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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
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PREFERRED ORIENTATION IN 300°C ROLLED
AND IN RECRYSTALLIZED URANIUM SHEET

ABSTRACT

The rolling and recrystallization textures in 300°C
rolled uranium sheet were investigated using a Geiger counter
diffractometer with the modified Schulz reflection technique.
Seven sections of sheet material were used in order to obtain
sufficient data for quantitative pole figures by the reflection
technique. A special integrating specimen table was used for
obtaining and recording the data automatically. The rolling
texture was described in terms of several “ideal orientations”
in which the stronger orientations have either the (110) or
(010) poles in the vicinity of the rolling direction. The re-
crystallization texture of the sheet uranium was also de-
scribed by several “ideal orientations” which are somewhat
different, except in one case, than the as rolled “ideal ori-
entations.” Either approximate (010), (140), or (553) poles
are near the rolling direction in the recrystallized texture.

INTRODUCTION

An initial photographic X-ray texture study was made by A. D.Fischer,
which is included as Appendix A of this report. It was found that uranium
sheet rolled at 300°C and subsequently recrystallized at 575°C showed consid-
erable scatter of the (001) planes from the plane of rolling. This work had
also indicated that the (010) planes were nearly perpendicular to the rolling
direction.

Preliminary texture determinations by KAPL were made on uranium
sheet reduced 60-75% at room temperature and at 250°C, using the Schulz
method with a X-ray diffractometer. 1) Some of the important peaks, however,
were not sufficiently resolved to give satisfactory results. Therefore it was
decided to use the photographic technique for the material reduced 65% at
room temperature. 2) The (001) pole figure showed an intensity maximum of
elliptical shape around the center and the (010) pole figure had high intensity
near the rolling direction. Both the (110) and (021) pole figures appeared
nearly random. It appeared that this room temperature rolled texture agreed
with that reported previously by A. D. Fischer for 300°C rolied and recrystal-

lized material.

More recent diffractometer orientation studies on sheet using a modi-
fied Schulz method have been reported by W. E. Seymour,(3) The texture
developed in uranium foil rolled to a 91% reduction at room temperature was
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described as (102) [010] and (012) [031]. The (001) pole figure showed four
areas of maximum intensity; two were approximately 45° on either side of
center towards the transverse direction which may be described as a 45°
rotation about the [010] direction. The other two maxima were approximately
20° on either side of center along the rolling direction which may be described
as a 20° rotation about the [100] direction.

The Norton technique was used in determining the preferred orienta-
tion of uranium sheet which had been reduced 85% at 275°C at 100 feet per
minute. The orientation found 3) was approximately the same as that de~
scribed for the foil above except the four maxima on the (001) pole figure
appeared approximately 10° closer to the center in each case.

Preliminary data for uranium sheet rolled at 600°C, reported by
W. E. Seymour and J. F. Duffey,(4) indicated the (010) and (110) planes lie
perpendicular to the rolling direction. The (001) planes were predominantly
parallel to the rolling direction with considerable spz‘ead from the rolling
plane. Data have been reported by the same authors 5) for the center portions
of pole figures of room temperature rolled uranium sheet recrystallized at
600°C. Maximum intensity areas were found on the various pole figures in
the following locations: in the center of the (100), displaced from center along
the rolling direction in the (110) pole figure and in the four areas on the (001)
previously described for the sheet as rolled, with the greatest intensity along
the transverse direction. These data were interpreted in terms of a single
(100) [010] “idealized orientation,” leaving the maxima as shown in the (001)
pole figure unexplained.

In view of the need for more complete data for rolled sheet, and partic=
ularly for the rolled and recrystallized material, it was decided to investigate
these preferred orientations by means of the Schulz reflection method, using
seven sections taken in different directions through the sheet. Because of the
great drop=-off of intensity with increasing tilting angle, (7) it is best to limit
the range of angles covered by means of each section to a cone of 30° aperture,
By using seven well chosen sections, the quadrant of the pole figure can be
covered adequately and accurately, with sufficient overlapping of data from
the various sections to afford a good check on the accuracy. Although this
method, used in the present work, is somewhat elaborate, it is justified by
the accuracy and completeness of the results.

EXPERIMENTAL

Uranium Sheet for Study = Uranium biscuit metal was melted in a
graphite crucible previously coated with a MgO wash. The molten metal
was then poured into a MgO washed graphite mold. The average chemical
analysis of this 3 in. square casting was as follows:
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ppm
Carbon 130
Nitrogen 140
Iron 50
Silicon 30
Nickel 30
Magnesium 70

The flat stockto be used for the final reduction at 300°C was fabricated from
this casting according to the following procedure:

¥ i 11
371 eooec | 2 | 300cc |15 | s00°c [1" x 1.6"

sq. |— "l sq. | —%| sq. |T——> 550°C

anneal 1 hr;“A,,

Material “A” was then given an 87% reduction at 300°C which produced a
strip 0.120in. in thickness. The ends were reversed for each pass.

A portion of the 87% reduced material was annealed at 525°C for
1 hour in vacuum for use in studying the recrystallization texture. Micro-
scopic evidence indicated that the material was completely recrystallized
after annealing.

Specimen Preparation - In order to obtain sufficient data for a com-
plete pole figure for sheet material, with the Schulz reflection method, it was
necessary to use a number of sections. These sections were cut in different
orientations with respect to the strip as shown in Figure 1. The shaded por-
tion on each section shown in this figure indicates the surface used for
obtaining the diffraction intensity data defined by the respective circle. Since
three rod sections were used to cover 90° of ¢ from the rolling direction to
the cross direction in rod orientation determinations, it was convenient to use
seven sections to cover a quadrant of a pole figure for sheet material. Six
of these sections consisted of a number of pieces similarly cut and held to-
gether by means of a jig. This jig arrangement made it possible to form a
plane surface 45° or 90° to the surface of the sheet suifficiently large so that
the X-ray beam always remained on the plane surface while the specimen
was moved back and forth for integration. The seventh section used was par=-
allel to the rolled surface; it was prepared from a single piece of the sheet.

Two different types of jigs were necessary for the six assembled sec~
tions required. A sketch of the jig construction is shown in Figure 2. “A”
type jig was used for sections 1, 3, and 5 and “B” type jig for sections 2, 4,
and 6. The small individual pieces were securely held in the jig by means of
a clamping screw. In order to obtain a flat plane surface for diffraction, the
assembled jigs were surface ground with light cuts. Hand grinding was then
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used to take off approximately 0.025 in. of material followed by an electro-
etch and polish which removed an additional 0.002 in. During all the grind-
ing operations the top surface to be used for diffraction was maintained
parallel, within 0.001 in., to the bottom surface of the jig.

Preferred Orientation Instrument - The data for the pole figures were
obtained with a X~-ray diffractometer using the Geiger counter and the modi-
fied Schulz device previously described.(6 Although it is possible to use the
specimen table shown in Figure 4 of the latter reference for sheet orientation
study, it was necessary to design and construct a special table to accomodate
the thick jigs which were used for this study. At the same time it was desir-
able to extend the automatic operation previously described(é) so that not only
the ¢ angle may be changed automatically in 5° steps, but also so that the a
angle may be changed in 10° intervals after completing each 60° change in¢ .
(The ¢ rotation axis is in the reflecting specimen surface and the o rotation
axis is perpendicular to this surface.) With this automatic arrangement it
was possible to obtain complete data for one of the seven areas for one re-
flection without attending the instrument.

A sketch of the specimen table used for accomplishing this automatic
operation is shown in Figure 3. With this device, it was possible to move
the specimen table, and hence the specimen, back and forth for integration
over a sufficiently large number of grains in the specimen. This motion,
shown by the arrows at the top of Figure 3A and 3B, is accomplished by
attaching a flexible shaft to the cam shaft (A) of Figure 3A. Since thistable
was designed to be interchangeable with the other specimen tables, it also
was held in the inner ring of the instrument by an elevating screw attached
to the under side of the table. As previously described,(é) the automatic
rotation around an axis in the specimen surface ( ¢ rotation) is accomplished
by the motor, pinion gear and cam assembly on top of the Schulz ring together
with the ring gear attached to the inner ring. The automatic rotation of the
specimen around an axis perpendicular to its surface {a rotation) is accom~
plished as follows: after the extreme top or bottom ¢ step is reached some
overtravel of the inner ring permits pivot arm B or C (Figure 3C) to strike a
stationary stop on the outer ring, causing pivot arm B or C to move as indi-
cated by the arrows (Figure 3C). The lever motion produces a motion on
drive cam D, as indicated by the arrow in Figure 3A. This causes E; end of
the locking pawl E to move clockwise and the E; end to move away from tableF.
Since the rotating table F is now unlocked, the pivoting motion produced by E
on ratchet cam G allows the ratchet pawl H to rotate table F 10°, At this point
the inner ring motion on the Schulz ring is reversed by a microswitch, described
previously in (6), which permits drive cam D to move away from the E; end of
locking pawl E. This allows the ratchet cam G and pawl H to rotate counter-
clockwise slightly. The described movements are aided by springs 1, 2, and 3
(Figure 3B). The E, end of pawl E then locks the table F in position. Withthis
fixed o, movement the table then goes through the thirteen ¢ positions before
again changing o .
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The assembled jigs were held on the table by a thin coat of tacky wax
which seemed to be very satisfactory in spite of the rather heavy jigs and the
integrating motion. A micrometer was used to set the jig surface parallel to

the table. The table could then be inserted in the Schulz ring and alignment
made with the alignment jig previously described.(6)

Plotting of the Data - For convenience, after aligning the specimen
surface the table was moved to the lower or - 30°¢ position. The table
was rotated manually so that the jig clamping screw was at the top. The
starting position for each section under these conditions is shown by the
S with the subscript number on the outer circle of each section (Figure 4).

The time necessary for a given number of counts for each o and ¢
position was recorded on a tape by the time interval printer as described
in Reference (6). The counting time for each position was then plotted on
standard polar co-ordinate paper according to the sequence shown for sec~-
tion 7 in Figure 4. This was done for each section and each reflection. A
replot of this data was made on a second sheet of polar co~ordinate paper in
terms of counts per second (intensity). A third plotting was then made on a
master net which contains dots for each point from each of the seven sections.
There are 585 points in one quadrant of a pole figure at which an intensity
measurement was made (see Figure 5). The corrected intensity used for the
last plotting on the pole figure was obtained by first subtracting background
from the observed intensity and then multiplying each background corrected
intensity by the appropriate correction factor as shown in Table I. This may
be summarized as follows:

)(Correction Factor(b) = I(c:orrec:ted)

I -

( Observed IBaLckground
Contour lines of the pole figure were then drawn on a transparent sheetplaced
over the net with the plotted intensities. It has been assumed that each of the
four quadrants of a pole figure of this material would be practically identical
due to the symmetry produced in reverse rolling.

The correction factors given in Table I were determined by measuring
the drop-off in intensity with increasing ¢ angle of a strong reflection from a
random sample of PbS powder. One of the factors which has an effect on the
magnitude of this correction is the size of the slit system near the G-M tube,
which was described by Chernock and Beck.(7) Since it was necessary to use
a rather narrow receiving slit to maintain the required resolution for certain
uranium reflections the amount of correction at the higher ¢ angles was
considerable.

This entire method of obtaining quantitative pole figures, by use of
the reflection technique only, will be described more fully in a separate paper.
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Table 1

FACTORS USED TO CORRECT FOR THE DECREASE
IN INTENSITY AS A FUNCTION OF ¢

¢ Angle Correction Factor

0 1.00

5 1.01
10 1.02
15 1.05
20 1.10
25 1.15
30 1.25

DISCUSSION ~ 300°C ROLLED URANIUM SHEET

The quantitative pole figures, with intensity contours, for the 300°C
rolled sheet described above, are reproduced in Figures 6 to 9. It is evident
from the (010) and (110) pole figures that there is a considerable concentra-
tion of these two poles parallel to the rolling direction. However, in addition,
there is a considerable spread of these poles away from the rolling direction,
which is especially evident in the (110) pole figure. There is a sharp concen-
tration of (001) poles tilted 30° to 35° away from the rolling plane towards the
transverse direction and another (001) pole concentration tilted 15° to 20°
away from the rolling plane towards the rolling direction,

A separate symbol has been used in each pole figure to mark “ideal
orientations” corresponding to maxima or high pole concentrations. These
symbols, without the contour lines, have been transferred to the pole figures
shown in Figure 10 in order to show the compatibility of several “ideal
orientations” with the high intensity areas which appear in the (010), (110), (oo1),
and (100) pole figures.

The lines which form the quadrangles shown in Figure 10 connect
one high intensity area from each of the pole figures mentioned above. The
four symbols which form the corners of these quadrangles have the correct
angular relationships to each other: namely, 90° between the (001) and (010),
(110), and (100); 90° between the (010) and (100); and 64° between the (010)
and (110). Quadrangle I, formed from the dashed lines, corresponds to one
type of “ideal orientation.” In quadrangle II the set of high intensity areas
joined together are different from those of quadrangle I except for the common
location of the (001) pole, and they define a second type of “ideal orientation.”

e oo® ©




An entirely different set of high intensity areas are joined together to form
quadrangle III, representing the third “ideal orientation.” Quadrangle IV is
different from the others with the exception that the (001) pole location is
common with quadrangle III. “Ideal orientations” III and IV, represented by
these quadrangles respectively, are largely made up of high intensity pole
locations, but not necessarily maxima, especially in the case of the (010),
(110), and (100) pole locations.

The pole intensity spreads around the highest intensity locations on
the various pole figures may be accounted for by movement or rotation of
the superimposed quadrangles shown in Figure 11. Quadrangle I may be
rotated 64° about one of the (001) maxima to coincide with II, which may pro=-
duce a spreading of the intensity over the area indicated by the heavy lines
with arrows. A rotation of the quadrangle II to III, as shown in Figure 11.
would produce a smearing out of the pole intensity indicated by the heavy
dashed lines. This rotation of quadrangle II to III may be described approxi-
mately as a 30° rotation about the (122) pole which is nearly equivalent to
the [322] direction. Quadrangle III may be rotated 26° about the (001) to
produce orientation IV if the four quadrants of pole figure are assumed to be
symmetrical. This latter rotation would produce considerable smearing out
of the intensity between III and IV.

The orientations which Seymour has reported(3) for uranium sheet
reduced 85% at 275°C correspond approximately to the orientations repre-
sented by quadrangles II and IV in Figure 10. The KAPL study did not show
an orientation corresponding to quadrangle III, which may be considered as
a large spread from orientation II. Seymour did not report the Type 1 “ideal

orientation,” and the differences, particularly in the (100) and (110) pole
figures, between his results and those reported here remain unexplained.

It may be concluded from the present study that the greatest intensities
shown on the four pole figures for as rolled material may be quite satisfac-
torily described in terms of four types of “ideal orientations” tabulated below
and of the considerable scatter; a) between I and II, b) between Il and IlI, and c)
between III and IV. Orientation II is apparently stronger than I, IV, or IIlI. The
latter three seem to be approximately of equal intensity.
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Table II

“IDEAL ORIENTATIONS” FOR URANIUM SHEET 300°C ROLLED

" Plane Parallel Direction Planfe Multiplicity
Ideal . Parallel |Perpendicular .
. . _»| to Rolling . . in Pole
Orientation to Rolling to Rolling .
Plane . . : s Figures
Direction Direction
I (4, 17, 26) ' near [410] (110) 4
near (146)
11 (9, 0, 25) [010] (o10) 2
near (103)
11 (4, 14, 45) near [552]| (4, 17,5) 4
near (139) near (141)
IV near (038) | near [031]| near (041) 2

DISCUSSION - URANIUM SHEET 300°C ROLLED AND RECRYSTALLIZED

The pole figures for the 300°C rolled uranium sheet after recrystal-
lization at 525°C are shown in Figures 12 to 15, The (010) pole figure is
very similar to that obtained for the as rolled sheet. The distribution of the
(110) pole intensity has changed considerably from the rolled material. There
is no longer a maximum of (110) poles parallel to the rolling direction; how-
ever, there are maxima in other locations. The (001) pole figure shows a
maximum pole concentration approximately 35° on each side of center towards
the transverse direction which is similar to the pole figure obtained before
recrystallization. Although there are high intensity areas 15° to 20° fromthe
center of the (001) pole figure towards the rolling direction, there are no
longer maxima in these locations, as there were in the as rolled sheet. The
(100) recrystallized pole figure also appears considerably different from the
(100) as rolled pole figure.

As explained above, symbols are shown to designate high intensity
areas in each pole figure. Several different quadrangles are formed by con-~
necting a symbol from each of the following pole figures (010), (110), (100), and
(001). These quadrangles which represent “ideal orientations” are shown
separately in Figure 16. The location of quadrangle II is identical with
quadrangle II shown for the as rolled sheet. Apparently there is considerable
amount of this orientation retained after recrystallization. The orientation
represented by quadrangle VI has a common (001) location with II. The set
of high intensity areas joined together to form quadrangle V are different
from II and VI, except the (010) location, which is common with I1I. This
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orientation V is reminiscent of the “cube” texture in face centered cubic
metals. The location of the high intensity areas joined to form quadrangle VII
is different from those previously described. The symbols used for quad-
rangle VII are formed from dashed lines for easy recognition.

The spreads appearing between the several “ideal orientation” lo-
cations may be accounted for by a gradual movement or rotation of the
quadrangles as shown in Figure 17. Quadrangle II may be rotated 26° about
the (001) location to produce quadrangle VI. The intermediate orientations
would account for the spreading out of the intensity over the area indicated
by the heavy dashed arrows. Quadrangle VII may be rotated into quadrangleII,
as shown in Figure 17, and the intermediate orientations account for the pole
intensity along the heavy solid arrows. This rotation of quadrangle VII to II
may be described as approximately a 47° rotation about the (122) pole, which
is nearly equivalent to the [322] direction. In addition to these two rotations,
quadrangle II may be pivoted about the (010) pole in order to obtain quad-
rangle V. The smearing out of the pole intensity as a result of this latter
rotation is not indicated in Figure 17.

The (131) pole figure for the recrystallized sheet is shown in Figure 18
with dots to indicate the locations of high pole concentrations required by the
“ideal orientations ’ shown in Figure 16. There is a considerable spreading
out of the intensity on the (131) pole figure which is to be expected as a re~
sult of the large number of (131) pole locations required by the various “ideal
orientations” described, since (131) has a multiplicity of four.

The preferred orientation obtained in the recrystallized uranium sheet
may be quite satisfactorily accounted for by the four “ideal orientations”
tabulated below, with considerable spreading out of the intensity between
a) Il and VI, b) VII and II, and ¢) Il and V.

Table III

“IDEAL ORIENTATIONS” FOR URANIUM SHEET 300°C ROLLED
AND RECRYSTALLIZED

Direction Plane T
“Ideal Plane Pa.rallel Parallel Perpendicular Ml.lltlphmty
. . w to Rolling . . in Pole
Orientation to Rolling to Rolling .
Plane ] ) . . Figures
Direction Direction
I (9, 0, 25) |010] (010) 2
near (103)
\ (100) [010] (010)
VI (7,7, 19) [110] (3, 13, 0) 4
near (113) near (140)
Vil (2, 2, 15) near [411] near (553) 4
near (116)
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From a comparison of the intensities in various locations on the pole

figures, it would seem that the relative amounts of the various “ideal orien=-
tations” in the recrystallized sheet may be expressed as follows:

VI>IISEVII> V

It is interesting to note that the strongest texture, VI, has planes
near the (140) perpendicular to the rolling direction. The (140) had been
previously mentioned(8) as a texture component in recrystallized uranium
rod. The (131) pole figure for the recrystallized sheet (Figure 18) is also
in agreement with planes near the (140) perpendicular to the rollingdirec-
tion. The angular distance between the (140) and (131) poles is 20° and
maximum intensity on the (131) pole figure is approximately 20° to 25° away
from the rolling direction.

It is rather difficult to interpret the mechanism by which the recrys-
tallized texture forms from the as rolled texture. Only one of the “ideal
orientations” used to describe the as rolled texture is found in the recrys=-
tallized texture. There are a number of rotations about the (001) and (010)
poles, as shown in Figure 19, which may be used to describe the relation-
ship between the various components of the recrystallized texture and the
as rolled texture. However, it is possible that rotations about other poles
are involved.

Orientation VI may arise from a 90° rotation of I about the (001) or
from a 26° rotation of Il about the same pole. Since orientation Il appears
in both the as rolled and recrystallized sheeti, it is most likely that recrys-
tallization occurs “in situ” although some of the recrystallized II might
come from a 64° rotation of I about (001) or a 70° rotation of a symmetrical
II orientation about the (010). In terms of the two suggested rotations,
orientation V would arise from a 55° rotation of II about the (010). Orien-
tation VII, as indicated, could arise from a 44° rotation of IV or a 70° rotation
of III around the (001).

SUMMARY

1 = The texture in uranium sheet rolled at 300°C to an 85 % reduction
was described in terms of four “ideal orientations” with considerable scatter.

2 = The recrystallized texture of the 300°C rolled material was also
described by four “ideal orientations” and scatter. Only one of the “ideal orien-
tations” used to describe the as rolled sheet was found after recrystallization.
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Figure 1

POLE FIGURE SHOWING AREA COVERED BY THE VARIOUS SHEET SECTIONS
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Figure 2

SCHEMATIC DRAWING OF THE TWO TYPES OF JIGS
FOR HOLDING THE ASSEMBLED SHEET SECTIONS
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Figure 3

INTEGRATING SPECIMEN TABLE FOR SHEET MATERIAL
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Figure 4

POLE FIGURE SHOWING THE METHOD OF PLOTTING THE DATA
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Figure 5
POLE FIGURE SHOWING THE POINTS AT WHICH INTENSITY DATA
ARE OBTAINED FROM THE SEVEN SHEET SECTIONS

08
@ ®
eeve0®
'y @
® @ ®
200006

200080

¢ oe
e o ®
L] L]

seeoe
® ®
ooooo

L] ®
® °
eeee

® ®
o @ @
6se00e



%) 19
N

Figure 6

(010) POLE FIGURE FOR URANIUM SHEET ROLLED
AT 300°C TO AN 87% REDUCTION
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Figure 7

(110) POLE FIGURE FOR URANIUM SHEET ROLLED
AT 300°C TO AN 87% REDUCTION
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Figure 8
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(001) POLE FIGURE FOR URANIUM SHEET ROLLED

AT 300°C TO AN 87% REDUCTION
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Figure 9

(100) POLE FIGURE FOR URANIUM SHEET ROLLED
AT 300°C TO AN 87% REDUCTION
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Figure 10

Pole Figures Showing the ‘‘ldeal Orientations’’ Used to Explain the Re-
lationship Between the Intensities Found on the (010), (110), (001), and
Pole Figures of the As rolled Sheet.
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Figure 11

Pole Figure Showing Rotation or Movement of the ‘‘ldeal Orientations’’

Which May Account for the Intensity Scatter Between ‘‘Ideal Orientations’’

of As Rolled Sheet.
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Figure 12

(010) POLE FIGURE FOR URANIUM SHEET
300°C ROLLED AND RECRYSTALLIZED
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Figure 13

(110) POLE FIGURE FOR URANIUM SHEET
300°C ROLLED AND RECRYSTALLIZED
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Figure 14

(001) POLE FIGURE FOR URANIUM SHEET
300°C ROLLED AND RECRYSTALLIZED
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Figure 15

(100) POLE FIGURE FOR URANIUM SHEET
300°C ROLLED AND RECRYSTALLIZED

R.D.
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Figure 16

Pole Figures Showing the ‘‘ldeal Orientations’’ Used to Explain the Re-
lationship Between the Intensities found on the (010), (110), (001), and
(100) Pole Figures of the Recrystallized Sheet.
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) Figure 17

Pole Figure Showing Rotation or Movement of the ‘‘ldeal Orientations'’

Which May Account for the Intensity Scatter Between ‘‘ldeal Orientations’’
of the Recrystallized Sheet.
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Figure 18

(131) POLE FIGURE FOR 300°C ROLLED URANIUM SHEET AND RECRYSTALLIZED
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Figure 19

SCHEMATIC DRAWING OF POSSIBLE ROTATIONS OF THE AS ROLLED ‘“IDEAL ORIENTATIONS”
WHICH MAY PRODUCE THE RECRYSTALLIZED “IDEAL ORIENTATIONS”
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APPENDIX A

PREFERRED ORIENTATION IN 300°C ROLLED U*R.ANIUM PLATE

A. D. (Smigelskas) Fischer

ABSTRACT

The preferred orientation texture of uranium 300°C soak rolled plate,
81% reduction, rolled in one direction was investigated by means of taking a
series of X-ray photograms at varying angles to the plate surface and cross
and rolling directions and plotting the pole figures for the (001), (010), and
(021) poles. The texture was found to differ from that of 300°C soak rolled
rod, 66 % reduction, which has the single mean (001) pole radial to and a
duplex mean (110) pole at an angle of 20° with the rolling direction. This
rolled uranium plate has duplex means of the (001) pole located 18° either
side of the normal to the plate and radial about the rolling direction as an
axis. The mean (010) pole is located at a tilt of 18° from the rolling direc~
tion and the mean (021) pole is in the corresponding position approximately
60° from the (001) pole and approximately 30° from the (010) pole.

INTRODUCTION

Inasmuch as the preferred orientation textures of many uranium rods
has been studied in connection with the “growth” problem of uranium upon
thermal cycling, it seemed advisable to study the preferred orientation of a
rolled plate under the same conditions. Rolled plate has fewer directions of
freedom of plastic flow than a rolled rod; therefore, a less symmetrical tex-
ture would be expected which may lead 1o a better analysis as to what the
structure mechanism of deformation by rolling may be. For this purpose
the investigation of the texture of 300°C soak rolled uranium plate has been
carried out. The thermal cycling growth results for the plate have been
reported in TID 68, 4, 7-40, (1949). The texture of 300°C soak rolled rods
and other textures will be compared with the plate texture discussed in this
report.

MATERIALS AND METHODS

The specimen history is as follows. An uranium block 1-1/16 in.
thick, 2-1/4 in. wide and 3-1/4 in. long was cut from a casting 2-1/4 in. x
3-1/4 in, cross section. The piece was given approximately 10% reduction
per pass at 300°C and was reheated 3 to 5 minutes between passes. The
reduction in cross section was 81.7%. The piece spread approximately
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11% during rolling. This specimen was surface ground and then sectioned
into specimens 0.525 in. x 0.425 in. with the rolling direction identified. Two
of these specimens were submitted for preferred orientation determination.

A specimen annealed 2 hours at 575°C was shaped in the form of two
rods projecting out of the edges of the plate with their axes in the rolling
direction and the transverse direction, respectively. After the rods were
machined from the specimen, they were electroetched in sulfuric acid-
glycerine bath to reduce the diameter 0.005 in. This amount was previously
found adequate to remove the worked surface (ANL-5139), thus exposing
the true orientation of the rod. Figure 1A shows a sketch and the dimensions
of the specimen. This method of shaping the sample is the same as that used
by Bakarian.(1)

This shape was adopted because the absorption factor becomes a
constant for exposures at all angles and may thus be eliminated. The absorp-~
tion of X-rays by uranium is so great that only the reflected beam is recorded
on the film. The intensity can be read only on 170° of the diffraction ring;
therefore, two sets of pictures are necessary for the pole figure of any one
plane.

One hour exposures were made with a 0.025 in. diameter pinhole,
using Cu radiation, 45 K.V. = 18 M.A,, type A film at 5 cm. Because of the
recrystallized grain size, a large diameter rod with respect to the pinhole
was necessary so that sufficient surface would be radiated. The pinhole
had to be small in order to effect separation of diffraction rings which are
about 3/4 of a degree apart, and would otherwise overlap. Inasmuch as the
beam could not cover the rod entirely, the rod was placed in the beam so
that only half the beam impinged on the edge of the rod as may be seen in
sketch of Figure 2A. The rod was carefully repositioned each time a photo-
gram was taken at a different angle. Figure 3A shows a sketch of the dif-
ferent angular positions of the specimen with respect to the X-ray beam.

It was found necessary to oscillate the specimen 5° about its own
axis to reduce spottiness; however, even then, only two degrees of intensity
could be read from the arcs on the films. Typical photograms are shown
in Figure 4A.

The pole figures were plotted in the usual way with the intensity of
the various portions of the diffraction rings estimated by eye. Eleven films
were made about each rod projection, the axis of rotation being the rolling
direction and cross direction, respectively. All twenty-iwo films were read
in plotting the pole figures. The series includes exposures made with the
rod having the rolling direction vertical and the beam at 0, 10, 20, 30 .....
110° to the cross direction, respectively, and with the rod having the cross
direction vertical and the same angular intervals to the rolling direction.
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The rolling, 81.7%, is sufficient to develop a final texture. However,
the texture plotted is a step integral of various depths of the sheet because
the diameter of the rods cut out is the thickness of the sheet.

The crystallographic values used for orthorhombic alpha uranium
(a = 2.852 A b = 5.865 A, c = 4,945 A) were the following € values:

hkl Sin? 6 Intensity 2]

(020) 0.068712 very weak 15° 20!
(110) 0.089844 strong 17° 27!
(021) 0.092876 strong 17° 45"
(002) 0.114008 strong 18° 7'

The © value is used to determine the reflection circle; thus, re-
flection circles for pole figures of planes plotted are

Direction Reflection Degrees From the Center of Pole Figure
[001] (002) 90° - 18° 7' = 71° 531
[010] (020) 90° - 15° 20! = 74° 40!
[021] (021) 90° - 17° 45! = 72° 15!

The angles between the poles of reflections studied and between planes
used in determining the mean orientation are:
aanbAaca = 90°

(100) A(010)A(001) = 90°
[100]af010]A[001] = 90°

Orthorhombic Relations

[o01]Af021] = 59.3°
[010] A[021] = 30.7°
[o01].[031] = 68.1°

[o01]A[013] = 15.7° Possible directions orienting
[o01]A[025] = 18.6° parallel to the rolling direction

DISCUSSION OF RESULTS

The results of the X~ray determination are assembled in the pole
figures of Figures 5A, 6A, and TA.

The plane of the rolled plate is parallel to the plane of the stere-
ographic projection in all the figures, with the rolling direction vertical
and the transverse direction horizontal. The densities of the arcs on the
films are indicated by the closeness of the cross hatching on the pole
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figures. The orientation of three different sets of planes is shown, the three
with most marked evidence of orientation in the films, (001), (01 0), and (021).

The texture found may be described in terms of a twin ideal, or mean,
orientation plus a scatter, the ideal orientation being the pole of the (001)
plane inclined toward the rolling direction from normal direction at a small
angle, 18° and the pole of the (010) plane inclined toward the normal direc-
tion to the rolling plane at 18° from the rolling direction. This orientation
may best be seen from the pole figures and a diagram of the mean orienta-
tion, Figure 8A.

The scatter from this mean orientation is such that the c-axis,
(001) pole, tilts slightly, 8° either side from the mean around cross direc-
tion as an axis and scatters +90° about the rolling direction as an axis as
may be seen in Figure 5A. The b-axis shows a corresponding tilt and scatter.

Figure 9A shows a diagram of a unit cell of alpha uranium with its
axis tilted corresponding to the mean orientation of the pole figures for the
rolled plate texture. From this diagram it may be seen that the (031) plane
may be considered perpendicular to the cross direction; then the (013) plane
is approximately at a 6° tilt from the perpendicular to the rolling direction.
The angle between the (031) and (013) is approximately 95°.

Two positions of plate direction axis, R.D. and C.D. and R.D.' and
C.D.' are shown. Either is possible within the limits of scatter on the pole
figures.

The plate texture compares with that of rods in the following manner:

1. While the mean (001) pole is single, radial and normal to the roll-
ing direction in all rods investigated at ANL, it is duplex, radial, and at a
tilt of 18° to either side of the normal to the rolling direction in this plate.

2. The mean (010) pole of the plate is also duplex. However, it is
not located similarly to that of the rod having a duplex orientation of this
pole, i.e., the 300°C soak rolled rod which is discussed in ANL-5139. The
tilt of the mean (010) pole of both that rod and of this plate are about the
rolling direction. In the rod this pole has a greater angle of tilt as well
as uniform radial scatter about the rolling direction, while in the plate this
pole is located at a spot with the scatter about the spot.

3. The mean texture of the plate as a whole corresponds most nearly
to that of the hot swaged uranium rod which has the (010) pole parallel to the
rolling direction, and the (001) pole radial and normal to the rolling direc-
tion differs from it only by the twin 18° tilts of the (001) pole from the normal
to the plate and the (010) pole from the rolling direction.
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FIGURE 2A
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SHOWS RELATIVE SIZE AND POSITION OF SPECIMEN
AND BEAM.
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FIGURE 3A

FILM

ROLLING DIREGTION
PERPENDICULAR TO PAPER
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- ROLLING PLANE 8

PRIMARY X-RAY BEAM
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CROSS DIRECTION

90

(o) BEAM 90° TO ROLLING PLANE AND
90° TO ROLLING DIRECTION.
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(b) BEAM AT 70° TO ROLLING PLANE AND
90° TO ROLLING DIREGTION,

70°
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FIGURE 6A

(O10) POLE FIGURE
UUUUUUUU OLLED PLATE
8!% REDUCTION =300 °C
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FIGURE 8A

A STANDARD STEREOGRAPHIC PROJECTION OF ALPHA URANIUM IS

THE

THE

SHOWN BY OPEN GIRGLES.
STEREOGRAPHIGC PROJECTION OF THE
THE ROLLED PLATE 1S SHOWN BY THE FILLED CIRCLES.
ARROWS INDICATE HOW THE MEAN ORIENTATION IS OBTAINED
FROM THE STANDARD STEREOGRAPHIC PROJECTION BY ROTATION
OF 18° ABOUT THE C.D. AS AN AXIS.
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FIGURE 9A
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NOTE: a-oxis 1 to page.

POSITION OF R.D. & C.D.
IN A UNIT ALPHA URANIUM
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