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Heat Tramsfer. An experimental rig for heat transfer studies with lithium
at 1800°F is being fabricated from stainless steel, type 347. A canned rotor
liquid metal pump is also being constructed, using a liquid film bearing.

Metallurgy .and Materials. A number of static corrosion tests have been
made in which nickel, zirconium, iron, tungsten, tantalum, molybdenum and
columbium have been exposed to liquid lithium and bismuth for four hours at
1800°F. The next series of tests will be conducted at 1800°F for 40 hours.
The first results with liquid lithium indicate best resistance in iron, mo-
lybdenum and zirconium; however, the data are still very preliminary. The
question of purity of the liquid lithium is now under study. With liquid
bismuth, zirconium was severely attacked.

Dynamic corrosion test equipment is now being constructed for measurements
under convective circulation conditions in liquid bismuth and lithium. Cor-
rosion_harps are beiné made of various stainléss steels as well as V-36 and
L-605 alloys. Equipment is being designed for stress-rupture and creep tests,
Preliminary tests are underway to find container materials for liquid uranium-
bismuth and uranium-lithium alloys.

Radiation pamage. Accelerator experiments to determine radiation damage
"in various high temperature materials will shortly get underway at Berkeley
and at Purdue. Various high temperature materials will also be placed in the
Hanford reactor soon. An experiment is being designed for simultaneous
radiation damage and heat transfer tests of circulating lithium system in the
OBNL reactor,

A high-intensity gamma source has been developed for use with the ORNL
reactor., This is a hollow gold cylinder, which after irradiation for one week,
produces 10%,2/hr upon materials at its center.

Data on change in electrical properties of various irradiatedplastics are
presented in this report. Preliminary measurements have been made on the radi-
ation-induced dissociation of lithium, titanium, and zirconium hydrides.

Nuclear Measurements. Preparations are underway for the neutron cross-
section measurements needed in ANP work. These will involve use of a 5 Mev
Van de Graaff accelerator and a high-speed mechanical velocity selector.

Li’ geparation. The work at the Y-12 Research Laboratory on the practi-
cality of obtaining Eggggggrlots of highly purified Li’ by chemical methods is

discussed in this report because of the possible application of this metal as

an aircraft reactor coolant and moderator. | Separation methods under study in-
AT aTsETTIRE TSR 6T L1 metal, 1on exchange methods, countercurrent

electrolysis and electromigration. The most promising system so far is a

ude  mo

liquid-liquid exchange column using dual-temperature for continuous opeération.
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SHIELDIRG

NEY BULK SHIBLD TERTING FACKLIYY

§. B, Hreazeale, J. L. Heen,® B, P. Blizard

A proposalfi?} reguesting permission to build a new bulk shield testing
facilicy has been transmitted to the ABC., The initial reguest was sent on
Decamber 21, 19849, and a supplement on February 18, 1959, Forma!l approval has
not yet been received.

The propesal described a critical assembly made up of MIB fuel units
sperating in 8 pool of waster which also contains the bolk shielding samples.
This low power, water vooled and moderated {pavtially}, bervilium oxide ro-
flected resctor serves as s fission source for neutron and gasmma ray attenua-
tion measurements through bulk shielding samples and through mock-ups of pracoi-
cal shields. A mawximum operating power level of 10 kv i3 suggested.

Caleulations by E. Greuling and M. Edlund indicate that this reactor is
inherently aafs. They have investigated theorstically the resunlt of instan-
taneously adding 3% Ak {effective} when the resctor is just eritinal aod
operating at 10 kw, The conclusions are that it will escillate at a mean powsy
Tevel of not greater than 130 kw.

Reactor control circuits will be similar to those now under teat in the
TR Mock-Up. Experience gsined in operstion of this mock-up will be applied
toe design of the reactor for the shield testing facility.

¥f early approval {or construction is received, it is expected to have the
sguipment im operatien by fall {1958},

Tt is planned to investigate first amock-up of a service shiesld complete,
as far . as practicable, with ducts, control parta, 2tc., to detsrmine whether
or not it provides the desired attenuwation. WNEPA hes agreed, upon our in-
vitation, to supply this first mock-up, which presumably will resemble the
‘cgrrent concspt of am sircraft shield., Following this, s series of messure-
‘ments will be made on bulk samples to obtain dsts pertinent to the snalvtical
problems connected with shieldinmg. Farther work will be planned to mest pro-

blems which arise in comnection with nuclear sirveraft and submsrine designs.

SHEPS Porszesasi,
(13 A Propossl for New Hulk Shield Teoting Facility, ORNL CF.48.13.93 (Dec. 21, 1948},

{23 Supplement ts Propozel for Bulk Shield Teating Fawility, ORNL CFo30.2-1% (Fah, 8, 1830},
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LID TANE BULY SHIVLBING HEASURERERTS

E. P. Blizard
J. B, Firma
K. Martim

¥, €liffeord
K. Bullings
. Lowis®
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Reacter YTechksolsgy Divisiem

Additional parsonvel assigned to this pregram ave:

erd, Phys:

. ﬁﬂg}ﬂ&af

¢, Technician

12 tank 1z now operatesd on sn eleven shift pesr week basis, an expedient con-

sidered essential becavse of the large number of readings nescessary for sach
attenunstion measurement, Foll advantage is taken of available intensity by
long pericds of cmmﬁtingﬂ

gater Sttenmation. The measurements of therwal nevtron distribution and

gamma ray ionization in water bhave been reporvted im an (N
-

X
. memorandum whose

PR s ro r 33 3 X i el P} v}
Central Files Number is 50-1-183.9%) As has been pointed ont before, the

thermal flux is used as an indication of fast flux attenustion.
The 1id tank is designed to give “plane to plane™ sttenuation, 1.e., thse

probability of radiation isitiated in one plane being detected in anocther

T !
{paraliel} plame. This dsata is gathered either by integration aver 2 planes in
the tank, or by snalvytic transformastions of venterline measurements The

istter wmethod has been reduced rather simply by Horwitz to the following ax-

- - y P 24 T . ;...,_:;......_. P IS e
F{z} £z} + {é?‘ Foat} v of fdxd v 8aty v f (et v 3ay v oL, ‘
whare F{2} is the centerline intensity which wonld be observed with an in-

{te homogeneous isoiropic medium.

i
f{z2} is the centerline wmeasuvement at s in the cass of & finite

circular source

centered on the 2~axis and of radius a. The corrected iutemsity for » is thus
N . .o o N ! ) T e e

obtained by addition of measured centerline valves at 2z, 4% + o [ dz? + 3%,

ete, The assumption on which this method is based is that the point o point

b

kernal defining the probabilicy for radiastion born at one point to be detscted

¥ NEPA Persomansi.

{2y fferd, €c$ «s Hespursnests of ¥e

Tk
{Jam. 3%, i852).

3:

tron and Osama Distribudion, ORNL OF-$D.1-133, NEPA STHY-S0,
R
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between integrsls and centerline vorrected dsts was excellent for nsutrens.

For gamma rays one must combine iwo kermels since there are two sourss

b

w

Gammas accompanying fission are analogous to the neutron treatment. We must

add "the probability for a fission neutron to leave the source {2 & 0}

, be
captured anywhers, and for the capture gamms vayvy to be detected by its ioni-
zation at the other z-plsne™. The gawwa dats did not show very good asgrsemsnt

between integral snd corrected centerline weasuremsnts. Thirty nerrsctien

tevms for z T 168 oms snd 2z T 48 oms were used for centerline data corrsction,
emploving exponsntial extrapelation for the larger walue of 2. In addicion,

with the whole curve fitted by an exponentisl of 21 em relaxstion lengthi%Ythe

intsgral bounds were cslculated as well ss their mean., Hesults are compared

Plene-to-Plene Gamma Attenustion in Water

CENTERLINE COSRECTED BATA
z 30 TERME HTAR OF LINITR HBASURED INTRGRAL
48 18.47 B/hre 19.52 B/ibr 11.7 B/hr

ot

6@ 0.223 B/br 3.224 B/be 0.184 R/bhy

. 3
Plane~to-Plane Belaxation Lemgths!®)

CENTERLINE HEASURED INTEGRALS
25.4 cms 27.8 oms

Point-to-Point Belaxstion Lengths
Derived from the Above

CENTERLINE MEASURED INTEGRALS
38.3 oms 35,0 cms

[GER} N {1/B%Yy  exp {(-8/2)]

{83 These sve identics! 2o paing-toe-psint velues with lisess buildup facter. Corresponding gamma

ensrgiss are & and 3.4 Mev. Sises capture gsamas is hydrogen sse shoud 2.2

and fissien
. " ¢ s 5 < A - % - F i 3 L -
gammss ers shout 1.3 Mev, eithsr imelestic scstifering in the ursnium is respomzible for ¢hs

higher enevgies ov the buildup varies mere tham lineariy with 2.

3
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In the mweasurved integral case the measnrements ssmple radiation at all
‘angles from the scurce plane, wheress for centerline measurements we sample
only those within the angle subtended by the source and presume knowledge from
these data sbhout radistion emansting st greater obliguity. The latver leads
to wn over estimate of the contributions at large source radii, so that one
would expect higher corrected centerline determinations rvelative to integrals.
This efféct would be wmore evident st large & than small and more evident far
gammas than neutrons due to their longer relaxation length. Both these effects
are shserved in thes dste. Tt should be noted in addition that this longer re-
laxation length means that more terms must be uwsed to corrvect the cemterlinme
megsurements,

The fission gammas would be partislly self-absorbed in the ursnium source
in such a way ss te concenirate the escaping radistion sbout the normal. Since
the uranium iz net s flavt plste, but rather a collection of 1.l-innh diamater
slugs, a quantitative celculation of this collimation effect has not been made.

Summarizing, the centerline corrscted neutron waber dats asgree very well
'with measured imtegrals. The gammas show higher corrscted centerline measure-
ments than integrals, which can be sxplsined by sither self-abserption collid-
mation in the source, or by the fact that the medium is semi-infinite and not
infinite as is reguired for the correction, or by both of these. Within these
limitations, the different determinations of gamma aend neutron attenuation are
in good agreement., The gammas sppear to be somewhat harder than wouid be ex-
pented from previnus measorements.

Source Power. The plate of uranium slugs which is used asx a source of
neutrons and gammas for the 1id tank operates at 2 power determimed by the im-
cident thermal flux. Hecent improvements in messurement methods, using better
values of the slug specific heat have indicated that the plate opsrates at
& £ 1 watts when the pile power is 4200 kw. This measurement should be improved
within the next month or twe.

Lead-Fater Bessursments. Two ratics of lead and water, 18% and 26.7% Pb
by volume, have been surveved making only centerline messuresments, and indi-
cations are {1) that secondary gsmmas are apparent in the 26.7T% Pb ratio, but
not the lower one, and {2) that an even higher lead concentration will provse
to be the spiimum for = ahield using only these components. These preliminexy

data have been uzed by ths analysis group to sstimate weight of anm airerafs
shislg,!®?

(83 Vide infro, Fhielding dnalysie,
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with Dr. Richsrd Albert and Dr. Theodors Welton of the Westinghouse Submarine
praject, and these investigators have been sble to fit more recent lid tank
data with a "one collision and out’™ theory. These recent lid tank data refer
to varicvs composxitions of lead and watsr, and iron and watar. The theory is
not believed to be applicable to shields containing ahigh percentage of nstural
boron, becauss the natural boren is, for high neutron epergies, esszentially a
scatterer, and the above theory reguires that the "absorption™ {including de~
gradation by hydrogen cellision or inelsstic scattering! constitute s major
part of the total c¢ross section.

The mathematical method outlined inm the last ORNL Quarterly report has
been further refined and spplied to practicel cases. 7This method likewise
gives » sstisfactory §it te the preliminsry exparimental daca.

Calculations of airplane shield weights have besn carried out on the
basis of H. A. Bethe’s paper,’®®’ using total sttenuvations of e'’ for neutrons
and ¢’ for gammss, but otherwise using Bethe’s assumptions. (The attenustions
used by Bethe were higher by 2 factor of 10 which was dus %o his assumption
of 30 ft resctor-crew-separation, whereas separation of 100 ft now appears
feassible.} The weight of 47 lomg tons for s lead-water-shield arcund = 2 ft
radius resctol was computed in this way, in satisfectory agreement with the
weights cowputed from preliminary lid tank datva.

& limited swount of time was spent on calpoulstions regerding the possible
{43,133

use of Aydrides in shields, az well as on comparison of uranium-bhorom
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and wolfram-boron shields.
The following OBNL reports were issued:
Capture Gommae Hays, E. P. Blizard, ORNL-41%9 {December 23, 1949},
Canadien Neesurements of an Jron-Water Shield, E. P. Blizard, OBNL-~428,
(Jan. 3, 1930},
Heasurements on Hanford Type Shields, E. P. Blizsrd, OBNL~430 (Februsry
22, 1980},

{58y Bethe, M &,, Bepor? on the Status of Shielding Fnfernction for the NEPA Project, ORNL OF-49.8.148,
Juns 160, 18485,

(33} Ergen, ¥, Ee. Some Uongideraiiony Negarding the fee of Uroniss in o Shield, ORNL CF-48.12.38,
KEPS STRE-43 (Des. 18, 18483,

{18} Rrgen, ¥. .., snd Podger. ., ﬁyériﬁeg in Shiclde, OBNL CF-30.3-51, NBPA BTRN-81 (Feb, §, 1830},
(16} Podgos, $.. Comparisan of Uranius, Boron and Tungsten, OBNL CFa3$0.1.3, NEPA STRE-4¥ (Jan. ¥, 1980},
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BHIELDING MATERIALS

&, 8. Kitrpes R. 8. galladber
¥. g, #ullings ¥, L. HoHinmey

Reacior Yechnolegy Division

Uraniuw Hydride Survey. Uranium hvdrids (ﬁﬂg) is being considered as a

shislding material for nuclear powersd aiveraft. The cheice of UH,, however,

g?
depends upon a number of factors:
{1} Production of non~pyrophoric material im tonmage guantities.

{2} Feasibility of compressing UH, to a demsity of ¥ g/fec ox UH,
to a density of 11 gfes.

{3} Production of material in such & state, in case non-pyrophoric
UH, cannot be prodeced,that will allow easy bandling during cladding
of the material.

& survey, therefore, was initisted to determine the feasibility of produc-
ing uransium hydride in tonnage guantities which would meet the shave specifi-
sation. This survey hes been completed and an OBNL report will asocon be issued
on the subject, Conclusions which may be drawn from this survey ave:

(1} Most lots of uwranium hydride (UM,} are pyrophoric. Some have beewn
mede which are mot., With additionzl research and development, non-pyrophoric
uranium bydride can probably be made. Titenium hydride was once considered
pyrophoric, but now non-pyvrophoric materie!l iz made in tonbage guantities.

{2} The density reguirsments can probably be met. Additional developmenty
is necessary however,

{3} The material can easily be clsd ence the pyrophoric disadvantags is
overoome. The materisl iz probakly nonm-cerrosive.

{4} No cost data are asvailable since ne large guantities have been made
with the desired properties.

{5} Uraninm hydride dissnciaiestﬂlheatingaﬁtéﬁﬁgﬂ; the UH, iz in equili-~
brium with hydrogen gas st one atmosphere pressure,

{6) The radistion stability of UH, is unknown., By analogy, it is probably
as atable as titanium hydride teo pile radiations,

(7} UH, forms amalgams with wercury. When mixed with molten,lead, tin or

cadmium, the urenium and metal slloy releasing hydrogen.
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Plasties. Twenty sheets, 56K in. X 668% in. » 1/8 in. of B € and Tygon
{Tybor} has been fabricated for the Lid Tenk Experiments., B,C and Tygom psint
are mixed in the ratio of 3 parts B,C to 1 psrt paint by hand. This gives 60%
34C by volume., The wixz is cast on a specially designed relling table and
rolled to & uniform thickness., Thickoess can be varied from 1/16 inm. to 1/8
in., (ast sheets are wrapped with cheese cloth for sdditional support and are
coated with additional Tygon paint for waterproofing. Tensile streangth of
Tybor™ is 215 psi and age has ne appavent effect on the strength. Elongation
ig about 11%. Sheets are guite flexible and cen be bent avound round sbiscts
without erscking, provided the bends are not sharp. Sheets are tempersturs
sensitive, being wore flexible at or slightly above room tempesrature thanm at
iower temperatures. 1The material is not britile at tempsratures of 40-53°F,

Experimental 4 in. X 4 in, » 48 in., sgueres of tungsten carbide and Tygon
have besn made. Hatio of ¥ C/Tygon iz 18 vo 1. W,C in vthe desired particle
size range is not commercially available te permit making sheets 58 in. x #6%
in. @ 1/8 in,, but limited personnel has postpomed this operation., This aize
sheet can bemade if the W, is screened. Tensile strength of W C-Tygon sheets
will be determined to see whether or not a sheet 564 in, X 866% in., % 1/8 in,
can support its own weight., The sheet will weigh spproximately 156 lbs as
compared te 28 lbs for B C-Tygon sheet of egquivalent dimensiona. Other
plastics, such as polvethylene, polystrenms and bakelite will be used as the
binding materials instead of Tvgon. These materisls are morve stable to radi-
ation than Tygon,

Two B,0; Tygon sheets, 55 dn. » 55 dn, » 3/8 in., have been fabricated
for the MTR Mock-Up critical experiments. These sheests were very difficunle o
make dus to the hygroscopicity of the B,0,. Ratio of B.O, toTygon was 2 to 1.
Tests indicate that B,0, is not as steble to radistion as B U which apparently
w%ill preclude its use for high level drradistion applications, even though it
costs abowt 1§ cents/lb compared to §4.30/1b for B C,

goncretes. The concrete work was kept te a minimusm during the last
gquarter. Except for service work no projects were initiated,

& speciel MI concrete was wade for H, P, Sleeper, KAPL. The composition

is as follows:

fLead Shet 84.8% Wi,
Stainless Steel Scrap 7.7
Mg © 8.2
Colemanite 8.2
Mg C1 (28° Be-Bolu} 11.1
Calgon Solution (8
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assumed to he reached when no loss in weight of the cement was detectable.
The cement was heated up te 300°F, snd sgain eguilibrium was assumed when no
loss io weight was noticed. The temperature was then dropped to 2D0°F, and the
sample was allowsd to come te eguilibrium, rsised to 300°F, etc. The test was
continusd for 37 days. The tests will socon be rus in a newly designed apparatus
which will allow for the accumulgtion of wmove sccurats dats.

Fabrication of Boral (8,¢ + 41y. Boral, es described im ORNL-2492,038) 49
an enginesving material for the sbscorption of thermal meutrons without pre-
duction of hard gammas in & form which allows easy heat removal., Large scale
experimentsl volling was attemptsd at Lukens Steel Co., Coatesville, Pa. Two
large ingots 27 im. ¥ 36 im. ¥ & in. were scheduled for rolling into sheets,
560 in, % 6% im. X 3716 in. One ingot was rolled in December bat the rolling
was 8 failure. A second volling is being scheduled for the latter part of
February. Precsutionary measures are being taken to insure a suveocessful roll-
ing the next time. The picture frame which cenfines the ingot has been increasad
from 1 do. to 5% in., in thickness; the covers {cladding) have been incressed
from % in., te ¥ in. thick. Provisios has been made to insert s thermocouple
in the center of the imgot in order to be able to sscertain the true temperature
of the core prier te rolling. A temperature of 1100°F at the center of the
vors material is desired before reolling., Closer time schedules have been
worked out so that the ingots will be exposed to the weather conditions for a
minimum length of time, Tt is believed that the secosd rolling of these ingota
will be successfel,

The rolled sheests, 56} inm, X 66% in. = 3/16 in. will be used i1n the Lid
Tank Experiments. Inguiries have been received from other sitex; Brookhaven,
Argonne, Henford and KAPL have expressed an interest in acguiring larvge
geantities of Boral shestis,

An estimate of the cost of fabricating a Boral sheet {58-58) 1s about
§15/ft?, It is alsoc estimated that s sheet of boral, 1/8 in. thick will
attenuate thermal neutrons by s factor of 10%., In many cases, sn sttenuation
of 107 or 10® is all that is necessary. A program is being initiated therefore
to develop "Borals™ with lower B U content. These Borals should have better
rolling characteristics, structural properties, thermal properties and lower
cost because of the lower Eéﬁ contents,

Thermal conduwctivity specimens have been made by hot pressing B,C and Al
powder ina graphite die at 1200°F. Preliminsry date indicate that the thermal

conductivity of Boral is 86 BTU/hr-ft?-°F/fr. These tests will be duplicatsd

{13) MeRimney, Vo L. end Rockwell, Theodere, YIY, Beral: 4 New Thermal Xeutron Shield, omwn 242,
{Rug. 31, 19493,
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for other specimens. In the same temperatore rangs, low carbon steel is 35 and
Al is 118. Specific bheat of Boral is 0,175 BTU/°F-1b. The thermal conduc-
tivity of B.C with B,0, as a binder, Al, and mixtures of B, € and Al {amount of
Eéﬁ varving from 10i% - 50%) will slso be determined. This work will alss be
duplicated for Plumbor (B0 and lead}.

Tensile specimens of Boral have been removed from the pile after & and 8
wee ks exposures in the isotope strimger. The tensile strength of the speci-

<

mens were determined after cooling for 2 days {3 mr/hr in %' s and 6 mr/hr in

£'s on comtact}.

Results are shown in the following table:

SPECINEN TENSILE STRENGTE
Cinsinty

Originsl Avg., H0400
& weeks Avg. 6335
8 weeks Avg. THE0QQ

Additional sawples have been placed in the X-10 pile snd will be removed
after 12 months, 18 wmonths, and 24 months expoesure. Samples are also heing
sent to Hasford for exposures of 3 months, 10 months and 20 wmonths.

Samples of the Ypoor man’s™ Beral, "Boroxal® {Bzﬁg and Al}, have also
been irradiated. These samples however, were less stable to pile redistions,
the tensile strength decreased from 2800 psi to 2050 psi after § weeks ex-
posare in the pile.

"plumbor™ (B .C & Py, "Plusbor™ sheets {50% BQG & 50% Ph} have been made.
Methods for incorporating 850% B,C into Pb are being studied. Thermal and
physical preoperties of the Plumbors will be measured.

feports ¥sssed. The following report was issued during the past guarter:
Constrauction of Cheap Shields; A Survey by Theodore Hockwell, Y1V, OBRRL 243,
{(Janwary 16, 19590}.

The meterial on shielding for Nucleonics is aansembled and three copies

are being sent to Chicage for pre-declassification of shielding work.
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HEAT THRANSFER

Reactor Yechnology Bivisionm

Beat Tremsfer Theory (H.€. Clsiborme). Theorstical work on hest tranafer
has consisted of a study of fluid flow and velocity distribution in conduita.
et isonm s knowledge of the velocity distribution in tubes and betwesn parallel
plates that liguid metal heat trensfer theery is based, and s knowledge of
velocity distribution in chennels of other shapes will aid in studying heat
trensfer in these chemnels. Principsl efforts have heen directed toward
empirical expressions for velocity distribubtion inm circular tubes which might
provide insight into the veloecity distribution in other channels.

Experisental Hest Tramsfer {€. P. Qoughlen). FEguipment for hest transfer
studies with lithium at temperatures up to I1800°F bas been designed, and work
has started on the fabrication of various components. The rig will be =
figure-of-eight avstem, with by-passes sround the test exchanger for contrsl
of the flow retes and for rapid alterstion of teuwperstures betwesn tests. In
addition, & tempersture conirol exchanger will be located between the test set
up and the pump. Jts purpose will be to permit operatiesn of the pump st a
lower temperaturs and to provide accurate centrol of the temperature imto the
test exchanger.

The pump and test exchanger will be connected inte the svstem with flanges
so that they can be changed to slter the test conditions.

Steinless steel, type 347, will be used throughout, in the absence of
muchk corvosios information with lithium. The system will be opsrated at lower
temperatures and watched closely for signs of excessive corvosion befere being
operated st F800°F,

Liguid Setul Pusps {4. B. Frithsen,® R. N. Lysm)}. Several aspprosches ars
being studied in the development of & sstisfactory ligoid metal pump for heat
transfer experiments. Such a pump might also be satisfactory for the final
reactor as well, although reguirements for the two isstallations are not
similar. Efforts have been dirvected toward developing # completely encloaed
pump, thus eliminating the shaft seal problem. While slectromagnetic pumps
show less promise for the ANP program than for other spplications, s study wag
made of the possibilivy of & pump uwtilizing the pressurs gradient across &

liguid metal stream which is carrving & currvent of electricity. Preliminary

# o8, Alr Ferce parsonneld,






results indicsted that only low pressures could bhe realized and work on this
tvpe was shelved.

Construction of 8 canned rotor for a pump is about half completed. The
guestion of which of two types of bearing te use in the pump cannet be anawersd
until the completion of tests which are now in progress. Both besrings force
the shaft to turn on s leyver of liguid, preventing solide-sclid contact. {ne
regquires liguid to be forced into the bearing and is guite similar to bearings
being developed at 81lis-Chalmers. The other besring uwtilizes the viscosity
of the liguid to creats sufficient pressures to keep the shaft from contact
with the bearing. This tvpe of beaving is also being studied at General
Flectrie.

An induction pump uszing woving magnets is vnder consideration. This would
be a helical pump similar to anm induction electrowmagoetic pump being developed
at DGeneral Electric.

Liguid Betal HSandbosk (RB. N. Lyom). Editing of the handbook on use of
liquid metals and the compilation of a chapter on liguid metal heat transfey
haes resched a point where potential publishers are being songht with the aid
of the AEDC and ONE in Washingten. All chapters ave expected to be complete

and in the editors’ hands by March L.
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METALLURGY AND MATERIALS

The initial experimental effort of the Metallurgy Division in the inves

L~

gation of matevrials for use in am aiveraft vesctor is being concentrated on a
preliminary survey of the behavior, in s high tempersture liguid metal environ-

&

ment, of a wide variety of selected metallic elements and representative

alloys under static conditions. DBased onthese sorting tests, the more promise

ing combinations of high tempersture materials and liquid metal coolants will

be studied more sxtensively to determine their dynamic corrosion behavior snd
mechanical properties at high temperatures.
The design of the resctor and the enginesring and nuclear specifications

of its components will depend in large measure on the results of this and

]

similar studies. Conseguently, a wide variety of wmaterisls, coolan

a8, and

reactor conditions must be considered, slthough some arbitrary selections have

heen made to expedite the work.

Statie Lorrosion., In the serting tests to date, samples of the more
. 131 hle materials be i ey e d have heen coxposed to liguid
readily available materials being considered have been exposed te liguic

ithium in evacuated and welded Arwco iron capsules in four-hour tests at

w

18309F, and a similar series has been rus awsing biswuth instead of lithium,
Figure 5 shows the design of the modified capsule being used in these tests
o sample and liguid coclant., The sample is placed in the
bismuth or lithium is added, the lithium suitably protected.

s cold pressed into the capsule, the capsule evacuated, and the

etween the plug and capsule welded. The weld is helium
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Oceasional lsaks have bsen observed im the iron capsule matsrisi
r

Y

S
ivself. While the leaks sre resdily welded in this applieation, it is proba-
ble that Armce irvon, despite its low solubility, is not well suited te the
construction of a lithium or gss-~tight cooclant system. After lesk-testing,
the capsule and contents are heated under vacuum to just above the melting

1

e
v

e tubular sxtension of the plug is then triple-

crimped and spot-welded, the vacuum line removed, and theend of the tube bead-

walded. The capsules, tws to a furnace, are placed in ome of four Burrell
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Globar tube furnaces. An inert gas surrounds the capaules to prevent scaling
and to minimize danger from possible leeks. Following the reguired sXposure,
the furnace is tilted to drain the liguid metal away from the samples and up
into the hollow core of the plug, where the liguid solidifies. After removal
of the capsules from the furnsce and solidification of the contents, the plug
end of the capsule is sawed off and the capsule vontents removed for exsmination.
The lithiuve and bismuth sre analyred spectrographically for the component
elements of the semplex. The lithium or bismuth is removed from the surface
of the sample, the sample is weighed and its surfece s examined microscoepi-
cally and by X-rsy or slectron diffraction.

Preliminary four-hour results from lithium tests ag 1800°F, which must be
rigidly checked before thev van be accepted as conclusive, indicste {1} iron,
molydbenum, and zircomium suffered less weight change than the other materisls
teated, {2} tungsten, tantalum, and columbium were not severely attacked, and
{3} cobult snd nickel underwent substential weight loss. The zirconium de~
veloped » brassy tarnish which X-ray diffraction showed to be a ziveconium
nitride filwm, indicating probsble mitrogen contamination of the lithium.:
Interpretation of these preliminary test veaults should tske ints accommt the
facts that procedures insuring vniformly low contemination of lithiem by oxygen
and nitrogen are not vet in operation, and that s third componsut, the iron of
the capavles, was present in each of the svstems, Significant results, where
regquired, will be subject to confirmation in caepsule liners made of the
materisls undergoing testb.

The foaur-hour, 1800°F tests in bhismuth, subject to the same or similar
gqualifications as the lithium tests, showed nickel and zirconium to be sevsrely
attacked, whereas visual observation did not indizate attack of the irvon,
tungsten, tantalum, molybdenum, and columbiam,

The next series of teats ia being conducted st I1800°F for forty hours, and
will be followed by tests for astill longer periods of time and tests at other
temperatures.

In addition to lithium and bhismunth, potential coolants which asre being
considered for use in later similar sorting tests include lead, tin, magnesium,
and posaibly sodiuwm, potassiuw, and combinstions of some of these.

Lithisw Hendiimg., Lithium presents & aesrious fire hazard incase it lesks
or is spilled at high temperatures. A study to select waterials for use as

insulation arcund vessels containing lithium indicated that the following
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showed soms resistance burning lithiom: Cast-0-Lite five brick casting powder,

bl L
s e . C. ; " . .
graphite, Pyrene G-l fire sxtinguishing powder, sslt. Unsuitable materials
inciude: magrnesis lagging, asbestos cleth and paper, K-30 refractory.
Lithius Purificatien. [t appears likely that the oxygen contained in

i

iy e . . . _ . ; . C .
iguid lithiem, as insodium, will accelerste corrvosion {particularly in dynamic

3?$temsé of oxygen-sensitive wmaterials. In the case of lithium there

f
he case of sodium, removal of ﬁxyg&n has been accomplished by caloium-getters
ing at sbout 300°C, followed by filetrstion just above the melting peoint of

sodium Lo remove excess oxides and caleiunm., Caleium forms a2 eutectic with

fa—

ithium at 2% calciem and conseguently cennot be completely removed from

-..—.a
=
o
g
ot
o
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i
=
i

filtration. Sinee calcium is generally considered to be guite

corrogive, one or more other gettering agents should be found., It appears

probable thset zirconium can remove nitrogen from lithium, but svailsble thermo-

dynamic data will have to be supplewmented by sctusl experiment to develeop a
sthod of removing oxygen.

Bywssic Corrosien Testinmg., Static corrosion tasts cannot pradict with

ion behavior of 8 material in a

4]
]
b3

complete certainty the corrs
£

tem. Complicating factors include srosion, temperasture coefficients of

T

seiubility, and uncertainty regarding the disposition of msterial precipitated

=

sut of selution in the celd part of the system. FExperience at cther in-
N 1 N g1 5 v N
icates that thermal coenvection loops {(herpa) give 8 better
picture of the effests of thess factors.

. . o - y !
As a next step in the corrosion tssbing program, meterisl-and-coolant

&

omhinations which show promiss in the static tests will be opsrated in thermal
convection syatems. Ihis should also give an indication of the feasibility ef
fabricating some of the high temperature materials into heat transfer sguip-

ment. Several such harps in process of counstruction avre being mads of 347 88,

310 88, V 36 slley, L-6035 slloy, e low cerbon iron, and & composite of 310 88
} ~aTh iron Tn addition, the possibility of wmaking harps of wmo-
d low caerbon iron. in aqgdition, The pPoasgipil ¥ o0 1E ng nharvrps

lvbdenum, tantalum, end other elements 1s being studied.

4s the number of potential meterials is further limited by the sbove

ot

< ) . . EE ;
tests, positive circolstion corrosion test loops will he made.
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RADIATION BAMAGE

BEACTHR COBER BATERYAL STUDIES

B, 8. Billicgicon, Hetsllaergy Bivision
¥, Bredig, Physics pivisien

Avcelerator Experiments. Arrangements have been made to have the North
American Aviation group at Los Angeles and Berkeley study the effect of alpha
ticle bombardment on the corvosion resistance and strength properties of
high temperature resistant metals in contact with liguid lithiem. The evalu-

ation of the bonmberdment is to be mwade at ORNL. It is sxpected that dats will
i L. & * N v ¥ =
be obtained within two to thrse months.

Participation of the Purdue cyeclotron group, headed by Dr. K. Lark-Horowite

w
18 being arvaonged through a sub-contract. Tt is hoped that this group will be

i
f the small Y-1Z cyelotron {2 Mev protons) has been discussed witl
=12 personnel and it appears feasible to beginm experiments there as soon as
OBNL personnel are svailable. Expeviments invoelving the big ¥Y-1% cyeclotron

must await bhe completien of thig instrument sometime this summer or fell.

Van de Grasff expeviments at OBNL have procseded slowly dus to the un-
availabilivy of fullitime personnel.
Reactor Hxpevisents. A series of spot tests of high tempsrature materials

. ; . e 1 3 . says R Sy x
will be placed 1s the Argonne fuel slement testing facility at Hanferd April 1,

The heat transfer experiment involvisg the cireulation of liguid lithium
w

in the X-10 resctor presenmts an excellent facility for msking radiation damage

measurements under proposed operating cvonditions. Preliminsvy discussions

with the ORNL heat transfer grovp have imdicated the feasibility of & cooper-

N ¥ ¥ ol i H -
ative undertaking, and all possible effort will be sxpended to sccelerate work

on this in-pile experiment. Should the experiment prove useful, subseguent

sxparimenty of @ similar nature at Hanford and in the MTR should then be under-

Numerous discussions with the NEPA creep group and the Argonne Naval Beactor
group indicats the possibility of making use of the reacter facilities de-

veloped by these groups. The ORNL group will, however, place major emphasis






on development of an experiment for the MIB. Extensive use of the MIR Mock-Up
at ORNL is planned.

AUXTLIARY HMATERIAL BTUDIESR

¢, Risean, Reacior Technolegy Division

Righ Intensity Gamwa Sewrce. In order to study the effect of gamma radi-
ation on materiels, 8 pneumatic tube apparatus has been installed in the pil
for producing high intensity gemma sources by irrvadiating cylinders of gold
{Fig. 6). This eguipment haa been in operation sinee December 19, 1949, The
gamma intensity inside the gold evlinder {3 in. long, 1 in. ID, 2 me thick!?
after irradiatien for one week was measured to be 10% p/hr.(U

The pneumatic tube apparatus is shown in Figs. 7 snd 8, and the receiving
shield is shows partially disassembled in Fig., %, The gold cvylinders are
blown in and out of the pile by air pressure, operating through solenoid valven.
When the gold evlinders sve discharged from the pile they fall into one of
sight chambesrs in the receiving shield. These sight chambers sre arranged in
# circle and gearsd to an indexing handle so that & zource may be received in
any of the sight chambers and then rotated 180° to a position from which it
way be dropped into the source shield. When the gold is to be reinserted in
the pile the ssurce shield is brought up under the receiving shield by means
of a }ift truck, the gold cylinder is thes blown from the sourece shield inte
the receiving shield, and rvotated 1807 to a position frow which it is blown
into the pile. The large cylindrical lead plug, shown in the lower left hand

3

corner of Fig. 9. normally keeps the gold cvlinders from falling out of the
receiving chember and alsc shislds the opening through which the cylinders
pass into the source shield. When this plug is turned %0°%, the source falls
through sn eopening in the plug snd inte the sovurce shield. The ssveral parts
of this apparsetus ars sesled with double O rings, and sir preassure is maintainsd
between the 0 rings to keep active air confined inside the apparatus, from

which it is discharged ints the pile exit air line.

{13 Hegsurements were made with a spevianiiy designed lonizstion chsmber smd checked with seversni Victersen
¥ meters, The valuves obtsined with ithe R metevrs at the center of the vylinder were 0% higher than the
reading oo ths ifonizstisa chambes, shich gives a8 aversge of the entivre 3 fneh lesgth of the cylinders

33






FIGURE @ GOLD LINED CUP
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TABEE X

glectricel Proporties of Irradiated Plasstiesm

VOLUBE ERSISTIVITY {ahﬂs/ﬁﬁi} DIBLBOCTRIC STRENGTH {(voite/mifn)

7

HATERIAL

THERMAL nvg
Beutrons ems)

BEFORE

IRRADTIATION

AFTRESR
IRRADIATION

BEFORE
IRRADBIATION

AFTER
IRRABDIAYION

Methyl Methserylate {Lucite)
Cellulose Nitrate
Celluloss Acetate
Cellulose Acetate Butvrate
Fluorothene

trea Formaldehvde

Alkyd Besin

Polyvinyl Carbazole
Vinylidine Chloride {Saran)
¥inyl Chilorids Acetsute
Melamine Formaldehyds
Polvstyrene {clear)
Polystyrene {Styron 473}
Polystyrens {Styron 4110}
Pelyethylene

Phenel Formaldehvde {paper base]

Phenosl Formaldebyde{sshestos buse)

Allyl Biglyeel Carbonate
Polyester Resin

Palyamide {Nylen}

0.41 % 103F
0,94 x 108
0,24 % 10%%
4,26 @ 10%d
6,24 x 1048
0,26 x jois
0,29 x jQ¢t 8
$.29 x 10t
0.41 x 1048
1,37 = §0té
0.85 % 10t8
9,00 x jot®
3,00 x-1g%¢
5,00 x 1018
9.00 % 1pt8
8,00 x 1018
5,00 x 108
1.37 x 108
0,65 x 1018
5,50 x 048

>,iﬁg4
9 x jait
5 % 102
TR
> 10t¢
2 x 10t
2 = 1pid
> 101t
> 1pts
5 iﬁié
g x jptt
>.}g§$
> Hid
> 1gt¢
s 1p¥4
3 x 104
g % 10°
% }ﬁ&é
1w 1t
1 % ot

> 1014
4 % 10°

N

2 % 10td
> e
5 % 1918
2 x 10%
> qnte
2 w16
1 x 3108
16®

5]
X

> 1pid
»o it
> ot
>,lﬁ§$
SRULE
B U

< 1010
1 x 108
3 % 1etd

4
Lc

]
H

a1
A

980

660
1680
950
1640
1146
1440
12230
1238
&f
#30
&80

860

430
240
440
160
740
500

G680
70
86

438

1300
1030

B40

454

186
80

819

880

844
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materials over the nomirradisted matsrisla. Total irredimtion time has been
sbout 3 months at about helf maximve fluw,

It iz tentatively planned to include uvanium hydride in these atudies.
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NUCLEAR MEABUBEMENTE
4. 8. Bpel}, Physics pivisior

Fireparations are being made for the weasurement of the varicus neutron
cross sections which can he expected to be needed in ths course of the ANP
work. The preparations sre directed along two limes:

{1} Selection and prepavation of the site for the "8 MY™ NEPA Van de
Graaff{ machine. Delivery of the mschine is expecied in Beptember, 1950,
Becruiting efforts are under way with the object of nssembling @ greup of
physicists prepared to start the weasurements as avon as the machine atarts te
perform aufficiently well.

{2} Construction of a high-speed mechanical velogity selector. This
seems abivactive in view of the recent success of the Argonne mschine. The
work at ORNL has to atart from scratch; one wan has been studying the problem,

and it is hoped that a second persen can be added in June.
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THE CONCENTRATION OF LITHIUM ISOTOPES BY CHEMICAL METHODS

A. Clark, Y-12 Research Laboratory

The concentration of lithium isotopes by a number of different methods has
been under investigation for the past nine months. It seems likely that high
purity 'Li would be very valuable as either a coolant or a fuel-element con-
stituent for an aircraft reactor. At the Beginning of the project a survey of
the scientific literature revealed that the concentration of lithium isotopes
had been accomplished on a laboratory scale by several widely different methods.
These included the mass spectrometer, chemical exchange between a resizn?:;“_r-T

i

and aqueous lithium solutions and between lithium amalgam and alcoholic lithium
solutions, electrolysis of lithium solutions in which the reduced lithium is

removed as amalgam, and electromigration in which the faster isotope migrates

more rapidly toward the cathode in a fused salt. lk
During the months of December, January and February, the effort has been e
concentrated on molecular distillation of the metal, chemical exchange in
solid-liquid and liquid-liquid systems, continuous countercurrent electro-
migration, continuous countercurrent electrolysis, and thermal diffusion of
aqueous lithium solutions. The end of the quarter also saw the beginning of a
new method—a dual temperature liquid-liquid chemical exchange system which

requires no reflux and a minimum of attention. This method appears highly

suitable for quantity production of 'Li if it develops satisfactorily.
Molecular Distillation of Lithium Metal. The molecular distillation
(non-equilibrium) of lithium metai should result in a concentration of °Li in
the vapor and of ’Li in the residue. The ratio of the rates of diffusion of
®Li and 'Li from the liquid metal is proportional to the inverse square root
of the masse;, and a theoretical separation factor (a) is calculated to be
1,08 for this process. Preliminary experiments with a single stage molecular
still heve shown a separation factor = 1.018. In a typical experiment, 10.1
grams of lithium were distilled over a period of about two hours at 450°C and
15 microns pressure until onlf 1 gram remained in the still pot. The resid-
ual material in the still pot assayed 92.935 % 0.015% "Li as compared with a
starting material assay of 92.500 % 0.020%. Further experiments will be
carried out using a larger still under verious conditions of temperature and

pressure.
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Chemical Exchange Methods. Chemical exchange methods for concentrating
lithium isotopes are divided imto two groups, liguid-solid systems and liquid-
liquid systems. Although the latter are more easily adapted to continuous
ountercurrent operation, very few satisfactory systems are available, and

much of the effort has been with liquid-solid systems.

Liquid-Solid Systems. Amn attempt is being made to utilize selective |
adsorption on cellulose-—a method used successfully for the separation of
different elements.. A lithium salt in an organic solvent is slowly eluted
through a column packed with activated cellulese. It is hoped that the
cellulose will exhibit a preference for one isotope so that the lithium coming|
out the bottom of the column is concentrated with respect to the isotope held
less tightiyn To date the cellulose columns have been filled with activated
cellulose in butyl or isoamyl alcohols, and a slug of activated cellulose and
lithium salt in water added at the top of the column. Elutriation of the salt
at the bottom of the column is performed by addition of alcohol at the t.0p°E
In the latest experiment the column was charged with LiOH, and over 170 hours|
were required for the lithium to wash through a 24 inch column. No assay haaf
been received for the lithium in the leading edge.- i

Another ligquid-solid system is a continuous countercurrent ion exchange
resin column in which a lithium solution passes up through an ion exchange
resin which moves slowly down through the column at an almost imperceptible |
flow rate.” The experiment has recently been terminated and no assay on the%
product material has been received. In an experiment at X-10 with a "fixed" |
bed of resin, the concentrations of "Li in the leading and trailing edges were |
reported to be 93.4% and 90.0%, respectively.

In another liquid-solid system, a column of solid Li,CO, in a finely
| divided state is slowly being eluted with distilled water. If there is any |

difference in the solubility of the lithium isotopes, the more soluble should |
: dissolve, and the less soluble should be concentrated so that whed all except |
a small portion of the original column is dissolved, the remaining solid should
be enriched in the less soluble isotope. This is dependent on complete
equilibrium between solid and saturated solution, and requires a long time
(several months) to complete the experiment.

Liquid-Liquid Systems. Isotopic exchange and enhancement is being studied
in a number of aqueous-organic liquid systems. The limited number of organic

liguids which have proved to be suitable for this method has forestalled the

development of a satisfactory system. Water-iscamyl alcohol selutions of LiCl
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have shown an inconclusive, but small concentration, and this system is still |
being investigated. A number of less likely systems remain to be studied.

In the literature a chemical exchange and isotopic enhancement is reported
between lithium amalgam and alcoholic lithium chloride solutions.’ In order to
avoid the onerous task of refluxing at each end of the column, it has been
proposed that the dual-temperature process for hydrogen-deuterium be adapted
for lithium. In the proposed method, lithium amalgam is pumped countercurrent
to a rising column of alcoholic LiCl. By maintaining a cold column at the top
and a hot column at the bottom, the TLi isotope is concentrated in the bottom
of the hot column and at the top of the cold while ®Li is concentrated at the
top of the hot column and in the bottom of the cold column. In this manner a
continuous process can be operated without reflux and a minimum of difficulty.
The main obstacles remaining are large stage heights and possible low sepa-
ration factors. If these can be overcome successfully, the production of TLi
will become a reality.

Coutinuous Countercurrent Electrolysis. Since the largest factors for the
concentration of lithium isotopes have been reported for the electrolysis of
lithium solutions, some consideration and effort has been expended in the
development of a continuous method. Single stage separation factors as high
as 1.05, 1.06, and 1.07 have been reported for experiments in which lithium is
reduced at a changing mercury cathode in an agqueous lithium solution. As the
lithium emalgam is continuously removed, the concentration of ’Li remaining in
solution is increased. By combining several cells and causing the lithium to
flow counteréurrently to a stream of LiCl solution, it is hoped to concentrate

the lithium isotopes.

Continuous Countercurrent Electromigration. 'The work of Brewer, Madorsky
et al dat:the National Bureau of Standards during the War showed that two
isotopes of the same element might be separated by washing one back with a
countercurrent stream of electrolyte while allowing the other to migrate for-
ward to the cathode in an electromigration cell having anode and cathode con-
nected by an anti-diffusion packing.. This principle has been applied to a
solution of LiOH in which an attempt has been made to separate the different
lithium species which are postulated to exist. By separating the species, it
is hoped that an exchange and subsequent shift will occur so that an isotopic

concentration is effected. The work is being continued.-
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Thermal Diffusion.

No satisfactory component for the thermal diffusion

of a lithium liquid has been found. 1In lieu of this, thermal diffusion of

concentrated lithium salt solutions has been tried with no apparent success to

date.
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