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The major efforts during the period covered by this report

(Sept. 15a 1957, to Dec. 159 1957) have been in the folloving direoticnsu

A. Developing a glais•-sinforced metal having utility in the 15000 -

20000 F. range.

B. Improving ewsting and investigating now methods of forming

and workLng composites of aluminum &ad aluminum coated glass

fibers.

C0, Determining a oomplete set of physical data on a standard glass-

reinforced aluminum composite in order to indicate the general

characteristics of glaus-reinforced metals as a class of materialse

D. Developing a method of forming composite@ of sauminum and bare

glass fibers and evaluating the physical properties of these

composites.

3. Production and testing of glass-reinforced aluminum txubular shapes.

F. Developing a theory on the interaction of metals and glass fibers.

The work reported represents the combined efforts of Messrse J9. I Aber,

R. 3. Ivanst D, B. Garick, P. A. Lockwood, Ho. . Kathewsp I. I* Matterns

C. A. Riesboek, 3. W. Smnart 3. S. Svain# 0. 3. Wince# and the authors

of the Glass-Metals Research Laboratory, and Drs H. D. Whiteburstl D••-

partment Head. Acknowledgement is also made of the valuable aneisimee given

by many other ambers of the Basie and Applied Research Center@
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Physical property measurements of the glase-reinforoo4 metal test bars

were performed by the Olin-Kathieson Chemical Corporaton in New Haven,

Connecticut,, and by the Ohio State Tlgineering kMperiment. Station of the

Ohio State University in Columbus, Ohio# under direction of Dr. T. 3. Shevline

Work on fabrication of large shapes, in particular tubing, of glass-

reinforced metals was subcontracted to the Olin-Mathieson Chemical Corporation

in New Haven, Connecticut. This subcontract was terminated on November 15,

1957, by direction of the Navy Bureau of Ordnance.

An extension of contract NOrd 15764 has been awarded by the Navy Bureau of

Ordnance for one year from October 31m 1957s to October 314 1958. MphAusi

is to be placed on developing a glass-reinforced metal having utility in the

15000 - 20000 F. range.

This Ninth Quarterly Progress Report covers a transition period wherein

the majority of the research effort is being redirected from glass-

reinforced aluminum to higher temperature resistant glass-reinforced metals.

Hence, this report also includes the completion of the Olin-Kathieson sub-

contract an production of large tubular shapes of glas&-reinforced aluminum.

In the future, research emphasis will be on a 15009-2000°0. glaas-reinforeed

metal with some work to be done on glass-reinforced alumvinum to eetablish

general characteristics of glass-reinforced metals and to alow investi.

ption of techniques at lower operating temperatures.



n. summ

Copper is being used for preliminary investigation of methods of @or.

bining glass fibers and high melting point metals. Fibers can be ooated

at forming with a slurry of copper powder, dried, and then hot-pressed -

producing glass-reinforced copper. Unsuccessful attempts have been mado

to put more copper on the fibers by electrostatic precipitation and

various spray techniques., A oomposite was made by shaking copper powder

into glass fibers and subsequently sintering at 1600°F, under vacuums

A glass, X37B, with higher temperature resistance than I glass has been

fiberised from a 50-hole bushing.

The variables involved in hot-pressing aluminum coated fibers have been

evaluated and the optimum conditions have been established, Tensile

strengths of 50,000 psi at room temperature oanb consistently duplicstod.

Room temperature repressing of composites to relieve residual thermal

stresses between the glass and aluminum was unsuccessful.

Glass-reinforced aluminum has been tested by an aircraft component mauu.,

facturer as an actuator material operating at 5000 F. For the specific

operating requirements of this. tesi, glass-reinforced aluminum was the

only satisfactory saterial tested.

The electrical resistivity of aluminum is doubled by the addition of as

little as 15% glass fibers. The resistivity is increased due to the v'us.

of glass present and also due to the resultant smaller metal grain se.o,

-3-



A sample of hot-pressed aluminum coated fiber* was suspended in a rocket

blast at 58000•. for 4-1/2 seconds without deformation, A short time

tensile strength of 9300 psi was mersured at 090°F. on a.s tandard

composite of glass-reinforcod aluminum. These tests indicate interesting

properties of glass-reinforoed aluminum for extremely high temperature,

short-tine r.pplicationso

Wetting studies indicate that titanium nitride is effective in increasing

the wettability of glass fibers with molten aluminum.

Glass reinforced aluminum tubular shapes as large as 7" I.D. have been

made successfully by centrifugal casting and by vacuum injection.

X-ray diffraction studies onxwrous glass-re•forced aluminum composite@

show that the glass fibers tend to restrict grain growth and ean have a

grain refining action during casting and heat treating.

QPie



A. DWvLOPINO A GLASS-.INFORCED ISTAL HAVING UTLITM IN TM 1500 to 2000O?.
RANGE

1. Selection of metals The development of a glaus-reinforoed aluminua

has shown that by the addition of glass fibers to aluminum the

utility of the metal can be increased to approximately 75% of its

melting point* Using the 75% of the melting point criteria to ge•t

into the 1500 to 200007. range# the melting point of the metal woWlA

have to be in the 2000 to 30000F. range. The metals in this

temperature range which are being Investigated are the alloys of

copper, beryllium, mickel, iron and titanium (listed in the order

of increasing melting point). The difficulty of forming the

oomposites would increase approximately with the melting point of

the metals. Since copper has the lower melting point, it Is the

logical metal for initial investigation towards the development

of high temperature glass-reinforced metals. It is hoped that the

knowledge gained from the formation of the copper composites could

then be applied to the foroation of composites with the higher

melting metals.

2. Selection of glases The glass being used in all glass-reinforced

aluminum composites at this time is a production borosilicate glass,

designated as I glass* This glass wag chosen because of its superior

wetting properties with aluminum and because it retains a fair
0

porbtionof its strength up to about 1100F, In order to reinforoe

metals to have utility In the 1500 to 200007, rane it is doubtfW



that this glass would be satisfactory. It is difficult to form met

of the higher temperature glasses on present equipeent. It was felt

that for the first investigation into 'the 1500 to 20000F. range we

should use a glass whioh could be easily formed on existing equip-

ment and would give us the desired temperature range. To this and

we have selected a new glass, X37B3 which is easily formed on

existing equipment and extends the useful temperaturt 1000F. over

I glass. Some of the other higher temperature glasses being

investigated are fused silica, calcium aluminate glasses, and

spodumene glasses. Fused silica fibers have been formed by leaching,

by pulling from a molybdenum bushing protected with an inert

atmosphere, and by direct flame melting of fused silica canes.

These fibers have been coated with aluminum and lead with reasonable

success. It is thought that the calcium aluminate and the spodumene

glasses can be formed using the same techniques.

3. Preliminary work with alass-reinforced covoer: Composites have been

made by hot-pressing glass fibers coated with aluminum-copper alloys.

It was hoped that these composites would have better tensile

strengths at 10000F. than the composites made by hot-pressing alumimu

coated flaas fibers. Composites were made by hot-pressing glass

fibers coated with a 5% copper, balance aluminum, alloy. The glass

fibers used to make these materials were not too satinfactory since

the application of the copper-aluminum alloy resulted in a brittle

coated fiber. Attemnts to coat alloys with & higher copper content

aluminum were impossible because of the brittle rature of the fiber

-6-



after it was coated. The results of the composites formed by hot-

pressing the 5% copper, balance aluminum, alloy coated fibers are

shoW in Table I.

TABLE I

GLASS-REINFORCED 5 COPPER. BALANCE ALUMINUM ALOY

hi)e Noh. Tensile Strength at 10000F.

195 12,72D0

200 49,800

201 16,380

From this scant data, the first indications are that by increasing

the copper content of the alloy, the strength is increased at

elevated temperatures. However, these oomposites were very brittle

and hard to handle.

Attempts were made to coat X37B fibers idth various copper alloys.

65-35 brass was first used, but the fibers did not s tand the high

temperature necessary. In an effort to ret a low melting copper

alloy, a 10% magnesium, 90% copper alloy was formed which melted

at 15000F. This temperature was also too high to coat the fibers.

In all cases the copper alloys used oxidised extremely, even with

a protective coating of powdered charcoal and various salts. Ay

hot melt coating of copper alloys on glass fibers will have to include

a protective ataoephere.

Various copper alloys were vacum injected Into tubes containing

bare glass fibers and aluminum coate4 glass fibers. Aluminum-

-7-



silicon bras, 65-35 brass,, 10% magnesium and 90% opper alloy were

injected in this manner. In all oases the glass fibers were badly

damaged by the high temperatures involved. Higher temperature foiber

will have to be used if the fibers are to be hot-coated or oomposites

formed by any casting method.

X37B fibers have been coated at forming with a slurry of copper

powder and ethylene glycol. These fibers are then placed in a die and

heated to drive off the liquid vehicle. The fibers are then hot-

pressed. Reasonable success has been achieved by forming copper-

glass composites in this manner. Several samples have been made in

this manner, but none have been tested.

Because of the detrimental effect on the fibers when they are hot-

coated by higher melting metals, powder metallurgy techniques are being

explored to produce glass-reinforced higher temperature uetals. The

two methods of forming these composites are by pressing at high

pressure and low temperature with subsequent sintering or by pressing

at low pressure and high temperature with no sintering operation. These

composites could then be hot -xtruded or rolled if desited.

Ultrasonic vibration is being investigated as a method of mixing

the glass fibers and copper powder and shows mueb promise. Althouh

copper is the material being used to formulate a method of combining

the glass with higher temperatw.a metals, other potals such as

stainless steel, beryllium, and nickel are also b lng investigated

coincident with the copper investigation.

4--



Attempts are also being made to reinforce materials other than

metals in order to develop a high temperature material. A sample

of glass-reinforced ferric chloride has been prepared by orystallis-

ing the malt from concentrated solution onto a mass of fibers. The

strength of the sample has not yet been e valuated. Other materiale will

be tried in the future including lithium fluoride because of its

high lattice energy.

B. IMPROVING EXISTING AND INVESTIGATING NEW METHODS OF FORMING AND WOUCDIO
C ITES OX ALUNM AND ALUMINM-COATED LASS FIBERS

1. CoMuosites formed by hot-pressing aluminum-coated fibers

a. Evaluation of variables involved in hot-u-cssinf tochniaues

A previous report (1) showed that by hot-pressing aluminum-

coated fibers'at 60001. and 34 tons per square Inch, cumposites

with tensile strengths as high as 479920 pot. could be formed.

However, the results varied from 5,900 psi to 47#920 psi and It

was deemed advisable to evaluate the hot pressing variables in

order to get the maximum strengths possible. The highsst

temperature possible was used in all cases because it was fowA

that at lower temperatures composite& could not be formed

satisfactorily regardless of the pressure. These specimens

consist of 50-60% glass fibers in a relatively weak aluminmi

matrix. Table It gives a sumary of the tensile strength data

taken on these composites.

(1) H. B. Aileos' Seventh Qwarterly Progress Report, Contract lOrd 15674

-9-



TABLE II

TENISLE STRIMGTHS OF HOT-PRESSED ALXINI( COATED MLASS F7BIM

Pressure Tensile Average.
Temperature And Time ' Strength Tensile

Sample O Of At Room Strengt•,
lNu~tr Z2radL Tem,, _L M

120 700 5 min. pre- 27,200 27,600
heat and
5 min. S
8.3TSI

121 28,9000

156 5 min. pro- 17,900
heat and 25

157 670 see. S 8.3TSa 9,320 13,000

158 . US0O

124 5 Min. pro- 29,800
heat, 1 min.

125 670 S 8.3TSI, and 19,950 30,700
4 6in * 16.6

126 TSI 42,300

127 5 min. pro- 52,400
heat, 1 mLn.

128 690 0 8.3 TSI, & 45,200 46,700
4 min . S 23.4

129 TSI 42,600
23.4 TSI ina
pressure is
adequate to
foa good
Compositeo.

233 smin. pro- 44,800 239.4 8 as
heat, I in. 3091134 e7 8,.3 Tats and 4340O0 451400

4 mineS 309.1 -
235 TSI 47,900

-10-



TABLR II (ontinued)

Pressure Tensile Average
Tompehaturs And Time Strength Tensile

Sample Of Formingo' Of At Boom StronAIth,

136 5 mnm. pro- 40,100 Initial press
heat, 5 see. 8.3 TSI helps

137 670 S 8.3 TSI, 48A, 41,400 some.
and 4 min.O

138 30.1 TSI 35,400

142 670 5 min. pre- 45#300 50,900 Xore time at
heat, 10 min. iritial press

143 O 8.3 TSI, & 56,400 helps*
5 min. O 30.1
TSI

153 5 mi.n pre- 51,700 Xore time at final
heat, 15 mi. pron helps,

154 670 S 8.3 TSI, & 5O00 4,300 p
1 min. 6 30.1

155 TSI 37,100

177 6 min. pro- 22,700
heat * min. O

178 630 2,A,6,8,16 TSI, 31,000 22v500
& 5 min. • 20.1

179 TSI 13,800

183 5 min. pro- 26,I00 Stopieo appll-
heat, j min. cation of pressure

18^. 650 O 2,496,8#,. 50,600 38,400 probably does no
10,12,14, up good, but these
to 32 TSI, and results y reflect
5 min. O 32 TS1 lower fonmdgteimpo

It appears that beet composites are made by:

670WIN (or higher) die tomp., preheat for 5 minutes 10 minutes (or
more) at 9.3 TSI and 4 minutes (or more) at 2394 TRi.

It is quite possible that pressing at temperatures higher then 7000-. AMd at

proportionallT lor proesues would give stronger oemposites. No work has
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been done in this area.

b. Renreusing of comoosites to imnorove strenatht

The tensile strength of, glass-reinforced aluminum with 20-.3

fibers and a 1S-T6 matrix is approximately 30,000 psi at room

temperature, while the compressive strength of the sane material is

approximately 130,000 psi. The large differenee between tensile

strength and compressive strength can possibly be explained by

the prestressed state of the material. The coefficient of linear

thermal expansion of aluminum is approximately four times as great

as that of "I" glass. As the glass-aluminum composite cools

from the casting temperature, the difference in the thermal

expansion of glass and aluminum would cause the aluminum to be

in tension and the glass to be in compression. When the cam-

posites are subsequently stressed in tension during tensile

testing, the aluminum, already being in tension, may fail before

the glass is able to assume a large part of the load. In acm-

pression the tensile stress in the aluminum is quickly relieved and

the glass assumes a large part of the load. It might be possible

to relieve the residual thermal stress by repressing at room

temperature the composites to above the yio*4 point of the

aluminum. This might relieve the tensile stressed state of the

aluminum, and the strength in tension would then theoretically

be qual to that in compression. In an effort, o prove this

theory, hot-pressed composites were repressed at rom temperature

above the yield strength of the aluminum matrix. Table 1 Sives

a smmar of the results of this repressing.

.12.



TABLR III

RPRIeSZD GLASS-ftNFORCM ALUMNUM FO1(U 3! THE HOT-PF=SING TG M NIH 1

Tene:lp Average Peroent
Hot Strengtoh Tensile Ohange in

Sample Pressing At Room Strength, Tensile

127 6950F. die temp. 529400
5 min, preheat

128 1 miin. o 8.3 TSI 450200 46,700
4 muin, S 23o4 TSI

129 42.6o0 A7%

130 Same as 127,2 128, 52,900 53,600
129, j j n-

131 Dragged oo" at 57,000
23,4 TSI

332 54,000

142 6700F. die temp. .45,300 50,900
5 min. preheat

143 10 min. S 8.3 TSI 56,400 -6%

149 Same as 142,143, 50,200 479900
except repressed

150 9&1A at 30.1 TSI 45,600

178 65007. die temp. 31,000 22,500
6 miin. preheat

179 miin. 0 2,4,6,8, 13,800
16.6
5 mini. S 20rTSIWO

180 Same as 178,179 56,300

18 cold at 33.5 TSI .25,800 36,800

182 28,300

When the optimu hot-pressing oonditions are used, the rq~m temperature repreesif

"does little good. When other than optim onditions are need, the repreing

probably does little more than improve the banding of the composite and hence

inorease the tensile strength.
------



0. DETENININO A COMPULTE SET OF PHTSICAL UTA ON A STANDAR GLASS-
ENFORCED ALINUM COMPOSITE IN ORER TO INDICATB THE GIRERAL

CHARACTERISTICS OF EASS-REZNFOCED MEALS AS A CLASS OF MATERIALM

It was deeeed advisable to get a relatively complete evaluation of the

physical properties of a material which is essentially 143-T6 aluminum

reinforced with 20-30 volume peroent continuous longitudinally oriented

glass fibers. The composite is made by the vacuum injection method. (1)

This material was chosen as the best available li years ago when the

evaluation began. Since that timep however, developments have been mado

which affect the physical properties of glass-metal compnsitese It

has been decided to continue the evaluation of physical properties based

on the original composite type so that a relate4 set of physical propert

data will exist. This set of data can then be used to indicate the

properties of materials which incorporate any future developments. The

information collected during this reporting period followso

1. Modulus of riziditv anI Pdsson% ratio: The modulus of rigidity

and Poiseon's ratio have been measured by two different methods@

The first method is by mounting strain gauges laterally as well

as longitudinally on a tensile specimen, producing a ratio of the

transverse contraction to longitudinal elongation. This ratio

provides the basis for caliulation of modulus of rigidity. The

second set of values is obtained in torsion tests by measuring

the angle of twist and by calculating the maxmim shearing stress.

The data is shown in Tables IV and MY.

(1)H1. . Whitehurt- - First Aual Progress Report, Contract IOid 15674



TASLE IV

MODUl/S Cr RIGIDITY B POISSONIS RATIO

F e1 U Modulus of Modulus of
Test Specimen Strain Gages Strain soes Elstioit7 Ri idity
Number Number 1 & 2 averaae 1 & 3 aeraie 1 ui.

1 105-D .114 10.2 4.578

2 105-D .092 10.6 4.852

3 105-D .090 10.2 4.679

1 105-D .101 10.2 4.630

2 10$4 .099 10.6 4.02

S 105-D .099 10.2 ,AA

Average .099 10.3 4,.701

TABLE V

MODUMS OF RIGIDIT BY SHEARINO STXWS AND ANGLE OF TWIST

Test Specimen Max. Shearing Stress Apgle of Twist "Sdusu of Rigidity

Number Number I_....A•idM. 1.0 noi

1 105B 19,072 .12Ol 3.253

6 105B 17,880 .0974 3.759

1 105? 16,710 .0070 4.225

105 20,880 .9LOO L.872

Average 4.025

Poisson's ratio for unreinforoed 14 aluinum is 0.33, while it is .099 tor

glass reinforced aluminu. The modulus of rigidit7 of u rn0nf cred 14

alu•i.umis 4.• . 106 psi, Uhile it Is 4.701 x106 rs end O .4025 x 106 psi

-125-



L. by the two different measurements for glass-reinforoed aluminm. A

possible emplanation for the low value obtained for Poisson's ratio

and the differences in the modulus of rigidity by the two seasur itms

is that the glass-reinforced aluminum specimens used have oontinue.

longitudinally oriented fibers and hence would have anisotropie

properties.

2. Electrical resistivity: Data on the eleotricA resistivity of

the standard glass-reinforced aluminum composite mde by the vacua

inection technique is shown in Table VI.

TA=. VI

ELCTRICAL R1MISTIVITY

SAIMpi Percent Resistivity A esstivityNumber~nl OlssPeet (mcomc) oa 4

819-147 - A 15% 6.42

B 15% 6.45

0. 15% 6.54 6.49

D 15% 6.43

1 15% 6.64

819-1346 - A 19% 6.66

D 19% 6.30

3 19% 6.29 6.47

F 19% 6.64

o 19% 6.48

89-1.9 - 22.5% 6.50 6.525

D 22.5% 6.55

46.



TA•L VI (continued)

SMKTRICAL RESISTIVITr

Sample Percent . Resistivity Ays Resistivity
Number (microhmi.kca) 4j~zz~m',m)

819-170 - A 30% 6.50 Samples
Air-cooled

B 30% 6.435 6.s Immediate-
ly After

C 30% 6.30 Casting.

819-148 - D 30% 5.74 5.74 Hold at
90001?. for.
3 hre,thon
dlow-cooled
in furnace.

The measured electrical resistivity of unrenforced 10 aluminum

was 3.23 microhm-cm. The addition of as small as 15% glass more than

doubles the electrical resistivity, Increasing the percentage glass

from 15% to 30% had little effect on the resistivity. It is thought

that the resistivity of the composites is increased by the glass

cross section and also by the refinement in the aluminum grain

structure due to the glass. The one 30% glass composite hold at 900oe

for a considerable length of time and then slow-cooloed' had a moch

lower resistivity than the'30% glass composites that were cooled in

air immediately after casting, showing that the mailer grain sis.

definitely increases the resistivity,

3. Comoressivg strengths Previous measurement 'of the compressive

modulus of elasticity of glass-reinforced aluniiua indicated that

the modulu was in the order of 5 x 106 psi, 9fie vey le0 value

was obtained by using the -ross-head travel ef the testing unit to

calculate the 'moduluaj this method is quite questionable beetwe

-17-



3. it reflects end effeots of the specimen. More reliable empreeesive

tests have been made using a Baldwin-Lima-1amiltan 3train Gage S•tAm

to mesaure strain; these measuremnts are not affected bli end effects

of the specimens. This data is shown In Table VIMe

TABLI VII

CORESSION TESTING O7 OLASFJ.NfOED A

Ultimate
Compressive Compressive

Sample Stren Ultimate Yield Strength Compressive

1 (1) 89,000 5.2% 41,500 9.9 x 106

3 (2) (2) 56,500 10.7 x 106

7 131,000 5.0% 52,7W0 10.7 x1 0 6

(1) Sixteen previous ultimate compressive strength tests indicated an
average of 128,000 psi with a low of 101,000 psi.

(2) Test not carried to failure.

The above tests were conducted on samples approximately o375 inches

in diameter and .750 Inches in length. They were teoted at a

strain rate of .01 inches per minute. Ultimate ompressive

strength was calculated as. the ratio of breakinS load to original

crose-sectional areas

This data indicates an average compressive yield strength of 50#200

psi at room temperature and an average compressive modulus of 10.4 x

106 psi at room temperature. Unreinforoed 14•8•alam~t has a

compressive yield strength of 60#000 psi at room teperature and a

ompressive modulus of 10.7 X 106 as at rom temperatre.o

mi106



4o Wearuis..i nU 't A previous report (1) indlated that the wear

resistance of the standard glass-reinforced &juminm ooaposltes

was poor, Tests made in a Falex Wear Tester showed that the

glass-reinforced al=inum specimens had considerablv loes

wear resistance than either the unreinforced aluminum or the

standard steel specimen. .

Recent tests of glass-reinforced alUMinum As an actuator

material operating at 5000F. have shown that by hard anodising the

standard glass-reinforced aluminum composites the wear resistanoe is

excellent. Several aluminum alloys in the configuration of foasrls

splne. were run against mil-5-6758 pteel male splines to deter•ns

load-carrying ability, wear, gall characteristics, and coefficient

of friction at average spline pressures of from 775 to 2,000 psip

at 5000F. with various lubricants. A hard anodized standard

glass-reinforced aluminum composite in the form of female splin"

lubricated with Texas Uni-temp 500 grease performed far superior

to all other materials tested. This hard anodised standard

glass-reinforced aluminum composite as a fem4e spline mated with

a od.1--6758 male splin. withstood 40,726 cycles at 2,000 psi

average spline pressure at "•OOo Ambient tesierature with no

galling or seising and very little wear. The requirements for

the test were 20,000 cycles at 1#000 psi average spUne pressure.

(1) H, 3. A.les - Seventh Quarterly Progress Report Cotwaot NOrd 1576.
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5* Short-time. high-temosrature Dropertiest A smple of hot-pressed

aluminum coated glass fibers was suspended in a rocket blast at

58000F. for 4A seconds without deformation. No cemparative

results for other materials are available, but three seconds is

considered average for most metals. A 20-30 second tensile

strength of 9300 psi was measured at 10900Y. on a standard com-

posite of glass-reinforced aluminum. These tests would indicate

some interesting properties and possible applications of glass-

reinforced aluminum at very high temperatures for very short timses

D. DEWELOPING A METHOD OF FOSING CCHPOSITES OF ALUHNW AND BAR GLASS

FIBERS AND EVALUATING THE PHYSICAL PROFgRT-IS OF THSE CPOSITES

Wettng gtuest A number of surface active agents were investigated

by OCKC to determine their effect on wettability of "E" glass. The

results of this study are included in Appendix A.

3. PRODUCTION AND TESTING OF GLAS3&-RENFOROID AWINUX TUBULAR SHAPES

It was found desirable in the best interest of this project to sub-

contract to the Olin-Kathieson Chemical Corporation work on fabriating

large glass-reinforced alumihum tubes. The MGOC subcontract has been

terminated by direction of the Navy Bureau of Ordnance, effective

November 15, 1957. A detailed description of the conclusion of this

work is included in Appendix A.

F. DVELOPING A THEO1r ON THE INTEACTION Or WALS AND GLss FiBs

The combination of most metqls and glass fibers vesqls in seme de-

gradation in the strength of the glass fibers. It is extrems3l .it

pertant to understand the interaction which takes place between the

420-



metal and glass fibers* Onoe the interaetion is more clearly defined,

it will, in all likelihoods be possible to control this interaction

and produce ocomposite materials of glass and metals hýving the most

desirable propertiese Previous studies (1) do pot definitely indicate

whether the fiber strength degradation is due to ohemical, therma2p

or mechanical reaction of the metal upon the fiber* Attempts could be

made to isolate the three degradation effects and evaluate eaoh

separately. The chemical effect would be isolated by coating the fibers

with a silicone prior to metal coating@ The thermal effect would be

isolated by coating the fibers by various chemical methods and by

vacuum coating methods which deposit metal on the fiber at comparatively

low temperatures. The mechanical effect would be studied by analysis

of half coated fibers where the degradation due to mechanical meano

is minimized.

1, X-Ray diffraction studieso A caries of glass-reinforced aluminum

composites and suitable metal control samples were x-rayed to stul

the resultant diffraction patterns. BDy etudying the patterns of the

samples in the "as cast" condition and after various heat treat-

ments, it is possible to stimate the effect of glass fibers on the

grain growth of the metal., Note thot following the specified best

treatment the samples were 'ooled ig air. The data on these studies

is shown in Table VIII.

(1) H. B. Ailes, - ighth Quarterly Progress Report, Contract lOrd 23764
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TABLI VIII

QUIN SIZZ (larger number indicates larger grains)

After After After
As 2 hra. 2hra 2 rsa

14 S Aluminum 7 7 7 9

Glass-Reinforced
Aluminum (Vacuum
Injected) 6 7 6

Glass-Reinforced
Aluminum (Hot-Pressed
Aluminum Coated
Glass Fibers) 1 1 1 2

The samples formed heavy coxde coatings during high temperature heat

treatments and this may have clouded the results somewhrt, The glass fibers

tend to restrict grain growth and can have a grain refining action duiring

casting and heat treating. The amount of restriction and refinement vaies

with the percent glass present and production method.
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IV. LUIDIR

This contract has been renewed for one year from October 319 1957, to

October 31, 1958. The work during, this period will be confinsd to de-

veloping a glass-reinforced metal having utility in the l500-20000e. rame

Work will be continued on the phases of glass-reinforced aluminum that

will have a direct relation to higher temperature compositeo,

The subcontract to Olin-Methieson to produce glass-reinforced aluminum

tubular shapes by centrifugal casting and by vacuum injeotion wae die-

continued an November 15, 1957,

Various uncoated refractory fibers will be. ombined with Cup Nip SS8,

Be and Ti powders and hot-pressed in order to ualuate the most promising

combinations, Tensile tests of these combioations at 1500 - 0 00 F,* wil

be used to select the best metal and the best glass, Subsequent work

win be towards improving methods of combiniog this glass and this metals

Attempts will be made to vacuum neot varioue brasses and brasses into

tubes containing the new X37T fibers. The new fibers will also be eoated

with some of the copper alloys under a protective atmosphere to got an

indication of single fiber strengths.

T37B fibers will be vacuum injected with alunum and tested at 100.F, for

an indication of the high temperature properties of this glss.

Olass-reinforood aluminum will be isostatioally represoed in an efotr

to relieve the severe theomal stress in the omnposite& end realse the

*aidam strength possible.

-23-



Physical testing of glass-reinforced aluminum composites will continue.

Impaot strength, notch sensitivity, stress-rupture ohanoteristiesp

fatigue strength, wear resistance, and corrosion resistance will be

measured at temperatures up to 1000oF. The water absorptive capacity

and wet strength of glass-reinforced aluminum will be measured. These

measurements are intended to indicate the general characteristics of glass-

reinforced metals.
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Olin XAthieson, Chemical Corporation (OKCC) has been a subcontractor to

Owens-Corning Fiberglas Corporatiop (OCY) uqder contract NOrd 15761

for the purpose of producing and testing large glass-reinforced alumimn

cylindere, and making physical property measVements of experimental 0Of

glass-reinforced aluminum samples. The contract reads as followea

"Work under this subcontract shall be devoted to fabrication

of large shapes, particularly tubing, of glase-reinforced

aluminum and testing of glass-metals samples. It is under-

stood that C(CC has available the knowledge and facilities

for metallurgical process developments. Considepable hevyý-

duty metal-working equipment can be made availat1e."

The buboontract was issued effective November 1, 1956, through

November 1, 1957. The first report covered activities from inception of

the program through September 15, 1957.

Subsequent. to that date, NOrd requested 0C? to r write their proposal for

contract renewal to cover investigation of reinforced metals having utility

at 1500-000°F. Since basic research to develop now ceramic fibers and

methods of combination with higher 'melting metals than aluminum wou2d

comprise the major effort for at least the first year of the new programs,

it was not contemplated that any work would be subcontraote4 bF CC during

this phase. It was, therefore, provided in the new prime ocntract that

sufficient funds would be allocated to bring the CNC worX on glass.

reinforced aluminum cylinders to a rapid conclusion. 0100 estimted a

Out-off date of November 15P 19571 which was met
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This constitutes a final report covering the period September 15 through

November 15' 1957. The major efforts durrin this period have in general

conformed to the program of Future Work outlined in the previous reports

Ao Further development of cehtrifugal casting tmhsiiqueso

B. Product evaluation.

C. Vacuum impregnation of 7Fberglas forms.

Do Vacuum injection of cylindrical shapes.

So Treatment of fibers to enhance wettability,

F. Physicalteatingl OC? samples.

The work reported represents the combined efforts of the personnel of the

Metal-Glass Section of the Masse, Metals and Plastics Department headed

by )r, Meade XKArdl.o



n. w z

The 7.7 inch diameter centrifugal casting machine described in the previous

report (1) was further modified with a dual drive arrangement to permit

casting at low rpm. Refinements include installation of a direct

reading tachometer and a limit switch on trough travel. The machine was

completely realignedp bearing surfaces polished, and the total assembly

was dynamically balanced. Product quality was improved by closer control

over rpm and pouring rate, use of an improved vacuum dried Fiberglas prSoSm@

preheating of the mold# and casting of heavy wall tubes. # total of 31

centrifugal castings was made during this period. Optimum preform

oharacteristics and casting procedures have been delineatedon page 32

of this report.

An apparatus was built to test the bursting strength of several Oentri-

fugally cast glass-reinforced aluminum tubes. Emprical tensile tests of

ring sections out from centrifugal castings yielded room temperature data

which compared fa:orably with results for the cast alloy with no glass

reinfooeement•

Construction of the vacuum impregnation apparatus was completed and seveal'

trial runs were made. Preliminary Iesults were encouraging but experiments

were discontinued so that the vacuum pump could be used with the vaeUc

injection process for production of glass reinforced cylinders.

The fourth attempt to produce a glase-reinforced alumnuN avlinder by the

vacuum injection technique resulted in a satisfactory tube which was

tested for hoop strength at room temperaturS.

(1) W. 1. KAye, Appendix, 8th Quarterly Progress Bsport, Contraot Nord 10764



It wan found that of a number of chamicals ipvestigatedp titanium nitride is

apparently most effective in prmoting penetration and wetting of Fiberglas

preforms with molten a luminu. Time did not pe•mit evaluation of this

material in centrifugal casting exeriments.

The physical t eating of various 00? samples was continued, including awe

aouate, determination@ of compressive strength and compressive modulms.



III. DISCUSSION

A. Develounent of Centrifugal Castin, Techniaues

1. mold $eVed aýd casting rate

Earlier experiments indioated that shear forces developed in

high speed casting of molten alumiinui into Fiberglas preforms

tended to tear the fibers and distort the preform geometry, while

the impact of the metal compressed the fibers before full

penetration could be achieved. It was believed that better glass-

reinforced aluminum castings could be obtained by minimising these

forces while the metal was being cast and then rapidly accelerating

the mold to effect mamimum penetration. Acoordingly, an auxiliary

low speed drive was installed on the centrifugal casting machine and

a direct reading tachometer coupled to the flask. Runs #78 through

#89 were made with a 6 inch iron pipe insert and sand liner in

the 7.7 nch mold to accommodate 6 inch diametep Fiberglas preform

left over from earlier experiments. Runs #90 through #107v with

the exception of #93, #96, #97 and #100 which incorporated no glass#

were made with an improved 7.7 inch preform wound by OCY to

specifications outlined in the last report(1). Detailed experimental

data are recorded in Table I.

The mizimm rpm required to prevent raining of metal in the 7.7 inch

flask was 400 rpm. The oastin rate becomes more ezitical at lower

speeds and best results were obtained at rates of 1/2 lb./sec. o

lower. This procedure largely elimdnated the ndesirable effects

(1) V. H. Kaye, Appendýx, fth Quarterly Progress Report - Contrat NOrd 1576"



of shear and compression on the preform, and more uniform mtal-g•l"s

distribution resu.ted. However# penetration was not significantly

improved because the laS in aoceleration to high speeds due to trans-

uission losess permitted the metal to freese before nasha. oentri-

fugal force was developed. Somewhat better results were obtaine4

by slow-casting at a steady 1400-1600 rpm throughout•. Se casting

095, Figure Io

To obtain satisfactory metal penetration over the rango of mo2S

speeds investigated; it was necessary to cast twice as much

metal as theoretioally required to form a cylinder of unifom

composition. This had the effect of multiplying the radial'

pressure developed in the molten aluminum without resorting to

higher speeds with attendant shear and impact effects@ However#

where a 1/4-inch wall Fiberglass preform is used, composite

cylinders of about 1/2-inch wall are produced, and the exooes

aluminum on the inner wall must be bored out to produce a

finished tube of uniforM metal-glass eomposition. Omapare in

Figure I the end view of casting #95 with the end of casting ^7

which has been turned and bored to 0.250 inoh wall.

3o Imnroved oreform. vacuum dried at 6000Fi

The previous report noted certain deficienctee in the Fiberglas

preform structure and reoommendod inoorporatLon-nd standardiu•atio

of important characteristics. OCC suoceded4 in naking preform.
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which met the principal requirements of uniformity in overall

dimensions, integrity, fiber type, set., and which were much

easier to process. A vacuum drying chamber was built to

accomodate these preform' as well as the tube windings later

made for vacuum injection forming of glass-reinforced aluminum

cylinders. After several hours of drying under 3 mu vacuum

at 6000 F., the preform would be quickly inserted in the 7.7-inch

mold which was also heated to 600-7000F. immediately prior to

casting. In this way, the effects of variations in adsorbed moisture

were eliminated and casting temperatures standardised. It was

expected that better penetration and fiber wetting would result

under these conditions, although these effects could not be.

observed directly.

4. Optimum castina conditiQon

The best 7.7-inch glass-reinforced aluminum castings from the

standpoint of physical appearance, surface characteristics, uni-

formity of composition and wall thickness, were obtained under

the following or similar conditions, which may be considered optima

for this particular glass fiber-aluminum and all systems (See

casting #95, Figure I.)

Preform: Bare fiber, 1 mil, 1 end, wound on end affixed to

expanded aluminum screen to O.D. of .7.-inch, wall

1/4 inch, glass weight 1 lb., vacuum dried at 600°1.,

temperature 6000F. at casting.
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Metale Aluminum alloy (355) SC51AD fluxed with Ooveral 70,

weight 19 lb. (approximitely double shot)# temperature

33500o.at casting, rate of pour 1/3-1/2 lb./socand

uniformý rear to front of mold.

Molds Permanent, stainless stool# 7.7-inch I.D.,p temperature

6000F. at casting, RPH constant at 1500.

Be Product Evaluation

1. Physical appearance, compositicn

Glass-reinforced aluminum castings made during this period are

evaluated in Table II on the basis of overall quality including

surface characteristics, uniformity of composition and wall

thickness, penetration, etc.

2e Burstin, strenkth tests

Apparatus was designed and constructed for hydwsulic testing

of glass-reinforocd aluminum cylinders for bursting strength.

Castinxs #420 #47T and #7 made prior to this period (1) were

machined into suitable speo ens, burst under hydraulio pressure

at room temperature and hoop strengths calculated. Although no

elevated temperature teots were madep experience indicates that

room temperature strengths would be maintained up to 700-.000?.

Wall HooP StrenghI.D~ndches (Reduced SlectioenI W

042 7.149 s149 11,950
#47 ..351On 16,720
073 .060 o250 35:100

(1) W. H. asAppendj.x, Oth Quarterly Progress Report# Contract Nord 25764
-34-



Figure I shows test specimens made from castings #47 and 73.

Figure 11 shows a test in progress, cylinder #02 in the test fixture

and two views of the above cylinders after toit•. The tubes

wore found to be quite porous under hydraulio pressur, e ad it

war noooesa7r to seal them with an application of sodium silicateo

3. Tensile test. of ring esetione

To save machining time associated with preparation of bursting

strength specimenes ring sections were out from cylinders #86, 091#

#93 and #100 and stressed to failure in hoop tension with specal

test fixtures made from half-round segments of the sawe radius.

Some stress concentration is induced in the samplo by this methods

and hoop strengths calculated from bursting tests would undoubtedly

be higher. It is believed that this procedure is suitable for

comparative purposes, however, and is quicker and easier to perform.

Cast
Hoop Strength. psi (roan tomverature)

86 Bare glass, 5500F.9 665 inh O.D.# 1,482

sand liner, steel insert at 30079,# 1,650

350-3200 rpm
A%. 1,734 psi

91 Bare glass, 6000?., 7.7 inch O.D., 15,000.

Stainless steel mold at 6500F., 9.375
Uoo rpm -'v •I7p

Av. 12.2U" psi

93 355 alloy only, 7.7 inch 0.D., 17,000

stainless steel mold at 65Q07.o '•1800

350-1140 rpm-
Av. 25,40 pAi
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CastNo. Hood StrenAth. Dii .(wm towerature)

100 355 alloy on3lw 7.7-inch O.D.p 2•3250

utainless steel mold at room 20,750

temperature, 1500 rpm 24,250

Av. 23,007 Psi

Test results for the 355 aluminum alloy castings are included

for comparison with glass-reinforced aluminum specimens, and in

the case of #100 are a little more than 2/3 the published figures for

tensile strength of permanent mold castings of 355 alloy, as cant.

The very low values for casting #086 are not explainable.

0, Vacuu Im ejonatiom

The vacuum impregnation apparatus was completely assembled and

tested satisfactorily under applied vacuum and pressure. Some

difficulty was encountered with burn-out of the heater elements in

melting operations. However, a trial run was made under vacuum onlyp

using a dish-shaped preform of flexible filter mat, The bottom cup

parted from the holder assembly when the glass fiber mat was compressed,

and interrupted the experiment.. Nevertheless, a 2-inch diamete

section at the bottom of the preform showed an encouraging degree of

metal penetration. The preform holder was reinforced and further

experiments were scheduled to develop procedures and techniques

and evaluate the effect of pressurizing the unit with nitrogen*

However, it was necessary to discontinue experiments with this equipmem

so that the auxiliary vacum pumping equUment could be used in the



investigation of an alternate method of producing glass-reinforced

aluminum cylinders by vacuum injection techniques as desoribed in the

previous rbport. (1)

Do Vacuum Intection of Glass-Reinforced Aluminum Tubes

The apparatus and procedure have been described earlier (1) except

that flanged tube connections were substituted for welds to facilitate

removal of the glass-reinforced aluminum tubes Two aluminum-coated

Fiberglas windinps were made an NCCO mandrels in the Newark OCF labs with

approximately 8% glass loading; two were made in the OC Ashton

Plant with approximately 16% glass loading. The tube assemblies were

dried under vacuum at 6000F.p preheated rapidly in an electric furnace to

10000?., and the open end inserted into the molten aluminum with

application of 3m vacuum at the opposite end of the assembly. The first

three rune resulted in incompletely formed cylindersp bat the fourth

yielded a well formed glass-reinforced aluminum tube of uniform metal-gl"se

composition and wall thickness, 17 inches long x 5 inehes I.D.# 5-1/2 Inches

0.D. This was considered a successful demonstration of the feasibility of

this method for producing tuoes of limited length. Ring sections were

out from sound areas of each tube and tested as described above, with

results comparable to those obtained with centrifugal castings@

(1) V. H. Kayp - Appendix, 8th Quarterly Prooes lepor-ontrsaet NOrd ]S674
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N lng•na fRtnm Section eoo Streneth. esi

#1 Newark I inch from bottom end as injected 11,530

2/4 inches from bottom 10,330

4/5 inches from bottom D O0

Ave 12,053 psi

#2 Newark 1 inch from bottom 139700

2 inches from bottom 16,350

4/5 inches from bottom 16,

Av. 15,350 pei

#1 Ashton Bottom 12,300

2/4 inches from bottom 13,800

4/5 inches from bottom

Av. 13g466 Pe

#2 Ashton 1 inch from bottom 16,750

Av. 160750 ped

The above figures indicate greater strength in emotions farther from

the mnd submerged in molten aluminum. It may be 4tsumed that the

fibers in these sections have not suffered as much strength degradation

due to thermal effects and/or chemical reaction with molten aluminum.

Laboratory investigations were made to find surface aotive agents

or other treatments of 001 "E" glass fiber materials which would 1) en-

hance wettabilitv of the "3" glass fibers by molten 359 alloys 2) act

as a fiber, spacer to a ssist penetration by the metal, and 3) tempora"y

rigidise the preform to facilitate handlings Impart diumnsional

stability and eliminate longitudinal contraction in the eptnning old.

-3&



Certain plastic coatings appeared promising based on lab resultsp and

an attempt was made to evaluate two of these (polystyrene and polysethyl.-

methacrylaie) in centrifugal oa3ting runs #47, #51 and #59 (1). The

bursting strength results obtained recently with casting #47 (polystvrene

soaked preform) compare favorably, above, with those obtained for #42

(1 mil bare fiber preform) and #73 (2 mil, 1/2 aluminum-coated fiber

preform) and indicate that polystyrene or similar plastics may be

found useful in accomplishing the three desired objectives.

A number of surface active agents such as titanium, vanadium, coltubium

and tantalum carbides and nitrides were investigated 14 the laboratory

for their possible effect on wettability of "E" glass fibers

with 355 aluminum alloy. Recent studies indicate that titanium nitride

apparently enhances wettability when dispersed in finely divided form

through a Fiberglas bundle. Objective 3 is not met by this systemp

and the surface activity of this material has not been evaluated in

centrifugal casting operations.

F. Physical Testin,. OCF Saw-les

During this period, room temperature physical properties of 42 glass-

reinforced aluminum samples submitted by OCF have been determined in

the MCC laboratories. These tests have included determination of

Tensile strength, elongation, modulus of elasticitv in tension, ultimate

compressive strength and modulus of elasticity in eampression. Test

results were reported directly to OCT.

(1) W. H. Iayc, Appendix, 8th Quarterly Progress Report, Contract U•4 2376
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IT, ••T~nF WOFE

The O sOubotraot, mder NOrd 15764 was terminated by rpenot between

OC?-(MO ofteootive November 15, 19•7, and no further work to oealemplatedo
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o' u Cmtk toe= -- WOO ?emat Wgt. Temp.s tion RAte
NO& No T eI1 ns0 ,Pu, Method c! f eat Type gm. uPourr Pou

75 30 Bare 3 1 197 Room None SC51A 3600 13-0 #'• t-Rear 2/9#

79 1 "245 4540 1M0 . 1/2

80 61 " 2 o f,0 3632 1800 " *~
81 64 " " " 164 " " 3650 1300
82 46 " 1 " 175" " . 3830 1450,

83 66 " " 2 177 " " 3632 1300 2

64 36 ' ' " 177 it of SC51A I '-la

84A 59 " " " 212 o' s t " " itr 1/3

85 74 " " 164 to " " to t
36 71 " " " 181 550 r ,, ,, ,, •.

87 30 it " " 263 625 " 5000 t -oar.

88 69 " " IV 265 700 .... . 1400 A ont1/3

89 70 to if of 265 700 1300 -. ..
90 125 ' i 1 380 600 19-3/4hr.at 6OOOF 17290 •5 " 1 30 60 in vacuum tank 817 2 •. /5

91 127 " " " 510 600 vau. ...12.. - 1/4

92 12 .. . 600 750 .. .. .h lak •1/2

93 None .. .. .. .. .... 3" " 1350. <-.

94 130 Bare 1 1 430 700 1-1/2 hr. " o356 " " i/3
Ilside Flask$0.5

95 128 .. . ' 475 70o .... 8172 1300

96 None .. . . --- .. " 4994 " 9'

97 None .. .. .. .. .. " 5902 1350 -' 3/5

98 131 Bare 1 1 410 650 Inside Flask " 8172 1400 w 1/3
99 138 /2f21 .. .. r,00I 19hr. at GOO°F '" 10 In, ator 1-1k

a in vacuum tank
100 None .. .. .. .. .... " 1994 1350

101 129 Bare 1 1 395 600, 29k hr. at 81,72F.&I vacuum tatnk 8172 "o 1

102 140 " " 480 ' 3 hr. ' .. .

103 139 . . . 330 " 19 hr. ' 2:; Pu re. Rea -Front 3/5
104 13. r 4 A5 .C-A9
105 137 .. .. . 455 " 20 hr. TV-,zal~y . . 1/2
106 133 Bare " " 390 " 20 hr. " .uiay 1300"

107 142 " " " 325 650 Inside Yl.i:,k Sc31A\ 4o8: 15034
Ahok 315 4086

Flux - Casting Noo. 78-106 - Coveral 70; Casting No. 1t)7 - N2 Gin"

Preform Screen - Cast`nri Nos. Ih-89 - Al,l4xl,, Wgt. )0 g•l:.
Cali•tn Not.. 90-107- Expanxi, 1],

I A] I castinv done with enid pour. t:r ugh
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