


ORNL-1748

This document consists of 28 vpages.
copy (J/ of 160, series A.

Contract No. W-7405-Eng-6

QAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

June, 1954

W. H Sullivan
and

A. Savolainen

Date Issued: YUL 9 1954

OAK RIDGE NATIONAL ILABORATORY
Operated by
CARBIDE AND CARBON CHEMICAIS COMPANY
A Division of Union Carbide and Carbon Corporation
Post Office Box P
Oak Ridge, Tennessee

ARIETT 5 ENERGY gyg

3
Yy gy, 0349469 o

=




Y o

OAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

June, 1954

Distribution

i
4
\

Offices of Directed Oper@ll ons

1-9. H. M. Roth dge, Tennessee

10. Technical Informa\gmen Service i idge, Tenneasee
11. C. A. Nelson yillfsta, Georgia

AEC Installations
12. H. A. Blair
13-1%. N. E. Bradbury

versity of Rochester
ps Alames Scientific Laboratory

15. C. E. Center arbide and Carbon Chémicals Company
16-17. A. B. Greninger Hanford Works
18-19. L. J. Haworth Brookhaven National Laboratory
20-21. A. R. Kaufman  M.I.T. Metallurgical Laboratory
22-23. K. R. Van Tassel ' Knolls Atomic Power Leboratory
24-25. E. 0. lawrence Univ. of California Radiation Lab.
26. R. W. McNamee Carbide and Carbon Chemicals Company
27-28. F. L. Mohler National Bureau of Standards
29-30. H. W. Russell Battelle Memorial Institute
31-32. F. H. Spedding L Ames Laboratory :
33-3%. W. H. Zinn WA\ Argonne National Laboratory

Oak Ridge Naetional Laboratory

35. E. E. Anderson K. B. Brown

36. E. A. Bagley N F. R. Bruce

37. P. S. Baker i\ T« H. J. Burnett
38. R. Baldock SiV@RA. D. Callihan
39. S. E. Beall 55. %R\ W. Cardwell
40. S. Bernstein \\H, Cartledge
41, E. S. Bettis 57. N@. Charpie
42, D, sS. Billington 58. G\ Clewett
43, R. E. Blanco 59. T. Y@ Cole

44, E. P. Blizard 60. E. \Compere
45. E. G. Bohlmann y 61. D. D¥\owen

k6, C. J. Borkowski b 62. J. A.QRx

k7. G. E. Boyd i 63. J. H. Wkewford
4L8. M. A. Bredig v 6k, 8. Cro

49, W. H. Bridges Y | 65. F. L. er

50. R. B. Brigeg \ 66. -J. E. Cunningham

%




68.

76.
78.

82.

90.
91.

92.
93.
Gh.

%.

97.

98.

99.
100.
101.
102.
103.
104,
105.
106.
107.
108.
109.
110.

REOmomaHErrPogOsolagRagYs

ERE=OeE

*

uEuEEEeEo.

N =

o Jde

. C.

Davis it
Drury N
Edlund
Eiaster
Epler
Ergen
Ferguson
L. Fowler
A. Fowler

H. Frye, Jr.
E. Goeller
C. Griess

R. Grimes

S. Harrill
C. Hart

J. Hochanadel
Hollaender

. Hougeholder
Howard
Howe
Hubbell
Hurst
Jackson
Jenks
Johnson
Johnsson
Jordan
Keilholtz
Keim

. Kelley
Kraus

S.

K.
P.
K.
E.

PHNIHOImMANEEAY

b Shift Supv. (E.

A. Lane

E. larson

. Lincoln
. Lind
Livingston
Lyon
McDuffie
McNally
Manly
Meemn
Miller
Morgan

NopumEEno>

Distribution (Continued)

111,

112.

113.

114,

115.

116.

117.

118.

119.

120.

‘ 121.
\ 122. 4
‘ 123.;
! 12k 4

) 129

2 ,/

160.

o

zs_.ra?pu:qt_:quc..otmmwbzomo#

R. J / ton
E. JQ/A phy
J. P rray - Y-12
C. E brmand
G. Vrarker

FPoppendiek
' Raaen
' Riordan
Ritchie
. Rupp
. Saunders
. Savage
Savage
Savolainen
H. Secoy
. D. Shipley
Sisman
J. Skinner
. H. Snell
. W. Stoughton
Stringfield
G. Struxness
H Sullivan
. D. Susano
A. Swartout
H. Taylor
R. Van Artsdalen
. Vonderlage
Weaver
. Welnberg
Welton
White
Wilkinson
. Winters
E. J. Witkowski
E. 0. Wollan
H. P. Yockey
Biology Library
Central Research Library
Health Physics Library
R.E.E.D. Library
Y-12 Reports Office
Laboratory Records Department
Laboratory Records Dept.-ORNL-RC

ZIOC)‘

HROQORPRERWNOQ

Q

Page 3



b

QAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT

TABLE OF CONTENRTS

PROGRAM 2000 - SOURCE AND FISSIONABIE MATERIAIS
25 Processing . . ¢« ¢+ « o o s 6 e o o o o @

mwBAM 3000 - WEAPONS . v oo * © o . « . ° ) .
Special Electromagnetic Separations . . . .

PROGRAM 4000 - REACTOR DEVELOPMENT . . . . . .

HOMOGENEQUS REACTOR PROJECT . . + « « »
Homogeneous Reactor Experiment . . . . .
Homogeneous Reactor Tegt . . . . . . . .
Engineering Investigation of Slurries . .
Chemical Investigations of Slurries . . .
Solution Chemistry . . . . « « ¢« . « « .
Metallurgy . o ¢ o ¢ o « o o o o o & &
Fuel Reprocessing . « = - « o & = & &

ATRCRAFT NUCLEAR PROPULSION PROJECT . . . .
Aircraft Reactor Experiment . . . . . . .

Experimental Engineering . . . . . . . .
ANP Reactor Chemistry . . . . . . . .
Corrosion Research . . . . . « ¢« + o« « .

Metallurgy =- Fabrication . . . . . . . .
Metallurgy - Welding end Brazing . . . .
Heat Transfer Research . ., . . . « . » .
Physical Properties Research . . . . . .
Analytical Studies . . . . . . . . . . .
Shielding Research . . . . « + « o & » &

GENERAL REACTOR RESEARCH . . . . « . . . . .
Package Beactor Project . . . « ¢« o « + .
General Reactor Radiation Damage . . . .
Digsolution Studies . . . . . . . . . . .
Heterogeneous Reactor Fuel Reprocessing .

PROGRAM 5000 - PHYSICAL RESEARCH . & « « & « o

ISOTOPE PRODUCTION - . &« = o o v o s o » &
Stable Isotope Production . o« o o o « « »

Page 4 . 4 —

Page

(YoRVoRNoNes Nes Lo\ R on | -~ [o)¥ o)\ o\ O\

10
10
11
11
12
12
12
12
13
13

1k
14
14
1k

15
15

15
15



TABLE OF CONTENTS (Continued)

Program 5000 (Continued):

PHYSICS o o o o o o ¢ o o a o o © o o o o o «
High Voltage Program . o o o ¢ o o o
86-Inch Cyclotron Nuclear FPhysics . .
Electronuclear Machinea . « o o « o »
63=-Inch Cyclobron o o o o o o o o o o
Isotope Analysis Methods Iaboratory .
Mags Spectrometer Laboratory . . . » .
Research and Development, Stable Isotopes o

Q
°
°

@ o o o
]
o

CHEMISTRY o« o ¢ o o 6 6 o o o o o
Inorganic Solution Chemistry . o o o o o ©
Chemical Physice o+ o o o o o o
Chemistry of the Solid State . 0
Radio-Organic Chemistry o « o o o o o o o o
Radiation Chemistry . ¢« o o« s o o o o
Chenmistry of Fused Salts . - » » o »
Uranium Chemistry of Raw Materials . . - .
Analytical Chemistry . o o s o o = o « o o

METATIURGY ¢« o ¢ = o o o o s o 0 0 o s o o o o
Ceramics Research . « « ¢ ¢ s s o o s o o o
Physical Metallurgy of Reactor Materials .
Fundemental Physico-Metallurgical Research

Fundamental Investigations of Radiation Damage in

s

o s o
. . e
« o o
o o o
e o o
e o o
o o o
o o @
o o o
e o o
o o s
« o o
« o o
o o o
o o a
o o e
L] L] .
o o »
e o o
e o s
Solids

OTHER PHYSICAL RESEARCH PROJECTS o o s o o ¢ o o o o o & o
Research Participation and Traveling lecture Programs

PRG}RAM 6000 - BIOL(E’Y ARD MEDICmE o © © @ © 0 ©o© © e & o

BIOPHYSICS o ¢ o ¢ o « o » 6 o a o o o o o o o
Waste Disposal Research . o - =« o « o &
Physics of Radiation Dosimetry . . . .
Experimental Radlation Measurements . .
Radioactive Particulate Problem . . . .
Professional Health Physics Training . .

o @ o
s o o e

Research Participation and Traveling Lecture Programs

RADIOISWOPE SAI.ES AND CCETS L] - .4 o o ° 2 e o o [ L] L] . .

GROSS OPERATING COSTS 5 « 2 o o o o o o 0o o o o

PE:RSONNEL SIMARY o e © 0o © e © o6 6 ¢ a & o6 ¢ o ©

5 e e 8 &

o ® o o

Page

16
16
16
17
17
17
18
18

19
19
19
19

20
20
21
21

22
22
22
23
2k

24
24

24

24
2k
a5

26
26
26
a7
a7

28

Page >



v

QAK RIDGE NATIONAL LABORATORY

STATUS AND PROGRESS REPORT
June, 1954

The subject material of this report represents approx-
imately half of the Laboratory's program, which is
covered with some exceptions on a bimonthly schedule.

PROGRAM 2000 - SOURCE AND FISSIONABLE MATERIALS

25 Process - The 5.5-in.-dia. "trickle" dissolver with Hanford-type cast
T.5% uranium--92.5% aluminum alloy slugs had a maximum dissolution rate,

using 6 M nitric acid, of 6.6 kg of uranium per day with a product aluminum
concentration of 1.7 M, approaching the 1.8 M specified for the ORNL flow-
sheet, The previously reported (ORNL-1719) dissolution rate of 12 kg/day
wag obtained with a product aluminum concentration of only 1.2 M, the con-
centration required for the Idaho Chemical Processing Plant.

In studies on the l-in.-dia. continuous dissolver using miniature Savannah
River-type extruded slugs (5% uranium--95% aluminum), the dissolution rates,
as extrapolated to a 5.5-in.-dia. columm, were 15 and 25 kg of uranium per
day using 6.3 M and 8.4 M HNO,, respectively, as the dissolvent. The alum-
inum concentration in the pro&uct stream (~2.8 M) did not vary with feed
flow rate (42 to 100 ml/min) at colummn heights of 12 or 21 in. but dropped
to 1.65 M with a 6-in. height (same flow rate), with a corresponding increase
in product acidity.

In an initial run on the proposed first-cycle solvent-extraction flowsheet,

a gross beta decontamination factor of 103 (about 100-fold less than expected)
was obtalned in 3/1+-1n.-dia. glass pulse columns. The relatively poor decan-
tamination was attributed to solvent impurities, excessive buildup of inter-
facial material in the extraction and stripping columms, and inefficient
scrubbing caused by eguipment failure. The uranium recovery was greater than
99%. (AEC Activity 2560)

FROGRAM 3000 - WEAPONS

Speclal Electromagnetic Separations - A third Calutron run for the separation
of plutonium isotopes was successfully completed. Metered ion currents
averaged 25 ma for a perlod of 22 hours; this corresponds to a Eroduction
rate of 315 mg Pu/hr. The enrichment factors for Pu2tO and Pu2*l were
approximately 50 and 65, respectively. The quantities and isotopic analyses

Pege 6 % —




PROGRAM 3000 - WEAPONS (Continued)

of the feed material and the separated product are tabulated below:

Isotopic Comtent (atom percent Pu gg!
Pu 239 Pu 240 Pu 241
Feeg Vaporized 93.8 5.8 0.43 120
Puet0 Product 23.6 75.8 0.58 0.51
Pultl Product 61.8 15.3 22.8 0.12
Pu239 Product 99.5 0.5 - 6.30

(AEC Activity 3601)

PROGRAM 4000 - REACTOR DEVELOFPMENT
HOMOGENEOUS REACTOR PROJECT

Homogeneous Reactor Experiment - The HRE core was cut open, while working
through 5 ft of water as shielding, and portions were removed for detailed
study. Visual examination of the core jnlet pipe end the core wall in the
vicinity of the inlet pipe showed no significant damege by corrosion. The
nvt for the core wall was greater than 1019 neutrona/cm2 at the time of
shutdown.

The oxide scale that remained in the homogeneous reactor system after it had
been decontaminated with alternmate treatments of 8 M HNO3 and alkaline tar-
trate solution conmtained some plutonium and large smounts of niobium and
sirconium. Of the plutonium found in the reactor, about 15% was in the fuel
gsolution and 85% was removed from the system by the decontaminating solution.

The fuel solution was transferred from the outer storage tanks to Eversafe
containers which will be used to tramsport the golution to the Chemical Tech-
nology pilot plant for fuel recovery. (AEC Activity 4103.1)

Homogeneous Reactor Tegt - In view of the recent agreement that major empha-
8is be placed on the thorium blanket program, with a supplemental program an
the uranium blanket, plans for construction and operation of the HRT were
gomewhat revised. Present plams call for construction and operation of the
HRT with a heavy-water blanket and with subsequent modification of the design
and construction to test a thorium blanket. By following this course, reliable
long-term operation and ease of meintenance can be demonstrated with a heavy-
water blanket while the thorium oxide slurry system is being designed and
procured.
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PROGRAM 4000 - REACTOR DEVELOFMENT {Continued)

The detailed design of dump tanks, evaporators, catalytic recombiner, cold
traps, pressurizer, and comdemsate tanks is nearing completion. Equipment
arrangements for high-pressure and low=pressure systems were decided upon;
the flowsheet remains essentially unchanged.

Development work has shown the gas separator design to be adequate. Pressur-
izer heaters were found to perform satisfactorily, also. A hydraulic test of
the core indicated several design revisions would be required to ensure good
mixing, and these changes are being incorporated in the work at the Newport
Hews Co. A test to determine the accuracy of calculations on the shield
Pressure rise after a sudden release of all the reactor liquid indicated that
the estimate of a 25-psi pressure rise was reasonable; the shield design is
continuing on this basis. (AEC Activity 4103.1)

Engineering Investigation of Siurries - A slurry of ThO, made from thorium
formate was circulated for more tham 1100 hr in an essentially complete
stainless steel system, with linear velocities st some points in the system
as high as 90 fps. During most of this period;, oxygen was monitored at about
500 ppm. During the course of thisg run, the concentration of thorium wes
Increased, by the addition of solids, from about 300 to over 700 g/1. After
the first 100 hr of the rum, during which time the iron, nickel and chromium
in the slurry increased slowly, no further increase in these elements was
found, representing a period of over 1000 hr during which time no measurable
attack of stainless steel took place. (AEC Activity 4109.31)

Chemical Investigations of Slurries - The ammonium hydroxide-thorium formate -
prepared thorium hydroxide, from which a thorium oxide slurry of very low
abrasiveness was made (see report ORNL-1719), was found to be amorphous to
z~rays, both as precipitated and after drying at 105°C for T2 hr. Heating
the solid at 500°C for 24 hr dehydrated it end converted it to crystalline
ThOz2. Autoclaving, at 250°C, of aqueous slurries of both the undried hy-~
droxide and the 500°C dried material for 912 and 32k hr, respectively, did
not Increase the abrasiveness of these slurries but did convert the undried
hydroxide to crystalline ThO».

Addition of 20 mole % ZrOz and 10 to 30 mole % Al;0, to ThO, by coprecipita-
tion of the hydroxides and subsequent calcinetion oé the mixtures at 400°C
inhibited thorium oxide crystal development, but addition of 20 mole % Biy03
did not, as shown by a comparison of the x-ray-diffraction patterns of the
mixed oxides with the pattern of a pure “I'ho2 standard.

Oxides prepared by 16-hr calcination at 650°C of two cold-precipitated (4o°)
and two hot-precipitated (76°C) thorium oxalate preparations formed much less
abrasive aqueous slurries than Ames oxide. The cold precipitation technique
presumably gave smaller particle sizes. (AEC Activity 4109.31)
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

Solution Chemistry - The acidity, at 25.00 + 0.04°C, of UO3 - HpS0, - HyO
mixﬁures was determined to a precision of + 0.00% pH units from 0.024 to
10 " molal stoh and at UO3/ 50, mole ratios from 0.70 to 1.20. The solu-
bility of UO3 in sulfuric acid at elevated temperatures (150 to 300°C) was
determined by oscillating a UOy-saturated sample, and comparing, at 25°C,
the pH of the paturated solution with the pH data mentioned above. By this
method, seven isotherms in the concentration range from 1.0 molal down to
10~% molal were obtained. (AEC Activity 14109.31)

Metallurgy - As-welded coupon specimens of Zircaloy-2 and of commercial purity
titanium, with root and final passes exposed, were tested in 1.34 M UOZSO

for 200 hr at 250°C end at solution velocities of 50 to 92 fps. All spec ns
were covered with thin adherent films and showed weight gains in the scrubbed

condition.

Similar specimens containing tyge 347 stainless steel welds were tested in
1.34% M TO S0, for 100 hr at 250°C, and the welds containing 2 to 4% ferrite
appeared Eo be in better condition then those containing 7 to 9 % ferrite.

Impact tests have been completed on "iodide" titanium specimens exposed in
dynamic corrosion test loops (not under irradiation) to 0.06 M U0,S80, con-
taining 0.006 M H>50, at 310 to 320°C for 977 hr. No effects of thid en-
vironment on the impdct properties of iodide titanium were noted. (AEC
Activity 4109.4)

Fuel Reprocessing - Further studies on the solubility of Ndo (SO )3in simu-
lated reactor fuel solutions showed it to be 0.20 g/1000 g Hy0 at 250°C and
0.10 g/1000 g H.0 at 295°C when neodymium was the only rare earth present.
Continued addition of mixed rare earth sulfates to a simulated reactor fuel
at 280°C did not raise the Cep(S )3 solubility above 0.0l g/1000 g H,O.
The solubilities were determined in filtration experiments with a sinfered
platinum disk.

The Vitro Corporation, in filtration experiments with a crushed-quartz-filled
tube, showed Ndz(soh) solubility to be 0.1% g/1000 g Hy0 whether the neo-
dymium was alone or mixed 50% with other rare earth sulfates in a simulated
reactor fuel at 280°C. The apparent cerium solubility was reduced in a mix-
ture of rare earths to one-fourth the solubility observed when cerium alone
was present in the uranyl sulfate solution.

The solubility of neptunium is apparently greater than 0.07 g/lOOO g HZO at
250° to 300°C. This indicates the need for removing neptunium from the
blanket solution of a plutonium producing homogeneous reactor if the Hp239
capture cross section for reactor neutrons should be greater than 100 barns.
In the program for measuring the capture cross section of Np239, 3 mg of
plutonium was isolated from six 12-hr LITR-irradiated uranium slugs.
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

The solubility of Pu{IV) im uranyl sulfate solution was shown to be unaffected
by varying the uranium concentration between 250 and 300 g/lOOO g H;0 but in-
creased slightly by adding sulfuric acid.

In initial studies at low pressure (100 psig} on a 10-mm hydraulic cyclone,
for possible use in continuous removal of precipitated fission products and
plutonium from the core and blanket golutions of the propcsed two-region
homogeneous reactor, some liquid-solid separation was obtained. The work
was carried out with thorium oxide--water slurries as a stand-in for the
reactor core and blarket material.

In pressure drop studies made with the 10mm clone and with a 3-in. clone,
there was no apparent effect of temperature and viscosity up to 200°F, and
the pressure drop varied directly as the first power for low flow rates and
large entrance and discharge nozzles and as the square for high flow rates
and small nozzles. (AEC Activity 4109.8)

AIRCRAFT NUCLEAR FROPULSION FPROJECT

Aircraft Reactor Experimemt - The oil circuits rebuilt to provide adequate
0il flow for cooling the main bearings of both sodium pumps were inatalled
and satisfactorily checked. Corresponding lubrication equirment is to be
installed for the fuel pumps. The fuel bypass line around the fuel-to-helium
heat excheanger was removed because turbulent-fliow tegts showed this bypass

t0 be unnecessary. A magnetic-clutch drive umit for the fuel-heat-extraction
helium fan was installed to replace the hydraulic drive previously provided
because the power output of the hydraulic drive was marginal for design-point
reactor power. Also the hydraulic drives for the godium=circuit helium fans
were replaced with larger hydraulic units. An additional drain line to the
fuel dump tank is being installed to provide greater gafety in this operation.
(AEC Activity 44ol.1)

Experimental Engineering - Two types of horizontal-shaft sump pumps for cir-
culating fused fluoride mixtures in in-pile loops were designed. These pumps
are small emough for insertion in LITR and MIR horizontal beam holes. One
pump is being assembled in a test unit, and the other is being fabricated.
Tests are under way on a small l/zwhp, gear-type, hydraulic drive motor for
these pumps in order to determine its dependability at 6000 rpm. A vertical-
ghaft sump pump for use Jjust outside a horizomtal hole in the LITR passed
acceptance tests and was delivered for installation.

Operation of a large-scale loop for circulating fluoride mixtures to test
the corrosion and structural stability of ARE components started June 5,
1954; the duration aim of the test is 2000 hr. The loop contains an ARE-
type pump, a fuel-to-helium heat exchanger, and two reactor core hairpin
tubes. This system is operating iscthermally at 1375 250°F, with a flow
rate of 20 gpm.
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

A Nozzle designed for injecting the molten ARE fuel concentrate into the ARE
fuel pump was tested and is ready for use. (AEC Activity 4401.1)

ANP Reactor Chemistry - The solubility of UFz in the NaF-LiF-RbF system at
6000C appears to be as high as 3.5 mole % (12,3 wt ¢ U). The system LiCl-

LiH shows a eutectic containing 80 mole % LiCl that melts at 485°C; the system
LiF-LiH, however, appears to form solid solutions without a pronounced minimum
in the melting point.

Equilibrium constants for hydrogen reduction of FeF; in NaZrFs at 800°C have
been measured by matching the HF concentration of the influent and effluent
hydrogen streams. Dilute solutions of FeF, in this solvent appear to be
nearly ideal.

When zirconium metal is used to scavenge the reducible impurities from 2 kg
of a ternary eutectic of alkali fluorides after removal of the HF with helium
stripping, less than 100 ppm of total impurities remains and about 1.5% of
Zr++ is picked up by the melt. Experiments on the purification of molten
fluorides by electrolysis have shown that the decomposition potential of FEFZ
in NaZrF5 is 0.9 volts and that the NaZrF5 decomposes at 2.0 volts at 800°C.

Values of the concentration constant for the reaction
Cr® + 2UF), ——> 2UF3 + CrF,
~—

have been measured in molten FaZrF= at 600 and 800°C with various initial
concentrations of UF; and UF, . Cohsistant values of K are obtained when the
ratlo of UF3 to UF) ?s 3 or less; however, the measured constant increases
rapidly at Eigher ratios. The consistent values agree quite well with pre-
vious values obtained for reactions in which the initial UF3 concentration
was negligible. (AEC Activity 4401.5)

Corrosion Research - An Inconel thermal convection loop which had circulated
for 2000 hr a zirconium-base fluoride fuel with almost all the uranium pre-
sent ‘as UF, showed hot-leg attack that was very light and widely scattered
with a maxiaum penetration in the form of subsurface voids to a depth of L
mils. In similar tests with all the uranium present as UF,, the attack on
the Inconel was heavy and the meximum penetration was to a depth of 15 mils.

Preliminary metallographic examination was made of a type 316 stainless steel
thermal-convection loop in which lithium was circulated for 1000 hr at hot-
and cold~leg temperatures of 810° and 660°C. There was 0.5 to 1 mil of
subsurface void formation, with a maximum attack of 1 mil in the hot zone.
There was some evidence of a slight amount of phase transformation on the
surfaces. No crystals were found in the cold zome (660°C) but a few small
crystals (0.2 mil thick) were found in the longer horizomtal leg (690°C).
Quite a few crystals (up to 3 mils thick) were found at the bath level line
below the fill pipe,
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

Tests of three beryllium specimens in contact with Inconel and molten sodium
were made in the NACA dynamic-toroid corrosion-testing apparatus. These
tests were of 300 hr duration and the sodium flow rate was 15 fps. After a
test at 650°C, the beryllium appeared to be unattacked, and no deposits or
attack were visible on the Inconel. Macroscopic examination after a test at
595°C showed a gray, flaky deposit on the surface of the Inconel in two
places, but no attack wes visible on the beryllium. After a third test at
700°C, the beryllium had a flaky appearance, and several light deposits were
visible on the surface of the Inconel. (AEC Activity 4401.5)

Metallurgy - Fabrication - A rapid, satisfactory procedure for applying a
protective edge of aluminum bronze to stainless-steel-clad copper high-
conductivity radiator fins was developed. The optimum procedure consists

of the following: (1) Prepare a slurry of Nicrobraz cement and subsieve
aluminum and apply to the edge of each fin with a brush. (2) Pretreat the
fins in hydrogen at 680°C for 10 min. (3) Remove the excess aluminum from
the surfaces. (4) Diffuse and bright anneal for 1 hr at 1000°C in dry hy-
drogen. Metallographic examination of an edge prepared in this mamner showed
the formation of a yellow bronze that extended from the original surface to
a depth of approximately 0.020 in. (AEC Activity 4401.5)

Metallurgy - Welding and Brazing - The extent and rate of high-temperature
oxidation of Inconel T joints brazed with 15 different brazing alloys was
tested. They were subjected to static air at 1500° and 1700°F for periods
of 200 and 500 hr. These tests showed that most of the nickel and nickel-
chromium base alloys are suitable at 1500°F, and several were found to be
suitable at 1700°F. Coast metals alloy No. 52 (89% Ni-5% Si-4% B-2% Fe),
which has a favorable flow point, was very oxidation resistant, even at
1TO0°F. (AEC Activity 4401.5)

Heat Tramsfer Research - A Lucite model of the circulating-fuel reflector-
moderated reactor was fabricated and is to be used to study the hydro-
dynamic structure in that system. The results of a mathematical analysis
of forced-convection heat transfer were presented in report ORNL-1T701 for
the case of flow between parallel plates which are ducting fluids with
volume heat sources; this analysis can be used to estimate the temperature
structure in flow annuli of reflector-moderated reactor cores. (AEC
Activity 4401.5)

Physical Properties Research - The enthalpies and heat capacities of the
ARE fuel NaF-ZrFj-UF (53.5-40,0-6.5 mole %) were determined; the heat
capacity in the solid state over the temperature range 260° to 490°C was
found to be 0.19 cal/g,OC, and the heat capacity in the liquid state over
the temperature range 590° to 920°C was found to be 0.23 cal/g.OC, En-
thalpy and heat capacity measurements for K3CrFg in the solid state were
obtained, The thermal conductivity of solid NaF-KF-LiF (11.5-42.0-46.5
mole %) was found to be about 3 Btu/hr-£t2(°F/ft). Electrical conductivity
measurements for molten NaOH were obtained over the temperature range 625°
to 14909F. (AEC Activity 4401.5)
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

Anelyticel Studies - A study of the effect of temperature on the conversion
of UF3 and UF) to the corresponding chlorides by fugion with NaAlCly, indicated
a potential method for the separation of Ul"+ from U°*., The solubilities of
UF) measured at temperatures of 200° and 175°C corresponded to 18 and 16 mg
of uranium per gram of NaAlClly, respectively. The solubility of UF3 was
found to decrease from 5 mg of uranium per g of NaAlCly at 225°C to less
than 1 mg per g at 200°C. Quantitative conversion of the fluorides of

the fuel components to the corresponding chlorides was also achieved by
heating the fuels in gaseous BCl3 at 400°C. Under these comditions Zr is
sublimed from the fuel as ZrCl), while the uranium is converted to UCly,,
which is soluble in dioxane. Traces of oxidizing agents in the BCl3 reagent
must be removed to prevent partial oxidation of UF3 to soluble UCLy.

An improved method for the determination of lithium in NaF-LiF-RbF (KF)-UF}
fuel mixtures was developed. Lithium, as the chloride, is selectively ex-
tracted with 2-ethylhexanol, and the chloride content of the organic phase
is determined by direct titration with a standard solution of silver nitrate.
The method is rapid and precise (0.3 per cent standard deviation at the 95
per cent confidence level for 1 to 5 mg of lithium).

Solubility studies have been initiated with the reagent sodium tetraphenyl-
boron for the determination of potassium, rubidium, and cesium in ARE fuels
and fuel solvents. Data obtained to date indicate that a separation of
rubidium and cesium from potassium as the tetraphenylboron salts is feasible
based on the unique solubility of KB(C6H5)& in diethylketone and acetylace-
tone. (AEC Activity 4401.7)

Shielding Research - Extensive measurements mede at the TSF (Tower Shielding
Facility) indicate that at an altitude of 200 ft the ground-scattered radia-
tion reaching the crew compartment 64 ft from the reactor does not exceed 3%
of the total radiation. This quantity was derived from measurements of the
dose at an altitude of 4 ft and of the angular distribution of the radiation
leaving the reactor tank. 1In order to obtain a maximum estimate of the
ground-scattered radiation, all the dose measured at 4 ft was attributed

to ground scattering. The calculation, which showed a decrease by a factor
of 50 in the ground-scattered radiation with variation of the altitude from
b to 200 ft, assumed isotropic reradiation from the ground and required a
numerical integration.

Several capsules containing the ARE fuel and fuel carriers have been exposed
in a known flux of the BSF (Bulk Shielding Facility) reactor and counted for
gemma radiation at various time intervals after irradiation, in order to in-
vestigate a method whereby the power of the ARE can be determined. It appears
that the technique of comparing the activity of fuel irradiated in the BSF
reactor with that used in the ARE at low power will be satisfactory for the
calibration of the power indicating instruments of the ARE.

A high-flux thermal column of lead and graphite has been assembled at the
BSF from materials previously used in other experiments., It will be used
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

in conjunction with the neutron spectrometer for a measurement of the y233
figsion spectrum. The thermal column has & admium ratio of approximately
100, and the thermal flux is greater than 10° nvgp. (AEC Activity 44O1.T)

GENERAL REACTCOR RESEARCH

Package Reactor Project - The preliminary design study of a package reactor
(ORNL memorandum CF 53-10-106) was revised and igsued as a final report,

A Conceptual Design of a Pressurized-Water Package Power Reactor, ORNL-1613
Yclassifieﬁfg Copies of the report are being supplied to the AEC Chicago
Operations Office for inclusion with invitations to bid for comstruction of
the reactor plant on a lump-sum basis. The report will not be available
for more general distribution umtil after the comtract has been awarded.
Statements concerning plent specifications, design objectives, and test
procedures were prepared in cooperation with the Army Reactor Branch of

the Reactor Development Division. It 1s expected that the invitations to
bid will be issued in mid-July. (AEC Activity 4510)

General Reactor Radiation Damage - Fast-neutron bombardment of zircon
(Zr51i0,) produced effects similar to those found in the natural crystals
which heve suffered alpha radiation demege from uranium, or in which
thorium has been substituted in zirconium positioms in the crystal lattice.
The lattice expansion and distortion produced by neutron irradiation is

partially annealed at 950°C in single crystals.

Preliminary investigations of other refractory crystals in which oxygen

is structurally dominant indicate-that frozenzin displacements that result
from neutron bombardment are not confined to open structures but may also
be prominent in close-packed lattices. (AEC Activity 4540)

Dissolution Studies -~ Study of the dissolution of miniature Savennah River-
type stugs (5% uranium--95% aluminum) with caustic in the 1l-in.-dia. con-
tinuous dissolver showed that a quantitative prediction of column behavior
over a wide range of caustic feed flow rates and concentrations,; as well

as two columm bed heights, is possible. A large excess of carbonate did
not increase the solubility (loss) of uranium in the caustic solution. It
was shown that excess V205 or catalytic amounts of NaIl in the solution would
react with the peroxide formed by radiation decomposition of the water and
prevent loss of the uranium by formetion of the soluble uranium peroxide
complex.

Batch centrifugations of a caustic solution of unirradiated ursnium slugs,
spiked with fission products in the absence of carrier, gave beta and gamme
decontemination factors of 25 to 35 and 5 to 10; respectively. In this pro-
cess the uranium oxide particles; which were dispersed in the caustic solution;
vere seperated from the solution. The bulk of the activity followed the solid
phase. (AEC Activity 4581) -
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued)

Heterogeneous Reactor Fuel Reprocess - Results of reactivity tests on
carburized stainless steel show that the carbon content of the stainless
steel of both the cladding and core of uranium dioxide fuel plates should
be between 2 and 4% to emure rapid dissolution of the stainless steel.
Excessive carburization of the surface without subsequent diffusion of
the carbon into the subsurface reduces surface reactivity. Diffusion of
the carbon into the bulk of the stainless steel at about 1000°C renders
the subsurface metal reactive; when this diffusion wes brought about in
& helium atmosphere, decarburization of the surface did not occur simultane-
ously. In a hydrogen atmosphere at 900°C, decarburization of the surface
Eccu§red and the reactivity of the surface was diminished. (AEC Activity
581

PROGRAM 5000 - PHYSICAL RESEARCH
ISOTOFE PRODUCTION

Stable Isotope Production - Separations of the isotopes of chromium (masses
50, 52, 53, 54) are being made. The collection rate of gram quantities of
Créh (natural abundance 2.38%) was accelerated materially by the design and
development of a new type of two-arc ion source capable of operation in the
600° to 800°C range and gﬁoducing chromium ion beams of over 200 ma at the
collectors. Enriched Cr”* will be used as a target in the 86-in. cyclotron
to produce 310d MnSH by the crot (p,n) MY reaction.

The processing of nickel was completed in June with the production of an
estimated 250 g of separated nickel isotopes (masses 58, 60, 61, 62, 64) and
76 g of separated copper isctopes (masses 63, 65), the latter being collected
as sideband beams resulting from the reaction of Cly, from the NiCl, charge
material, with metallic copper components in the iom source.

New lots of enriched K*0, zr96, Hf17h, Hf177, and Hf179 were added to the
inventory. Preparation of charge materials for isotope separation included
the synthesis of 32 kg of CrCl3.

Construction of a pilot plant for the separation of rare earths by liquid-
liquid extraction was completed in Building 9731 near the production mass
spectrographs.

Seventy-two shipments were made consisting of 63 different isotopes of 35
elements. (AEC Activity 5121)
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PHYSICS

gé%Q Voltage Program - Analysis of the a-particles emitted by the Be9(He3,a)
BO¥* reaction at 90° with respect to the He3 beam indicates a very strong, if
not complete, suppression of the a-group leading to the grougi state of BeS.
Thig situation is to be compared with that of the B10(4,a)Be®* reaction
which was also studied. In this latter case, the ground state a-group, ob-
served on the same instrument, was found to be gquite prominent. Angular
digtributions for the two companion reactions should yield information about
the spins and parities of the levels involved.

Measurements were mede of the variation with neutron enmergy of the fission
cross sections for U233, v23 ’ U236, and U238 relative to U233 from 150 kev
to 4.0 Mev, using monokinetic neutrons from the 5-Mev Van de Graaff with
targets of lithium metal for neutrons up to 500 kev, and tritium gas from
400 kev up to 4.0 Mev.

Although the calculationsshave not been completed, a preliminary survey of
the data for U233 and U23° ghows generally fair agreement with the Los Alsmos
work reported in report LA-1L95.

Tive points were taken along the flat portion of the curve for 234 to 19
statistics. These points show that the curve of fission cross section given
in report ORNI-1312 should be raised 16%.

Five points were taken along the flat portion of the curve for 1236 to 1%
statistics. These points show that the curve of fission cross gsection re-
ported in report ORNL-1312 should be raised 2.7%.

In all cases foil errors are believed to be below 14. Further work is
planned on the low-energy region, down to ebout 10 kev, of U233, after which
a complete report on all of the above neasurerents will be made.

The polarization of fast neutrons from the Li7(p,n)Be7 reaction was studied
using scattering from oxygen as_the analyzer. The data actually gige the
product polarizations of the 117 (p,n)BeT reaction at 42° and the ok (n,n)O16
reaction at 90°. These were remeasured with 12-kev resolution from 270- to
620-kev incidept neutron energy. Results follow the calculated curve for
the 016(n,n)0l° sseuming a P /2 resonance at 435 kev interfering with S /o
potential scattering, indicaéing the Li7(p,n)Be neutrons are polarized with
a nearly constant value of 50% in this region. The anticipated reversal in
sign was observed in these measurements. (AEC Activity 5211)

86-Tnch Cyclotron Nuclear Physics - The projects on measurement of "(p,pn),
(p,2n), and Total Reaction Cross Sections in Medium Weight Elements","Fission
end Total Reaction Cross Sections in Th232, U235, and U 38", and “"Comparison
Between Proton and Heavy Ion Induced Reactions” were completed and the papers
were submitted for publication in The Physical Review. Continued progress
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PROGRAM 5000 - PHYSICAL RESEARCH (Continued)

was made on measurements of anguler distributions of alpha particles from
(p,2) reactions, measurements of (p;a) and (p,He,) cross sections, and iso-
tope identification in the rare earths. (AEC Ac%ivity 5261)

Electronuclear Machines - A full-scale model of the magnetic-channel coil,

to be used in the 86-in. cyclotrom for deflecting the proton beam into a re-
action room, was comstructed. Preliminary tests indicate that the field,
normally 8800 cersteds, is reduced to about 500 ocersteds at the center of

the channel, while outside the channel the disturbance is only 1%. This is

a gradient of about 3300 oersteds/inche The conditions near the ends of the
coil have not been analyzed but it is known that they will be somevwhat less
favorable in small areas. The power input to the coil is 150 kw with a
cugrsnt density in the water-cooled conductor of 20,000 amp/inZ. (AEC Activity
5261

63-Inch Cyclotron - The excitation functions for nitrogen-induced reactions
in nitrogen, oxygen, and boron were meagurig, An gpper limit for the differ-
ential cross section of the reaction N1 (v )01201 was found to be 30 milli~
barne. The equilibrium charge of 26-Mev nitrogen ions passing through thin
folls was previously found to be 6.1, Analysis of the beam of stripped ions
in the fringing field of the cyclotron now shows that the distribution of
charge is as follows: T+ - 38%, 6% - 6%, 5+ - 164, with negligible amounts
of smaller charges. (AEC Activity 5261)

Isotope Analysis Methods Laboratory - Utilizing the Oracle, computations of
the rotational energy levels of HCOF and DCOF were made for several assumed
FCO bond angles and bond distancee. The data are best fitted by & bond angle
of 122 + 2° and bond distences in agreement with electron diffraction data.

Zeemaen spectra of plutonium have led to the identification of atomic energy
levels involving the low ggs electron configuration of singly ionized plu-
tonium., The proportion of meutral plutonium atoms in the arc source in a
field of 25,000 oersteds is extremely low.

Continuing studies of the theory of the aperture-limited Fabry-~Perot inter-
ferometer have established no significant differences in coherent and non-
coherent illumination methods, except for the case of the small exit aperture
which favors the coherent illuminationm.

Important impurity effects on the element line intensities in the X-ray
fluorescence analysis method when applied to ternary or higher mixtures of
elements were observed in the investigation of rare earth mixtures.

The experimental phase of a joint research program with the Florida State
University on the isotope effect in the 1By (Ly - Myyy) lines of U233, U235,
and U238 has been completed. Tt is conmcluded that any isotope shift effect
in uranium must be less than 1/3 volt; however, anomalies in line shape may
be real, the U235 LBy line being broader. (AEC Activity 5261)
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Mess Spectrometer Laboratery - Preliminary experiments were completed on the
use of iridium as an electron source Pilament. It was found that filaments
0.003 in. thick and 0.025 in. wide gave a total emission of from 0.2 to 0.3
me and & collimated beam in the ionization chamber of from 10 to 20 uamp.
Thege currents and the measured lifetime for the filament of 10 hr are quite
adequate for mass spectrometer use.

The composition of air was investigated using an iridium filament as the
source of electrons. It was found that no corrections were needed to obtain
the known composition, whereas when tungsten is used as the filamernit for pro-
ducing electrons the ion currents due to oxygen are only 0.7l as large &s

they would be due to the reaction of oxygen with the hot tungsten filament.
This suggests the use of iridium for the source of electrons when measuring
the isotopic abundances of oxygen to eliminate the well-knmown irregular chauges
in the emission characteristics of tumgsten in the presence of oxygen.

A geerch was made for polymers of oxygen at pressures of 10-4 mm of Hg in the
General Electric mass spectrometer using an iridium filement as the source of
electrons. Ioms were found in the mass 64 position which may be Oh+ or pos-
sibly a fragment which was produced by a large mass ion losing a charge in
the field-free regiom between the electrostatic accelerator and the magnetic
field; this is being further investigated.

A sample of Csl35, recovered from the decay of Xel3d produced in the HRE, was
analyzed using the isotope-dilution technique and was fournd to have the fol-
lowing composition: mass 133, 8i,12% +0,06 abundance; mass 135, 15.83% +0.06
sbundance. (AEC Activity 5261)

Research and Development, Statle Igotopes - The preparation of special fo

of isotopic materials imcluded: (1 electrolytic deposition of & l-mil Ni
target for the 86-in, Cyclotron Group; (2) fabrication of a 32-g Fedl target,
approximately 1-1/4 x 1-1/4 x 3/16 in., for Westinghouse Research Laboratories;
(3) meking a %»in,-dia hollow sphere of normal lithium metal for cross-section
work. The Fe’t* target was prepared by reducing the oxide by hydrogen and
employing a powder metallurgical technigue to obtain the final metal. The
density of the target was about 90% of theoretical.

A procedure was worked out for obtaining cesium metal by thermal reduction of
either CsCl or CsF with metallic calcium. Heating was done by induction, and
the ylelds in small-scale operation were about 80% of the theoretical value.
(AEC Activity 5261)
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CHEMISTRY

Inorganic Solution Chemistry - The amion exchange adsorption of the alkaline
earths from citrate solutions was completed with a study of Be(II). Strong
adsorption of Be(Il) was found, distribution coefficient D = ~» 7000 in 0,01
M (NH,),Cit and D = ~ 15 in 1.0 M (NH, ),Cit.  Combining these results with
earlier”data on alkaline earths, it was Dossible to demonstrate sepaeration
of all alkaline earths from each other by anion exchange.,

Further equilibrium ultracenmtrifugations of Bi{III)-perchlorate solutions
confirmed that a predominantly monmodisperse species (pentamer or hexamer) is
formed during the hydrolysis of Bi(III) and that this Polymer has a remark-
ably large stability range and exists even in highly acid-deficient Bi(Cth)3
systems.

During the study of temperature effects on the polymerization of Zr(IV) and
Bf(IV) it was found that in 0.08 M HCl1 solutions polymerization decreases
with decreasing temperature in the temperature range of about 0° to 30°C,
suggesting that the apparent heat of polymerization is positive., Heating

of Zr0Cl, solutions to 100°C for 1 hr was found to increase the molecular
weight of the polymers considerably (degree of polymerization of about 30 to
L0), although the formation of typical colloids, which has often been postu-
lated; was not found.,

An ultracentrifuge study of Au(III) in 3 M HC1l was carried out, gince there
was some evidence from solvent extraction and anion exchange data {(J. w.
Irvine, private commmication) that under these conditioms Au(III) is dimere
ized. No evidence for such dimerization was found, the centrifugation re-
sults giving a molecular weight of about 330, which may be compared with the
theoretical formula weight 340.0 for HAuCly. {AEC Activity 5311)

Chemical Physics - The paramagnetic resonance method was used to demonstrate
the formation of atomic hydrogen on glass surfaces by gamma irradiation at
liquid nitrogen temperature. The hydrogen comes from adsorbed water, and by
using porous glasses and heavy water, the diffusion and exchange of heavy
water on the surfaces were followed. Atomic hydrogen was not observed in
bulk water irradiated at T7°K with gamma rays.

Scattering-reaction experiments with molecular beams of K and of HBr were
extended by varying the temperature of the HBr, The increase of the appar-
ent KBr with temperature confirmed the reality of the previous observations,
which indicated a definite but small amount of reaction. (AEC Activity 5311)

Chemistry of the Solid State = Preliminary results with the system lithium
lodide - 1ithium metal at 760°C indicate high solubility (30 mole %) of the
metal in the fused salt and small solubility (<1 mole %) of salt in the

liguid metal. The latter result agrees with the expectation of low solubil-
ity in the liquid metal, based on experiemce with cesium, potassium, and sodium
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halide systems. It may be explained by the much higher cohesive energy, or
heat of vaporization, of lithium as compared with that of the other alkali
metals.

The golubility of solid potassium chloride in potassium metal and its temp-
erature dependence were found to be guite similar to those of potassium
fluoride, that is, approximately 12 mole 4 at T700°C, and somewhat less than
1 mole % at 500°C.

The ebsence of a phase transformation in cesium jodide in the temperature
range up to 5°C below its melting point was established by means of the high-
temperature x-ray diffractometer. This observation lends strong support to
the assumption that the large volume increase on melting (approximately 30%)
is the result of a structural change consisting of a lowering of the ionic
coordination number of 8 in the crystal to an average of perhaps 6 in the
fused salt. (AEC Activity 5311)

Radio-Organic Chemistry - Triphenylethylene glycol, labeled in the 1 and 2
positions in the chein and in the phenyl groups both stereospecifically and
nonstereospecifically, was subjected to the pinmacol rearrangement under a
variety of conditions, It was shown that an igsotope effect attends the re-
arrangement and that three different reaction paths are followed during the
rearrangement. The contribution made by each of these paths under a given
set of conditions was determined. (AEC Activity 5311)

Radiation Chemistry - The kinetics of the reactions of CO in the presence
and absence of Xe under alpha-particle jrradiation indicate that Xe does not
alter the velocity constant. Hence there is no charge transfer from CO to
Xe, which have ionization potentials of 14,1 ev and 12.1 ev,respectively.
The velocity comstant of 11.4, for both reactions, for a sphere 2 cm in
diameter, agrees with previous values of 11.4 for CO alome and 11.2 for CO
and XYe. These values are calculated considering the partial pressure of

CO only. (AEC Activity 5311)

Chemistry of Fused Salts - The application of abgsolute reaction rate theory
%o electrical conductance by fused salts has permitted the derivation of a
rate expression for equivalent conductance which involves the dielectric
constant, the distance between two adjacent equilibrium positions of the
diffusing ion, the entropy of activation for diffusion, and the heat of
activation for diffusion. Entropies of activation were calculated for the
systems potassium chloride - sodium chloride and potassium chloride - lithium
chloride with reasonable assumed values for the dielectric constant, which is
unknown. The entropies of activation show a emooth progression of values
with chenging composition and tend to a maximum negative value for those com-
positions which show minimum conductance. These same compositions tend to
have maximum values for heats of activation.

A preliminary measurement of the heat of combustion of boron carbide was made
which indicates a value in the range of 640 kcal/mole.
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The heat capacity of a second sample of crystalline cadmium lodide was meas-
ured. A seemingly snomelous peak was agaln found in the heat capacity curve
of the magnitude and location observed with a previcus sample. However, the
heat and entropy imvolved im this peak are very small, Although interpreta-
tion of the peak 1s uncertain, the results indicate no change in the thermody-
namic constants reported in ORNL-1674,

The high-temperature, adiabatic, heat-capacity calorimeter, mentioned previous-
ly, was put into operation for test rums and calibration. The apparatus
appears to operate gatisfactorily, although a few minor difficulties have

been experienced. (AEC Activity 5311)

Uranium Chemistry of Raw Materials - Preliminary tests have shown that certain
long-chain primary and secondary sesmines in hydrocarbon diluents are efficient
and selective extractants for thorium from liquors obtained by sulfuric acid
digestion of Monazite sand. The thorium can be easily and economically re-
covered from the orgamlic extract by stripping with a solution of nitric acid
or by precipitating with a concentrated solution of sodium or ammonium hy-
droxide. Initial emalyses of the extraction products indicate a rare earth
contamination of less than 5%.

Previous reports described the use of tri(n-alkyl) phosphine oxides as solvent
extraction agents for uranium from acidic agueous liquors. Initial tests with
the structurally similar tri(n-alkyl) phosphoramides show promise of equiva-
lent or perhaps greater extraction ability under idemtical conditions. These
latter compounds could be obtained at a lower manufacturing cost.

Uranium extraction coefficients of 3 to 4 were obtained from 10% solutions
of godium carbonate using 0.1 M solutions of several quatermary ammonium
sulfate salts in chloroform; for example,paradiisobutylcresoxyethoxyethyldi-
methylbenzyl ammonium sulfate,paradilsobutylphenoxyethoxyethyldimethylbenzyl
ammonium sulfate,; and cetyldimethylbenzyl ammonium sulfate. With benzene as
the diluent the extractions were poor due to limited solubilities of the
reagents in the organie phase and heavy reagent losses to the agueous phase.
(AEC Activity 5361)

Analytical Chemigtry =~ Studies of the precision of methods to be used in
analyzing homogeneous reactor samples were combtinued and the polarographic
method for nickel was shown to have a relative standard deviation of 0.8%.

The high cross section of B0 for thermsl neutroms has been used as the basis
of an in-line method for the continuous indication of the isotopic ratio of
boron in a plant for the separation of boron isotopes., This method has been
shown to be sensitive to as little as 0.006 milligrams of natural boron per
milliliter.

Methods for the determination of meptunium in its various valence states is
belng studied because of the significance of this element in a homogeneous
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plutonium producer. Comsiderable difficulty has been encountered in obtain-
ing satisfactory results on trazer levels by radiochemical methods, the most
satisfactory procedure comsisting of the determination of Np{IV) by TTA ex-
traction then obtaining total Np by TTA extraction of a reduced sample.

METALLURGY

Ceramicas Research - A petrographic examination of the strata underlying the
proposed radioactive waste disposal area (Hope Project) showed the prevalence
of calcareous rocks. Thirty-two disks of ThO, and approximately 2000 g of
ThO, cylinders 1/2 in. x 1/8 in. 0.D. x 1/1€ In. I.D. were prepared (96% of
theoretical density) for shipmemt to Hanford in a cooperative project to study
conversion ratio and radiation stability. Twelve Hanford aluminum slug cens
1.36 in. 0.D. ard 4 in. long were vibratory-packed with sized particles of
fused UC, to a demsity of T73% of theoretical for shipment to Hanford, also,

as part of the above project.

A survey of some 400 SiC-Si bodies covering a range of compositioms, particle
sizes, and forming pressure résulfed in the selection of a body with optimum
physical properties for further development for use in gas-cooled, solid fuel
elements, Specimen fuel elements in the form of disks 1/2 in, in diameter
and 1/10 in. thick, with approximately 0.03 g of U0, contained in the core;
were prepared for fission product retention studies from a specimen of Cr-Mo
and the following cermets: TiC-Ni, ZrC-Fe, Mg0-Ni, CrAl,0,. Specimens of
commercial glass-coated steel supplied by the Pfaudler Combany have been ex-
posed in a radioactive waste solution for one month with mo visually observ-
able effects. (AEC Activity 5411)

Physical Metallurgy of Reactor Materials - Comtinuation of the work on the
removal of uranium from stainless steel-UO, fuel elements by treatment of
the melted element with fluoride slags has shown that ferrous fluoride +
calcium fluoride and ferrous fluoride + sodium fluoride slags are equally
effective. The residual uranium content of the stainless steel was less
than 0.004% in both cases.

In the course of investigating the transformation kinetics of zirconium-
silver alloys, a metallographic technique was developed which allows positive
identification of the various eutectoid reaction products, that is, pearlite,
bainite, alpha zirconium, martensite and retained beta zirconium., This tech-
nique consists of electrolytic polishing in concemtrated HC1 with a small
amount of added NHﬂHF , followed by an apodizing electrolytic etch in a water
solution of lactic acédp phosphoric acid, citric acid, and glycerine. The
difference in oxidizing rate of the varicus alloy phases produces different
oxide film thickresses which are distinguishable by the interference colors
produced. {AEC Activity 5411)
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Fundamental Physico-Metallurgical Research - Recent results on annealing
various types of Grade I crystal-bar zirconium show significant trace amounts
of B phase in a 15°C temperature range immediately below the main part of the
a/B transition. Tests have indicated that a metallic impurity, such as iron
or nickel, rather than carbon, hydrogen, oxygen, or nitrogen is responsible
for this effect.

Annealing and quenching studies of the details of the Zr-Ag eutectoid region
now place the composition and temperature between the limits 3.5 to 3.6

atomic percent. silver at 814° to 823°C. This agrees with previously reported
results of thermal snalysis. In the Zr-Sb system, microstructures of as-cast
alloys in the region 20 to 30 atomic percent antimony showed the first inter-
mediate phase to be ZrySb, in agreement with results reported in the literature.

A study is being made of the effect of fabrication variables on the preferred
orientation found in extruded aluminum rod. Axis distribution charts were
prepared for sections taken from the front, middle, and back of a rod extru-
ded at 450°F at a rate of 0.10 fpm; the amount of deformation increases from
front to back. Axis distribution charts are being prepared for similar sec-
tions of a rod extruded at the same temperature but at a rate of 615 fpm. As
shown in the table

Location Volume % of
Extrusion Extrusion of Speci- Material with
Temperature Speed men Texture [M117//i00] [ii1]  [i00/
450°F 0.10 fpm Fromt [I117+/1007 2.0 67 33
150 0.10 Middle  /1117+/T00/ 0.9 LT 53
450 0.10 Back [I11/+/100] 0.5 31 69
450 615 Middle  /111/+/I00/ 5.1 83 17

the amount of the /100/ component increases markedly from front to back of
the specimens. According to present theories of deformation textures, the
amount of [ill7 component should increase with the amount of deformatiom,

and the increased amount of [TQQ7 component should be due to thermal effects.

As a new approach to the quantitative determination of preferred orientatioms
in rolled sheet, the texture was treated as fiber textures about three mutual-
ly perpendicular axes. Fiber axis distribution cherts were prepared for a
specimen of cold-rolled brass sheet, taking as "fiber axes"” the rolling,
normal, snd transverse directions, From these charts, the texture was found
to have three componemts: (110)/11Z7, (110)/0017, and (111)/1217. Previous
investigators, using conventional techniques, have reported only the (110)
[TIg7 component for cold-rolled brass sheet. (AEC Activity 5411)

Page 23



PROGRAM 5000 - PHYSICAL RESEARCH (Continued)

Fundamental Investigations of Radiation Damage in Solids - The magnetic
susceptibility vs temperature curve of a specimen of piezo-crystal quartz,
subjected to a fast neutron bombardment of 5 x 1019 neutroms/cmé at 100°C,
has been compared to that of an unirradiated specimen. The difference curve,
plotted as a function of l/T, is a straight line with a slope indicative of
approximately 6.2 x 1019 paramagnetic centers (assuming a spin of 1/2) being
introduced by the bomberdment. The bombarded sample has & slight pink color-
ation and underwent a density decrease of 2%. (AEC Activity 5k1l)

OTHER PHYSICAL RESEARCH PROJECTS

Research Participation and Traveling lecture Programs - The Traveling Iecture
Program for the academic year 1953-1954 was completed with the final lecture
delivered on May 27. Of the total of 221 lectures delivered at 48 universi-
ties, 165 were presented by lecturers in the physical sciences.

Research Participants who will spend this summer at the Laboratory have all
reported for their assignments, with a total of 57 university faculty members
taking pert in this program. Of these, 46 are engaged in physical science
regsearch in Iaboratory Divisions as follows: Analytical Chemistry, 2; Air-
craft Reactor Engineering, 3; Chemical Technology, 4; Chemistry, 9; Electro-
nuclear Research, 3; Instrumentation and Controls; 1; Materials Chemistry, 2;
Mathematics Panel, 3; Metallurgy, 6; Physics,; T; Reactor Experimental Engineer-
ing, 2; Solid State, 1; and Stable Isotope Research and Production; 3. (AEC
Activity 5620)

PROGRAM 6000 - BIOLOGY AND MEDICINE

BIOFHYSICS

Waste Disposal Research - The radioisotopes, Csl37, Rul0O6-Rnl06, 5r90.y90,
I131, and Zr9>-WbJ5, each contained in a solution of NaAlO, to which no
carrier was added, were passed through small soil columms (about 1 in. dia
and 12 in. long). After the passage of 45 to 50 ml of solution, the columns
clogged, but essentialli complete removals of Csl37, Sr90-Y90, and Zr95-wb95
were obtained, Some Rul06-Rh106 and 100% of the 1131 yas found in the
effluent.

Neutralization with 18 N NaOH of an Al (KO )3 wagte solution, contain trace
smounts of radioisctopes, gave the follow?ng removal of activity: sr9 ; 61
to T0%; Y99, 91 to 95%; Csl37, 2 to 3%; zr9-W, 99™%; 1131, 0 to 6%, and
RulO6-Rn106, 77 to 874, Strontium removals could be increased by the addi-
tion of Ca, Sr, or Ba carriers.
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PROGRAM 6000 - BIOLOGY AND MEDICINE (Continued)

A - procedure developed for recovering the major fission products fixzed to
clay soils consists of leaching the soils with suitable solutions while shak-
ing and separation by centrifugation. Ten grams of local clay soil were
leached with three successive 25-ml portions of 0.5 N HC1l, 55 g/l HZCZOL’ and
concentrated HC1l for periods of 20 min.

laboratory permeability studies of soils, comtiguous to the proposed ground
disposal area, indicated that the soil had a permeability coefficient of about
4 x 1076 cm/sec (18°C). Attempts to reduce this value to <10-T by chemical
stabilization of the soil were partially successful.

A simulated reactor process waste was deposited in the unlined experimental
pit near White Oak lake. Twenty test wells surrounding this pit are being
sempled daily and "radio-logged" in order to determine the direction, rate
of movement, and dimensions of pollution flow through the weathered shale
formation. The lined pit in the same locality was filled with water and is
being tested for water-tightness of the asphaltic membrane lining.

From previous core hole explorations of sites for liquid waste pits, an area
of approximately four acres is being studied intensively. By means of four
200-ft deep core holes; two of which were completed; and one 300-ft deep 6-
in. cable~-tool well to be located in the center of the area, pumping tests
of the central well and pressure tests of the core holes will be made in an
effort to define quantitatively the overall permeability of this site. (AEC
Activity 6510)

Physics of Rediation Dosimetry - Each mouse in two groups was given a single
dose of CoPU by stomach tube, and the drinking water of a third group was
maintained at a constant level of Co O contaminetion. At intervals the ani-
mals were sacrificed - ten at a time - and the tissues assayed. From these
data it was found that the calculated values for continuous exposure (using
single exposure data) checked with the experimental data for continuous ex-
posure within the limits of error of the experiment. This would verify the
current practices of using single exposure data to calculate the maximum
permissible concentration of a radioisotope in water for continuous use.

In recent publications, the liver, gastrointestinal tract, and spleen have
been mentioned as choices for the critical organ for Co 0. The above experi-
ment indicated that the gastrointestinel tract is to be considered as the
first choice for critical organ and the liver as the second choice.

There are wide discrepancies between published values relative to the per
cent retention of ingested Co O in the liver and the effective half-life in
the liver. The per cent retention and effective half-life in this experiment
are 0.7 + 0.3% and 0.5 + 2 days, which values are in satisfactory agreement
with those given in Handbook 52. (AEC Activity 6510)
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PROGRAM 6000 - BIOLOGY AND MEDICINE (Continued)

Experimental Radiation Measurements - The crew compartment of the Tower Shield-
ing Facility was used to support the small aircraft scintillation equipment.
Meagurements to determine absorption and scattering in air of the gamma rays
from Aul% and Ra were made at heights up to 200 feet. These data supplement
neagurements taken previously at higher levels with the use of ailrcraft.

Aerial surveys for urenium prospecting in the Joint program with the U. S.
Geological Survey were conducted in the vicinity of Cedar City, Utah. The
efficiency of the survey was hampered by contamination that was presumably
fall-out from the Pacific bomb tests. (AEC Activity 6520)

Radioactive Particulate Problem - In the study of the efficiency of sand
filters to entrain aerosols from a boiling solution of the Hope Process wastes
(report ORNL-1638), a solution consisting of AlNO3 neutralized with an excess
of NaOH was introduced below the surface of a layer of gravel contained in a
k-in,-dia glass column. At boil-up rates of about 2 to 8 1b Hzo/ftthr, the
decontamination factors obtained were of the order of 10/. A small quantity
of goap was added to the solution to study the effect of foaming on disen-
trginment. The foaming reduced the decontemination factor from ~107 t0 ~
10°, These tests, made without a sand entrainment layer, established a base
point for further investigations of the efficliency of sand layers as entrain-
ment separators.

To eliminate the tedious use of a Microscope for counting droplets photographed
in the ORNL cloud chamber used for measuring the concentration of particulates
in aerosols, a film holder has been attacked to a microcard reader. (AEC
Activity 6520)

Professional Health Physics Training - The 21 AEC Fellows in Radiological
Physics began their Applied Health Physics Training at the Oak Ridge Natiomal
laboratory on June 8, 1954. Ten of the Fellows were granted extensions of
their fellowships to complete the thesis requirement for the Master's Degree
from Venderbilt U. The remainder of the Fellows will be available to take
positions as Health Physicists after September 1, 1954. (AEC Activity T7620)

Research Participation and Traveling lecture Programs - The Traveling Lectwre
Program for the academic year 1953-1954 was completed with the final lecture
delivered on May 27. Of the total of 221 lectures delivered at 48 universi-
ties, 56 were presented by lecturers in the fields of biology and biophysics.

Research participants who will spend this summer at the laboratory have all
reported for their assignments, with a total of 57 university faculty members
taking part in this program., Of these, 9 are working in the Biology Division
and 2 in Health Physics. (AEC Activity 6720)
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RADIOISOTOP S AND COSTS

Type of Transaction May FY to Date
Domestic Sales $ 88,617 $ 833,573
Foreign Sales 1,770 48,766
Project-Cash Sales 31,317 176,226
Project-Transfer Credits —— 4,283
Technical Cooperation Program Credits =138 Ty95T7
Plant Credits 4,555 107,37k
Civilian Defense Credits 265 655
Cancer Program Credits 16,911 218,741
*Miscellaneous Income - 337
Total Income $ 143,297 $ 1,397,912
*%Income - No Production costs incurred
Subtract from Total Income 1,810 48,249
Net Radioisotope Income $ 141,487 $ 1,349,663
Radioisotope Costs $ 152,868 $ 1,096,021
Radioisoctope Shipments 1,050 11,389

*Miscellaneous Income - D,0, Freight, Missing parts, TCP.
2

**Income from H3, He3, Blo, and miscellaneous items in excess of handling cost.

GROSS OPERATING COSTS

FY 1954

Cost for May Coat to Date
Programmatic Operating Cost - Net $ 2,517,162 $ 26,320,136
Plant and Equipment Cost 220,584 3,109,365
Construction Program "H" 21,210 536,660
Wwork for Other Parties - Transfers 32,585 475,399
Inventory Changes 45,971% 320,8686%
Reimbursable Work for Other Parties 181,383 1,601,857
Deferred Charges 3,082 7,258
Total lLaboratory Cost - Net § 2,930,035 % 21;729§807
Estimated Cost for Next Month - Net § 350005000 $ _3_11-27292807

*Credit
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Administration
Operations*

Engineering, Shops and
Mechanical

Leboratory and Research
Protection

Service

PERSONNEL SUMMARY

Humber of Employees New Hires Terminations
June, 1954 June June
6 0 0
119 2 2
829 30 8
1899 153 16
149 2 0
388 8 1
3448 195 27

¥*Includes Electrical Distribution and Steam Plant as well as the Operations

Division,

A total of T12 laboratory personnel are located in the Y-12 Area.

-000~-

Previous reports in this series:

June 1953
July 1953
August 1953

September 1953

October 1953
November 1953
December 1953
January 1954
February 1954
March 1954
April 1954
May 195k
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ORNL.-1600
ORNL-1612
ORNL-1622
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