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S, Hest Comdustivity G -

Then the wse of BeO as the strwtural material of the pile was first eemsidered,
1% was foared %hat sweh a refrastery oxide might have se low & heats sendustivity
et % linit e power of eperstisa dwe te the difficulty of remeval of heat.

oarly Prejest dotermimtions of the heat conductivity ef DeO frem 80°
% by Erats, resenily confirmmed and exbended %o 600°C at the Battelle
NMamerial Institute, indisate that Je0 is equivalent %o metallie irem im i%s hest
o*%ﬂv im temperatwre regions Using the Battelle valwe for 6000C
(1100°7) i% may be estimated thab e temperature gradiemt within a 1.5 in. Ded-
“MMthW.trﬂ-onﬂu‘nlﬂ.MEwmbof
the erder of only o The gradient would then be §00°C at 50,000 kv operatien
or 24°C a% 4,000 hr eporetiens Yhe table below swmarizes %he heat condwstividy
data. Deterninations of the heat condwiivity wp be 1500 are new ia pregress
at Battelle and werk o this problem is alse wing deme ot Chicapge.

eyt 7=

ons s - ~Deterninations by Battelle Institute |
Sintered Be0 Sample fyrem
Ammse 1
(] 0«53 300 0.131
190 0.28 400 0.117
00 0.17 800 0.104
600 0.000
¢ 2e0 Presurement

Representatives of the Metallurgisal laderstory, of the Chieage Area Enginser's
muuummmmuuwmmmm%
eompanies in the eswmtry, i:9., s Drush Berylliwm Cempany of Cleveland, »
Clifton Produsts Company of Painesville, Chic, te investigate the
vailability of oxide fer pile comstrustion. IS was found that the Cliften
Predusts Company could supply sbout 1.8 toms of 200 mesh refrastery grade oxide
within 3 weeks and thereafter eould supply 2 toms/menth of 60 mesh refrastery
grade or 1.0 tons/month of 200 mesh refractery grade. The production sapseity
for the lew fired flweressent grade is greater than that fer the refrastery grade.
tives of the Brush Beryllium Company stated that they oould produse

15 tons/month of refrastery grade oxide, § tons/mouth of lew fired 5P grade oxide,
and 18 tons/month of the highly purifisd low fired 00 grade oxide. These

it
|

|

Speetregraphic analyses have besn made by the Chemistry Divisiea and neutrea
absorption amslyses by the Aprgomns® laberateriss on the lew fired aad high fired
oxides and on different mesh sises of the high firei oxide frem beth wvendors.
These indicate that eareful contrel muet be maintaingd to preveat boron eon-
tamimation but that either vendor should be abdble % supply oxide whieh will be
satisfactory from the purity standpointe The results of the analyses are reperted
in MUC-JEW-48, November 1, 1945
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The plasing of orders for large quantities of the oxide is awaiting the results
of fabrication tests by the AC Spark Plug Divisien using lew fired oxide.

6. Fabrisation of BeO Bricks for lpderater

The Norten Mazmufaoturing Company of Worvester, Massashusetts, the MoDanel
Refractory Pureelain Company ef Beaver Falls, Pennsylvania, and the AC Spark
Plug Divisien ef the General MNovers Corperation, Fliat, Michigan, have all
had experiemes in the commersial fabricatiom ef beryllium oxide shapes.
Arrengemants have boen made with each of these companies to fabrisate a test
erder of hexagonal bricks of the type proposed for the pile. This work is
now in progress and the first shipment is expested in next week: When the
brieks are received, they will be subjested to a series of comparative tests
%o deternine which are best suited t¢ be used in the pile. '

Preliminary indieations are that the A0 Spark Plug Pivision will be able %o
produce ::{:m bricks with a density of 2.7 using lew fired BeO. Sush
bricks s be highly satisfactory from the standpeint of resistance to
erosion, heat eondus tivity and cest of starting material, as well as density.
A preliminary test en the erosion ef BeO from the bore of a 1/8 in. I.D. Be0
h:.by steam at about 3 atm pressure passing at a rate of about 100 lineas
£4/ses. showed a satisfactory penetration rate of less than +001 in/month.
Crushing strength tests are eurrently in progress to determine what limitations
must be placed on heating and eeeling rates of Be( in the pile in order teo
avoid deterioration as a result of thermal stress.

6. Fabriocation of BeC-Uranium Oxide Fuel Rods

Development work on the fabrication ef BeQ-wrm ium oxide rods for use as the
fuel in the proposed pile is in progreass at the Metallurgical lLaberatery, at
the Battelle Memorial Institute and at the AC Spark Plug Diviaione« It has been
shown that reds of the mixed oxide may be made by sintering mixtures of Be0 and
U0z or nixbures of Be0 and UgOge When UOg is used in the starting powder, the
rods tend to erumble when heated in the presence of air. This is believed to
be due to the conversion of the UOy to the lower density UsOge When U0

1s used in the starting material, rods produced may be repeatedly heated

and cooled in air with ne apparent deterioration of the physisal strusture.

When initially heated im steam or vacuum, these rods have ceccasionally shown some
tendenoy to lose a small freotiom of their uranium at about 1000° and have shown
higher losses at 1500°C but resent experiments on repeated heating at 10009C
have shown no further Joss. In a resent firing of such a mixture at the AC Spark
Plug Division, loss of uranium was experienced in a very thin surface skin tut
not below this skin even though the firing was carried out in an open kiln at
over 1700°C. It appears that there are conditions whigch ean be readily obtained
under which loss of the uranium at contemplated pile operating temperatures is

igible. A ocareful investigation is being made of conditions under which
volatilisation may ocour.

If 4% 1s possible for the AC Spark Plug Division te predwee nonporous mixed oxide
shapes comperable to their nonperous Be0, 1t may be possible to reduse fission
produst loss from the rods %o & low value. BExperiments on the rate of loss of
fission products from irradiated samples and on methods of minimiging this loss
are in progresss It may be that a fused refractory oxide skin will serve to

essentially eliminate escape of sctivity,



The Ingersoll-Rand Company produses eentrifugal blowers fer exhausting high
temperature gases from blast furnases. Their representative has indicated that
they ean produse a blower adequate for the purpeses of the propesed pile whiesh
eaa be guaranteed to operate without loss of any of the coolant gas through

the bearings. Engineers of the company are preparing a preliminary design and
estimate.

8+ Deiler ts Produce Secondary Steam fer Operating Power Bugt

Beth the Feater Wheeler Company and the Babecok-Wileox Company are preparing
preliminary designs eof bdolilers to fit the needs of the proposed pile unit amd
will give cest and time of delivery quotations in the near future. The plam
is to remeve the heat fram the coolant gas as it leaves the pile by means of
a wait containing a superheater, evaporator and econmmiser whiesh will preduce
steanm for the auxiliary power system at 600 1bs/sq.im. amd 850°F. The coclant
gas will eireulate at 1 atm pressure, but it is hoped that the equipment

ean be designed with suffieiemt flexibility so that 6 or 10 atm pressure san

be empleyed Af it is desired to insrease the power of the pile operation at a
later date.

9 Turbine-Generator System

Representatives of the Uuited States Navy have suggested that the Navy might
be able to supply a standard Navy turbine-gemerator system operating with
inlet steam a% 600 lbs/sq.in. and 880°F, This or some ether readily available
turbing-generator system will be suitable for the propesed unit.

10, Effielemey of Cemversion of Heat to FPower

With a suitadle turdine~generator system of conventiemal design, it should be
possible % obtain at least 1000 kw of elestrisal power fram 4000 lov of heat
prodwsed in the pile (see page 53, Progress Reports §1, Locemotive Development
Commivtes, My Ysllett).

11, Cemivol System

Detailed spesifications of the sentrel system for the pile must await fimal
determimations of the age and diffusien lemgth of neutrons in Bg0 and sub-
seoquent ealeulatiems of the neutren physies of the pille. Veriocus contrel
nechanieme bo possidle. Ome of the more attrastive possibilities is that
of moving a sylindrieal eentral seetica of the pile im and out of the pile.
The pisten supportiang this system may be epernted frem the suiside of the
pressure shell while hermetically sealed withia the pressure shell by means
of a metal dellewn: Sush metal dellews have been developed in large sises for
varieows applicatiens during the war.

13. _Charging and Discharging Meshanisms

IS 1is prepesed that the pile may de sharged threugh a eentral epening at the tep
wiing an ad justadle devise whish allows & Tlexible tube %o be sentered over
eash hele in twran. The slugs may be Yrvurod through the flexible wube. Vhen

Cuil&l Blower for Jaseous Coolant

ing is eempleted, the ohargin: ¢« ‘o¢ san be stered wnder the eonerete
shielding ef the pile. As & ronx Cmrging, eireular annular plates may
be wsed under the conmsentyric « ¢ )l o2 at the bettem of the pile.
During eperation of the p! o, the Lreds will stand on selid portiems of

ﬁHnﬁ



the platese At the time of discharge, each plate may be moved independently
t0 a second pesition whieh will bring a large hole in the plate direetly under
the fuel hole in the pile and se allew the slugs frem the fuel hele to fall
into a hopper from whieh they ean be run by gravity inte an underground tank
for chemical processing.

13 Pres and Ha

The estimated pressure drops for & unit of the type cutlined abeve are quite

lowe The estimated values for 4000 kw and 40,000 kw operation are given belew.
These are oaloulated for the pile chamnels and do not take inte ecnsideration
the heat exchanger systeme The drep in the heat exchanger system is net expected
to be as great as that in the pile.

Average Fressure| Iressure Urepe
(atm) atm
T
1 <0008 <Qel
[ ] <0.0004 <0.0¢

The values for the linear veloeity of the gas under different pile operating
eonditions are givea belew.

Flew Rates®
[Fressure | Temperature Velume Linear

(atm) (°r) (£43/min) | (£4/s00)
- i ) 13780 [
780 17400 [ 1]
1000 20800 L
[ ] 500 aT40 ]
7850 3470 11
1000 41850 14
10 500 1370 §
760 1740 [ ]
1000 2080 7T

sfer pile 6 f4. in dismeter with eselant entering at 500°F
asd leaving at 1800°7 and remeving heat at rate eof 4000 M

14. gg_gt_ul Processing

At sush times ag it is desiredble ¥ recever the surighed uranium in the fwsl
rods, it i1s propesed .o dissharge the pile into a hopper from which the fwel
rods can fall by gravity inte a steam jJasketed umde sank. Expleratery
tests at Chisage indicate that the rods san be disselved with sulfuris or

nitrie acid if allowed te stand for a few days at elevated temperst ures.
Although suffieieat manpewer has not yet been made availadle to test a chemleal
desentsminatien process, i% appears prebable that the uranium eam be precipitated

luﬂ



frem the asid selution in the conventional manner as sodium uranyl seetate.
This preeipitate settles well se that the supernatant may be decanted off
threwgh a stemm jet to another undergreund tank for sterage. It is probable
that essentially oemplete decontaminatiom of the uraniwm can be obtained by
disselving and repeated reprecipitation of sodium uranyl seetate. The active
supersatants will be stored in underground waste tanks.

John E. Willard
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