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LEGAL NOTICE

T This réport “was "prepared as an account of Government sponsored work. Neither the
Umted States, nor the Commlsswn, nor any person acting on behalf of the Commissions

- A, Makes any wurrcmfy or~tepresentation, express or implied, with respect to the ac-
curacy, completeness, or usefulness of the information contained in this report, or that the
use of any information, apparatus, method, or process disclosed in this report may not in= |

% fringe privately owned rights; or January 3, 1955
'|. B. Assumes any liabilities with respect to the use of, or for damages resulting from the
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% use of any information, apparatus, method, or process disclosed;in this report. o ‘ o ey

‘As used in the above, *’ person acting on behalf of the Commnssxon includes any em- L
3 ployee or contractor of the Commission fo the extent that such employee or contractor
u prepares, handles or distributes, or provides access to, any mforrnahon pursuant to his em=
. . ployment or contract wnth the Commission.

; o ' ' GRAIN REFINEMENT PRODUCED BY AN ALPHA PHASE ANNEAL .
OF BETA PHASE HEAT ’I‘REATED AND WATER QUENCHED URANIUM

During an experiment 1nvolvin§?_alpha phase annealing (at. 610&655\‘(,/ for five and
ten minutes) of beta-quenched® uranium, it was determined that the relatively .
coarse, irregular shaped grains (0. 08@0 150 mm#-diameter) in the beta-quenched

T structure;—ﬁ'gurqu were replaced by fine equiaxed grains (O 04-0.09 mmr"diameter), lu.bfy
1. F*EM #

e
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* Beta heat treated- in a salt bath at 720 -T7h0 C for 13 minutes and ‘water’ qu@nched
within 30 seconds after removal from the bath.,
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~uranium lattice to cause the obse rved formation of fine equiaxed grains by: recryst-
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< This experiment” has 81nce‘}é/}j duplicated several times and it was determined that

two satisfactory conditiong for the complete replacement of the coarse, beta-
quenched grains in afHanford?rod or slug section are either 12 minutes at €50 C

or 15 minutes at 640 €% In addition it has been determined that:(a) the extent of
grain refinement obtained is dependent upon time and temperature, and proceeds from
the periphery of an annealed section towards the center; (b) the grain refinement
produced in beta-quenched uranium during annealing is not affected by the cooling
rate from the alpha annealing temperature ; (c) the grain structure of beta heat
treated and air cooled uranium is not affected by an alpha phase anneal at 640 C
for 20 minutes, Figures 3 and 4; also, an alvha anneal at 640 C for 20 minutes
produced no change in the grain structure of alpha rolled uranium; (d) there is no
apparent growth of the eguiaxed grains,once they are formed,for various times of

_annealing up to a maximum of one hour at 640 C.

. The fact that alpha annealing of both beta heat treated and air cooled uranium

and alpha rolled uranium produces no effect upon their grain structures indicates
that water guenching from the beta phase imparts sufficier. strain energy to the
l_

lization. . - —r— "

Intrinsically a fine-grained recrystallized structure appears more desirable for
HAPO fuel element cores than the coarse beta-quenched structure presently in use.
In view of the fact that an alpha anneal may be a beneficial addition to BAPO
uranium heat treating procedures, it is recommended that the following investiga~
tions be initiated: - _ _—

(1) Establish the relat-onsﬁﬁﬁ;bexwognﬂ&ime and temperature for complete
grain refinement{in HAPO rod and slug sectionB\at various temperatures.

(2) Determine the effect of prior beta grain size on the equiaxed grain
size obtained during alpha annealing.

(3) The mechanism for .the recrystallization of the irregular shaped
beta—quenched grains

(4) Determine the effect of cooling rate after an alpha anneal on the
physical and mechanical properties of uranium.

B. Effect of the Alpha Anneal on the Following Propertles of Uranium
(1) Orienta‘tionl |
(2). Teneile strength
(3) Coefficient of thermal'expansion '

(4) Circumferential strain as measured by burst testing. '
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(5) Longitudinal splitting tendency as meaéuredvby "Woodsplitter testing.”
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(6) Hydrogen concentration.
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Photograph Unclassified

FIGURE I

Photomacrograph (3x) of transverse suriace of
a uranium slug machined from a rod sali bath
beta heat treated for 13 minutes at 730°C and
weter quenched within 30 seconds after removal
from the bath., Standard macroetch

FIGURE 2

Phctomacrograph (3x) of transverse surface of
slug in Figure 1 after aa anneal at 6L0°C for
20 minutes. Note the much finer grain size

as a result of the anneal. Standard Macroetch
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. FIGURE 3 FIGURE 4
\/7 ' ihiizr:ﬁi;%iighs(if)b:fhtgizzvizzi i;gfizg gfr Phctomacrograph (3x) of transverse surface of
' : i s alt % a o . . L
. S at
~ 13 minutes at 73000 and air cooled. Note con— a uranium slug in Figure 3 after an anneal

6L0°C for 20 minutes. Note that the anneal
does not cause any refinement of the grain
structure. Standard macroetch.

trast in grain size with Figure 1 caused by
much lower cooling rate through beta to alpha
L transiormation. Suvandard macroetch
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