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(a) 2112 30, 000X (b) 2560 10, 000X

Fig, 1 - Thin-film electron micrographs of recrystallized molybdenum
(Mo-E2) strip, showing (a) high-angle boundaries and (b) isolated
dislocation lines within grains,

(a) 2088 30,000X (b) 2089 30, 000X

Fig, 2 - Thin film electron micrographs of slightly worked molybdenum
(Mo-E1) strip, showing (a), (b) substructural cells surrounded by
dislocation tangles.




(a)

2724 30,000X (b) 2722 15, 000X

2395 30, 000X (d) 2395 15, 000X

Thin-film electron micrographs of molybdenum strip, rolling plane
sections, showing cell structure development upon progressive
deformation: (a) 40% reduction, Mo-E2; (b) 46% reduction, Mo-El;
(c) and (d) 52% reduction, Mo-El
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(a) 2721 15, 000X (c) (111)
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(d) H,0, etch

FiF. __4_- Substructure in moderately worked molybdenum strip, rolling
plane section, (a) thin-film electron micrograph of Mo-E2,
40% reduction, showing a grain boundary (arrow); (b) and (c)
selected area diffraction patterns on both sides of the boundary;
(d) light micrograph of Mo-El, 46% reduction, showing sub-
grains delineated by etch pit subboundaries,







(b) 2577 10, 000X (c) 2587 20, 000X

F ig. 5 - Substructure in moderately worked, 46% reduction, molybdenum
(Mo-El) strip, longitudinal section. (a) Light micrograph showing
"rectangular'" subboundary networks (arrow A) and saw-toothed
grain boundary segment (arrow B), (b) and (¢) thin-film electron
micrographs showing typical microstructure (b), and grain
boundary (c).




2728 20, 000X

Fig, 6 - Thin-film electron micrograph of moderately worked,
46% reduction, molybdenum (Mo-E1) strip, longitudinal
section, Note subboundary formation by dislocation
tangles (arrow).







(a)

(b)

(c)

2888 20, 000X

(d)

(a) Thin-film electron micrograph of moderately worked
(46% reduction) molybdenum (Mo-E1) strip, longitudinal
section, showing a broad band. (b), (c) and (d) are con-
secutive selected area diffraction patterns, {211}, taken by
traversing broad band in (a) from top to bottom. These show
a variation in misorientation along the length of the band.




(c) (311)

(a) 2885 20, 000

(d) (211)

“ig. 8 = (a) Thin film electron micrograph of moderately worked, 4¢
- reduction, molybdenum (Mo-E1) strip, longitudinal section
('-), (c) and (d) consecutive selected area diffraction patterns
taken by traversing several bands in (a) going from top t
bottom. A change in orientation from (311) to (211) was found.







(a)

Fig, 9 -

2881 15, 000X

(a) Thin-film electron micrograph of moderately worked,
46% reduction, molybdenum (Mo-E1) strip, longitudinal
section, showing a high-angle grain boundary (arrow).

(b), (c) and (d) are selected area diffraction patterns taken
in area above the boundary, at the boundary, and below the
boundary. Changes in orientation from (311) to (111) to (100)
were found




(b) 2738 20, 000X
Fig, 10 - Substructure in moderately worked, 46% reduction, molybdenum

(Mo-E1) strip, transverse section, (a) Light micrograph.

(b) Thin-film electron micrograph.
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(b) 2387 15,000X (c) 2391 15, 000X

Fig. 11 - Substructure in heavily worked (88% reduction) molybdenum (Mo-E1) strip,
rolling plane sections. (a) Light micrograph showing poor definition of
grain boundaries and etch-pit subboundaries; (b) and (¢) thin-film electron
micrographs showing " clouds' of ill-defined dislocations (b) and

preferential alignment of cells (c).
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(a) 32 1,500X

(b) 2897 25, 000X

ii_&. 12 - Substructure in heavily worked, 88% reduction, molybdenum
(Mo-E1) strip, longitudinal section. (a) Light micrograph
showing flattened and highly elongated grains. (b) Thin-film
electron micrograph showing small band width,







(a) HZOZ etch 52 1,500X

(b) HZOZ etch 49 1,500X

Fig. 13 - Light micrographs of mgderately worked (46% reduction) and
annealed (1 hour at 1000°C) molybdenum (Mo-El) strip, showing
recrystallized regions (arrows). (a) Rolling plane section.

(b) Longitudinal section,
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(a)

Fig. 18-

2294 40,000X (b) 2592 20, 000X

(c) 2532

25, 000X

Thin-film electron micrographs of moderately worked, 46% reduction,
and annealed (1 hour at 1000°C) molybdenum (Mo-E1l) strip, rolling
plane section, showing (a) recrystallized regions, (b) parallel dis-

location arrangement, (c) formation of subgrains (arrow A) and
parallel dislocation alignments (arrow B),
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(a) Hzoz etch 42 1, 500X

(b) 2688 40, 000X

Fis. 15 « Substructure i& heavily worked, 88% reduction, and annealed
(1 hour at 900 C) molybdenum (Mo-E1) strip rolling plane
section. (a) Light micrograph. (b) Thin-film electron micro-
graph showing clearly defined subboundaries and a relatively
low dislocation density within the subgrains,
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2687 40, 000X

Thin-film electron micrograph of heavily worked and annealed
(1 hour at 900 °C) molybdenum (Mo-E1) strip, rolling plane
section, showing clearly defined cell boundaries (arrow A) and
cell coalescence (arrow B),
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(b) 201 200X
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(v)

Fig. 29 - Light micrographs of as-drawn tungsten wire:
(a) longitudinal section (2000X), (b) transverse
section (2000X),
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Fig, 30 - Transmission electron micrograph of longi-
tudinal section of as-drawn fungsten wire,

{40, 000X).

Fig. 31 - As-drawn tungsten wire, second area,
(40, 000X).

’
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Fig, 32 - As-drawn tungsten wire, third area
(40, 000X).
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() (e)

Fig. 33 - As-drawn tungsten wire: (a) electron micrograph (40, 000X),
(b) selected area electron diffraction pattern from area A,
(c) selected area electron diffraction pattern from area B,

. : o
FIE. 34 - Tungsten wire annealed at 900 C for 10
min, Electron micrograph (40, 000X) with
corresponding electron diffraction pattern.
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Fig. 37 - As drawn tungsten wire (96, 000X).
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Fig, 39 - Crystal UC-34, longitudinal section, electron
micrograph (80, 000X) with corresponding
electron diffraction pattern,
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(»)

Fig, 40 - Crystal UC-34, 45° section: (a) electron micrograph
(72,000X), (b) electron diffraction pattern,
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Fig. 42 - Crystal UC-44, transverse section, electron
micrograph (40, 000X) with corresponding
electron diffraction pattern,

(a)

Fig., 43 - Crystal UC-34, 45° section, The specimen was
tilted about 2 in the microscope between (a) and
(b), resulting in changes in striation contrast,










Fig. 44 - Tungsten wire annealed at 1000°C for
10 min. (40,000X),

Fls. 45 - Tungsten wire annealed at lZOOOC for
10 min. (44,000X).
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Fig, 48 - Tungsten wire annealed at 1500 'C for
LA T A g
30 min, (40, 000X),




o
Fig. 49 - Tungsten wire annealed at 900 C for
el 10 min. (40,000X),

Fig. 50 - Optical micrograph of tungsten wire annealed
at 1200°C for 10 min, (2000X),
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Fig, 55 - Fe=3. 2% Si, drawn 66% reduction in
area, Annealed at 500°C for 1 min,
Fine scale substructure {dark) and
diagonal subboundaries (315X),

Fig, 56 - Fe=3. 2% Si, drawn 66%. Annealed zt
500°C for 30 min, Diagonal bands and
grain boundary steps (1500X),
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Fig. 57 - Fe-g. 2% Si, drawn 66% and annealed at
600°C, Nucleation of recrystallization:

(a) annealed 2 min, (1500X), (b) annealed
5 min. (1000X]).
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Fig, 58 -

(v)

Fe-3.2% Si, drawn 66% and annealed at
600°C for 30 min. (a) 315X, (b) 1650X,
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0,108 inch, 0%, O true strain

0.1022, 10.T7$, 0.10
0.0934, 25.4% 0.29
0.0858, 37.2% 0.465
0.0785, 47.2%, 0.64
0.0717, 55.6%, 0.81

0.0608, 68.7%, 1.16

0.050%, T8.2%, 1.52

0.043, B4.4%, 1.86

0.036, 89.3%, 2.2k
0.0304, 92.2%, 2.5k
0.02kk, 94.9%, 2.98

0.0195, 96.6%, 3.38

0.015, 98¢, 3.82

Fig. 61 - Drawing texture of Cb-El wires with initial <110> fiber
texture, Vertical columns show 110 diffraction rings of
as-drawn wire and wire after chemical milling to 3/4,
1/2, and 1/4 dgiameter, Horizontal rows are labelled by
the appropriate wire diameter, reduction in area, and
true strain,
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as-drawvn 3/k 1/2 1/%

0.091, 0%, O true strain

0.086, 11.5%, 0.12

0.078, 25%, 0.29
0.072, 37.5%, 0.47
0.066, 47.3%, 0.63
0.0608, 55.5%, 0.79
0.0504, 69.5%, 1.16
0.0423, 78.3%, 1.53
0.036, Bu%, 1.8%
0.0304, 88.5%, 2.1

0.0235, 93.3%, 2.70

0.0195, 95.4%, 3.07

0.0155, 97.8%, 3.53

Fig, 62 « Drawing texture of Cb-El wires with random texture.
Vertical columns show 110 diffraction rings of as-drawn
wire and wire after chemical milling to 3/4, 1/2, and
1/4 diameter. Horizontal rows are labelled by the
appropriate wire diameter, reduction in area, and true
strain,
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Fig, 66 = Columbium wire Cb=El, As recrystallized,
Transverse section (500X),

Fig, 67 - Columbium wire Cb-El. Drawn 55,6%
reduction in area, true strain 0,81,
Transverse section (250X),
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Fig, 68 - Columbium wire Cb=El, Drawn 78.2%
reduction in area, true strain 1,52,
Transverse section (250X),

Fig, 69 - Columbium wire Cb=El, Drawn 97,8%
reduction in area, true strain 3, 82,
Transverse section (500X),
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(a) (v)

Fig, 72 - Columbium wire CbeE4, Swaged 29,.5% reduction
in area, true strain 0,35, Transverse section:
(a) at edge of section, (b) at center of section
(500X).

Fig, 73 - Columbium wire Cb-E4, Swaged 66.5%
reduction in area, true strain 1,07,
Transverse section (75X).
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Fig, 80 - Divergent beam pattern of tungsten crystal compressed at 185
(e=7.8%).





























































Fig. 90a - Tantalum-oxygen alloy (Ta-E4) annealed 1750°C, deformed
— 7.5 percent at 293°K (X40,000).

)
Fig. 90b - Tantalum-oxygen alloy (Ta-E4) annealed 1750°C, deformed
7.0 percent at 240°K (X40,000).

“ 159



















Fig, 91 - 'I‘.a(l) strained 4.3“]. at 29?01( Fig, 92 - Ta(l) st.n'mcd_b. 2% at 293°K
Dislocations associated with Small dislocation tangles.,
grain boundary.

Fig, 93 - Ta(l) strained 9,9% at 293°K  Fig. 94 - Ta(l) strained 6.9% at 240°K,
I11 defined cell structure.
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Fig. 96 - Ta(2) after Lilder's strain,
A dislocation network on the

left hand side has started to
break down,

Fig. 95 - Imitial substructure in Ta(2).
Extensive dislocation networks
forming sub-boundaries.

Fig. 97 - Ta(2) strained at 293°K. Exten- Fig. 98 - Initial substructure in
sive dislocation networks still Ta(3).

remaining after 8.5% strain,
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