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Figure 7Th, Face View of 5-D 400 Silica Omniweave, with Ends of Transverse "Stuifer
Fibers" Visible at Top and Bottom (Scale in inches)
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A phutumivmgr:lph of a polished 0,4 in, x 0,5 in, section of a flexure bar from ASDI
pancl 404-2 is shown in Figure 10a along with a higher magnification (25x) scanning

electron micrograph (SEM) of a similar section in which the individual 8 micron
diameter filaments are visible in the hexagonally distorted fiber bundles,

(a) (b)

Figure 10, a) Photomicrograph of nolished 0, 1 x 0,5 section of flexure bar
from ADIL-1D6 ASDI panel 104-2,

b) SEM (25X) of similar section showing individual S mieron
diameter filaments in fiber bundles
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Figure 18, Flexure Bars Ready for Vacuum Impregnation

After undergoing three of the above cycles (vacuum impregnation through pyrolysis),
the parts were inspected and 18 flexure bars were selected for further prucessing,
This sampling was done on the basis of selection from only the 1% silane-coupled
series 2 bars, symmetrically taken for silane and SR-350 as shown in Figure 17,
The samples were divided into 2 groups; the first to be further densified through
silanization and the second by silicone resin impregnation (the standard Markite
hybrid process). A processing flow chart is shown in Figure 19 and a discussion of
the further processing of each group follows,

Silanized Markite Hybrids

Six flexure bars were silanized according to the optimum technique discussed in
Paragraph 2.4.2, After silanization, the parts were air dried for 16 hrs, then
pyrolyzed to 1600°F using the previously shown cycle, After pyrolysis, the parts
were subjected to another silanization treatment, air dried and cured at 400°F for
24 hours, Table 13 lists the density of the parts at each processing stage and the
fiber volume of the finished flexure bar,
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Figure 21, Typical Fiber - Binder Microstructure Associated with
the Mod 1-A REI - Mullite Process

2.4,4.1 Silica-Boria

2,4.4,.1,1 Matrix Formulation

The system SiO, - ByOg4 is particularly interesting as a binder or flux with any high
puriiy silica system because of its extreme resistance to devitrification, Combina-
tions of B20g and SiOy have been held for hundreds of hours at temperatures near their
glass transit ion point with no evidence of crystalline formation whatsoever, This
glassy phase i3, nevertheless, considered metastable (Ref. 7).

According to Figure 22, the phase diagram of Rockett and Foster, (Ref. 8) a compo-
sition of 64 mole % SiOp and 36 mole % BaOg should melt at around 850°C, This liquid
is so viscous at its melting point, however, that it cannot be made to flow readily

until it is subjected to temperatures of 1400°C or higher. An ernerimental frit

having this composition was prepared by mixing 118.5 gms By0g (fused Boric Acid)
with 181.5 gms high purity amorphous silica (Corning 7940), The mixture was dry
rolled ina poreelain ball mill for 1 hour and then melted in a high purity silica crucible.
The melt was heated T 2800°F (1540°C) for 4 hours and then fritted by pouring the

46










































Figure 28, a) (Top) Silica deposit at lower portion ol woven structure;
b) (Lower) Deposit at center portion, showing white soot specks
and more granular structure, Both views 22X,
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(a) b

Figure 32: a) Cross-sectional Photomicrograph of 4-1 Silica Braid after 50 Hours
Silica CV'D Infiltration by Pseudo-Temperature Gradient Experiment
by Overall View of Specimen: Sectioned for Photomicrograph belore

Tensile Testing
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Figure 35. Structure of Partially Infiltrated Boron Nitride Felt; 1100°C
Deposit for 6 Hours, No Heat Treatment
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Figure 36, Structure of Heavy Nodular Deposit on Fibers on Exterior of Felt,
Showing Transparent Nature of Low Temperature Material (4. 5X)

Figure 37. Microstructure of Partially Infiltrated BN Felt after Heat Treatment
for One Hour at 1800° C in Nitrogen, Note laminar as well as Cross
Plane Cracks, (530X)
















































(a) Composite fabric in Omniweave
loom

(b) Composite fabric after
220°F dry

(c) Close View: Composite fabric
after 220°F dry

Figure 47, Composite Omniweave Fabric: BNQ/V-407-9
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Radiograph of ADL-10 Panecl 40

Figure 51,
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TWIN 4DL pLATE 404

Ficure 53. Radiograph of ADI.-10 Panel 404-1
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Figure 58, Radiograph of 5-D Astroquartz Omniweave /Ludox
AS Plates 401-1 and 401-2






Radiograph of 5-D Astroquartz Omniweave /Ludox
AS Plate 401-3

Figure 60,
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Figure 67.

122

{n) Side View

(hy Three-quarter View

Fracture surface of Axial Tensile Specimen from ADL-10 Panel 402



Top: 103/A-2
Below: 103/A-5* (Machin | Faces)
103

Figure 68, Fracture Surfaces of Two Ten sile Specimens from ADL-10 Panel

L.: Axial Direction Specimen R: Bias Direction Specimen
| ]

Figure 69, Fracture Surfaces of Two Tensile Specimens (ron A\DL.-10 Panel 401-1



Top: 103/A-2
Below: 403/A-5* (Machined Faces)

Figure 68, Fracture Surfaces of Two 'l ensile Specimens from ADL-10 Panel 403

I.: Axial Direction Specimen R: Bias Direction Specimen

Figure 69, Fracture Surfaces of Two Tensile Specimens fron \DL.-10 Panel 404-1
|






(L) R)

Figu'e 70, Fracture Surface of Tensile Specimens from Panels 405-1
(1), and 405-25(R)

Figure 71. Fracture Surface of Tensile Specimen B2 from ADI-10
Panel 331-2









(a) Standard

(b) Deionized

Figure 72, Fracture Surfaces of Standard and Deionized Ludox HS Tensile Specimens
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Figure 73. Fracture Surface of Standard Ludox AS Tensile Specimen

specimens yielded and the load dropped off; however there was no separation and no
erack initiation on the tensile surface, These specimens were machined from a
plate and thus had no fiber continuity, The resulting strengths are unusually high
compared to the other materials tested, The possibility of a size effect should be
examined, but judging from the behavior of the material, the strengths are higher
than the other materials tested, Figure 74 is an SEM composite photo of the fracture
surface of the one flexure bar (A3) from panel 404-2 that did break in test. In most
areas, fibers are not infiltrated uniformly, Infiltration between bundles appears
uniform,

The fracture surface of the tensile specimen (Figure 75) shows a uniform impregnation
around the fibers, but the fibers appear not to be penetrated. Fiber ends are frayed
and ragged, In this way the individual fibers are free to move and thus deform with-
out fracturing as is evident in the flexure tests and Figure 74,

The results of tests on panel 404-2 show a material which stands out among the others

tested, The combination of higher strength and ability to deform without fracture are
recognized as being important mechanical qualities,

i



Figure 74, Composite SEM Photo of Fracture Surface of ASDI Ludox Sample
A3 from ADL-4D6 Plate 104-2 (0,5 x 0, 1 Inch Section)
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Figure 75. Fracture Surfaces of ASDI Tensile Specimen A-1, from ADL~-4D6
Plate 404-2 (Broken Twice)

3.2.3.3 5-D Cubic Quartz Omniweave/Ludox AS Characterization

The Astroquartz 5-D Omniweave panels processed to three densities were machined
into flexure bars as shown in Figure 57 and 59, Two orientations were selected for
tests; both the transverse direction which was parallel to the stuffer and the axial
direction which was perpendicular to the stuffer. Specimen sizes were dependent
upon panel size but were generally in the range 0,20 inch thick x 0.35 inch - 0.75 inch
wide x 2.0 inches - 3.7 inches long. The intent was to test all specimens in 4 point
flexure but this unfortunately was not possible on the smaller specimens; 3-point
flexure was therefore used here, The tips of the flexure fixture were covered with
rubber to prevent indentation on the specimen surface,

Results are tabulated in Table 32 together with mean values and standard deviation
where enough data exists for these values to be meaningful, For each specimen,
the type of flexure test and dimensions are also included,

The values are also plotted (Figure 76) vs. density for both directions, A small
density effect is obvious for transverse specimens while a much larger density
effect exists for axial specimens, An optimum strength appears to occur in the
vicinity of 1, 4 gm/cc,
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Figure 77. Transverse Flexure Bar of Standard AS Ludox 5-D After Testing

(1.17 gm/cc)

Figure 75. Fracture Surface of Standard AS Ludox 5-D Flexure Bar
(1. 148 gm/ce, Note Transverse, "Fifth Direction” Fibers

in Fracture Surface)









Fracture surfaces of all material appear to be quite similar. Fracture takes place
in a very brittle fashion, All specimens make a very clean break with a minimum of
ragged edges, A few specimens broke into more than two pieces when the area
adjacent to the break shattered into a few small pieces, A closer look at the fracture
surface in Figure 79 shows that the matrix material infiltration is good and it appears
as though the individual fibers have cleaved, The fracture surface in general has a
glassy, glazed look,

The load -~ deformation curves for this material were all linear to failure, This is
another characteristic of a brittle material,

Figure 16 of Paragraph 2, 4, 3, "Markite Hybrids Background", shows a curve of ten-
sile strength vs, stages in ceramicizing, The expected trend at the 3rd reimpreg-
nation (R3) is extrapolated to 5500 psi. Therefore at R4 the extrapolated value should
be higher, In this effort all tests were made in the R4 condition, and the upper point

of the range is found to be approximately 5500 psi. This indicates that quite possibly
the expected value of strength after reimpregnation does not increase in a linear fashion
but experiences a decrease in slope somewhere between R2 and R4, All the present
data and the past data are plotted together in Figure 80, In addition the tensile strength
of the original ADL~-10 tensile specimens used for the material in this case is plotted
here from the data given in Figure 17.

In conclusion, the flexure tests on Markite hybrids tested after the 4th pyrolysis and
reimpregnation revealed a lower strength than that anticipated, The silanized Markite
hybrids are weaker than SR-350 impregnated material. The failures were brittle

in contrast to the fibrous fractures observed for both the pyrolyzed and reimpregnated
stages of the Markite 319 series described in Reference 2,

Figure 79, Three Fracture Surfaces of Markite Hybrid Materials, (Whiter Section
at Left is Standard SR-350 Process; Middle Specimen "UID" has Void;
Darker Section on Right Typical of Silane Final Impregnation)
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Figure 82, BNQ/V-407 Prepreg Omniweave Composite Being Tested in Tension,
Extensometer Attached to Measure-Deformation after Strain Gage
Failure,

Process variations were introduced as individual sets of test results were received,
Accordingly, average properties are taken across only these subsets of data, e.g., a
mean failure stress of 4082 psi for the two specimens 407-1 and 407-2 with their mean
fiber pitch angle of 32,5 degrees, As shown in Table 25, several processing parameters
were varied., Stress-strain curves are given for specimens 1, 2, and 5 in Figures 83
and 84,

The noticeable conclusions from these tabulated mechanical properties are the degradation
of strength with increasing impact load as shown in comparison os specimens 3 and 4

with the strength levels for 1 and 2, Specimen 3 shows a small degree of strength
degradation at the 2000 tap level while specimen 4, which experienced an impact of 4000
taps has a strength level which drops dramatically, A noticeable difference is also seen
in the failure modes of these two specimens: Specimen 4 experiences a large degree of
fraying compared to specimen 3, The fractured specimen appears as though a spherical
force pushed all the fibers out from the center of the specimen,















3.2.6.4 Characterization of BI\'Q_l%idirifgtri_:)_nvz}ul Laminates

Tensile tests were performed on 3 BNQ/S and 3 BNQ/V bidirectional composites to
determine the elastic properties for analytic studies of the BNQ composite system
capabilities, Strain gages were mounted on each specimen so that the axial and
transverse strains could be determined, Strain gages could be mounted on the "S"
type composite surface, however a surface treatment was necessary on the "V type
composite before gages could be mounted, The strain gages were monitored until
specimen failure occurred, Figure 86 shows a typical gage mounting.

The resulting stress-strain curves (Fig, 87 and 88) show a two-stage linear stress-
strain behavior for the ""S" type bidirectional composite, while the "V" type composite
experiences a one-stage linear behavior. Tabulated results are given in Table 41 for
both types of BNQ bidirectional laminates,

The strengths of these laminates are very low and so are failure strains, The material
can not be considered brittle, however, since it is flexible to the touch, These specimens
were expressly prepared for the purpose of evaluating the fiber-matrix interaction

(see Section 4 of this report) rather than for any specific structural application potential,

Failure shows a great deal of fiber fraying and delamination between individual lamina.
The fibers have no flexibility for movement since they are not intertwined in the Omniweave
mode but only layered on top of each other in a + 45 degree arrangement,

Figure 86. Typical Strain Gage Mounting on BNQ Bidirectional Laminate
Specimens
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Figure 95, Oscilloscope Traces Obtained from Plate Impact Tests on
ADIL~-10 Materials Using Carbon Stress Gages.


















Figure 98, Enlarged Magnetic Flyer Facility, Flyer Head at Left,
Note Instrumentation Outside Door,

Figure 99, Capacitor Charging, Oscilloscope and Recording Fquipment for
Data Reduction of Magnetic Flyer Tests,
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(a) view of face, showing ablation in channel (edges protected by holder,
specimen already sectioned for side view, )

GENERAL &3 ELECTRIC

{h) side view of sectioned specimen

Figure 105, Post Test Views of BNQ-V/107-9 Channel Flow Specimen

193



































































































































