: W. S. Ericksen

CONTRACTOR: Air Force Institute of Technology

ABSTRACT: A solution to the problem of determining the compoments
of stress and displacement in composite cylinders supported as cantilever
beams and subjected to flexural and torsional loads is givem in this report
The type of cylinder considered is that composed of three circular, co-
axial, layers of different materisls that are bonded at their junctures,
Two main cases are considered; one in which the material in the center
layer is cylindrically aeolotropic, the other in which it is isotropic.
The material in the inner and outer layers is assumed to be isotropic.

By taking the thickneas of one of the layers equal to zero, the results
are applicable toc a twoslayer e¢ylinder and, by making the inner radius
zero, they are applicable to a solid cylinder.
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WADC TR 56-607 June 1957
ASTIA Document No. AD 130848

SUBJECT: SURVEY TO DETERMINE THE AIR FORCE RESEARCH AND DRVELOPMENT
NEEDS IN THE FIELD OF NONDESTRUGCTIVE TESTING

INVESTIGATCR: S. A. Wenk
A, J. Schwarber, Jr.
R. R. Showslter

CONTRACT1 AF 33(616)=3475
CONTRACTOR: Battelle Mamorial Institute
ABSTRACT1 The increasing complexity of air weapons systems has

resulted in increased dependence on nondestructive testing as a means

of assuring the conformance of alrcraft materials and components to
design eriteria., This survey reviews the problems inherent in existing
nondestructive testing methods, as well as those inspection problems for
which no present nondestructive test is adequate. In addition, the
shortage of skilled personnel, and the necessity of establishing training
programs, is cited,

Specific problems which require a reseasrch and development
effort are enumerated and, where applicable, recommendations for action
have been made, based on Air Forece need and chances for technologieal
success.

WADC TR 57-268 October 1957
ASTIA Document No. AD 142034
OTS Release
SUBJEGT: RESEARCH AND DEVELOPMENT LFRADING TO THE ESTABLISHMENT OF
ULTRASONIC TEST STANDARDS FOR AIRCRAFT MATFRIALS
INVESTIGATOR: A. D. Guinn J. C. Folz
R. D. McKown W. C. Hitt
CONTRACT: AF33(616)-3363
CONTRACTOR: Ultrasonic Testing & Rasearch Laboratory
ABSTRACT: Very little information has been available for use by

engineering personnel interested in setting up ultrasonic inspection and
testing reference standards for use in determining the acceptability of
aireraft materials. Since the wltrasonic method of inspaction and testing
of aircrafit materials is now widely employed, 2 very definite need exists
for test standards for use in determining the acceptability of alrecraft
materials undergoing this method of inspection and testing. While this
research program was somewhat limited in its scope, it is believed that
the data collected will provide the basis for the establishment of ultra-
sonic test standards for the aireraft materials studied.
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WADC TR 58=35 May 1958
ASTIA Document No. AD 155558

OTS Release

SUBJECT1 EARLY DETECTION OF FATIGUE IN ALUMINUM ALLOYS BY
ULTRASONICS

INVESTIGATOR Karl Sittel
Marvin Herman
Robert C. Good, Jr.

CONTRACT AF 33(616)=3930

CONTRAGTOR: The Franklin Inatitute

ABSTRACT: The literature concerning ultrasonic wave propagation and

fatigue-induced damage in aluminum has been surveyed to determine the
possible Interactions. The causes of wave attenuation have been compared
with the fatigue effects in metals predicted by various theories to
determine the experimental conditions that would maximize the measursmsnts
of those effects., Particular attention is paid to the dislocations
present in metals because they form and move throughout the fatigue

life of a sample, The problem at hand is the detection of incipient
fatigue which implies early detection and measursment.

The experimental work has included the design and construe-
tion of a reacnant type fatiguing machine and an electro-accustic driving
gystem for ultrasonic waves. Tnough tests were made to show the opera-
bility of the individual parts of the system, but insufficient time was
avallable after the literature search to record full-scale tests., The
specimen shape to be recommended for further tests is a torsion bar with
the ultrasonic waves propagated along its axis,

TEXTILES
WADC TR 56=576 September 1957
ASTIA Document No. AD 131055
0TS Release
SUBJECTs DEVELOPMENT OF DESIGN DATA ON 'THE MRCEANICS OF AIR

FLOW THROUGH PARACHUT® FABRICS
INVESTIGATOR: William G. Klein

Charles A. Lermond

Milton M. Platt
CONTRACT: AF 33(616)-2977
CONTRACTOR: Fabric Research Laboratories, Inc.
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ABSTRACT: The purposes of this report are two: 1) A determination
of the factors involved in parachute fabric permeability and the quanti~
tative prediction of their influence with a view to ratlional engineering
design of such materials; and, 2) An assay of a representative selection
of commercially produced parachute fabricas (Type I and Type II} to
determine the degree to which they meet current permeability specifications
and, where such requirements are not met, the reasons therefore,

The theoretical investigation of the mechanics of
airflow is prosecuted as follows:

4) A classical fluid flow relation is restated in
terms of fabric parameters,

B) A number of experimental and theoretical relation-
ships are formulated,

C) The various relatiocnships are combined to give the
necessery information for checking the validity
of the theoratical approach and assumption made.

The rasults of the various analyses support to a large
extent the approach and mechaniem of solution, but the work to date has
been analytiec only. The problem of synthesis can be rationally attacked
only after the compilation of more information on the biaxial deformation
of fabriec structures,

The commercially produced fabrics showed & wide variatlon
in permeability. Only 60% of the Typs 1 and 47% of the Type II fabrics
rmet the permeability specification of MIL-C=7020 A under which they were
manufecturei. In all cases the reascns for “le deviations were explain-
able on the basis of yarn dlameters and picks and ends,

WADG TR 57-157 Decamber 1957
ASTIA Document No. AD 142261
0TS Raelesgse

SUBJECT: AERODYNAMIC HRATING OF PARACHUTES
INVRESTIGATOR: A, L, huoff
5. W. Liu
F., Frank
CONTRAGT AF 33{616)=3572
CONTRACTOH: Cornell University
ABSTRACT: Hmating rates for a parachute smployed at varying Mach

numbers (2 - 5) and altitudes (sea levael to 100,000 feet) ere obtained.
Various methods of protecting the nylon parachute are discussed. Although
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requiring further engineering development the following methods are
theoretically feasible: Coating with a silicone foam which reduces the
heat transfer rate to the nylon is possible; use of a sublimating coating,
@.8., hexachlorethane 1s feasible; and the use of water absorbed in a
polyursthane foam coating on the nylen is possibla.

Flots are given for the heat fluxes at various points,
Since the actual total heat flux in a given case depends on the decelera-
tion rate of the specific parachute only specific cases could be considered.
However, the method is described, whereby, using the data of this report the
amount of evaporating material required tc kesep the nylon at a safe tempera—
ture can be very readily calculated when a specific time-velocity profile
is given,

WADC TR 57-416 November 1957
ASTIA Document No. AD 14209,

OTS Release

SUBJECT: THE DEVELCPMENT OF A COATING FORMULATION AND MRTHOD

OF APPLICATICN FOR USE IN NYLON DOUBLE FABRIC
INVESTIGATOR: Ernest H., Pagliaro

CONTRACT: AF 33(616)=3901
CONTRACTOR1 The Connecticut Hard Rubber Company
ABSTRACT: A two ply modified plain weaws nylon fabric has been success-

fully coated on both sides using conventional knife over roll rubber spreading
squipment, Blocking between the plies was prevented by closely controlling
the solids concentration and the amount of compound deposited per pass.

Butyl rubber was selected over the other elastomers evaluated because it

was the most flexible whan teated at «65°F according to requirements of the
contract. Specimens coated with Butyl rubber have alsoc met the other nec-
essary requirements including adhesion, weight, and air retentiom.

WADC TR 57=443 December 1957
ASTIA Document No. AD 142208
OTS Relesase
SUBJECT: DESIGN DATA ON BIAXTAL FORCES DEVELOFPED IN
PARACHUTE FABRICS
INVESTIGATOR Jan G, Krizik Joseph F. Cheatham
Ebrahim Victory Stanley Backer
CONTRACT: AF 33(616)-3253
CONTRACTOR: Massachusetts Institute of Technology
ABSTRACT: A high pressure permecmeter has been conatructed for use

with parachute cloths over a differential pressure range of 0.5 to 1000
inchea of water. The unit conaists of a compressor, test duct with apecial
blaxlal stress jaws, and a steam ejector in sesries. Operation with variable
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air densities is possible to simulate high altitude parachute operation,
A range of standard and experimental parachute materials has besn tested
on the permeameter and extensive data are available relating air flow,
biaxial stress and strain and area increase to pressure differentials
seross the fabrie. Data showing the effect of sample prestressing,
cyelic testing and average air density are included,

WADC TR 57-538 March 1958
ASTIA Document No. AD 151090

0TS Release

SUBJECT: DEVELOPMENT AND EVALUATION OF WEBBING MADE

FROM NYLON ®é"
INVESTIGATOR: Russell J. Neff

CONTRACT: AF 33(600)=33484
CONTRAGTOR: Fhoenix Trimming Company
ABSTRACT: The purpose of the work herein reported was the develop-

ment and evaluation of a serles of nylon webbings utilizing Type "6" nylom.

A group of webbings were manufactured. Ten were made using
210 denier yarn and four were made using modified 840 denier yarn. The
webbings were in natural and OD color, untreated and treated, made in accord-
ance with Specification MIL=W-4088C and Specification MIL=W=5625, It should
be noted that a solid weave was used in lisu of a tubular under Specification
MIL-W=5625 and that the number of ends and yarn ply of the 1/27, 9/16n
and 5/8" webbings were in accordance with the constructions used in WADG
Technical Report 55-494e A series of tests were conducted to determine if
the use of Type "6" nylon was feasible in Air Force webbings.

This investigation showed that the webbings manufactured
from regular 210 denier Type "6" nylon have slightly lower breaking
strength and were susceptible to heat degradation at lower temperaturs
then webbings presently being used by the Air Force which utilize the
Type "66" nylon., The webbings manufactured using the Type n6" modified
840 denier yarn appeared to be equal in strength and superior in thelir
rasistance to heat degradation up to a temperature of 300°F,

WADC TR 57-765 May 1958
ASTIA Document No. AD 155511

0TS Release

SUBJECT: DEVELOPMENT OF HIGH TENACITY-HRAT STABL® DACRON

PARACHUTE ITEMS
INVESTIGATOR: Chauncey C. Chu

Ernest R. Kaswell

Donald J. Doull
CONTRACT: AF 33(616)=3593
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CONTRACTOR: Fabric Research Laboratories, Inec.

ABSTRACT: A Pilot machine has been designed, constructed, and
used for the production of "Hot Stretched-Heat Relaxed™ (HS=-HR) Dacrem
yarns and threads. Yarns so produced were converted, where necessary,
into selected end items, namely webbings, braid, and tape,

The HS-HR process consists of hot gstretching the yarns
over heated surfaces at 375 “to 400°F., and then relaxing the yarns at
& surface temperature in approximately the same range. Considerable
difficulty was encountered in producing in proper quality, the relatively
large quantities of yarns needed for the selected end items, and much
experience was gained in this ultimate accomplishment,

A previous investigation, WADC TR 55-135, reports on
the properties of counterpart items prepared from "Heat Relaxed" (HR)
Dacron yarns. The HR process consists of merely freely relaxing the yarn
at 3757 to 4L00°F,

Comparison and evaluation of the HS~HR and the HR
processes with particular reference to their use for Dacron parachuts
component are the subject of this current work. Unprocessed producer's
type 5100 Dacron (U) has high tenacity, low elongation and high heat
shrinkage. Heat Relaxed (HR) Dacron has low tenacity, high elongationm,
and essentially no shrinkage. Hot Stretched-Heat Relaxed (HS-HR)
Dacron has high tenacity, intermediate elongation, and essentially no
shrinkage,

HS~HR Dacron meets essentially all of the end item
specifications originally delineated for nylon. In addition it has
better heat degradation resistance than nylon, better heat stability than
producer's Dacron, and higher strength per unit weight than Heat Relaxed
(HR) Dacron,

In 2 Dacror arrestation parachute the relationships
among deformation upon deployment, subsequent recovery, subsequent heat
stability, and utility for repeated deployment, are not completely
known. The HS-HR process appears to have some advantages over the HR
process, but whether it is worth the additional effort and cost, can
only be decided after additional study,

BES-HR end items have been delivered to WADC for compar-
ative field evaluation with previously delivered HR end items,
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WADC TR 58=-65 May 1958
ASTIA Document No. AD 155517
0TS Relesass

SUBJECT: RESEARCH PROGRAM FOR THE DRVELOPMENT OF A DESIGN
FROCEDURE TO ENGINEER PARACHUTY FABRICS
INVESTIGATOR William G, Klein
Charles A. Lermond
Milton M. Flatt

CONTRACT: AF 33(616)=3845 _
CONTRAGTCR: Fabric Research Laboratories, Inc.
ABSTRACT: This report presents an analysis which it is felt comes

closer to defining the mechanisms of air flow through parachute materials
than previous attempts have done, The significant difference from prior
work is that the fabric is treated as a three rather than two-dimensional
structure, thus permitting a more accurate characterization of the actual
flow region. The fabries considered are those conforming to the physical
specifications of MIL-C=7020, Types I and II, but with permeabilities
ranging from well below to well above current specifications.,

While very satisfactory results are obtained in
explaining permeability on the basis of fabric structure, it is also
shown that some of the variables controlling permeability must, for

specified permeability range, be held closer than is possible by present
commercial practice,.

TRANSPARENT MATERIALS

WADC TR 54~619 Pt 2
ASTIA Document No. AD 142084

SUBJECT? THE INVESTIGATION OF MULTIAXIALLY STRETCHED ACRYLIC
PLASTIC

Part 2, Biaxially Stretched Plaastic
INVESTIGATCR: Alfred Batzdorff

Julius J, Gouza
Dee A. Bursat
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CONTRACT's AF 33(616)-489

CONTRACTOR: Rohm & Haas Company

ABSTRACT: The purpose of this investigation was to further define
the effects of stretching procedures and of simulated warm forming treat-
ments on the material properties of acrylic plastic. It also expanded
the scope of previous work by including studies on stretched poly(methyl
alpha chloroacrylate). A4 new phase of these investigations was the
gunfire tests on stretched materisals,

Conditions were determined for stretching poly(methyl
alpha chloroacrylate), or Gafite sheet, and physical properties of the
stretched sheet were obtained, Stress-solvent crazing resistance increased
with increase in percent streteh, and the Gafite was significantly more
stress~solvent craze resistant than the MIL-P=5425 and MIL~P-818, materials,
A1) three materials behaved similarly in showing much less stress~solvent
crazing resistance after six months outdoor aging,

Both Gafite and MII-P-818, materials with moderste to
bigh degrees of stretch were highly resistant to siress-only crazing
after six months outdoor aging, and were better than stretched MIL~P=5425
material in this respect.

The effect of varying the conditions of stretching,
especially the rate of etretching, on the properties of three types of
acrylic plastic with several different percents of stretch was evaluated
by means of dW/dA tests, 50°C erazing tests, and funfire resistance, The
results indicated definite effects of stretching conditions on the gunfire
reslstance and crazing properties, but no significant effects on the dW/di
results on the atretched materials.

The effect of a simulated warm forming cycle on the
properties of stretched materials was of no great magnitude, There was
some reduction in stress-solvent crazing resistance, but the properties
were still much improved as compared to unstretched materisl,

Conditions of temperature, speed of testing, and moisture
content of the specimen affected the dW/AA test results quite signifi-
cantly, Limited investigation was made of these phenomena. The effect
of specimen size on the dW/dA results was investigated,

Some of the sources of variation of results on AW/dA
tests were analyzed. Theres was considerable variation with percent
stretch and the 60% stretch region on MIL-P-818, material represented a
vide range of dW/dA values which were beterogenecus in their source.

It would be wise to avoid this degree of stretch in order to reduce
variability in crack propagation resistance.
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WADC TR 56-352 Pt 11 Octobar 1957
ASTIA Document Ko. AD 142047

SUBJECT: DEVELOPMENT OF A RIGID TRANSPARENT PLASTIC
MATERIAL SUITABLE FOR ATRCRAFT GLAZING AT
ELEVATED TEMPYRATURE

INVESTIGATOR:  George Helvey
Harcld A. Clark

CONTRACT: AF 33(616)=3065
CONTRACTOR 1 Dow Corning Corporation
ABSTRACT: Additicnal research work was conducted to obtain a

rigid, transperent plastic having propertles at elevated temperatures
superior to those of the presently available transparent materials.

Eveluation of atraight silicone resins, designated as

Resin Type BB, was continued but no significant improvement in properties
was realized, Although this resin type has excelleni optical propertles
(luminous trensmittance of over 90 percent and haze less than 1 percent)
which are not viaibly affected by heat aging (thermally stable after
prolonged exposure at 200 degrees C) the physieal properties are, in
general, well below those of other commercially available materials,

The Heat Distortion Temperature of Resin Type BB is 40°C to 66°C. This
material will not be satisfactory for glazing applications requiring
rigidity at elevated temperatures but may be adapted for other uses.

Flake glass reinforcement of the resin was attempted
but was not successful because of poor orientation.

Large sheet castings were successfully fabricated by
processing the silicone resins using special techniques,

WADC TR 57-24 July 1957
ASTIA Document No. AD 130914

SUBJECT: DEVELOPMENT OF A RIGID FLUORINATED TRANSPARENT
PLASTIC MATERIAL SUITABLE FOR AIRCRAFT GLAZING AT
ELEVATED TEMPERATURES

INVESTIGATOR: Harry D. Anspon
Joseph J. Baron, Jr.

CONTRACT: AF 33(616)=3240
CONTRACTCR : Generel Aniline and Film Corporation
ABSTRACT The field of fluoroacrylate polymers was studied as a

starting point on investigation of new polymeric materials for use as
high temperature resistant, transparent, glazing materials.
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A literature survey of this field showed that, although
several fluoroacrylate polymera had been prepared previously, ailmost no
information was available on the polymers and their properties.,

The fluorine analogs (methyl>(~(trifluoromethyl)acrylate
CHy=C(CF3)C00CH;; and methyl X(=fluoroacrylate, CH,~CFCOOCE3) of the two,
well-known, readily-polymerizable monomers, methyl msthacry{ate, CHQ:C(CHB)
COOCH, and methyl Y=chlorcacrylate, CE;=CC1C00C were prepared b

3 ’ prepar y
methods described in the literature.

Methyl {~(trifluoromethyl)acrylate did not polymerize
under conventional methods nor under special conditions recommended in
patents by a previous inveastigator. It was polymerized to a transparsnt
solid by extended gamma radiation. The characteristics of the polymer
obtalned by gamma radiation remain to be determined.

Mathyl <(-fluoroacrylate polymerized readily under light
irradiation to a tough, transparent, solid polymer with a heat distortion
temperature of 110°C. (230°F.) with excellent sclvent eraze resistance,
and with a heat stability of about 2 hours at 204 °C. (400°F.) in an air
oven. Its heat distortion temperature was lower than 135°C, (275%%.),
the beat distortion temperature of the corresponding chloro compound,
methyl "(-chlorcacrylate; but its toughness, solvent resistance, and heat
stability were superior to those of methyl“A-chlorcacrylate polymer
("GAFITE"). Additional quantities of methyl <(=fluoroacrylate are in
preparation to provide samples for more extensive testing of this polymer.

Exploratory work on syntheses of methyl trifluorcacrylate,

gﬁ?zgigogcﬂg; and methyl“{wchloro-f,f~diflucroacrylata, CFy=CC1C00CH, was
ateds

WADC TR 57-24 Pt II February 1958
ASTIA Document No. 150966

SUBJECT: DEVELOFMENT OF A RIGID FLUORINATED TRANSPARENT PLASTIC
MATERIAL SUITABLE FOR AIRCRAFT GLAZING AT ELEVATED
TEMPERATURES

INVESTIGATOR® Harry D. Anspon
Joseph J., Baron, Jr.

CONTRACT 3 AF 33(616)=3240
CONTRACTOR: General Aniline and Film Corporation
ABSTRACT: Fluoroacrylate esters were investigated to determine

whether their polymers possessed properties suiting them to use as high
temperature resistant, transparemt, glazing materials,
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Two sheets (12" x 12" x 1/8") of methyl™(-fluoroscrylate
were cast. The properties of these sheeis were determined by tests run
at Wright Air Development Center and by General Aniline and Film Corp.
This polymer posses good forming properties, excellent craze resistance,
good stability toward 1ight and heat /Polymethyl™(~fluoroacrylate is at
least 100 times more stable than polymethylo{-chloroacrylate at 191°C.
(375°F.)/ and is tougher than the chloro-analog. However, its heat
distortion temperature (108°C.) is lower than that of polymethyl
(wchloroacrylate (135°C.).

Polymers and copolymers of methyl“C-fluoroagrylate,
nethylC —(trifluoromethyl) acrylate, methyl {{~chloroacrylate, methyl
methacrylate, and glycidyl methacrylate were prepared and examined.

Only cross-linked glycidyl methacrylate possessed a higher heat distortion
temperature than methyl({-chlorocacrylate polymer. The glycidyl group
geems to confer soms heat stability to the mcrylate over that possessed
by a methyl ester.

Exploratory synthesis of methylc(=chloro-}, f~diflucro-
acrylate, CF5~CC1COOCH3, and methyl(,B,p-trifluorcacrylate, CF,=CFGOOCH,
were carried out. It is probable that the former compound has been
isolated, but the last steps of the synthesis of the latter compound
remain to be completed,

WADC TR 57-213 July 1957
ASTIA Document No. AD 130887

SUBJECT1 SILICONE INTERLAYER MATERIAL PROGRAM
INVESTIGATOR: Keith E. Pelmanteer

Francis J. Gampbell

Thomas I.. Laur

CONTRACT 3 AF 33(600)~27183
CONTRACTOR: Dow Corning Corporation
ABSTRACT: Improvement of thermally stable silicone interlayer

materials, Types K, L and M, was the object of this research. A method
was developed to completely confine interlayer samplea during heat aging.
Falling ball impact and peel strength teat methods for elevated temperature
testing were developed. Work on Type L interlayer was ended due to 1ts
poor shelf life, Improvement in Type M interlayer material was achieved.
Introduetion of eapillaries in Type M interlayer made it posaible to
prepere 12 x 12 inch laminates which withstood 400°F for 100 hours

without forming defects.

Tensile strength, pesl strength, bullet impact and
falling ball impact properties of Type K and Type M interlayer were
measured over a broad temperature range., Falling ball impact resultis
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showed PVB laminates to be better than Type K laminates over the temper-
ature range of 30° to 97°F. Type K laminates had slightly higher impact
strengths than Type M laminates over the temperature range of =65 °to

+ 400°F, Impact resistance was shown to be directly related to adhesion,

WADC TR 57=-421 October 1957
ASTIA Document No. AD 142021

SUBJECT: TRANSPARENT MATERIALS FOR ATRCRAFT ENCLOSURES WADCw
UNIVERSITY OF DAYTON JOINT CONFERENCE

INVESTIGATOR: Robert E, Wittman

ABSTRACT: The purpose of this report is to make available all

technical papers presented at the recent Seventh Conference on

"Transparent Materlals for Aireraft Enclosures." This conference was

beld for the exchange of knowledge on new developments and design

concepts concerned with crew enclosures and to make known the state of

the art with reapect to transparent plastics, interlayer materials, and

glass,

The papers contained herein have been r eproduced directly
from the original manuscripts.

WADG TR 57=447 October 1957
ASTIA Document No. AD 142045

SUBJECT ELEVATED= AND ROOM~-TEMPRRATURE FROPERTIES OF
TRANSPARENT PRESTRETCHED PLEXIGLAS 55
INVESTIGATOR: G. M. Gynn
J. A. Vanecho

' W. F. Simmons
CONTRACT AF 33(616)=3215
CONTRACTOR: Battelle Memorial Institute
ABSTRACT: Creep and creep-rupture, short-time tensile, and deter-

ioration data were obtained for prestretched Plexiglas 55, a transparent
acrylie, sheet material, Data were obtaired at 80, 160, 200, and 250 F.
A comparigson of properties is made with unstretched 5105XP, an experi-
mental Plexiglas material,

The stress~rupture strength properties of the prestretched
material were found to be superior to the unstretched 5105XP at 80, 160,
and 200F., The prestretched Plexiglas deformed more than the unstretched
material did, initially resulting in inferior creep-strength properties
even though minimum creep rates were essentially the same, The short-time
tensile strength of the prestretched Plexiglas is superior to the
mnstretched material at temperatures to about 170 F, At temperatures
above 170F, the strength of the stretched material fell below that of the
unatretched 5105XP Plexiglas,
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WADC TR 57-580 December 1957
ASTIA Document No. AD 142180

SUBJECT: EVALUATION OF SELECTRON 400 TRANSPARENT PLASTIC
MATERIAL

INVESTIGATOQR: Dorald L. Schmidt

ABSTRACT: Bvaluation test data are presented on the optical,

mechanical and thermal properties of a new experimentsl transparent
plastic material, designated Selectron 400.

Selectron 400 has outstanding physical properties with
respect to strength at high temperatures, heat distortion temperature
and resistance to crasing. The material in its present stage of develop-
ment has several undesirable characteristics such as brittleness, notch
sansitivity and low impact strength,

Selectron 400 is suitable for use as monolithic canopy
material in nonpressurized aircraft, and as surface sheets of laminated
glazing assemblies cn pressurized sircraft. However, Selectron 400
laminates with a silicone heat resistant interlayer have not yet been
successfully fabricated and evaluated.

WADGC TR 57=640 December 1957
ASTIA Doeument No, AD 142182

SUBJECT1 EVALUATION OF CAST UNFILLED TRIALLYL, CYANURATE~POLYESTER
LAMINATING RESINS

INVESTIGATOR: D. F, Starks

ABSTRACT: An exploratory evaluation of the properties of three

cast unfilled triallyl cyanurate-polyester laminating resins was conducted

to determine if this chemical type of resin would provide a useful

material for further development as a heat resistant transparent glazing

material for use in aircraft. The castings were made and all tests were

conducted by the Plastic Products Section of the Organic Materials Branch,

Materials Laboratory, Directorate of Laboratories, Wright Air Development

Center, The tests were selected as those that would beat present a

basic representation of the merits of the resins, These included specific

gravity, water immersion, heat distortion, tensile streagth, izod impact

and room and elevated temperature flexural tests. Optical quality

cesbings with good light transmission were not obtained; however, it

was considered that if the other properties were promising, the optical

characteristics could be included in later develommental studies.

The triallyl cyanurate=polyester laminating resins are
not 2-stage materials in the form evaluated but are cast and cured to the
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final form. They wers compared to Selectron 400 which is a 2-stage
material with satisfactory optieal properties, Sinee most of the
properties of the trilallyl cyanurate-polyester laminating resins
investigated were inferlor to Selesctron 400, develomment work as
described in WADC TR 57-580 will be continued on Selectron 400,
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II  NUMERICAL LISTING OF FUSLISH&D TECHNICAL REPORTS ( March 1923 - June 1958)

Accessories, Aircraft

4720, 4938, 5064, 5563, 5599, 5651, 53-472

Adhesivas, Structural

5896 Fts, 1-2, 5928, 52-156, 52-156 3up 1, 53-126 Fts. 1-2-3-4, 53-294, 53-294
Sup 1, 53~477, 54-88, 54~98 Fts. 1-2-3, 54-153, 54-231 FPts. 4-5, 54-447 Fis. 1-2,
55-87 Fts. l-2-3=4-5~6, 55-271 Fts. 1-2-3, 55-2383, 55-491 Fts. 1-2-3, 56~24,
56-239, 56-320 Pts., 1-2, 56-410, 56-467, 56-533, 56-650, 57-513, 57-696

Adrcraft rarts

5219, 5486

Antiseize Comroundg

Bicchemistry

5588, 6518 Pts. 1-2-3-4, 52-2L4, 53-474, 54-30, 54-148, 54-421, 55-72, 55-508,
56-208, 56-252, 56-384 Ft. 1, 56-431, 56-48C Sup 1, TN 57-232, 58-32

Brazing Alloys
57-648
Ceramics

5897, 5947, 6218 Pt. 1, 6512, 6515, 660L Pts, 1-2, 52-67, 52-92, 52-291 Pts. l-2-
3, 53-9 Pts. 1-2, 53-37, 53-50 Pts, 1-2, 53-91, 53-165, 53-287, 54-1, 54=13 Pts.
122, 54=27, 54-33 Pte. 1-2, 54~ilh, 54=457, 54=467, 54=491 Pia., 1-2, 55-327, 55~500
Pt, 1, 56-329, 56-521, 57-32, 57-39, 57-86, 57-135, 57-577 Pt. 1, 57-665, 58-12

Pt., 1, 58-13 Pt, 1

Chemistry
53-147 Sup 1, 56-495, 57-187, 57-193, 57-606
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Clesning
4609, 52-100, 53-147

Coatings

5617, 5700 Sup 1-2, 5236, 52-48, 52-99, 53-73, 53-466 Pt. 1, 53-511 Pts. 1-2,
54=209, 54-325 Pts. 1-2-3, 54-373, 54=392, 54~452, 5.~526, 5,=527, 54-527 Sup 1,
TN 55-212, 55~308, 56~80, 56~80 Sup 1, 56-250, 56-338 Pts, 1-2, 56~385, 56-501,
56-622, 57-158 Pts, 1-2-3, 57-185, 57-186, 57-195, 57-296, 57-317, 57-342, 57-435,
57-752, 58=4, 58-11

Corrogion
5690, 6519 Pts. 1-2-3-4-5-6, 6591, 53-16 Pts, 1-2-3, 54-48l, 54=568, 55~84, 55~

109, TN 55212, TN 55-212 Sup 1-2, 55-345, 56-237, 56=~310, 56-311, 56-380, 56~/1i,
57-302, 57-540, 57-662

Creep
57-96, 57-104, 57-150 Pts. 1-2, 57-297

Design Criteria

514-4 PtS- 1—2, 5311, 5521, 5662 Pts. 1-4;5, 5472 Pts. 1-2, 5899’ 6517 Ptso 1-2-
3-5, 52-89 Pts. 1-2-3, 52-251 Pts., l-2=3-4, 52-252, 52-320, 53=7, 53-10, 53-24
Pts, 1-2-3-4, 53-71 Pts. 1-2, 53-300, 53-336 Pta, 4=5, 53-507, 53-510 Pt. 1, 54-
122, 54=175 Pts, 1-2, 54=214 Pt. 1, 54-402, 55-18 Pt, 1, 55-18 Sup 1, 55-103,
55~103 Sup 1-2, 55-150 Pts. 1-2-3-4-5-6~7, 55-199 Pts, 1-2-3, 55-372, 56~26 Pt. 1,
56~44, 56-216, 56=340, 56-395 Pts, 1-2-3

Electrodeposition

5125, 5692, 5692 Sup 1-2-3-4, 52-232, 53-162 Pis, 1-2-3, 53~218, 53-271 Pts, 1-2,
53317, 54-240, 54~485 Pts. 1-2-3, TN 57-178, 57-514, 58-5 Pt. 1

Electronic Materials

IN 57-241, TN 58«5/

Fatipue

5623, 5726 Pts. 1-2, 5775 Pts, 1-2, 52-148, 52-234, 53-122, 53-167, 53-18,,
53-393 Pt. 1, 53-437 Pts. 1~2, 54=20, 54-64, 54=200, 54~462, 5[=531, 54-531

Sup 1, 55-86 Pts. 1-2, 55-225, 55-226, TN 55-232, TN 57-273 Fts, 1.2, TN 55-284,

55-389, 55-456, TN 55-460, 55-483, 55~497, 55-527, 56=37, 56-122, 56=~127, 56
180, 56-181, 56-289, 56-291, 56-408, 56-611, 57-310, 57-589
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Fuels
5636, 5636 Sup 1, 5895, 5944, 6387, 6390, 6625, 6625 Sup 1, 52-35, 52-35 Sup 1=

2-3-4, 52-53, 53-63 Pta, l-2=3~/-5, 53-63 Sup.l, 54-328 Pts, 1-2, 54-596, 55-138,
55=219

Hur
53-333

Graphite
57-491 Pt, 1, 57-602

Hydraulic Fluids

5561, 5655, 5746, 5756, 5756 Sup 1, 5763 Sup 1, 6665, 6685, 6685 Sup 1-2, 52-
118, 53-79, 53-462, 54-191, 54=532 Pts, 1-2-3, 55-62, 55-89 Pts. l=2=3-4=5, 56-
25, 56-168 Pts, 1-2, 56~207 Pts, 1-2-3, 56-634, 57-2, 57-119, 57-151, 57-151 Sup

Joining

4423’ 4554, 4657, 4659, 5310, 5749’ 5931, 52-143, 52—231, 52“294) 52-313 Pta-
1-2, 52-322 Pts., 1-2-3~4, 53=67 53-23L, 54-401, 5417 Pts, 1-2~3, 5497 Pts. 1-2,

Leather
53-414, 54-63, 54~466

Lubricants

5685, 6385, 6386, 52-22, 52-220, 53-11, 53-25, 53-45, 53=79, 53-83 Pts, l-2-3-4-
5-6, 53-88, 53-293 Pts. 1-2-3-4-5-6-7-8, 53-303, 53-337 Pts. 1-2-3, 53-353, 53~

426'Pts. 1*2—3-4-5, 53-466 Pto 2, 54’37, 54-44, 54“46’ 54-157, 54-339 Pts. 1‘2,

54midT, 54-ll8, 54wibl, Pts. l-2=34, 54=576 Pts. 1-2, 54~580, 54~6l4, 55-30 Pts,
1-2-3-4-5, 55~90, 55-102 Pts, 1-2-3, 55-187 Pts. 1-2, 55~190 Pis, 1-2-3, 55-240

Pts. 1~2-3-4, TN 55-372, 55-385, 55=449 Pts, 1-2-3-4~5-6, 55-475, TN 55-554, 56-
1, 56-11, 56-175, 56-177, 56-224, 56-229, 56-254, 56=262, 56-275, 56-370 Pis. 1-
2, 56-375, 56430 Pt. 1, 56~475, 56-646 Pt. 2, 57-36 Pt. 1, 57-61 Ft. 1, 57-93,

57-113, 57-166, 57-177, 57-199, 57-255, 57-283, 57-299, 57-455

Materials Physies

4596, 4617, 4995, 5014, 5628, 6189, 6381, 6520, 6610, 52-168, 52-246, 52-282,
5332, 53-44, 53-112, 53-201 Pts, 1-2-3-5-6, 53-308 Pts. 1-2-3, 53-378 Pts. 1-2,
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53-455, 53~465, 54-45, 54-185 Pts, 1-2, 54-268, 5.-306 Pts. 1-2, 54-393, 54-601,
55=108, 55=-255, TN 55=302, 55~421, 55-495 Pts, 1-2~3, 55-496 Pts, 1-2, 56-4 Pts.
1-2, 56-19 Pts, 1-2, TN 56-183, TN 56~191, TN 56-196, 56~222 Pt, 1, 56-263, 56-
436, 56-452, 56=455, 56=465, 56-500, 56=515, 56~543, 56=623, 56~657, 57-10, 57=
38, 57-92, TN 57-114, 57-141, TN 57-207, 57-212, 57-226, IN 57-294, TN 57-298
Pt, 1, TN 57-308, 57-319, 57-334, 57-334 Sup 1, IN 57-335, TN 57-342, 57-359,

TN 57-362, 57-374 Pts, 1-2, 57-375, 57-38l, 57-465, 57-487, 57-488, 57-512, 57=-
667, 57-T7L, 58-42

Metsls, General

4796, 4814, 5925, 6191, 6222, 6517 Sup 1, 6517 Pt, 2, 6678, 6731 Pts. 1-2-3-4,
52-89 Pt, 1, 52-101 Pts, 1-2, 54-183, 54=474 Pt. 2, 54-598, 55-34, 56-83, 56—
242, 56—282, 56-294, 56-330 Pts, 1-2-3-4~5-6~7, 56=402, 56=330 Pis, 1l-2-3-4=~5-
6=7, 56-402, 56-486, 57-131, 57-311, 57-695

Metals, Ferrous

4473, 4799 Pts, 1-2, 4802, 5645, 5657, 5696, 52=73, 52-77, 52-325 Pt. 1, 53-254
Pts, 1-2-3-4-5-6, 53-256, 53-439, TN 55-87, 56=205, 56~396, 56-555, 56~598, 57-
501, 58-108 Pt. 1

Metals, High Temperature

5435, 5649, 5712, 5716, 5730, 5731, 5893, 5929, 5930, 5936 Pts. 1-2, 5949, 6188,
6219, 6615, 6640, 52-54, 52-226. FPts, le2, 52-227, 52-243, 52=253, 53=70, 53=
272 Pts, 1-2, 53-274, 53-277 Fts. 1-2, 53-336 Pts, 1-2-3, 53-451 Fts. 1-2, 54—
40, 54=120 Pts., 1-2, 54=175 Pt, 3, 54~206, 54=270 Pts, 1=2, 54=276, 54=391, 5k=
391 Sup 1, 54=451 Pts. 1-2, 54-472, 54-488 Pt. 1, 55-23, 55-96, 55-218, 55-2.43,
TN 55-290 Pts, 1-2, 55-388, 55-391, 55-470 Pts. 1-2, 55-501, 56-114, 56-190,
56327, 56=454y 57=40, 57=57 Pt. 1, 57-154, 57-242, 57-298, Pts, 1-2-3, 57-
309, 57-343, 57-426, 57-535, 57-649 Pt. 1, 57-678, 57-717, 58-28

Metsls, Nonferrous Aluminum

4531, 4547, 4560, 4566, 4902, 4902 Add, 1, 5103, 5111, 5129, 5187, 5228, 5357,
5589, 5603, 5694, 5701, 5945, 6513, 6675, 52-251 Pt, 1, 52=307 Pts. 1-2, 53-40,
53-151, 53-151 Sup 1, 53~527, 54-104, 54-119, 54~490, 54-590, 54-595, TN 55-49,
56=99, 56-48l, 56~585 Pt. 1

Metals, Nopferrous Magnesium
4514, 4556, 4725, AT80, 5156, 5246, 5349, 5517, 5734, 5755, 5926, 6173, 6174,

6594, 52-169, 53-18 Pts. 1-2, 53-113, 53-181, 53-405, 54-83 Pis, l-2-3-4{-5,
542357, 55-160 Pts, 1-2-3, 55-207, 56-88, 56-405, 56-409, 56~415, 56-453, 56~
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461, 56-478, 57-194 Pts. 1-2-3, 57-241 Pte. 1-2, 57-518, 57-576
Metals, Nonferrous Silicon

6383

Metals, Nonferrous Litanium

5732, 5935, 5946, 6218 Pt, 2, 6516 Pts, 1-2, 6595 Pts. 1-2, 6596 Pts. 1-2, 6597
Pts. 1-2, 6623, 52-16, 52-202, 52-245, 52-249, 52=255, 52-334, 52-339, 53~-26, 53-
101, 53-109 Pt. 1, 53-177, 53-182 Pt, 2, 53-230 Pts. 1-2-3, 54-101 Pts, 1-2, 54~
109 Pts. 1~2, 54=112 Pts, 1-2=3, 54-205 Pts. 1-2, 54-278 Pts. 1-2=3-4, 54-280,
54305 Pts. 1-2, 54-355 Pts. 1=2-3, 54~404, 54~487, 5.-546 Fts. 1=R, 54~547, 54=
555, 54-609, 54-616 Pis, 1-2-3-4, 555, 55-147, 55-164, 55~-310, 55-325 Pts. 1-2,
55-362, 55454 Pts, 1-2, 55-458 Pts., 1-2, 55-510, 56-121, 56-146, 56-269, 56~
304, 56=343, 56-545, 56-580, 56-597, 57-269, 57-360, TN 57-396, 57-420, 57-470,
57630, 57-639, 57-694, 58-20

Metals, Nonferrous Vanadium

£52-145 Pts, 1-2-3

Metals, Nonferrous Zirconium

5932, 5943, 52-236

Packaging

52-22 Pt. 1, 53-38 Pts. 1-20 inclusive, 53-43, 53-68, 53-132, 53-133 Pis, 1-2-3,
§3-133 Ft, 3 Sup 1, 53-216, 53-334, TN 55-216, TN 55-328, TN 55-407, IN 55-706,
56:242, 56342 Sup 1, 56-357, 56-464, 56-539, 56-547, 56=647, 56-660, 57-51,
57-682

Faint Remover

5713 Sup 1

Flsstics, Structural

LELB, 4969, 4989, 4998, 5004, 5012, 5062, 5077, 5686, 5698, 5748, 5940, 5941,
6190, 6220 Sup l-2, 6223 Sup 1, 6389, 6602, 52-5, 52-5 Sup 1-2-3, 52~20, 52-
24, 52-75, 52-105, 52-142, 52-161, 52-183, 52-183 Sup 1-2-3~4-5, 53-56, 53-
185 Pts, 1-2-3-4, 53-192 Pts, 1-2-3-4~5-7-8-9-10-11, 53-307, 53-371 Pts, 1-2,
53-483, 53=491, 54=-474 Pts. 1-2, 54=540, 55-31, 55-37, 55-1806 Pts, 1l-2-3, 55-
256, 55-290 Pis., 1-2, 55-308, 55-319, 55-342, 56-206, 56-231, 56-264, 56-270,
56-296, 56-522, 56-534 Pte., 2-3, 56-581, 57-37, 57-200, 57-246, 57-~352, 57-
531, 57~574, 57-638 Pt, 1, 57-674, 58-27
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Polymers and Synthesis Studies

54-102 Pts. 1-2, 54-264, 54~525, 54-599 Pis, 1-2, 5/-613 Pts. 1-2-3, 55-25, 55-
26 Pts, 1-2-3-4, 55-146, 55-193 Pt. 2, 55-220 Pts. 1w2-3-4, 55-221 Pts, 1-2-3-
4y 55-374, 55-453 Pis. 1-2, 55-461, 56-82 Pts, 1-2-3, 56-90, 56=94, 56m201, 56
<03 Pts. 1-2, 56-234, 56-326, 56-376, 56-399, 56-492, 56-493, 56-520, 56~530,
56-590 Pts. 1-2, 56-596 Pis. 1-2, 57-45 Pts. 1-2, 57-62 Pts, 1-2, 57-11C Pts. 1-
R, 57-126 Pts, 1-2, 57-143 Pts, 1-2, 57-189, 57-321 Pts. 1~-2, 57-391, 57-436,
57502, 57-503, 57-657, 57-764, 58-3, 58-44 Pt. 1, 58-51

Radiography
4539, 5441
Rubber

2938, 3269, 3893, 4860, 5891, 52-80, 52-180, 52-191 Pts, 1-2-3, 52-192, 52-107
Pts. 1-2-3-4-5-6-7-8, 52-230, 52-338, 53-223, 53-261 Pts. 1-2, 53-372, 53-410,
53-450, 54-10, 54-62, 5,=68, 54-190 Pts, 1-2-3, 54=213, 54=318, 54-407, Sim
458, 55-26 Pts. 1-2, 55-57, 55.58 Pts, 1-2-3, 55-117, 55193, 55-206, 55-351,
25-377, 55-38L, 55~439, 55-492 Pts, 1-2-3, 56-155 Pts, 1-2, 56272 Pis, 1-2-3,
56-331 Pts. 1-2, 56-351, 57247, 57-346, 57-364, 57-553, 57-651, 58-18, 58-19

Sandwich Congtruction

02-51 Pts. 1-2-3, 52-184, 52184 Sup 1-2-3-4~5, 53-72, 53-1/6, 53146 Sup 1,
03327, 54-138, 55-417 Pts. 1-2, 55-463, 56-86, 56-119, 56-230, 56-386, 57

Structures

5544

Tests, Nondestructive
5598, 5898, 54-231 Pts. 1-2-3, 55-175% Fts, 1-2, 55-322, 56-607, 57268, 58-35
Textiles

2123, 2291, 2429, 2920, 3089, 3108, 4620, 5590, 5665, 5699, 5894, 52-55, 52~57,
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