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3.5.3.1 Texaco Experiment Production Boron Filaments

Figures 4 through 7 are photographs of various Texaco production filaments. The

filaments are labelled Texaco-6, -1, and -3 to indicate the number of chamber rings,
and the -o denotes that breaking strength data were supplied with this particular fila- i
ment length. The Texaco-6 and -1 filaments represent early efforts in the production _
of filaments. ‘

The structure of Texaco-6, shown in Fig. 4, consists of relatively large major nodules
with no minor nodules. The chamber rings in the cross section view show that the
filament was produced in six deposition chambers. This cross section also shows
cracks, which have been widened by etching, and the presence of radial lines, which
correspond with the nodules in the surface photograph.

The Texaco-1 filament, shown in Fig. 5, differs considerably from the other filaments.
It has no chamber rings; however, the cross section shows a wavy etching effect which
is probably due to variations in structure which occurred because of variations in the
local temperature and pressure. The surface of Texaco-1 contains both major and
minor nodules; in general, the surface is quite rough.

The Texaco-3 filament was divided into 10-ft segments to determine the structural

consistency along its length. Both surface and cross section examinations were made

and no variations were noted along the entire 113-ft length. The surface and cross

section views presented in Fig. 6 are quite representative of the Texaco-3 filament,

this filament being representative of some of the production material made during 1965

at Texaco Experiment, Inc. The major nodules are readily apparent and there is a
minor nodule structure with about six minor nodules in each major nodule. The cross |
section reveals differences in the chamber ring thicknesses with the thickness decreasing ‘
away from the center of the filament. The grainy texture in the outer ring probably

indicates a greater degree of nucleation during its growth; the presence of a minor

nodule structure may also indicate a higher nucleation rate.
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Fig. 4(a) Surface of Texaco-6 Filament. M9005, 3000

Fig. 4(b) Transverse Cross Section of Texaco-6 Filament. M9541, 1150x
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Fig. 5(a) Surface of Texaco-1 Filament. M9013, 3000>

Fig. 5(b) Transverse Cross Section of Texaco-1 Filament. M9557, 1150
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Fig. 6(a) Surface of Texaco-3 Filament. P1085, 3000x

Fig. 6(b) Transverse Cross Section of Texaco-3 Filament, P1821, 2000x
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Fig. 7(a) Surface of Texaco-¢ Filament. P1166, 3000

Fig. 7(b) Transverse Cross Section of Texaco-o Filament. P1820, 2000
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. 8 Core Structure of Texaco-6 Boron Filament.
M8425, 3000x :
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Fig. 9a Surface of United Aircraft Research Boron Filament. P4544, 3000x

Fig. 9b Unetched ‘I'ransverse Cross Section ot United
Aircraft Research Boron Filament. P2418, 1000x
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Fig. 10 Etched Cross Section of United Aircraft Research Boron Filament.
P2614, 1550x
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Fig. 12 Longitudinal Cross Section of Texaco-6 Filament. Core
Removed During Polishing. Note Growth Continuity From
Center to Outside as Indicated by Arrows. P-1104; 800 x.
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[LMSC-5894008

500x

M-7279

Fig. 15 Fractograph of Boron Sliver from Boron Filament
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LLMSC-894008

M-9011 1150%

Fig. 16 Cross Section of Texaco-6 Treated to Show Growth Rings
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LMSC-894008

P 1150x

Fig. 17 Same Cross Section as Fig,16 Treated to Show Radial Lines
Associated With Inner Nodules
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M-9000

Fig.18a Same Fiber as in Fig. 17 Treated to Show Nodular
Growth Ring Surface., Bright Field

M-9001 7 2500

Fig.18b Same Field as Fig.18a. Polarized Light
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Fig. 19 Effect of Deposition Conditions on the Surface Texture of Boron Filaments. (Ast
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Fig. 20 Transverse Cross Sections of Boron Filaments Deposited Under Different Conditions. (As
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Fig. 21 Core Structures in Boron Filaments Deposited Under Different Conditions. (Astro Material A
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Boron Filament

4-1/2 in. Into Pu

it Station 5312,
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Fig. 24 Boron Filament at Station 5301, Beginning of First Deposition Chamber,
8 in. Into Process. (a) Cross section showing crack initiation, P3643,
3000%. (b) Surface texture, P3686, 3000x
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Fig. 25 Boron Filament at Station 5302, Middle of First Deposition Chamber.
16 in. Into Process. (a) Cross section showing continued crack growth,
P3652. 3000%. (b) Surface texture showing longitudinal crack, P3689, 1000x




Fig. 26 Boron Filament at Station 5303, End of First Deposition Chamber,
50 in. Into Process. (a) Cross section showing continued crack growth.
P3669, 1000x. (b) Surface texture showing pitting, P3670, 1000x
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Fig. 27 Boron Filament at Station 5304, Mercury Seal Between First and Second
Deposition Chambers, 57 in. Into Process. (a) Cross sections showing
continued crack growth. P3671, 1000x, (b) Surface texture showing
pitting. P3762, 1000x
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Fig. 28 Surface Texture With Longitudinal Crack at Boron Filament Station 5304,
Mercury Seal Between First and Second Deposition Chambers, 57 in. Into
Process. P3763, 3000x
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Fig. 29 Boron Filament at Station 5305, Beginning of Second Deposition Chamber,
60 in. Into Process. (a) Cross section showing continued crack growth.
P3648, 1000%. (b) Surface texture showing pitting. P3765, 1000x
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Fig. 30 Boron Filament at Station 5306, End of Second Deposition Chamber,
110 in. Into Process. (a) Cross section showing healing of longitudinal
crack. P3673, 1000x. (b) Surface texture showing pitting. P3806, 1000X
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Fig. 31 Boron Filament at Station 5307, Mercury Seal Between Second and Third
Deposition Chambers. (a) Cross section showing healed cracks. P3644,
1000%. (b) Surface texture. P3768, 1000x
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Fig. 32 Boron Filament at Station 5308, Beginning of Third Deposition Chamber,
120 in. Into Process. (a) Cross section showing healed cracks, P3654,
1000%. (b) Surface texture showing pits, P3809, 1000x
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Fig. 33 Boron Filament at Station 5309, End of Third Deposition
Chamber, 170 in. Into Process. (a) Cross section showing
healed cracks, P3646, 1000x. (b) Surface texture showing
renucleated growth nodules, P3812, 1000x

84



Fig. 34 Boron Filament at Station 5310, Mercury Seal at End of Third Deposition
Chamber, 180 in. Into Process. (a) Cross section showing surface nodule
and propagated crack. P3650, 1000x. (b) Surface texture showing
renucleated nodules, P3918, 1000x
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Fig. 36 Detail of Crack Healing (Crack Widened by Etching). (a) Filament
at station 5308, beginning at third deposition chamber. P4140 3000x.
(b) Filament at station 5309, end of third deposition chamber.
P4142, 3000x
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Fig. 37 Detail of Crack Healing at Station 5310, Last Mercury Seal in Process
(8) Two cracks and defects between the second and third chamber rings,
P4145, 1000x. (b) Crack tip detail. P4144, 3000x
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Fig. 38 Fractographs of Longitudinal Crack at Station 5310. (a) Surface texture,
P3883, 1000x. (b) Crack plane showing substrate and renucleated cone
structure, P3878, 500x, (c) Detail of sites for renucleation and crack

morphology. P3877, 3000x
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Fig.40(a) Polarized Light Photomicrograph of Boron Filament Deposited at
Low Temperature, 3000x

Fig.40(b) Polarized Light Photomicrograph of Texaco-o Filament., P1270, 1150
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Fig. 42 Transverse Cross Sections of Boron Filaments Heat Treated at 1050°C
for 15 hr. (a) P4528, 500%, (b) P4529, 1000x

116




Fig. 43 Longitudinal Sections of Boron Filaments Heat Treated at 1050°C for
15 hr. (a) Near outer surface, P4572, 500x. (b) Further into filament,

P4573, 500%
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Fig. 53a Electron Transmission Micrograph of Structure of Electro-
polished Boron Filament. 140,000%, P750-11a

Fig. 53b Characteristic Halo Diffraction Pattern Corresponding to Image
in Fig. 53a. 2X, P750-11b
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Fig. 57a Electron Transmission Micrograph of Electropolished Boron
Filament Showing Clusters of Crystalline Material. 75, 000x,

P818-Ta

Fig. 57b Diffraction Pattern From Area Shown in Fig. 57a. Note
decomposition of halos into spotty rings. 2x. P818-7h
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Fig. 60a Same specimen as in Figs. 58 and 59. Note outline of selected area
aperture over one of the crlystalline regions. 25,000X, P1467-14b

Fig. 60b Selected Area Diffraction Pattern From Regior. Shown in Fig. 60a.
Three orders of the (10-4) reflection of f-rhombohedral boron can
be distinguished. 2x. P1467-14a
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Fig. 61a High Magnification View of Crystalline Regions in Chemically
Thinned Boron Filament. 92,000x. P1459-6a

Fig. 61b Diffraction Pattern Obtained From Area Shown in Fig. 61a.
Crystalline regions are identified as f-rhombohedral boron.
Streaks in the diffraction pattern indicate that the crystalline
regions contain planar defects. 2X. P1459-6b
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Fig. 65 Structure of Chemically Thinned Boron Filament, Showing Texture
Effect. 44,000x. P1499-10a
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Fig. 66 Same Area as in Fig. 65, at Higher Magnification. 183, 000X, P1499-10b




Fig. 67 Another Example of the Textured Appearance of Thinned Boron Filament.
i83,000x. P1493-4a

Fig. 68 Another Area of the Same Specimen, Near That of Fig. 67. 183, 000X,
P1493-4b
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(a)

(b)

Fig. 69 Tilting Experiment 1. 183,000%, (a) 0° Tilt. (b) +6°
and 1581-2a
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Tilt.

P1580-1a




Fig. 70 Tilting Experiment 2.
and 1590-11a

183, 000x.
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(a) -4° Tilt.

(b) +2° Tilt.

P1589-10a,

~
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(b)

Fig. 71 Tilting Experiment 3. 183,000x. (a)+2° Tilt. (b) -4° Tilt. P1591-12a
and 1592-13a
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(b)

Fig. 72 Nlustration of Change in Granular Detail With Exposure Time at Constant
Tilt (+2°). 183,000%, (a) Long exposure. (b) Short exposure. P1590
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Fig. 77 Thirty Minute Exposure, Projected Aperture Size 200 A x 200 A. Only
continuous halos are visible. Diffraction pattern shown at 2x, image of
aperture (circled)at 24,000x. P1502
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Fig. 78 Seventy Minute Exposure, Projected Aperture Size 500 A x 500 A. Some
maxima are visible on second halo. Diffraction pattern shown at 2%, image

of aperture (circled) at 24,500x. P139%4
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Fig. 79 Thirty-Five Minute Exposure, Projected Aperture Size 300 A X 300 A.
Only continuous halos are visible. Diffraction pattern shown at 2,
image of aperture (circled) at 24,000x. P1464
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Fig. 85a Hexagonal Spot Pattern From
Grindings of f-Rhombohedral
Boron. B[00-1], exact
orientation; P879

Fig. 85b Diagram of Diffraction Pattern Shown in (a),
Indicating Succession of d-Spacing Measure-
ments. Outlined hexagon is formed by six
(22 0) type reflections.
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Fig. 87a Bright Field Image of Edge of Particle of Ground f-Rhombohedral
Boron, Showing Faint Parallel Striations. 31,500, P923

Fig. 87b Dark Field Image of Same Area, Showing Illuminated Striations.
31,500%x, P923
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Fig. 87c¢ Diifraction Pattern From Area
Shown in (a) and (b). Objective
aperture is placed over the reflec-
tion operating in (b), P924

Fig. 87d Indexed Diffraction Pattern: B[20-1]
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Fig. 88a Extremely Thin Particle of Ground f-Rhombohedral Boron.
31,500x, P862

Fig. 88b Diffraction Pattern From Thin Particle Shown in (a), Showing
Fine Structure of Diffraction Spots. 2x, P862
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Fig. 89a Particles of Ground Production-Run Boron Filament.
P8l11

)

Fig. 89b Halo Pattern Obtained From Area Shown in (a). 2x,

31,500x,

P811
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Fig. 96 The Effect of Beam Heating for 8 Seconds. The diffraction pattern shows
the transformation from halos to discrete reflections of @-rhombohedral
boron. Image at 27,000X, pattern at 2x. P1108
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Fig. 99 Structure Produced by Intense Beam Heating. 25,000x. P1243
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Fig. 102 Strong Beam Heating. (a) Image at 24,000x. Note striated crystallites.
(b) Selected area diffraction pattern, 9%, The location of the halos can
still be seen. Streaks are perpendicular to striations in the image.
P1503
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Fig.104 High-Magnification View of Beam Heated Area Shown in Fig. 103(a).
94,000<, P1111
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0 Fig. 106 Another Single-Crystal Spot Pattern Obtained
From Area Shown in Fig. 103(a). Indexed as
a[22-1]. P1110
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Fig. 114 Chemically Thinned, As-Deposited
Boron Filament Specimen, Near a
Beam Heated Area. Note distinct
third halo, All halo maxima shifted
slightly to lower d-spacings. Image
at 12,000, P1506
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